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ABSTRACT 

NORIŒlI F~GAlI . M.Sc .. (AgI: .Bug) 

œ'VELOPHBlft' (JI' AlI DrrELLlGERf IR'l'ERAcrIVE KICROœHPIJ'rER SOPTWA.R! . ' 

PACIACK Fœ THE OPTIHIZATIœ OF DATai S'ŒRILIZATI<If PROCESSES 

Efficient thermal processing of food renders the product microbiologically 

8 afe and she If-stable» wi th minimal degradation of nut rient levels and 

organoleptic 'propertiea. The object~ve of thiB reBearch project haB been to 

develop a uae,r-friendly software package that calculatea optimal batch 

sterilization procesaing regimea for conquction-heating fooda. in bath cans 

and retortable pouches. 

The package runs on a typictl microcomputer» L the IBM PC. It' is compriae!i Qf 

hierarchically-arranged modules which -includ~ sylltem initial ization program.s, 
{) ," i .... 

lnteÙ igent interfaces. temperature - calculati.ng routines, and service 

programs. The programs continuoualy store Qnd a'cceaB the intermediate reaul ts 
, . 

and l,I8er-supplied values which are passed between the leveis of the hierarchy,. 

COllll!1unication between user and package ,ia limited ta the interactive 

interfaces; the calculat ing routines are invisible ta the user. Thi,8 approach 
\ 

1> 

~a.s"employed to facilitate introduction to and operation of the package. The 
\ 

computer package ",as found to a implify the des ign and verification of thermal 

proceues J and to be e8sy to use for the novice operator. 

/ 

\ 
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RESUME 

L'optiaiaatioo des procédés de atériliaation en vrac à l'aide 

d'UD ;PJ!'o2Ï;ciel int&;actif conçu pour\ aicr04?rdinateure 
W l, 

1 

\1 

Ji 

Les procédés thermiques lorsque bien employés sur les al iments, rendent les. 

pt'oduits microbiologiquement sara et stables tout en minimisant la dégradation 
, 

de leurs qualitéa nutritives et organoleptique.:l. Dana ce project de 

recherche. un progiciel qui optimise le régime des procédés de stérilisation 

en vrac des conserves et des poches pour al iments 1 à été développé. 

Le progi ciel a été conçu pour être exécuté par les micro-ordinateurs 

compatibles avec le IBM PC. Il cona iate en un arrangement hiérarchique de 

modules dont font partis: le système d'initialisation 'des programmes, le 

s ys tème intell igent d' intéract ion entre l'opérateur et le micro-ordinateur. 

les rout ines de calcul des températures, et les pro$rammes de service. Les 

résultats intermédiaires et les données entrées par l'opérateur sont 

transférés entre les modules de la hiérarchie par des programmes qui les 

rangent en mémoire et le's acçèdent a~ temps requis. La communication entre 

l'utilisateur et le progiciel est limitée au système intelligent d'intérllction 

ce qui rend les routines de calcul inViSjbleS à l'opérateur. Cette approche 

a été choisie pour faciliter l'introdtjiOn et l'utilisation. Il a été 

observé que le progiciel simplifiait la conception et la vérification des 

procédés thermiques, et qu'il étai,t...,facile li utiliser même pour l'opérateur 

novice. 
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1. l!'fI'ROIlUcrION 

1 • 1 Background 

Food preservation has historically been a major concern for numanity. The 

objectives. of food pres.ervation ,are to el iminàt.e the deterioration of food, 

to lengthen its ahelf-life, and to maximally retain nutrients and,organoleptic 

properties. Thermal proceasing ia one of the most common methoda employed to 

attain theae goa~s, and will he the sole preservation method discussed in thia 

thes ia. Presently. much research ia being carried' out to develop ways of 

predi cting the effects of steril ization on the biological catalys ts and 

componenta of the food. Mathematical models. either theoretically or 

empirically-derived, May be uaed t.o aimulate the thermal proce.s.s. By means" 

of a model, a proceS8 ca!l be opt imized wi th the aid of di~i tal computer,,; thi's 
1 

is a much more time-efficient procedure than an experimental trial-and-error 

approach. 

A model must minimally incorporate the two major concepts of thermal 

processing: the heat transfer in the food and the consequent lethal or 

inactivating effects on the contaminant organLsms, and the food propertiea 

and components. Factors that must he considered when modeling the thermal 

proœss include the type of proceaa utilized, the method of heat application, 
-( 

the mechanism of heat transfer, the thermal and rheological properties of the 

food, the degree of mixing wi thin the food and the residence cime distribution 
"., 

function of the food particles. theBe factors aIl affect the temperature-time 

distributions in the food. Furthermore, consideration of microbial death 

kinetic8, the kinetics of inactivation of food components'and properties (eg. 



2 

nutrients, enzymes, exture, calour), and. initial di8tributions of 

contaminating microorgani ms and food components, are nece88ary to develop a 

" model which will predict th effects of thermal proceBsing on the contaminant 

organiBms and on the food. 

( 
In examining the effects thermal proces8ing has on a food, the type of proce8s 

utilized ia of prime significance. AlI thermal treatments consi8't of a 

Ilequenèe of heating, cooling and packaging stages; the order in which these 

are performed varies according to the particular treatment selected. In the 

conventional batch proces8 the food ia first put in a container which ia then 

sealed. Many such containers are then hea~ed simuttaneous l'y in cl retort and 

held there for a prescribed amount of time. In the semi-continuous process 

the food ia also packed in individual containers which are consequently sealed -' 

and .ubjected to heat treatment, but the c~~tainer, are handled ~equential1y 
rather than simultaneously. In a truly continuous proceaa the food la firat 

heated and partially cooled in heat exchangers, before being packed. 

Very closely related to process type ",ith regard ta the extent of ita effect 

on the processing results iB the methad of heat application. Heat transfer 

fluids commonly utilized ta carry the thermal energy ta the application are 

steam, hot water and hot combustion gases. In batch and semi-continuous 

procesBes, the outer surfaces of the containers are Bubjected ta a 

temperature-time function characteristic of the given process. These 

functions are frequently comprised of a) a sudden increase fallowed by b) a 

period of constant temperature and c) a sudden decrease. In continuaus 

processing, the concept of a time-varying function i3 not applicable since 
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under normal processing conditions the equipment operates practicall at 

ateady-state. 

The mechanism of heat transfer in the container and i ts contents will ~ 
.' 

detérmined by the p1"OC~SS type and the container ·and f 

generally accepted that aolids will heat by conduction. 

by convection. and high-viscosity liquids and liquida 

matter in suspension by a combination of the two. 

proceS8 can dramatically influence the heat 

high-viscosity liquida can be induced. by 

the food. to heat convectively when processed in 

agitated in batch or semi-continuous equipment. 

The phys ical. thermal and rheological properties of 

lt is 

the type of 

For example 1 

food will 

significantly affect the heat transfer within ie. Food proper ies such as 

the density, viscosity, specific heat, thermal conductivity and diffusivity 

must he taken into account when developing a heat transfer model. These 

properties will also affect mass and momentum transfer within the food and 

thus the degree of mixing, on the macro8copic scale (Levenspiel, 1962). 

During batch or semi-continuoue processing of purely convectively-heating 

foods, aIl the container contents \olill have the same temperature at any 

ins tant. Thus, al though the contents may undergo intense macromixing, the 

temperature-time histories of aIl fluid elements will be identical so that 

the mixing will not affect processing reBults. Macromixing does not occur in 

truly conductively-heating foods. The temperature-time histories at aIl 

locations can therefore he calculated using standard heat diffusion equations. 

1 \ 
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For intermediate-type foods the extent of macromixing determines the 

distribution of temperature-time histories of the fluid elements and therefore 

strongly influences the effects processing has on the food. Whereas for batch 

and semi-continuous processing the residence times for aIl fluid elements are 
. W 

equai .' since they are confined to the same container, this iB not true for 

continuous processing. In the latter situation the fluid mechanical and 

macromixing aspects, as weIl as th~ heat transfer mechanism, will determine 

the fluid e'lement temperature-time history distribution. 

,In a model of a thermal process, in addi tion to the heat transfer phenomena, 

effects of the temperature-time histories on the contaminant population 

food composition and properties must be incorporated. To evaluate 

the lethal effect of a heat treatment on the contaminating organisms, .ln 

understanding of microbial death kinetics i3 essential. The death rate i3 

usually calculated by means of a semi-empirical«!logarithmic equation. The 

adequacyof the process may be expressed in terms of lethality, a quantity in 

which is reflected the cumulative kill ing effect achieved throughout the 

container contents during the entire heat treatment. The lethal ity 

calculation lS generally ba'Sed on the assumption that the contaminant 

population i8 uniformly distributed throughout the food. In .situations where 

thi.s is not true, serlOUS inaccuracies in the determination of process 

adequacy can be introduced. The effects of proce.ssing on the food components 

and properties can he e8timated in a manner similar to that used for the 

contaminant population. Once the kinetics of inactivation or creation of f~od 

components auch as flavour compounds, enzymes and nutrients, and properties 

Buch 8S texture and colour are known, the inactivation or creation rates can 
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be calculated, which can then be u.sed ta deterrnine the resultant food quality' 

Uniform distri.but,ion of components and properties Î3 

generally also assumed in this procedure. 

-'''' 
.~~~j ~) 

Once the factors discussed a'bbve\ and their consequent effects on the 

processlng results are sufficiently un er.stood, an overall mathematical model 

in which these concepts are incorporated may be formulated. Such a mode1 may 

~ 
then be used ta ~ulate the process un r.a variety of condi tians in order 

ta ascertain process sufficiency or alternate operating 

schemes. Simulation may, for example, choose the "best" thermal 

JXocess, wherein Ithes tlt is determined ln with a set of necessarily 

subjectively established criteria. riteria might consÏ5t of the 

requirement that the proces.s simultaneously i\~art an adequate lethal eEfect 

whi 1 ~ maximizing an '\bjectiV'e function rep\esenting food quaI ity. Two 

techniques cOlllllonly util{zed ta calculate a Itbe'St" procese are maximization 

1 minimization and optimizatiol1. In the former, the independent procese 

parameters are considered to remain constant throughout the heat treatment 

and the simulation LS used to find the values of these which will yield the 

maximJ or minimum value of the object,{ve function. 
\ 

This technique i8 

freque,ntly referred to as "optimization". However, in true optimization the 

inde pendent parameterA are treated as time-varying so that, rather than a 

single value, a time history of each 101 il 1 be produced (Hildenbrand, 1980; 

Lund, 1982). More favourable objective function results can he obtained with 

optimization than with minimÏ2:ation 1 maximization at the expense of. 'much 

greater,computational effort. Optimization results' will also be the more 

complex to implement in mos t processes al though computer control of equipment 
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will simpliEy this. 

1.2 Objec'tives 

The objectives of this research project have been: 

1) To màthematically model the. heat transfer phenomena in conductively-heating, 

foods, for' the following ins tances: 

i) Slowest heating region approach for food proce'saed in a can 

ii) Spatialâtstribution approach for food held in a can - with the 

convective surface heat transfer coefficient asstmled to he infinite 

ç) 

iii) Spatial distribution approach for food held in a can - with t~e 

heat transfer coefficient specified by the user , 
iv) Spatial distribution approach for food in a retortable pouch - heat 

transEer coefficien't assumed to' be infinite 

v) Spatial distribution approach for food held in a retortable pouch 

- heat transfer coefficient a pecified by the user 

2) Ta use the temperature distributions calculated hy means of the heat 

transEer modela to predict process lethality, again for food treated in cans 

or retort pouches. 

3) Ta predict the effects of the sterilization treatment on the food 

properties, specifically retention of nutrients. 

4) To develop a user-friendly, interactive microcomputer software package that 

incorporates the above heat transfer, proces8 lethal ity and nutt'Îent retention 

models. 

r 
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5) BY,means of this computer package, to simlliate batch sterilization 
_ 0 

processes, and select the regime which results in optimal nutrient retention 

while concurrently satisfying proceas lethality require~ents. 

1.3~ 

This study 109 Ümited to conductively-heating fooda which are batch-processed, 

ln either cylindrical cans or retortable pouches. The computer packàge 

chooses the mos t favourable processing regimes based on an "optimization" 

technique using time-independent rather than time-varying process paraméters. 

According to the strict definition of optimization, this procedure is more a 

maximiza t ion technique. 

Thermal proces8es are commonly optimized with resp<=ct ta retention of 

desirable food characteristics, properties and components. In this project, 
:, 
tJ 

the retention of nutrients 1.8 the hasis upon which the optimization i8 

\ 
performed. \ 

\ 
\ 

\ 
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II. L'ITERATURE REVIEW 

2.1 Cmicluction Beat Transfer 
-

The thermal processing of food 1.S done to ensure commercial sterilization, 

that i5, to reduce by a factor of 1012 the contamin~nt microbe population in • 
~ . the ',food (Charm, 1978). The rate of dèath of the microbes is dependent up9n 

• the temperature they are expoaed to, and the duration of the expoaure. Any 

.. 
type of bacterial spore will be destroyed if subjected to a high enough 

temperatur for an adequate length of time. As this temperature increases, 
, 0 

othe time needed to kill the spores will decrease. ,It is evident that in order 

o 

ta processing regimes that will ensure commercial sterility 

of the fo~d, the t mperature-time histories in the food must be known fint. 

There are tilla major approaches by which temperature-time histories are 
"~.-:. 

ca1culated: the point temperature method and th~ spatial tempe rature 

distribution approach. 

2.1.1 Point Temperature Approach 

'l1le point temperature method involves the calculation of the temperature-time 
( 

history at the centre of the container, since it is assumed to be the co1dest 

point or slowest heating region (Bigelow et al., 1920; BalI, 1923; Thompson, 

1919). The 'empirica1 temperature-time heating and coo1ing curves were found 

to he alroost straight ~ines when plotted on semi1'ogarit~ic paper, except fol;' 

the first portion (lag) of each curve (Big'elow et al., 1920). The simple 

logarithmic equations were considered by BaIl (923) to be an adequate 

approximation for the heating curve s~t\ce the early temperatures are not high 

enough to significantly affect the sterilizing values. However, the lag in 

" 

,1> • 
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the initial part of t:he cooling curve causes deviations from the'logari,!:hmic 

equat ion at the time c of maximum temperature, and therefore at the time of 

maJi:iDun sterilization rate. Ball (1923, 1928) developed a method ta calculate 

the ceg.tre temperature-t;ime histories taklng into account the cool ing curve 

1ag. He uaed the experimental parameters "f" and "j", wherein f L5 tne time 

required' ta reduce a gi ven temperature difference by one log cycle, and j i3 

the lag factor or the measure of lag in the heating or cooling rate. The 

'?'D1ing curve was modeled as firat hyperbolic and then logarithmic, t<? account 

for the deviation c~used by the cooling curve lag factor. He assumed that 

the cooling curve was the exact reverse of the beating curve (the same 

magnitude of, slope but opposite in sign), an aS8U1Îlption which he knew ta be 

not always correct. The equatïons developed were based on j values of 1.41 

for both the heating and cooling curves. The j value of the cooling curve 

w~s later amended to 2.04 (Ball and OIson, 1957). Jackson and OIson (1940) 

further developed these equations 50 that the heating curves were no longer 

reatricted to simple logarithmic curves with one constant slope. The 

equations \oIere no\ol applicable for products displaying "broken heating curves", 

wherein the heating curve i8 asymptotic ta one straight line and then breaks 

ta become asymptotic to another straight line with a different slope (Jackson, 

1940). The heating and cooling curves are a1.,ays asymptotic to a straight 

line a~slUlling that the ambient temperature and the thermal diffusivi ty remain 

constant with respect to time (DIdon and Jackson, 1942). 

, 
Cardlaw and Jaeger (1947) derived solutions to the classical heat conduction 

equations, using Duhamel' s theorem, for various object ahapes including fini te 

cy1i;tders and bricks. Hicks (1951) modified the equations 'deve loped by 

Cl 
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Cars law and Jaeger (947), and used the j parameter, to more accurately 

determine the centre temperatures, especially during the cool ing time. A.a 
, 

Hicks stated, an inaccuracy of only one degree Fahrenhei.t at the high 

Î 
tem:peratures present at the start of cooling can have a ,significant effect on 

subsequent proceS3 adequacy calculations. He used hi~ more theoretically 
( 

correct equations to ascertain whether Ball's method (Ba11, 1923; BalI, 1928; 

BalI and 018on,1957) and assumptions were acceptable approximations. He 

concluded that the value of j for the cooling curve should be experimentally 

determined rather than set equal ta 2.04, as defined by Ball and DIson (1957). 

Alao, he determine~ that for large enough time values 1 BalI' 8 assumpt ion that 

the heating and cooling curves are the reverse of each other is acceptable. 

Gi llespy ( 1953) a1so analyticalty calJculatéd centre tempe rature 3 ln a 

cylindrical can, utilizing equations developed by Riedel (1947) and based on 

Duhamel's theorem CCarslaw and Jaeger, 1947). Gillespy's equations were used 

ta determine the centre temperatures, wi th the following res trictions: the 

external temperature changes must be instantaneous, the initial temperature 

mus t be uniform, and the f. parameter and the height/diameter ratio must be 

'known. 

In addition to the analyt ical approaches described above, several researchers 

have presented charts or tables ta calculate centre temperatures. OIson and 

Schultz (1942) developed tables containing solutions ta the classlcal heating 

equations. These tab~es wer~ an improvement in terms of accuracy over those 

gi ven by Newman (1936). The improved tables were based on Newman' 8 theory 

that the solutions for an infinite slab and infinite cylinder could be 
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multiptied to obtain the solution for a finite cylinderj the theory was 

extended to cover the case of a brick (or pouch). The as'sumptions upon which 

the values of the tables were based included unifonn initial temperàture and 

zero surface resistivity. 

1 

A different chart approach was described by Leonhardt (1976) ta estimate 

centre temperatures in cylindrical and rectangular cans. He used the 

temperature response chart~ developed by Hayakawa (1969) for finite cylinders 

which predicted the centre temperature of a conductively-heating food , 

according to a can shape factor. "By determining the shape fact:or d/h 

(diameter/height), the appropriate centre telnperature response curves were 

plotted for numerous container dhapes. 

2.1. 2 Spatial Teaperature Distribution Approacb 

According ta Stumbo (1948) one should nQt assume a process woùld be adequate 

w"hen calculat ions to determine lethal ity are performed at the s lowest heating 

point (or centre) of the can. He stated that probability of bacterial 

8urvi val is not necessari ly greatest at the point of alowest heating but 

rather at the point where bacterial density is likely to-be greatest (Stumbo, 

1949). This observation makes the determination of the temperature throughout 

the c.an more important. Williamson and Adams (1919) developed solutions to 

the classlcal transient heat conduction equations describing temperature 

distributions throughout various abjects such as : rectangular parallelopiped 

(brick), long rectanguiar rod, infinite thin siab, Hnite cylinder and aphere. 
/~/ 

Separate solutions were derived for the cases when the surface ia suddenly 

cooied or heated, and when the surface is heated at a uniform rate. The 
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equa t ionS' are based on the assumpt ions of uni fonn ini tial temperature, 

constant thermal diffusivity and negligible surface convective heat transfer. 

" 

Thompson (1919) developed solutions ta the equations for foods heated ln cans, 

and performed heat penetration tests ta verify the results. His 

theoretica11y-derived solutions c10se1y approximated the aetual penetration 

data for water-cooled cans, but not for air-:cooled ones, since his equations 

considered surface convective hest transfer to be negligible; this is not a 

reasonable assumption for air-cool ing. 

\ Many solutions to the c1assical transient heat conduction equations have been 

developed (Jackson, 1940; 0180n and Schultz, 1942; Ball and OIson, 1957; 
\ 

Luikov, 1968) but they are based on the common asslDUpt ion that surface 

convective heat transfer iB negligible. Cars1aw and Jaeger (959) developed 

equations for shapes such as bricks, cylindr ical containers and s pheres to 

detennine the temperature distributions when the surface resistivity cannat 

be assumed ta be equa1 to zero. Ramaswamy et a1.(1982) simp1ified these 

'! equations; these simplifications hold for conditions of dufficiently long 

heating times Le. Fourier modulus greater than 0.2, and for Biot nlDUbers 

betio/een 0.02 and 200. These approximations were found to have mean errora of 

only 0.042 percent for an infinite slab and 0.084 percent for an infinite 

cy1inder) and cou1d be considered sufficient1y aceurate for use in proce"a 

ea1culat ions. 

2.2 'lheruaal Proceaa Calculations 

To prediet adequacy of process, the effect of the temperature hiatory in the 

food on the contaminant organiam mus t be detennined. There have been many 
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\ 
techniques pub l ished tha t per form proce83 calcutations. They can be 

oS ubdi vided into two major sect ions: those which de termine process lethal ity 

based on the temperature history at the slowest heating point in the food, 

and those which base the lethality caleulations on the temperatures throughout 

entire volumetrie elements of the food. In the first section there i8 a 

further subdivision into the general methods and the formula methods. The 

generai methods tend to he more accurate because they are based on the actuai 

food temperature data; no assumptions are made about the temperature-time 

relationships. The formui a methods, however, use temperature history 

prediction8 in their process calculations. These predictions can be made 

us ing e i ther empirical or theoretieal formulae (HayakaIol3, 1978). 
(1 

2.2.1 Slowest Heating Region Approach 

2. 2.1.1 General Hetboda 
4 

Bigelow et al. (1920) published the first systematic appro3eh to thermal 

proces8 evaluation, the General Method. Their basic concepts and methodology 

are Hi Il used in industry today. They eombined heat penetration data and 

baeteriological data in a graphieal method to prediet proeess lethality. 

Using' the temperature-time history at the al·owest heating point in the 
. . 

container (the centre) they ealeulated the lethal rate assoeiated with each 

t ime increment. 8y graphically integrating the lethal rate over time they 

were able ta determine the aterilizing value of the process, F. 

Schultz and Olaon (1940) developed an Improved General Method wherein they 

made use of a special coordinate lethal rate paper \'" The use of thia paper 

simplified the process calculations and reduced the chances of mlsplotting 
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the data. Another advanlage of their method \Nas the inclusion of formulae 

whi ch" cou Id he used to convert heat penetrat ion data for di fferent initial 

food lempe ralures and r;,elorl temperalures. These developmenl8 greatly 

increaaed the appl icabil ity of lhe General Method. Unforlunately J the 

process calculations were sti 11 time-consuming. As weIl, .'> pecially-prinled 

coordinale paper was required for each new thermal death time B lope or z value 

ueed in the calculations. 

Patashnik (1953) introduced a simplified procedure for thermal proces8 

evalualion which was similar la the General Method of Bigel~ et al. (1920). 

In lhis new method the container· temperalure readings were taken at equal lime 

intervals and lethal ratio values Fit were tabulaled for each time inlerval. 

TheBe ratios were totaled, and the product of the Bum and the equal-time 

inlerval readings used lo determine the proceS8 value. The advantage of thi s 

method over lhe original General Melhod id that lethal rate curves did ool 

have to 1:e plotted once thè slope of the Tm curve was known; the integralion 

under the lethal ity curve was done by the m.nnerical trapezoidal integralion 

method rather than graphically. 

Hayakawa (1973) described a method lo apply a lethal raLe paper of fixed z 

value to determine the values of diff'erent z values. There are two conditions 

inherenl in his technique: the lethal rate paper temperalue scale must he 
~ 

def iued, and the unit area under the lethal rate curve (equivalent to F=l) 

mus t he defined for each caae according to the temperature Bcale uaed. 

Leonhardt (1978) proposed a general lethal rate paper Lhat would el iminate 

theae two conditions. His general lethal rale paper cau he uaed lo repreaent 
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heat penetration data directly, whatever the z-value and reference 

temperature, without the necessi ty of def ining a unit area in each case. 

2.2.1.2 Formula ~thoda 

The first analytic method ta perforTn proces8 caÎ'culations \oI8S proposed by Ball 

(1923). He wanted to reduce the time neces8ary to determine the process 

reaults, and consolidate the various factors \oIhich influence the calculations 

into a common base. He uBed mathematical formulations accompanied by charts 

relating th~ variables to simplify process evaluation. The Formula Method 

was based on a number of mathematical and empirical assumptions which 

restricta its applicability. For example, he assumed that the lag factor of 

the cool ing curve Y/as a constant of 1.41. He also aS8tnned that the 

curvi 1 inear portion of the cool ing curve ends at time equal to 0.141 f . As 
c 

weIl, the charts are only auitable for cases when the heating curve ia 

unbr0lsen, and when f
h 

ia equal to fc' It is evident that errora of estimation 

wi Il occur if the lag factor of the cool ing curve is not 1.41, if f
h 

is not 

equal to f , if 
c 

the heating meditun does not suddenly reach proces8ing 

temperature (Merson et al., 1978) or if anyof the other assumptions do not 

hold for the case under consideration. According to Hayakawa (1978), Ball' s 

Formula Method will significantly undereBtimate the F value when tne cooling 

curve lag factor id greater than 1.41. The accuracy of the Formula Method 

haB been compared "with that of the General Method for a wide range of 

processing conditions and in only one test was the Formula Method found to 
, 

overes timate the F value, and even then by a negligible amount (Steele and 

Board, 1979). Process calculation problema were solved using the Formula 

Method and the General Method and preaented in BalI (928). 

'. 

) 
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A a:impli;ication of Ball' s Formula Method was publi:;!hed hy 0190n and Stevens 

in 1939. They developed a nomographie method which can he uaed for canned 
, 

foods that exhibit straight-line logarithmic heating curves. With their 

method, the computations of Ball's (1923) method could be perfonned 

graphically. They included several worked examples which showed the 

application of the nomographie method. 

BalI and OIson (1957) modified BaIl's original Formula Method by introducing 

two dimens ionless parametets Ph and P • , c These parameters were used to 

eatimate the sterilizing values of the heating and cooling phases. They 

greatly simplified the process calculationa for the' case when the heating 

curve ia broken, and when f
h 

and fe are not equal. However, the assumptlons 

that the cool ing curve lag factor was a constant of 1.41 and that termination 

of the curvilinear section of the cooling curve· occurred at a time equal ta 

0.141 f were not modified. 
c 

Hicks (1958) observed that there were 

considerable errors in the tables of Ph values tabulated by BaIl and 0150n 

(1958) and puhlished his recalculated values. 

Stumbo and Longley (1966) publi:;!hed a modified Formula Method Ln which 

variable cooling curve lag factors eould be used for the 'proces8 calculations. 

The y fel t this would increase the rel iabil ity of es t imatioo of the thermal 

prOceS8. Parametric values, which were estimated with the aid of a planimeter 

from temperature-time curves drawn 00 lethal rate paper, were tabulated. 

These tables are applicable only 'when the difference between the f h and fc 

values are less than twenty percent of the fh value. 
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Hayakawa 0970, 1971) developed empirical formulae which can be used for 

process calculations when the cooling curve lag factor is not equal ta 1.41. 

He derived three formulae, each of which was applicable for a range of j 
c 

values. Together they covered the range of j values from 0.045 ta 3.0. 
c 

U~ing these empirical formulae he created a table of new parametric values 

which reduced the number of calculations required for the evaluation of a 

thermal proces&, as compared to the previous Formula Methods. 
\ 

Griffon, Herndon and BalI ~orked together ta develop one of the first 
, 

G.0mputer-derived tables for calcûlating thermal processes. Theil." approaches 

could be used for unbroken heating curves (Herndon et al., 1968) and broke? 

heating curves CGriffin et al., .1969), and for simple logarithmic cooling 

curves (Graffin et al., 1971). The procedures l'lere similar to that described 

by BaU and OIson (1957). 

/ 
All the Formula Methods described above are based on empirica lly-deri ved 

temperature histories. Other Formula Methoda were developed which used a 

theoretical approach to determine the temperature-time data. Gillespy (1953) 
, 

used an analyt ical, solution of Duhamel' a theorem (Caralaw and Jaeger, 1947) 

ta crea te a table of food temperature values. Using these temperatures, his 

technique calculated the aterilizing values of a heat process by applying the 

general method. With his method, one 'could evaluate heat processea which 
') 

involved a time-varying retort temperature. 
1 

Flambert and Deltour (1972) a1ao used heat conduction equations ta estimate 

food temperatures in their Formula Method. Theil." method is applicable for 
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sol id fooda packed and processed in cyl indrical cans, assuming that the-

heating and cooling media temperatures remain constant lIIith time'. They 

prepared tables of parametric values IIIhich are easier ta use than those of 

Gillespy (1953). 

2.2.2 Maas or VolUR ~:werage Approach 

-
1be second group of procedures lltilizes the mass average lethality value when 

evaluating the thermal process. This value iB estimated fram the mean 

concentration of surviving microbes in the food. The procedures utilize 

solutions of transient heat conduction equations ta predlct the temperature 

distribution. One of the first mass averaging methods was pub1ished in 1951 

by Glilespy. He used an equation for transient heat conduction in a finite 

cylinder to es timate the temperature distribution. By assuming that the 

contribution of the cooling phase to sterilization was equivalent ta that 

gained when the heating curve is extended by 0.3 f h , he greatly simplified 

the estimation of the sterilizing value. However, thi s ass umpt ion may. 

introduce errors aince the extension constant 0.3 is likely ta be affected by 

the shape of the cylindrical can, by the length of the heating phase and by 

the rate of cooling (Hayakawa, 1978). 

Stunbo (1953) developed a method ta calculate the sterilizing value which was 

similar to that of Gi11espy (1951). He did not, hOlolever, use Gillespy 1 s 

assumption regarding the heating phase extension. Stumbo estimated the 

distribution of lethal values using Ball's (1923) charts. The equation he 

deve loped for the prediction of the mass average F value was based on the 
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assumption that the food was packed in a No.lO ean. Renee, aIl restrictions 

associated with Ball's (1923) charta are applicable ta Stumba's equation. A 

controveray exists as to whether Stumbo's method Ul applicable for foods 

packed in cans other than size No.lO. 

BaH and 0180n (957) used the heat conduction equation described in Gillespy 

(1951) for their ma88 averaging process calculation metbod. They consiclered 

the food in a can to he divided into eleven isothermal regions, and used the 

tabulated values of the Ph and Pc functions ta determine the ste~il izing value 

in each isothermal region. From this sterilizing value the concentration of 

remaining vulnerable factor \01 as calculated for each region. 

canee nt rat ions were then used ta predi ct the overall mass average F value. 

Hayakawa (1969) deve10ped a methad ta caleu"late mass average F values using 

dimensionless parameters. Six such parameters were needed to predict the 

thermal inactivation of a vulnerable component. A digital computer was used 

ta calculate tables which listed the maas average F values in terms of the 

dimensionless parameters.' 

A computer was also necessary for'the estimation technique of Teixeira et al. 

(1969a). They used a finite difference approach ta numerically solve the 

transient heat conduction equation. The resultant temperature distribution 

was uaed ta estirnate the roass average concentration of a vulnerable factor in 

each volUllletric element of a cylindrical can of solid food. The elemental 

~nœntrations were summed ta yield the overall mass average F value. Manson 

et al. (1970) developed a similar method to estimate the mass average 

• 
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Bterilizing value for solid ~ood packed and processed in a brick-shaped cano 

Jèn etaI. (1971) utilized the method of Teixeira et al ~ (1969a) ,ta reflne 

the technique described in Stumbo (1953). To calculàte the mass average 

sterilizing value Jeo et aL (971) used the heating and <;:ooliog curves 

predicted by Teixeira et al. (1969a) to develop the fh!U:g relationships 

rather than basing them on visual inspection. By extending the fh/U:g 

relationship tables for higher z vlaues, the method could be used to calculate 

nutrient inactivation as we 11 as microbial destruction. .t> 

All of the mass average techniques described above use the F-:z parameteril to 

predict microbial death. Lenz and Lund (1977) proposed a method to calclliate 

the mass average sterilizing value based on the Arrhenius equation, and uHng 

act i vation energies rather than' z-values. The activation energies are 

applicable over a broader range of temperatures. They checked their method 
Q 

against the Formula Method of BaU and Olson (957) and found it gave 

equivalent results. 

2.3 Optimization of Nutrient Retention 

The effect of the sterilization process on the nutritive contents or canned 

foods is a major concern for food procesdors. The microbial aafety of the 

food id the prime criterion for determining the heat procesa. Simultaneously, 

it is desireable to retain as much of the nutrients in the food as possible. 

Optimization techniques have not been aPRlied to foods until recently because 

the complexity o~ the food components and processes makes analytical treatment 

difficult. A lack of accurate information of a process is a hindrance to ita 

1 



21 

optimization. This is especially true for food processes, where the reactions 

" r 
are complicated and often cannot be quantified (Saguy, 1982). 

The analytical approach to calculating and predicting the retention of 
ù 

nutrients during thermal processing requires a mathematical mode1 of the 

process. The temperature effects on the nutrients mus t be incorporated in 

this model. Several Bteps need to be followed during th~ structuring of the 

madel: 1) the process must be defined, 2) the theory governing the process 

must be determined and verified, 3) the theory must be translated into 

mathematical equations, 4) the algorithm which incorporates these equations 

must be created and 5) the results must be checked to verify the validity of 

the model (Saguy and K~rel, 1980). 

Various models to describe nutrient retention in food undergoing thermal 

processing, have been praposed. Ball and Olson (1957) presented a method ta 

determine thi.;. retentio~ of a vulnerable factor such as a nutrient in il food 

being thérmally processed in a cylindrical container. Because of the finite 

laye r procedure used ta integrate the lethal effects, and the treatment of, 

the cooling curve lags, high accuracy in the estimation would not be expected 

(Jen et al., 1971). 

T~ixe ira et al. (1969b) presented a computer technique for determining 

lethal ity and nutrient retention in foods heated in cyl indrica l co'ntainers. 

Their proce,dure made use of a finite difference fom of the two-dimensional 
1 

transient heat conduction equation to produce a, temperatlfre distribution 

throughout the container at any time. They then applied the rate equation 
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"for nutr1.ent degradation to small vplume elements, over short time intervals.: 

The final pertent nutrie-nt retentl.on.is obtained by numerically integrating 
, 

t"he remaini,ng nutrient amounts over the container vohnne and' over process 

time. The technique does not requirre use of any' tables,\, 'or consideration of 

lag factors or iso-j regions a~ i~ the methGd'of BalI and OIson (1957). 

Manson et al. (1970) deve10ped a computer program to, determine the effec~.s o,f 
p 

thermal processing on the ,nutrients of foods being heated "in rect'imgular 

containers • The temperature history is provided by a fini te dif(erence 
" , 

numer'ical solution ta t'he three-dimerisional transient heat' conduction 

.equation. The effect of heat od the 'outdents is calculated at aIl. 'points' if). 

the container, and the results are integrated to 'give the fina.l nutrient 

retention valué. 
,> 

Jen et al. (1971) extended th~ processo lethality calculation method of Stumbo 

(1953), described in section 2.2.2, ta make it appli.cable for .éatimating 

nutrient degradation. 
, ) 

As des'cribed in thé previous section, Jen e-t: al. (1971) 

refined tHe temperature calcul~tion method as wel1- as extende1 "the parameter 

t'abl'es range of z values. 
) 

,-" ...-
/ , 

used a le'thàt ity-Fou"rier nœnber method ta calculate the 
y , 

mase average. retention of heat-labile quaI ity facto'rs' such as nutrients, for 
" 

conduction-heating foods packaged in cY'lindr~cil.l, containers., The lethal i ty 

number was volume-averaged for diffevent ~ourier heating times and activation 

".energies, and aver:age retention' number-Fourier heatihg time char,ts were 

developed. 

.,' 

,~ .'" 



23 

J 

Castillo et al. (1980) developed a mode l to predict the retention of nutrients 

based on the first order kinetics of nutrient degradation in foods processed 

in retortable pouches. With their model, the prediction of nutrient retention 

a t any point in the pouch can be made. 'the resul ts can be integrated over 

.time and volume to give the final nutrient fraction retained after processing. 

Castillo et al. (1980) used simulated food ta experimen~ally verity their 

model, and found the predictiorra of nutrient retention ta be within the ninety 

percent confidence intervals of the experimental nutrient fractjons. 

\ 
'Once a model haB been formulated to deBcribe the effects of the heat process 

on the vulnerable factors such as nutrients, it can be used ta si:nulate the 

process. These simulations are the basia of the optimization procedures. 

Finding the optimum solution for a proces5ing problem by selecting from 

numerou8 influencing factors i5 difficult because a large number of simulated 

ruas I1lU8t be done. To improve the efficiency in finding the optimum, several 
, 

techniques have been proposed inc1uding lil'!-ear programming (Bender et al., 

1982) and simplex optimization (Nakai, 1984a; Nakai, 1984b; Nakai et al., 

19 84c) • A comparison of optimization techiques and theory ia presented in 

Nakai (1981) and Evans (982). 

Teixeira et al. (1975b) used a trial-and-error aearch technique to determine 
J 

the best conditions for improving thiamine retention in thermally processed 
~ 

foods. Théy employed true optimization, in 'that they varied the retort 

temperature with time to find the optimum procesaing conditions. They used 

sinusoidal, r~p and step temperature input functions, and found that a ramp 

function resulted in optimum thiamine retention. But aince only a slight 
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increase in retention was noted, they concluded that the results did not 

justify the use of time-varying retort temperatures. 

Lund (1977) cons idered the optimization of cons tant retort temperature' 

processes. He found that the optimum retention of a low.z-value nutrient is 

obtained at a 10w temperature-long time process whereas a high 

temperature-short time process is optimum for a nutrient ~ith a high z value. 

"Thijssen et al. (1978) also considered the op~imization of constant retort 

temperature processes. They deve loped a short-eut method us ing the Fourier 

value to calcu1ate the optimal sterilizing conditions, in tenns of process 

temperature and time, for a constant retort and cooling medium temperatuce. 

Thier method ia applicable to a11 sizes and common geometri~a of cana an,d 

retortable pouches. 

Saguyand Karel (1979) used the max~mum principle theory to optim~ze thiamine 

retention during the sterilization of conduction-heatlng fooda proceaaed ~n 

cylindr~cal containers. The optimal retort temperature profil~ determined by 

the procedure improved thiamine retention by tl</O percent. They concluded fhat 

a constant retort temperature regime \.las almost as good as a ti'lle-varying one, 

and ia much easier ta implement. 

Ohlsson (1980) based his optimizati.on method on the concept of the lie-value" 

or cook-value. This value ~s used to describe the changes in the nutritional 

and sensory properties of the food after process ing. It is calculated ln the 

s.ame manner as the more common F-value, !:lut 15 based on a r>:!ference 
,) 

,1 
temperature of 100 Oc and a z-value of 33 oC, rather than 121°C and 10 oC. 
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Optimal aterilization temperaturea are chosen where the minimal quality 

changea occu~ for 

'--\ 

minimal C-values. 

" -
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III. MODEL DEVELOPKENT 

3.1 Beat Tranafer 

The heat transfer phenomena ~n conduction-heating foods were modeled by means 

of several approaches. The traditional method was included, whereby solely 

the temperature changes at the· s Iowest heating region of the container are 

considered. The algorithma which calculate the center temperatures in a can 

are incorporated in BALLST, in the" program module SUBI. The temperature 

distribution in a can as a function of both position in the container and time 

is also modeleq. CANl (in program module SUB4) calculates the temperature 

distribution ln the can, when the convective surface heat transfer coefficient 

l S a a s ume d t 0 be in fin i te . CAN2 (module SUBS) returns the same type of 

temperature-time results, but it ailows the specification of the heat transfer 

coefficient prior ta the calculation. As weIl, the heat transfer ln a 

retortable pouch iB modeled. Again the temperature ia considered ta be a 

function of both position and time. The durface convective heat transfer 

coefficient cart be assumed ta be infinité (POUCHl in SUB2) or can be specified 

by the user (POUCH2 in SUB3). 

3.1.1 Slowest Beating Region Approach (can) 

The temperature at the slowest heating region CSHR) of a cylindrical container 

undergaing a sterilization treatment is calculated by the program BALLST 

(module SUBI). This region is located at the geometrical center of the can 

for conduction-heati.ng foods. The can lS considered ta he tirs t heated, then 

held for a specified period of time, and finally cooled. The assumptions upon 
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which the mode 1 deve lopment was based are: the " thermal diffusivity is 

isotropie and independent of temperature, the heat transfer coefficient at 

the' container surface ia intinite, and the food is initially at a uniform 

temperature. 

Three models are availab1e in BALLST; the first one is based directly on 

equations derived by Ball (1923, 1928) and BalI and OIson (1957) ,_ while the 

other two modela are modifications of the Erst. Ball treated the heating 

curve as 10garithmic and the cooling curve as first hyperbolic and then 

logarithmic. In the second mode1 both the heating and the cooling eurves are 

treated as a combination of first hyperbo1ic and then logarithmic sections. 

The third model differs from the second in the way the hyperbo11c cooling 

equation is ca1cu1ated, and in the jc Ccoo1ing curve lag factor) value used. 

The variou8 temperature-time curves generated by the three models are shown 

in Figure 1. 

3.1.1.1 Madel One 

The heating curve for a conductively-heating food can he plotted on, an 

inve r ted semi logar i thmic axis, wi th the ordinate axis repreilenting the 

difference between the retort temperature and the container centre 

temperature, and wi th the abBcissa representing time,. 1 A typica1 heat 

penetration curve iB given in Figure 2. Theoretica11y, the equation for the 

heating curve i5 derived fram the asymptote of the c4rve; ln practice the 

Btraight-1ine approximation lB drawn aB a tangent, one'or rwo log cycles from 

the origin (Stumbo, 1973). The equation for the straight-line approximation 

of the heating curve la given by (Ball and OIson, 1957): 
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(1) 

where T
r 

1.8 the processing (or retort) tempe rature , T La the calculated 

temperature (in this instance, at the centre of the can), t ia the time passed 

sinee exposure to the heat source, T • l.3 the pseudo-ini tial temperature, and / pl. 

I/fh is the slope of the heating curve. The pseudo-initial temperature can 

he determined fram the plot of the atraight-line approximation of the heating 

curve, as seen in Figure 2. It representB the initial food temperature that 

would need to he present to yield the temperature-cime curve sho<-ln, if there 

waa no initial lag in the heating rate of the food. The value of Eh is the 

time neceasary to redu~e the temperature difference (Tr-T) by one log.cycle. 

Equation l can be rewritten as: 

1 
= • t (2) 

u 

where u i8 the temperature ratio, and jh is the heating curve lag factor'. The 

general formula for the temperature rat io is gi ven by: 

CF .:.. T) a (3) u '= --------~--

where Ta 18 the environmental temperature (which is Tr l.8 this instance), T 

iB the calculated temperature (here, equal to the centre temperature), and TO 

L8 equal .to T. here. l. The lag, factor jh l.S a measure of the lag l.n 
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e8tablishing' a uniform heating rate in the food upon exposure ta the 

temperature input function. It iB defined as: 

(T T ,) 
r p~ 

]h = ------------- (4) 
(T r Ti) 

Equations 2, 3 and 4 can be combined to yield the logarithmic heating curve 

equation in the form used 1n model one of BALLST: 

T .. T 
r 

(-tl fh) 

Ti) • jh • 10 (5) 

The cooling curve of model one was considered by BalI to be comprised of firat 

a hyperbolic section and then a logarithmic part. The hyperbolic section ia 

given' by (Ball, 1923): 

T .. T 
anax 

cool2 

b 2 
c 

-) ( 6) 

wh~re tcool 1S the time passed since exposure to the cooling 'water, and ac 

and bc are fitting constants for the hyperbola. Ball (1923) determined 

graphically that suitable values for these constants are: 

~ 

a c .. • 3 • ( T cma~ - T loi ) ( 7) 

where T\o/ 1.9 the cool ing water temperature and fc 1.9 the reciprocal of the 
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s lope of the cooling curve. The tempe rature at which the coo l ing curve 

8witches from a hyperbolie shape to a logarithmic one i3 given by: 

T '1< .. T - 343. (T - T ) c cmax' cmax w 

~. 

This switch temperature ~ill occur at time t ,equal to: 
c 

t '* • f • c c 

Equation 10 can he simplified, with the use of equation, 9, to give: 

(9) 

(l0) 

(ll) 

After timè tc~ has passed, the cooling curve 1S calculated uBing the general 

logarithmic equation: 

T = T a 

(-t/f ) 

(Ta - TO)· Je- 10 c (12) 

where the environmental temperature Ta represents Tw in this instance, the 

starting temperature TO refers to Tcmax ' &,nd the general time variable t is 

equal to t cool - This equation can a180 he written as: 

T Cl3) 

BaU (923) determined, again graphically, that the value of 1.41 for je Ylould 

yield the equationB which most closely approximate the empirical heat 
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penetration data. .<\ temperature-time curve as predicted by modei one 15 shown 

in Figure 1. 

3.1.1.2 Madel Tva 

As can be se en from Figure l, the initial portion of the heating curve 

generated by BalI' s equations in model one does not exhibit the shape one 

would expect from examining actuai temperature data. In model two, to more 

closely approximate physical heat penetration curves, the heating curve la 

modeled as first a: hyperbolic and then a logarithmic section. This 

modification of the heating equation will not affect subsequent lethality 

ealculations, sinee the early temperature8 dp not contribute significantly to 

the magnitude of the lethality accumulated. 

The hyperbolic portion of the heating curve La calculated by: 

The logarithwic heating section i8 calculated similarly ta model one: 

T 

, \ 

(-t/f
h

) 

Ir - (Tr - Ti)~ jh,lO 

(4) 

(5) 

There are two fitting constants in the hyperholic heating equation, ah and 

bh • which can be determined by imposing the two fo110wing conditions: 

1- The point of intersection of the hyperbolic and logarithmic heating curve 

\ 
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.sections occurs at (similar ta BaU' s intersection point for the cooling 

curves of model one): 

Th* => T. + • 343· (T - T. ) 
l r l 

(16) 

2- At this point of intersection the slopes' of the two heatingccurve sections 

must he the srune, as plotted on Cartesian coordinate~. This ensures a smooth 

transi tian from hyperbol ic ta logarithmic heating. 

Fr<Xll these two conditions, it is possible ta determine the expression for the 

fitting cons tants ~ and ~, in terms of the independent variables T r' Ti' jh 

and fh' The following steps are followed (adapted from Kok, 1982),: 

1- The coordinates of the point of intersection of the two heating section 

are determined. 

2- These coordinates are $ubstituted into the hyperbolic equation 14 ta obtain 

the first re1ationship between ~ and.~. 

3- The derivatives of the equations for the hyperbolic and logarithmic heatingl 

. .. 
séctions are found. 

4- The coordinates of the point of intersection are substi tuted into these 

two differential equations. 

5- By equating the two differentia1 equations, the second relationship between 
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,ah and ~ l.$ determined. 

6- The equations for ~ and b
h 

are found from the two relationships. 

The steps of the solution for ~ and ~ are now examined ~n detail: 

1- The coordinates of the point of intersection: 

At' the point of intersection the temperature is equal ta Th ' aa defined in 

equation 16, and is also equal ta T, fr~ equation 15. Setting equa t ion 16 

equal to 15, one obtains the following expression: 
) 

(-th'" / f h ) 
T -(T -T·)'J·h·10 r r 1-

(17) 

1h! x-coordinate, time, can be determined fram equation 17. The equation for 

the time coordinate is given by: 

c. 
(18) " 

Thua, from equatiqns 16 and 18, the coordinates of the point of intersection 

(Th "', th""" ) are found. 

2- Substitu,tion of (Th" ,th" ) into the hyperbolic heating equation: 

At the point of intersection the expression for T; , from equation 16, lS 

equal ta the temperature calculated by the hyperbolic heating equation 15, at 
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<K -1) ~ th " 
T· + .343 0 (T - 'T.) = Ti .+ ~. l + ---~~- (19) 

L r , _ 1. ~ . .: ", " . 
", 

/ <;.' . 
. From .th~s equat1.on, the first relationship between ~ ~nd ~ . can be obtained:. 

1 ~i"" 

, .343 

3- The derivative of the hyperboiic and logarithmic heating equations: 

The trme derivation of the hyperbolic heating equation 14 id given by: 

,--- = ---- • ------------6T ah ( t ) 

ô t ," bb 2 -J..l + t 2/brt 2 

( The time derivative of the logarithmic heatin$ equation 15 i8: 

:Equation 22 can a180 he written as: 

Ô T 

6 t 

= -(T 
r 10 

(-tif -) h. 

4'- Suhs titut'io~ of (T: ,th"" ) ~int? différentiaI equations: 

(20) 

The differentiai equation of the hyperboliè heating section, at the point of 

intersection i8 a8 follows: 

J 
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-- - Cl4) 

The differential e~~)'i()n of the logarithmic heating section, again at the' 

point of intersection, i5 given by: 

.. 
1 

6 T 
-- -

c5 t 
-(T - T.) • r l 

5- Equating the two differential equations: 

(25) 

At the point of intersection the slopes of the two 'heating equations are 

equal. 'ThU8, the two differential equations can he set equal to each other, 

" to obtain the second rel.it ionshi p between ah and ~: 

-(T - T.)· 
r l 

(26) 

6- Determining ah and ~: 

By-tD4thematical manipulation of the two relationships between ah and ~, given 

in equations '20 and 26, the expressions for ~ and\~ can he derived: 

" 

where S ,. loglQ(jh / • 6S 7} (28) 

(29 ) 
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1 
where Z(5) .. 

1- (.45346/5) + (.0514065/5 2 ) 
------------------------------

(.45346/S 3 ) - (/5 2) 

38 r 

(30) 

In model two, the cool ing curve 18 also compriiled of fust a hyperbolic and 

them a loga.rithmic sect~on. The cooling eurve equations are the same a5 t~ose 

deseribed in the cool ing section of model one, with the fitt~ng constant.s a 
c 

and b and the 8witch time and temperature belng calculated n:nilarly. A c 

typical temperature-time curve generated by model tllO i8 shotoin in Figure 1. 

3. 1.1.3 Model Tbree 

In model three, the heating curve l3 repreaented as being first hyperbolic 

and then logarithmic, as :'5 the cooling eurve. The heating curve 15 

caleulated ln the same manner as that of mode: two, with tne derlved 

hyperbollc htting constants ~ and~. The equati:ms .. 111 not 'Je repea:ed 

in this section. The cooling curve differs from model one and.two, however, 

ln that the hyperbolic fltting constants are calculated, the values Eor a
e 

and be that 8all (1923) derived graphi :::ally are not used. AIso, user-suppl ied 

values of jc are taken, Instead of a constant value of 1.41. 

The hyperbol ic cool ing curve section is glve,n by equation 6, and the 

lagarithmic waling section by equation 13. The hyperbolic- to- logarithrnic 

stoiitch time tc.J. is found from equatlo~ 10, and .. the 5witeh temperature T/ from 

e<Pation 9. The je value, rather than belng asssLIlIled to he l.~l, ~5 supplied 

by the user. Another difference between the hyperbolic cool.ing eurve section 

of model three, and thoae of model one and two, i.s ln the waya c and bc are 

calculated. These hyperbolic cooling curve fitting consta ..... nts are denved by 
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the method used to find the hyperbol ic heating curve fitting cons tan:ts (ah 

and bh ) 0 f IIIOde 1 two. In brief, the method of solution is comprised of \ the 

following steps: 1) find the coordinates of the point Of intersection of the 

hyperbolic and logarithmic cooling sections, 2) substitute these coordinates 

into the hyperboli.c cooling equation 6 ta obtain the fint relationship 

between a and b , 3) find the derivatives of the hyperbolic and logarithmic c c 

cooling equations 6 and 13, 4) substitute the coordinates of the point of 

intersection into thesé two differential equations, 5)" by equating the 

di fferential equations, derive the second rel ationship between a
e 

and b
c

' 6) 

'determine the expressions for the hyperbolic fitting constants from the 

relati9nships obtained in steps 2 and S. 

n,e temperature-time curve generated by model three 13 shown ln Figure 1. The 

differences betW'een the curves generat';d by the three models can be noted. 

3.1.2 Spatial Te.perature Diat:ribution Approach (can) 

In the prevl0us sectlon the cyl indnéa l container centre temperature history 

during sterllization and cooling was discussed. In this section, the modeling 

of the temperature distribution in the can aS.a spatial as well a; te~poral 

function, lS examined. The two algorithms CANl and CAN2 Cin program modules 

4 and 5 respecti.vely) calculate the temperature at any location in a can, 

aeter eKp08ure to a sudden sus tained temperature change. The temperature 

distributlon i6 thus a function of the radial and axial coordinates in the 

can, as weIL as tlme. The ass umpt ions upon which the mode 1 sare based are 

that the food temperature is initially uniform, the thermal diffusivity is 

considered lndependent of temperature and i3 isotropie, and heat tran8fer 
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occurs on1y by conduction. For the purpose of model development, the 

cy1indrical container is considered to have its éoordinate ays tem originate 

at its centre. 
r 

The radius of the can ia 2R and the length ia 21. Only 

one-half of the can is modeled; the inherent symmetry of the cylinder 

elim.Ü1ates the need to repeat the calculations for the second hal f. CANI and 

CAN2 differ, ho",ever, Ln the ",ay the convective surface heat transfer 

coefficient 'LB taken into consideration. In CANI the equations are based on 

the aSBumption it iB infinite-. The cOn.Yective heat transfer at the surface 

of the can ia therefore ignored. In CAN2, the equations utilized alla... the 

value of the heat tranBfer coefficient to he Bpecified by the user.'/ 

3.1.2.1 CABl 

The cla88ical equation of conduction of heat in a finite eylinder i8 used 

(Carslaw and Jaeger, 1959): 

~ 6 T k (1 ~ (r. 6T/~ d é 2T 
____ , ____ e ------------ + ----2) (31 ) 

~ t p. Cr. 
p é r é Z 

wœre k i8 the thermal conductivity of the food, 0 is the food density, cp lS 

the food' S specifie heat, r ia the radial coordinate and z is the axial 

coordinate. ,According to basic heat transfer theory (Helman', 1976): 

k 

ex " (32) 

wœre Q' i8 the thermal diffu8ivity of the food, equation 31 can be rewritten 

as: 

) 

.. 
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(33) 

. The temperature distribution caused by the heat transfer in a finite cylinder • can be calculated by separately determining the temperature distrib~tions 

through t!1e cylindrical surface (infinite cylinde~ase) and through the ends 

of the can (infinite plate case.). These two solutions to the differential 

h f . hl' l' d /. N ' 1 (u_ eat trans er equatlons are t en mu tlp le J"USlng ewman s ru e =::rson et 

al.. 1978). 

For the cylindrical surface, the temperature distribution lS given by (Carslaw 

and Jaeger, 1959): 

c5 T l lj(r,~T/,:r) 

) ,. Cl' (-- ' ------- .... _--- (34) 
Q t r -5 r 

Equation 34 can he simplified ta: 

-ST < 2T l .< T 
:;1 ':l, ( -;~2 + -;-' -~~;- ) 

-S t 

(35) 

For the ends of the can, the temperature distribution 1.3 calcu1ated using 

(Carslaw and Jaeger, 1959): 

5T 
-~. ( (6) 

~ t 

The solutions for the differential equationll representing the temperature 
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distribution through both the infinite cylinder and the infinite plate are 

given in tenus of the temperature ratio u, as defined in equation 3. The 

temperature ratio for the infinite cylinder ia de temined by (Luikov, 1968): 

. ex> 
u = ~ A· cyl .t.... n 

n=1 

2 1 
/ al ___________ _ 

(
? 2 

-Ii (-:Xot/(O/2» 
n 

• e 

/ 

(37) 

/ 

where )J n i8 t n th root of the Bessel function of the firs t kind of the 

zero order, and JO(x) and JI (x) ar~ the values of the Bessel' functions of. the 

first kind of the zero and first arder respeetively (see Appendix l for the 

Bessel funetions). 

The temperature ratio for the infini te plate 15 (Luikov, 1968): 

where A 
m 

2 

u 

e 

m 

2 
(-)J 2 , 'l. t/L ) 

m 
(39) 

( 40) 

The temperature ratio for the finite cy1inder can be found by multiplying 

together the temperature ratios of the infinite cylinder and the infinite 

plate CLuikov, 1968): 
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u - (42) 

2 2,- (' ? 00 r z (-(jJ + 1.1 ra.t)! LO/2) ) 

U - E A·A'J (U ·----)·COS(IJ --)-e n m (43) 
m,n:l n mOn (0/2) , m L 

ThuB, the temperature at any position in the can, at any time, can be 

calculated fram: 

T - T -a 

\ 

(44) 

Equation 44 is the general temperature equation. When the heating curve iB 

being determined Ta repregents the retort temperature T r , and TO ig the 

initial food temperature T.. Ta calculate the temperature aEter cool ing ha., \ 
l 

started, equation 44 13 used, with different values aubstituted for aorne of 

the variables. First, the heating temperatures T heat are calculated until 

the end of the processing period, as if no cooling id to be done: 

T a T 
heat a U '(T a 

(45) 

where T 13 equal ta T , Ta . is T. , -and the time value is t. Now a set of , a r l 

cooling temperatures lS calculated, assuming that T i s 
r the new i ni t laI 

temperature in the food and T is the new envi ronmental temparature, Erorn the 
Vi 

time when cooling starts' until the end of the processing peri.od: 

Tl· T, .. COO .. u • (T - T ) w r 

, . 
(46) 
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where the time value used in the expression u i8 t cool ' rather than t. The 

temperatures Teool lolill deviate fram the actual food tempe ratures because: 1) 
, 

when eooling s tarts the temperatu~~ in the food ia not the retort temperature 

but a value close to it and, 2) the interior food temperatures are still 

increaaing at the start of cool ing, and the subsequent effect on the predicted 

temperatures ahould he cono9idered, which io9 not the case in the calculation 

of T l' The actual cool ing curve temperatures are calculated by: 
COD 

T'liT 
heat 

3.1.2.2 CAJl2 

." (47) 

The e qua tians upon which CAN2 i s based allow the specificat ion of the 

convective surface heat transfer coeffiçient, by way of the Biot modulus Bi. 

Following the same equation development exp lained in the previous section for 

CANl, the temperature ratio for the infinite cy1inder ia given by CRama.swamy 

et al., 1982): 

00 

ucy1 la 2 Bicyl ' [ 

2 
JOC y m'r/CD/2» c-y m 'Focyl) 

-------T-----T-------- e 
(Bi 1 + y ), J (y ) cy m 0 m 

)""' 
where Ym l.8' the mth positive root of: 

Bicyl .. h ~ (D/2) 1 k 

Fo 1 '" à • t 1 (D/2) ~ cy 

(48) 

(49) 

(50) 

( 51) 
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The temperature ratio for the infinite plate LS (Ramaswamy et al., 1982): 

2 sin8 
u .. 
pl 

__ ....J ___ ~ _____ ~ _______ _ 

• cos (B ~ z IL ) n 

(- S 2. Fo 1) 
.. e n p (52) 

n::1 S +ainS -cosS 
n n n 

where en ia the nth positive root of: 

Bipl - h • L / k 

Fo 1 .. Il, t / L 2 
p -

a' tan S '" Bip1 (53) 

(54) 

( 55) 

, 
As .shown in equation 42, the temperature ratio for the finite ' cylinder ia the 

product of the temperature ratios for the infinite cylinder and the infinite 

plate. The resultant finlte cylinder temperature ratio 13: 

u '" 4 

00 ' 
, lO( 'Ym·r/(D/2)) 

Bi • / ---------------------
cyl_CHi 12+'Y 2)'J

Q
(Y ) 

1 
cy m m 

m,n: 

+ 
• e 

sinSn 
-------------- 1 cos ( B- : z /L) n 

Bn +sinBn 'COd Bn 

) 

( 56) 

The temperature in the,can, at any position and time, can now be calculated: 

T a T 
a ( 57) 

The heating and cooling curves are calculated, using the darne approach 

described in the previous dection 0.1.2.1) , loIith equationd 45,46 and 47 . 

/ 



( 

46 

3.1.3 Spatial Te.perature 'Distribution Approach (pooch) 

The temperature distribution in a retortable pouch has been modeled as a 

function of position in the pouch, and time. The temperature is calculated, 

al: any position and at any time, after the pouch has been exposed on aIl sides 

to a sudden sustained temperature change. The mode 13 are based on the 

following assumptions: only conduction - heating ,occurs, the thermal 

diffuaivity is independent of ,temperature and is isotropic, and the initial 

temperature throughout the pouch i s uniforiD. The pou ch i s mode 1 ed as a 

rectangular brick, or parallelopiped. It LS considered to have the origin of 

the coordinate sys tem at i ts centre. The hal f-lengths along the X, Y and 

Z-axis are given by L , Land Lz respectively. Calculations neèd he done x y 

for only one-eighth of the pouch, due to its synnnetry. 

The temperature-calculating algorithms are incorporated ln POUCHI and POUCH2 

(program modules SUB2 and and SUB3 respectively). POUCHI performs the 

(temperai:ure calculations based on the assumption that the convective sUf:"face 

heat transfer coefficient 13 infinite; the effect of the convecti.ve heat 

trans fer at the surface of the pouch 15 ignored. The equatLOns of POUCH2, 

h~ever, allow the specif1catlon of the heat transfer coeffiClent by the user. 

3.1.3.1 pouan 

The general equatlon of heat conduction Ln a paral1e10piped (pouch) 13 

utilized (Carslaw and Jaeger, 1959): 

-5T Â2T 52T ~2T 
---- . ~. (-~-7- + + -~~2-) ( 58) 

ot x- 6y2 
1, 
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The t emperature profile caused by the transfer of heat through a 

paralle10piped can 'be c~cul.ated by separately determining the temperature 

profile through each c/f its representative sides, where each side Ul 

considered ta he an infinite plate, and then mu1tiplying the three solutions. 

The heat transfer through the X, Y and Z infinite plates are given by CCaralaw 

and Jaeger, 1959): 

Ô T ( ô 2T ) 
--- "Q. ----

ô t 6 z2 
(59) 

'llie solutions for these three differentia1 equations can he expressed in terms 

of the temperature ratio, u. The temperature ratio for the infinite plate 

has already been given in equation 39. To better illustrate the pattern of 

multiplication, the temperature ratio is giveu here for each inf~nite plate: 

00 cos ( (2f-l). lT' x/2L x ) 

~ --------------------------[= 1 C2f-l) (-1) Cf+l) 
( 60) 

00 cosC (2m-1). Tf ,y! 2L y) • ( - 'l.t C2m-I)2, '!\' 2j4Ly 2) 

u = iL ~ ------------------------- e ( 61 ) 
Y ..,. ~ 1 (2m-l) (_ 1) (m+ 1) 

00 cos( (2n-l) , 'l"x/2L ) (- 'Xt (2n-1)2 • .".2/4L 2) 
'\' ____________________ 3 ____ . e Z 

(2n-1) (_1)(n+1) 
( 62\ 

The temperature ratio for the finite parallel'opiped ia found by multtplYlng 

the temperature rat ios of each luf lni te plate toge ther ,('../i lllamsùn and Adams, 
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1919): 

U=U-u'U ',' x y z ~ 
( 63) 

64 00_ cos CC 2f-l)·'TT <x/2Lx ) , cos «2m-l)."..y /2L )·cos «2n-l).·'TT-z/2Lz) E _____________________________________ ï ________________ ----

• (U-l), ~ (2m-I). (2n-l) • (-1) f+m+n+l / 
e,m, n.' 

- a t( « 21'-1) 2.'IT 2/4L x2) + «2m-l) 2.1T 2/4L/) + «2n-l) 2'1f 2/4L/) ) 
• e (64) 

'The temperature at an)" position Ln the retort 'pouch can he calculated, at any 

time, by: 

T == T -a ( 65) 

As discussed ln section 3.1.2.1 the heating curve lS calculated. by 

substitutlng variables ln equation 65 ln the followinqg manner: 

T T 
r u . (T - T·) r l 

The cool ing curve 13 calculated by: 

T 

where Theat .. Tr - u • (T - T·) r 1 

// 

( 66) 

( 67) 

( 68) 

, 
q 
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u. CT -\ T ) w r 

3.1.3.2 POOlll2 

'The model POUCH2 calculates the temperature in a ret;ort pouch, whi le allowing 

the specification of the surface convective heat transfer coeff,icient, by 

means of the Biot modulus. The same equation development as in the prev\ous , , 

section for POUCHl, equations 58 and 59, is used. The temperatur~ ratios for 

each of the three infinite plates are (Rama5wamyet al., 1982): 

, 

00 2 sin Se' 
U x = E ------------------

fcl Be + sin Be" cos Be 

where Be 1:09 the fth po si tive root of: 

Fo = Cl' t / L 2 
x x 

co 2 sin Sm 

E -------------------
m=l Bm ,+ sin Sm'cos Bm 

",where Bm La the mth positive-root of: 

, ' 

Fa 
:y 

2 
= C!C) t / Ly 

, , 

B· tan S ;:: 

o e 

B.tan S 

Bi x 

(_ B 2 )Fo ) 
m y 

(70) 

'(71) 

(72) 

(73) 

(74) 

<7S) 
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c 

00 2 sin B un 
u = ~ -------------------- • z i.:- . 
../ nsl B n + sin. B nOcos B n 

(76) 

'where 8 is the nth pos i tive root of: 8. tan B 0 '" Bi n z 
" 

Fo = 0. li t / L 2 z z 
(78) 

1be tempera7ure in the finite parallelopiped iB" found by multiplying the three 

temperature ratios given in equa~ionB 70, 73 and ,}6. The heating and cooling 
, 

curves are calculated uaing the BaIne method described in the previous section, 

i~ equations 66 to 69. 

, . 
. 3. 2 Proceea Adequa~I 

The objective of thermal proceBsing is the total destruction of aIl 

contaminant microorganisms which might be responsible for microbial 

decomposition of the food, and food-borne infections and intoxications. The 

.processing regimes for low-acid, hermetically-sealed foods mus t guarantee the 

complete d~truction of Clostridium botulinum, and should alsd eliminate any 

o ther organisms that cao 'cause heal th or spoilage problems (Pelczar et al., 

1977). Vegetative microbial cells are ver~ heat-sen,;tive, JOd are easily 

destroyed.. It is the bacterial .sjlOres that are the major prolHem in low-acid 

foods, as they may be 10,000 times as resistant. to heat as the vegetative 

cells (Charm, 1978). Beth spores and cells are commonly considered to he 

des troyed by heat according to firs tarder react ion rate kinet Les. The 



general rate equation is given by (Teixeira et al. J 1'l..69b): 
,>-. 

de 

dt 
,. k • C 

r 

1 
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(79 ) 

where C iB the concentration of live bacteria and k La the reaction rate 
r 

CO~8tant. This equation can a1so be written aB: .. 

1 
(BQ) 

dt: D 

where D .. 2.303 / k r (81) 

D L> the decimal reduction time characteriBi:ic of the microorganisID, which 1.3 

the processlng time neceasary ta reduce the microbial po?llation by one log 

cyc le 1 as shown in Figure 3. The D value is often modeled as a function of 

processing temperature CStumbo, 10 7); Meraon et al., 1978): 

D '"' Dref " 10 

" 
CT f-T)/z re 

( 82) 

where 0 LS the D value at temperature T, Dref il! the D value at temperature 

Tref , and z is a destruction parameter characteriatic of the organ,ism, and 

can be considered to Ile constant throughout processing. Integrating equation 

80 from time ta to tb, \olhen the microbial concentration changes from a to b 

respectively, yields the following eKpres31on: 
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l 
• 

dt 

~ b -;:~rTrëf:Ùt»7~ 
a . 

(83) 

Solving the left hand side of the equation and aetting it equal to the 

steriTizmg value F gives (~rson et al., 1978): 

F
Z 

Tref • Dref 

t b dt 

• (log a - log b) '" 1t
a 
-~;rTrëf:T{tn7~ (84) 

IoIhere the F value L9 dependent upon the temperature and the destructi.on 
.~~ 

parameters aS.9ociated with the particular mlcroorgan18m. It represents the 

time requü'ed, at a reference temperature, to 1000er the concentratlon of 

spores hy a speciEted factor. The 12D concept frequently 'lSed in thermal 

proceSS1'1g refer.; ta tne amount of tune rèqulre~ - t~e F val'le - tD Jecrease 

the initlal ml.CrOblal load by a factor of 1012 , or in other words, to ensure 
1 

"coumer Cl al sterility" (Est Y and :.teyer, 1922). The reference temperature for 

which the F value '-,9 calculated :3 usually taken to be 121 degrees C for 

low-acld foods (Hayakawa '. 1978) and 93 0r 100 degree8 C for acd food" ('ier:>on 

et al., 1978). 

The troduct FTIref X 10(Tref-T)/z 13 called the "thermal death time" , TlJf. It 

18 the time required to reduce the po?Jlation of the target contarnlnant 

microbes by a factor of 10 12 , when the food is at temperature T. The 

prevlously-ment.~oned destruction parameter z can ~ obtal:1ed from the 

the sewllogarlthmic plot of TUf vs procesinng temPfature, and represent.i 

temperature increase required for the TUT to he reduced bv :)ne ~,:)g cycle, as 

shown in Figure 4. 
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The integrand of equation 84 ia commonly written using TOT, and 18 equivalent 

to the \'lethality": 

Lethal ity 
dt fb --~--

ta rur 
(85) 

The definite integral of e~ation 85 represents the letha~ity imparted ta the 

food by.the proceas, and must he great~r than unit y for sterility to be 

aehieved. TI;le lethality can a130 he repre5ented as (Merdon et aL, 1978): 

(FTref ) process 
Lethality • ----------------

(FIref ) requir-ed 

~ 

(86) 

Again, the result must 'Je greater than unlty ta endure st>erility ln the food. 

The lethal ity calculat ions can he hased on ei ther the temperatures at the 

slowest heating region, or on the temperatures throughout the container. In 

this research project bath approaches were utlllzed. 

3.2.1 Slc:.eat lleatiug Region Approach 

In this instance, the lethality calculations are hased on the SHR for a can, 

wherehy .only the temperatures at the centre of the can are used. The 

rationale of this approach id that if the slowest heatulg region of the can 

haB reached a certain temperature, the rest o~ the can is sure ta have 

attained at least the same temperature CBlgelow et aL, 1920; BalI, 1923). 
\ 
'. 

n-.e extra lethal.ity accrued due ta the higher outer temperatures id consldered 

t 0 be a safety factor. There i s controversy concerning whe ther or not the 

centre of the can LS actually the region ... here the hlghest number of surVLvors 

• t 
, f' 
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i.9 like 1y ta' he present (,Stumbo, 1949; Teixe ira et al... 1969a) but thi 8 

a&sumption ia traditiona1ly held ta he true, and will he uaed in thia model. 

, 
To facilitate procesa calcu1lations, the total processiog time io9 considered 

to be o9ubdivided iota increments and the calculations are done for each 

increment. Inathis paper, the letha1 1jrate LR d1,lring each time increment i$ 

ca1culated by: 

1 1 
LR ... , ----- - ( 8 7 ) 

TOI 

where Tavg is the arithmetic average of the can tempe-ratures at the start and 

end 0 f the time increment. The lethal rate id baaed on an incremental 

straight-1ine approximation of what is usually a non-linear temperature cur'1e, 

,090 sorne error LS introduced here \IIhose magnitude will increase as the 

curvature of the temperature-time curve becomea more pronounced.·' As can be 

seen from equations 85 and 87, the lethal rate is inl:egrated o'1er the 

proces8ing period to determine the lethality imparted by the heating regi~e. 

A trapezoidal integration scheme ia used. as shown in Figure 5, ta obtain the 

area unde r the 1 etha 1 rate-t ime curve, and thus de termine the 1 etha 1 ity 

imparted by the process. The lethality i8 approximated by: 
J 

Letha 1 ity 
(n t 1 me-T) 1 

.. 1: LR.)t, t 

ms1 m ( 
(88) 

" 
The accuracy of the value obtained will increase with the number of time 

increments. 
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':' 

3.2.2 Kle.ental Approacb 

The second method used to calculate proce88 adequacy ia to determine the 

lethal ity imparted by the process, baaed on the temPeratures attained 
\ 

throughout the container 
\ 

rather than on the centre temperat\ures al~,ne. For 

thia method, the container ia considered ta he subdi vided into elements lihose 

ahapes are dependent upon that of the container. The pouch consiata of 

rectangular elements (Figure 6), while the can ia made up of concentric annuli 

(Figure 7). The elemental approach involves calculating the number of 

survivors in each element, by means of the lethal rate, and then summing theae 

values over aIl the container, for each time increment. The lethal ity 

imparted can then he determined, for each time increment, hy c?mparing the 

number of survlvors at the end of the time increment lliith those at the 

beginning (Teixeira et al., 1969a). The lethality value calculated at the 

end of the fi.nal time increment liill then represent the total lethality 

imparted by the procesa. 

The number of elements in the pouch ia calculated by: 

NELE .. (NX-l) • (NY-l) • (NZ-l) (89 ) 

where NX, NY and NZ are the number of nodes Cinc1uding the boundary values) 

along the X, Y and Z-axla of' the pouch. The number of elementa in the can 

ia: 

NELE - (NR-I) • (NZ-l) (90) 
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Fiqure 6 - Elements and Nodal Temperatures in the Pouch 
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F;qure 7 - Elements and Nodal Temperatures in the Cân 
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where NR and ~Z are the number of radial and axial nodes, l ncluding boundary 

values, of the cano 

The volume of each peuch element is: 

VELE :a (L /(NX-l). (L /(NY-l» " (1 /(NZ-l) 
x y z (91) 

while the volume of each can element 13 given by: 

VELE :a 1T' (L/(NZ-l)) • CR Z 
outer 

Z 
- Rinner ) (92) 

The lemperaturefat the center of each element ln the container, TCNT, is 

approx1.:llélted by the arithmet ie mean of the nodal temperatures for the e lement. 

In the p:Juch, the TCNT lS Eound by averaging the eight corner temperatures of 

the rectangular element. For the can, tl1e TCNT lS eomprlsed of the me an oE 

the four inner and outer radial boundary temperature.5 of the annular element. 

The TmT for a pouch element 1.5 given by· 

TCNT (T .. k 
l, j, + Ti,j,k+l + T· . l + 1.,]+ ,k 

+ Ti+1,j,k+l + Ti-H,j+l,k + Ti+l,j+l,k+l) 1 8 (93) 

where i', j and k are subscripts for the temperatures ln the X, Y and Z 

directions respectively. The TCNT for the can element 13 calculated by: 

TmT CT r,z + + + Tr + l z+l) 14 , (94) 
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",he re rand z are ~ubscripts for the temperatures ln the radial and axial 

directions of the can. 

Recalling thÇit calculations are perfonned for only one-eighth of the pouch 

and one-half of the can, the initial number oE microorgani5ms in the pouch 

Cequation 95) and the can (equation 96):prior ta processing, are: 

OR CO .. (VTarp / 8) • p • Co (95) 

ORGO .. (VTOfC / 2) • p • Co (96) 

where Co is the initial concentration of organisms in the container, and VTarP 

and VTOTC are the total volume of the pouch and can, r,,-,spectively. The 

remaining model development id based on equations which ar~ identical 

regardless of the type of contaIner. The initial number of microoganisms ln 

each element, prior ta processi~g, is first cal~ulated: 

ORGEO (97) 

The lethal rate ln each element, during each time increment, lS then 

calculated ·us ing the average of the TCNT temperatures at the start and end of 

the time increment (T ). 
avg . 

l 
LR = -------

F Z 
TreE 

(98) 
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Using the elemental lethal rate, the number of surviving organisms in the 

element at the end of the time increment can now be calculated: 

ORGELE 
(-12 .. LRo t:. t) 

ORGEST • 10 (99) 

where ORGEST represents the number' of organisms present ln the element at the 

start of the time increment. The total number of organisms present ln the 

container at the end of the time increment can no~ be fôund by summing aIl 

the elemental values: 

nele 
ORGTar = E 

j= 1 
ORGELE . 

l 

" 
Ta calculate the lethality, whose magnit~de io1i11 he 1.0 when the number ,bf 

organisms has been reduced by a factor of 1012 • the ratio of the initial 

number of organisms in the container to the number of surVlvord left at the 

end of the time increment is determined: 

Lethal ity logI0(ORGO 1 ORGTOT) / 12 OOI) 

At the end of the last time in~rement, this value will he equal to the total 

accumulated process lethality. 

\ 

3.3 Rotrient Retention 

Consequences of thermal processing include the degradation o{':~'eat-labile 
J < 
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nutrients and other food components, the inactivation of sorne food properties 

8uch as co (our , and the augmentation of other ~ood properties such ab 

"cookednes&'l'" In arder to âetermine the processing regime which will resu1t 

in optimal food quality, one must kno~ the effects ,the regime will ~ave on 

the food properties and components. Once the heat tranafer' throughout the , 

food can be predicted, the hehaviour of the heat-labile food components can 
'{ 

be mode led. 

Several modela can he used ta predict the degradation of nutrients during 

the rmal processing. A common approach i3 to use the A;rhenius equat ion and 

associated kinetics data, the activation energy Ea and ~ (Hill and 

Grieger-Block, 1980; Lenz and Lund, 1980). Another: approach ;)ften us~d 

employs the D and.z_ parameters ta determine nutrient deg~adation (Jen et al., 

1971; Teixe ira et al., 1969b; Thijssen' and Kochen, 1980) by means of a 

semilogari thmic equa t ion as described by .,e quat ion 84 a bave. In thlS pr oject 

the latter approach ~as taken, but with the use of the F and z values of the. 

nut rient, or component under consideration, iolhere the value of F lB equal ta 

the value of 12D. The modeling of the nutrient retention therefore closely 

parallels that of process adequacy, discussed in the previous section. Again, 

two methods are employed - both the slOiiest heating region and the elemental 

appr oache s . -,~--.;", 

l : 

, 
3.3.1 Slowest: Heating Region Approach 

In thi s method the nutrient retention calculations are based on the center 

temperatures alone, using the same rationale as described in section- 3.2.l. 
l) 

The nutrient destruction rate (DR) during each time increment 15 calculated 



l
I 

by: 

DR = 

. ; 

F 
nu;tr 

~ 

) . 

(1 -1 ) 1 
• 10 avg ref 
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(02) 

lllhere Fnutr and 1 Znutr are the destruction characterÏ8tics of the nutrient. 

This destruction rate is used to calculate the ~lethality" imparted to the 

nutrient at the end of the t ime increment: 

LethaIity 
nutr -( nt ime-l) 

!: Z>I\n • mal 
t t (103) 

Tbi a "lethal i tyl! value can he uaed ta de termine how much of the nutrient 
" ""-

remai ns (i_n a~soJute lm]ount 5) at the end.oJ Jhe time increment. T{eeping in 

~ mind that ",hen the "lethality" ia equal ta l a reduction by a factor of 1012 

of the amount of nutrient is eHected, the nutrieot remaining ae the end of 

the cime increment cao be predicted by: 

XNUl'ar 
02.0' Lethality ) 

XNUI'ST ' 10 nut r 
1 

( 104) .. 

where XNUTST 1.B the amount of nutrient present at the start of the time 

increment. To determine the fraction of nutrient retained at the end of the 

time increment aB compared to the amount originally present in the food. the 

probabil istié- approach is taken wherein the original amount of nutrient 1.8 

considered equal to 1 ~: 

F RA"NUI' = mur or 1 1 (l05) 

Ir 

\1 
" 



66 

At: the end of t:~e last t1.me l.ncrement, this val'Je FRANl.'T represents the 

overall fraçtion of nut:!"1.ent ::-~tained after processi:lg. 
\ 

J. 3.2 El~ntal Approach 

TIle second metnoé of ca::u:atl'1g nutrlent retentlon '.lses temperatures attal'1ed 

throughout the :ontuner, rat;"e::- .,~han on1y the centre temperatures. Tlle 

number of elements, tne el ementa1 '''olumes, and 
"'-. 

t'le temperatures are 

ca:culated 1::1 t"le ilame manne::- as de5:rl~ed ~:Jr pr'JC'=!55 ad'=!qùacy ::-; "e!:tLon 

3. 2.2. 

the can (equa,tlon l07', ?ef:Jre prOCeSS1:1g, 18 :alculated by. 

XNUTO (',rf7f? '8)' :: (1)6 ' 

XNUl'O c (VTille 1 Z) • Cl • NO (107 " 

where NO lS the lnltla:' conce'1tratu:m of nut::-lents 1.'1 the :ontal'1er. P1e 

rem31mng model development 15 lndependent of contai'1er 5hap€. The ::lltl-'11 

amount of nutrl.ent in each element, )?rior to prOCe5Sl.'1g, 15 gl.Jen by 

XNtJl'EO VELE· o • N 
o (108) 

TI1e nutrient des truction rate in eaèh e lement, during eàch t ime increment, 1. 5 

calculated by: 

l 
DR = ----------

F nutr 

(109 ) 
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Thia elemental destruction rate. ia Wled to determine the amount of nutrient 

Ieft in the element at t~e end of '~the tUlle lncrement 

(-12.0 < DR < ~ tl 
XNUTE = XNT_'TEST. 1') ( 110) 

where XNUTEST 15 t>te amount of nutrient present: ~n the element at the start 

of the tllDE! l.ncremeot, and the DR-': t terro 15 the "lethality" l.mparted by the 

proceôil to the nut!"lent. The amount of nutnent remairnng i:l the container 

at the end of the
l 

rime inc:-ement 13 fouod by .HlIIIlD~ng t1)e elemental,amounts,: 

iŒt'TE 
l 

\ t 
The fraction of nutnent ret81ned at the end of the time increment, 4S 

'compared to the amount originall)' present, 13 calculated by: 

F RANLrr .. :CWT or ' :<NUT ') Cl 12) 

where the origlnal amount 1 XNUTO, 13 consl1ered equal t:J 1. At the end of 

the laat tlme lncrement, the value of FRANUT 18 the overall nutrlent fraction 

retained after processlng. 
1 

3.4 Opti.Jai.zation Hethod 

The interest shown in maximizing food quality during thermal processing has 

led ta the applïcations of optimization theory to determine optimal processing 

regimes. The optimization of qua l ity retention in thermally-processed foads 

1 
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ia baaed on the diaparities ln the temperature-dependence of the death of 

contaminant :!Ilcrobes and the lnactivatlon of nut!""lent5 and f:JOc1 properties 

(Ohl3son, 1980;. Slnce the deat11 rates 'Jf '!Ilcroorgan13:ns are ge"H:r'11:y :nucÎl 

a 
more temperature~ependent than are the :..nactlvatl"Jn rates ,)f n:.:trlent5 and 

other quality factors 3uch as :::olour, IIBln.g a hlgher temperature/.snorter time 

proce:3 s may reBul t in a be t ter qua Ilty food (Lund, 1982). 
\ 

'I11e opt l'lliza t ion 
\ 

model must take cheae disparitles i:lto account when selectlng the proces81ng 

reglme that will rebult ln maxl'Ual '"lutrlent retentlon, .,Iule en" lrlng process 

adequacy. An example ')f the temperature~ependent dlfferences i'"l the 

InactIvation of Clostndl\lI!1 ~otul::lurn versus t'll:1:Tllne :5 sho.,n ln Flgure 8 

CTungand SmIt'"!, 1980'. Proce"31:lg at 112.11)( f)r apprJlc.uatel . .r 1':1,1 'lllr1tJte5 

8.1 minutes \0/111 resule ln 95 ?ercent thIamlne retalned and a regune of 126,9 

Oc for about 0.6 mInutes Wlll yield a retention of 99 percent. A.ll t'1e above 

proce.ss€s WIll ensure commercIal sterillty, but the rebult'lnt nut::-ltlve values 

of the food .... 111 'üffer, It 15 t fle task ')f the optLmlZ.1tlon m,)del to choose 

the b€ $ t \ he a t i ng reg l me . 

The optimization model developed ln thlS project LS appllcable to batch 

$terili~ation of food heated in a cano The centre temperatures alone are used 

to do the calculationa (the SHR approach), and the heat transfer equations 

are based on Ball l a method (1923) as discussed in section 3,1.1. The optimal 

processing regime 1.9 selected on the basis of its ability ta allow maximal 

nutr ient retent ion ln the food while concurrently sat iafying cormnercial 

ster il ity requirements. The choice la made by determining which one of 

numeroua adequate proceases will maximize the objective function representing 

\ 
j 
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.1 

nutrient ~retention. This objective function iB 'compriBed of up ta four 

nutrient values. The nutrient retention fractions are combined with the ir 

respective loIeighting factors in a normal ized dot product-arrangement to yield 

the objective function: 

4 
E w • 

n R' n 

08JFN • ------------------
4 

E 
ns: 1 

W n 

(113) 

where Rn is the nutrient retention fraction and Wn i1l the corresponding 

weighting factor. Rn can range from a (none of the nutrient i3 retatned) to 

1 (aIL the nutrient 13 retained), Wn can a130 vary from 0 to 1) '.oIhere a 

higher weighting factor indicates that a greater importance is attached to 

that particular nutrient. AB well, the value of the' objective function can 

range from a (no nutrient retention) te 1 (total retention). The regime llihich 

yields the highest value for the objective function Ls the one which will 

result in maximal nutrient retentions, and ia th'erefere considered to he the' 

optimal procesd. 

\ 
" 
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IV. THE cœPI1l"'ER PA.CLV:E 

4. 1 o.erYiev 

The program 'package -as designed ta perfonn simulation, mlnlmizatlOn / 

!IlaXlmlzation and o'ptimizatton cal~ulati<)nd for a vsn.ety of t,ermal ?t'ocesses. 

It is arranged hlerarchlcall)", comprising deveral levels of mOdules which 

include system startup programs, user-friendly interfaces, 

temperature-calculatlng routines and serVlce facilit'ies. Using thlS approach 

the roodules cao be loaded and pverlayed ln volat lIe memor)' as they are needed, 

to circumvent the l1mltatlon that onl)" 64 KB of RAM can be allocated ta a 

.. 
BASIC program. Thus, t,e program 

64 KB, can stdl 'le l:nplerœnted 

package, 

ln BAS\C 
wh lC~ LS conslderab ly larger than 

on a 'Uicrocomputer. A.ldo, thi.., 

approach facilltates package updating and t,e incorporatlon of additional 

:nodules. 

Dur ing operation, control 1.3 r::ranarerred up and down between the various 

program le~ve 18. The user communicatea solel)" IHth intelligent, interactive 

interfaces, the calculating routines rernain lnvL'Ilble. The interfaces as~ 

for appropriate information and check the validlty and altow correction of 

unrea.sonable data. Information such as system status codes, intennedlate 
) 

results and user-supplied values are .9 tored in temporary files. The pr'îmary 

purpose of these files 1.9 to r::ransfer the information between the program 

levels ln the hierarchy, thus allowing inter-level cormnunication during 

operation. A schematic of the package H shown. ln Figure 9. 

The system ia installed on an IBM PC having 640 KB of memory. a colour 

" 
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\ 
monitor, two doub-te--sided di3k dri.ves and one conftgured vutual dl3k. The 

package resides on tlo/O 5.25 inch Eloppy di3ketted. The fir.H dlskette 

)contains the IBM operating system fi les, the initiallzatlon programs AL'TOEXEC 

{ and START, aIL interactive, 3erVlce and temperature-calculatlng programs ln 

~compiled BASIC farm, and the ALPHA text Eiles used by tlle interface:> ( .. it'l 

~ 

the exception of ALPHAD, WhlCh wa" stored on the second d13kette due to lack 

of a pace). The compiled veraions of the programs are used durlng package 

operation as they enBure faet program executlon and provide a certain degree 

of software decurity, :!lnce compi..led pragrams are not eaaLly declpherable. 

On the second dldkette are atored the communlcation fi lea CO~, COK!1B ,and 

CŒ!MC and the storage files STOREl, STORE2 and STOREF 1 aIl used by the' 3ystem 

ta tranafer lnformat1on between the prl)gram Level.>, .15 well 'h t'le 3aveu 

the first dlskette remaws ln dri.ve A and the .:lecond Ln drlve 8. The vlrtuaL 

drive C lB automatically created in the RAM of the l'BH PC when the system L::I 

bOdted up. The files on th15 vlrtual dlSk lnclude coples of the ALPHA text 

fi les and the COMMI and COMM2 scratch fi les. Package ~xecutl'1n tl'TIe 13 

minimized by accesdlng these frequently-uscd fll~il from the vlrtual ,i13k 

l', rather than a physical one. A rœmory dlvision map of the computer package 13 

given in Table 1. 
\ 

4.~ Operation Se~nce 

A .9ample operatLOn sequence ia described below: 

l-When the microcomputer i.9 ilwitched on, wit;h the first diskette ln drive 

A and the second in B, IBM DOS automa t ica liy searche oS for and e xe cu te il 

AvrOEXEC.· It perfornls a number of tasks to initiallze the system and copies 
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... 
PLOPPY 1 FLOPPY 2 ' BAlI, aœ 

\ DRIVE A DRIVE B \ 
~ 

SYSTEM FILES STOREl COMMAND.COM 
BASRUN .EXE STORE 2 . BASRUN .EXE 
SUPERSPL. COM STOREF SUPERSPL BUFFER 
SUPERDRV'. COM COMMA SUPERDRV BUFFER 
AlJTŒXEC • BAT • COMM13 COMMI 
START .EXE COMMC COMM2 
MAIN.EXE GRAPHICS ALPM 
MAINA.EXEa MACLOGO. SCR ALPHAA 
MAINB.EXE TITLE .SCR ALPHAB~ 
MAINC.EXE RETORT .SCR ALPHAC 
MAIND.EXE CLOCK.SCR ALPHAD 
MAINE .EXE SANDCL .SCR 
SESSIlEST .~XE FIRE. SCN 

ALPHAE 
ALPHAI 

SERVINT .EXE ALPHAD ALPHA2 
HARDOlTr .EXE ALPHAJ 
SCREENDP .EXE ALPHA4 
OUTPUT. EXE ALPHA5 
COPYSTFl.EXE ALPHA6 

BALLST .EXE 
" POUCHl.EXÈ 

POUCH2. EXE 
CAN1.EXE 
CAN2.ElCE 
ALPHA 
ALPHAA

a 

ALPHA13 
~HAC 
ALPHAE 
ALPHAl 
ALPHAZ

a 

ALPHA3a 

ALPHA4a 

ALPHASa 

ALPHA6a 

\ 
a - Programs to he added upon' system expansion 

\ 

Table 1 - Systeta Memory Division Map 
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the ALPHA text files from the diskette in drive A onto the virtual disk. 

AUTOEXEC next instructs DOS to load and execute the START program. 

2-START creates the STOREl file, ~nput5 a numeric sy5tem code to it, 

displays header inf{)rmatian and then chalus ta the interacttve lnterface ~I:-i. 

3-When activated. MAI~ uses the code ~n STORE l to determl.ne from which 

level control was transferred. Depending upon the information read from 

STOREl, MAI~ w111 present the user ",ith varlOUS options. Responses are aiso 

elicited from the user at thls tlme. Data are stored ln the fll~s STORE2 and 

CXJMMA, created by ~I~, ta be passed to the des l~ed -subMA1Ns: ,Befot'"e chaLnLng 
, 

to a 3ubMIN, '1AI'j wrltes an operatlng code' to STOREl. TIllS Lnf')rmatlJn 13 

1 
later made avallable to Lt agaln when lt 15 rf"actlvated, Ilpon comr11etl,)n ,,: 

the de~lred subMAIN. 

4- The au bMAIN chosen opens STORE2 and reads the operat lng code contalned 

therein to determlne from which level control was transEerred ta It. If the 

code indlcates control came from MAIN, the subMA,IN obtalns any other relevant 

infonnatLOn from COMMA. The subMAI:-i then asks for' the argument values needed 

, 
ta run the desired SUB, and stores thern lh COMMl. Values and operating 

information are written into STORE2, sa that when the subMAIN lS reactivated 

Cafter execution of the SUB routine) it will be able to "remember" ita status 

before lt chained ta the SUB. Control lB next transferred to the SUB. 

5-The SUB routine executes, using the values present ~n COMMI as its 

arguments, and writes the te~perature results into COMM2. The SUB then chains 
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back "ta the calI inlZ subMAIN. 

6-Wiçh the aid of the operating information in STORE2 ie. ln this instance 

-t 
the operating code will indicate that control did not come from MAIN, the 

8ubMAIN"can determine that a .sus has just been executed. It then reads the 

SUB results .from CŒ-1M2 and using the information in STORE2, re-establiahes 

" . 
its operat ing status which existed before the execution of the sus. It can 

,,{;:' 
then resLtDe its own execution, which may incluèl'e doing lethality and nutrient 

retention calculations and process optimization. ,The subMAIN may also stdre 

information 10 COMMB ta be passed up ta MAIN. 

~ 
7-Control 1;3 eventually tranferred back ta MAIN, which determines ita 

subsequent act lons from user input as weIL as the Information It han 

previously wntten in STOREl. 

Throughout the executlon of the package, results ,of the calculations can be 

stored ln file COMMC. Thi" fil~ will be used by the service program interface 

SERVINT to be develaped in the future, and accesslble from MAIN, by which a 

paper capy (HARDOur), a screen display CSCREENDP) or a graphical display 

(OUfPUf) of the results can be obtained. The fourth aerVlCe program COPYSTFI 

will enable intentional system interruption. It will copy the files COMMI 

and COMM2, resident on the volatile disk, into STOREF on the physical diskette 

in drive B. Thus, when the session is interrupted the file contents are not 

los t. The session restart program SESSREST, al.9o accessible from MAIN, wIll 

regenerate the COMMI and COMM2 files by retrieving the information from 

STOREF. It 'will then chain back to MAIN and the session will reaume as 



r 77 

before. 

4.3 Detailed Module Description 

A detailed description of the packa~e components id given ,in this section; 

the schematic shown in Figure 9 will be of use here. 

4.3.1 Initializatioo Prograpas 

When the microcomputer ia switched on, with both package diskettes installed, 

the IBM Disk Operating System (DOS) searches for and automatically executes 

~~e ~rogram AlITOEXEC. This program, containing DÔS commanda, performs several 
~ 1 

initialization tasks, including setting up the virtuai disk drive C in RAIi, 

ailocating part of the memory as a buffer for the pri(ter apo'oling facllity, 
, \ 

loading the IBM Grdphics program, and copying the ALPHA ~ext files ,onto "drive 

c. AUTŒXEC then transfers control to the other initial izatioç: program START • 

• 1 SIART is a BASIC program. It first creates the file STOREl, inputs a nomenc 

operatlng code to it, and then closes the file. This information woil1' 

ind i cate to the next program ln the hierarchy that control has been 

transferred from START. START then displays graphie?l titie screens, and 

after a suitable length of time" chains to the interface MAIN. 
\) 

4.3.2 Interface Modules 

The interface modules include MAIN and the four subMAINs. These programs are 

the means by whic.ih the user and the package ·communicate. ~ They display'menus 

and options, and accept input from the user. Exte?sive error-checking is 

performed throughout the 'interactio'n; this ~s the lowest level in the 
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hiérarchy where error-checking io3 perfonned. Data i3 examined for validity, 

and the uaer is given the ppportuni ty to correct any unreasonable infornat: ion. 

The interfa<;.es need the user-supplied data to dire~t the operation or the 

package, ta activate the temperatut,"e-calculating routines, and to perforn 

proce.ss calculations and optimizations. MAIN 1'3 primarily a task definitio!l 

program, allowing the user ta di.rect the operation of the ,'computer package. 

The subMAtNs perform two functions during package execution. Firstly, they 

act 41s the interfaces between the user and the temperature- calculating 

routines, the SUBs. They ask the user for the argument values necessary to 

run the appropriate SUB, perform extensive error-checking of these supplied 

values, and control the flow of this information to the SUBs. Secondly, the 

subMAINs calculate procesa lethality and nutrient retention, and pre:>ent the 

overall results in bath tables and graphs. The subMAINs are based on a 

D general structure, illustrated,in Figure 10., Future subMAINs may be designed 
"\ 

according to this structur.e as wel1, whether they are used ta assess batch or 

continuous processes 1 for conduction- or convection- heat iog foods. 

4.3.2. HAIN 

MAIN is the interact ive interface {o/hich allows the user ta select a program 

task eg., the user may {o/ish ta determioe the center temperature in a 

cylindrical container after a certain heat ing period, or may want ta examine 

the e ffect of lowering the retort temperature on nutrient retention in a 

condue t ion-he at ing food. MAIN writes operating codes and other control 

i.nformation in storage files. By means of these files, MAIN can trans fer 

information do{o/n ta the subMAINs as weIl as receive data from them, and can 
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" 
a1.90 l'etain information it may need upon later reactivation. According ta· 

, 
dir~t.tion8 receivéd from the user. MAIN selects and activates the appropriate 

progrllm module. At present the choices are l imïted to the five subMAINs. 

HOlolever, the 8ystem la deslgned to allow the future inclusion of the service 

programs interface and the session restart facility, both of which would be 

aeti vated by MAIN. 

,4.3.2.2 KAIN! 

MA INB i8 selected by MAIN when the user wants to employ the .s lowes t heating 

region ap~roach (Ball'a method) to calculate the lethality and nutrient 

retention for food in a cyl indri cal contain~r. MAINB obtains information from 

the user, i nclud ing the argument values needed to run suaI, a8 weIL as the 

organi8m and nutrient destruction parameters r~ired to calculate the 

lethality and nutrient re~ention. MAINS checks t}le data, stored the argument 

values in COMMI and activates SU~l. It then retrieves from CŒ-1M2 the array 
1 

of temperature-time results. U8ing theae center temperatures, MAINS 

calculates the aceumulélted lethal ity and nutrient retention values, at the 

end of each time increment. It will then either repeat the calculations with 
\ 
1 

different user-aupplied values, or will'\return control to MAIN. 

The lethal rate for the microorgànism ia calculated, during eâch tî.me 

increment J by: 

RATEL = 1.0 / FLETH * lO.O**(TAVG-TREF)/ZLETH) ( 114) 

whe re TAVG la the àrithmet ic average of the can center temperatures at the 
'-

/ 
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beginning and the end ~of the' time increment) FLETH is the F-value o~ the 

microorganism at the refereoce temperature TREF (ususlly 121 0 C) and ZLETH i5 

its z-value. The lethill rate ia used to directl.y calcuLate the lethal ity 
, 

imparted by the process st the eod of each time increment) of duration DTlME: 

XLETH :: XLETRST + RATEL * MIME (l15) 

where XLETHST i8 the lethality already accum~lated at the sCart of the time -' increment. The Iethality calculated at the end of the final time increment 

is the total accumulated procesa Iethal ity. 

The fraction of nutrient retained in the food after processing Li determined 

somewhat differently. It i8 calculated using a probabilistic approach; the 

amount of nutrient left at the end of a time increment is compared to that 
Q 1 

r ..... , 

present at the start of procea8Ïng) an amount taken to he equal to 1.0. 

RATEN "" 1.0 / FNUl' * lO.O**«TAVG-TREF)/ZNlIT) (16) 

where FNtrr is the F-value of the nutrient at the reference temperature and 

ZNllT la lts z-value. The amount of nutrient Ieft at the end of the time 

increment i.9: 

XNUTOT .. XNUTST * 1O.0**(-12.0*RATEN*DTlME) (11 ?) 

where XNUTST represents the nutrient amount present st the beginning of the 
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time increment. The fraction of nutdÈmt retained .le the end of a time 

increment, compared to the amount preaent in the food originally, ia: 

FRANUl' '" XNUTar / 1.0 ( 118) 

Once these lethality and nutrient calculations'are completed, MAINS pre~enta 

the resulcs ta the user. 

4.3.2.3 HAIHe 

This interface ia used to ca1culate the temperature. leeha1 ity and nutrient 

retention for food processed in a retort pouch. These values are treated as 

funct ions of poch time and position in the container. The retort pouch 13 

modeled as a rectangular brick, and ia considered to be subdivided into 

elementsl volumes as shawn in Figure 6. In the calculations only one-eighth 
, 

of the pouch needs to he conaidered, because 9f ita three-dimensional 

symmetry. 

MAnIe aètivates the appropriate SUB which, IJsing the argument values obtained 

from the uaer by the subMAIN, calculates the tempe ratures at the spatial 

nodes. at every time value. As can he' seen i,n Figure 6, the nodes for the 

pouch are the points 10cated at the eight corners o-:E each element. The SUS 

writes the arrayof temperature results into COMM2 and chen returns control 

ta the 8ubMAIN. Subsequent 1y, for each time value MAINe determines the 

tempe rature at the center of each e lement by ari thmetica11y averaging the 

nodal temperatures. Using these calculated average temPeratures, together 

with destruction and kinetic parameters, MAINe then dètermines the lethalicy 
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""'" and the nutrient amounts (by weight,-) in eacJ1 element. st the end of eve\ cime 

increment. The total lethal ity and ,nutrient retention fractions are then 

found by IHlltIIlling t~e quantities in a11 elements. Thua. the acctpllulated, 

container lethality and nutrient retention values are svailable ail every 

incrernental. time value. 

To determine the le~al ity imparted. a cont8Jlllnant microbe concen'tratLon La 
/ 

poatulated to be initially present in the food; the program keepa s record of 

the number of' aurvivora remaining as the proceslI continues. The proCe~8ing\ 
t ime i a divided into a number of increment8 an~ the lethai ity and nutrient 1 

retention rellulta are calculated st the end of esch one. The initial number 

of mlcroot:'gnnlsms in the food can be determined from the concentration: 

ORGO .. (1.0/8.0 *, VTOTP) * RHO * CORG ~ 

~~ ~ 
!' 
.î 

019 ) 

where CORG ia the poatulated organism concentration st the start of 

proce88ing, .. RHO la the density of the food and VTGrP i~ the total volume of 

the pouch. The, number of elements the pouch ia aubdi vided into ia: 
- (:~ 

NELE .. (NX-l) * (NY-l) * (NZ-J) (120) 

",here NX. NY , and NZ are the number of nodes (inc1uding boundary values) in 

the X, Y. and Z directiona respectively. The volume of each element can he 

calculated by: 

VELE .. (HALFX/CNX-l) * (HALFY/(NY-I) * (HALFZ/(NZ-l) (121) 
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'" where HA~FX, HALFY and HALFZ correspond to the pouch half-lengths in the X, 

Y. and Z directions. The initial number of microorganisms present in eaeh 

element before the atart'of thermal proeesaing is: 

ORGEO a VELE * RHO .. CORG ( 122) 

At each time value, the temperature throughout each element ia calculated. 
r 

For the poueh, this temperature TCNT i8 found by taking the' arithmetie average 

of the e ight nodal temperaturea of each of the reetangularly-shaped elements. 

The average temperature. TAVG, during the time increment iB found for each 

element by taking the mean of the TCNT values st the beginning and end of the 

t iroe increment. This tempë~ature i8 chen u8ed to find the lethal rate for 

the microorganism during the t ime increment, for eaeh element: 

RATEL.- 1.0 1 FLETH * lO.O**(TAVG-TREF)/ZLETH) (123 ) 

Us~ng the lethal rate, the number of organisros aurviving in the element at 

the enè:l of toe time increment, of duration DrIME, ia calculated by: 

'ORGEU" ORGEST * lO.O**(-12.0*RATEL*DrlME) (124) 

whe re ORGEST ia the number of organiams present in the element at the 

beginning of that inerement. The total numher of 8urviving organisms at the 

end of a time increment is the Sum of thl organisms present in a11 elements: 
( , 

') 

( 
ORGTar .. SIGMA« ... M-l te NELE (ORGELE) ••• )) (125) 
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wœre SIGMA« ••• M-I to NELE (VARIABLE) ••• ») represents the summation operator 

COI11DOnIy U8ed in mathemat ies. 

lS then calcul'ated: 

The Iethai ity at the end of the time increment 

XLETH .. ALOG 1 O( ORGO IORGl'Œ ) / 12.0 

, 
, 
\' 

( 126) 

,Thus .. the lethai ity value calculated at the end of the final time increment 

repreaenta the accumulat:ed lethal ity imparted by the proceS8. 

Ifhe nutrient retention in the food la calculated using a slmilar approach. 

The original amount (by weight) of nutrient .present in the food prior ta 

proces8ing is determined- hy: 

XNTJl'O CI (1.0/8.0 * VTOTP) * RHO * CN1.Tl' (127) 

where CNllI' ia the initial concentration of the nutrtent in the food. The 

original amount of nutrient present in each element i,,: 

) " 

XNTJl'EO .. VELE * RHO * CNTJl' ( 128) 

Ihring each, time increment, the degradation rate in the element is calculated 

by: 

RATEN ... 1.0 / FN11l' * 10.O**«TAVG-TREF)/ZNI!l') ( 129) 
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The anount of nutrient left in each element, at the e'nd of the time increment, 

\ 
ia found by: 

XNTJrE .. XNUl'EST * lO.O**(-12.0*RATEN*urlME) ( l30) 

where XNUTEST ia the amount· of nutrient present in the element at the 
1 

beginning of the time increment. The total amount of nutrient remaining ln 

the food at the end of the t ime increment ia found b~ summing the amount.s in 

each e lement : 

xrmrar - SIGMA« ... M"l to NELE (XNUfE) ••. ») (l3l) 

The fraction of nutrient retained at the end of the tirne incrernent ia: 

FRANUf" XNTJrat / XNurO (132) 

The nutri-ent fraction calculated at the end of the final time increment 
, , 

repreaents the fraction of nutrient retained after proceaaing. 

4.3.2.4 MADm 

MAIND ia used to calculate the temperature, lethal ity and nutrient retention 

values, "as a function of time and position in the container, for food 

proce.saed in a cylindrical container. The can ia considered to be subdi vided 

into 1 ayera of concentric annuli, who~e volumes depend on their position in' 

the can, as shown in Figure 7. Calculation.s are performed for only one-half 
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of the cao because of its inherent symmetry. 

~IND activatés the appropriate SUB, which calculates the nodal temperBtures, 

at every time value. The nodes of the can are the radial boundaries Qf the 

annular elements J às' weIl as the center point of the cano The SUS writes the 

temperature results into COMM2 and transfers conctrol back to MAIND. For each 

t ime ~alue, MAIND calculates the mean temperature present throu~hout an 

annular element. TCNT J by averagi,ng the four radial temperaturea of the 

annuluB. The average temperature TAVG 1 representing the average temperature 

in the lelement during the time increment. ia calculated by taking the mean of 

the TCNT temperatures at the start and the end of time increment under 

consideration. 

with these average elemental temperatures J and with destruction and kinetic 

parll1'\1eters, MAIND detennines lethality and nutrient retention fractions using ... 
a 19ori thms aimilar to those of MAING. Again the lethaI ity and nutrient 

~mounts are calculated in each element 1 at the end of every time increment . 
. 

'The total lethai ity and nutrient retention fractions are then found by summing 

the amounts in a11 elements. at the end of every time increment. Thus J the 

accumulated container lethality and nutrient retention fractions are available 

at the end of the final time increment. 

The nut rient and lethal ity equationB for the can are the same as those for 

the pou ch • with the following exceptions: 
\1 

The initial organism population is: 
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ORGO • (0.5 * vrarc) * RRO * CORG (133) 

The number of elementa in the can lS: 

~ELE .. ' (NR-l) * (NZ-I) ( 134) 

where NR is the number of radial nodes. The volume of each element in the 

can is calculated by: 

VELE ... PI * "CHALFL/CNZ-l)) * (ROUTER**2 - RINNER**2) ( 135) 

where HALFL ia the hal f-length of the can in the Z direction. ROUTER is the 

outer radi us of the element and RINNER id the inner radius. The temperature , 

throughout e~ch element TCNT La c)lculated for the can by taking the mesn of 

the four nodal temperatures. The initial amount of notrient predent 1,9 

calcuiated by: 

XNUTO .. (0.5 * VTCYt'C) * RRO * CNtn' (136) 

AlI ot:.her equat:iona are the Bame a8 those for the pouch. ypon complet ion of 

th~ lethality and nutrient retention calculation8, MAIND diaplays the reBults 

to the uaer. 

4.3.2.5 lfAl1Œ 

MAINE ia the 8ubMAIN interface ae1ected by MAIN to ,determine the process 

temperature at which maximal nutrient retention will reault during the batch 

proceasing of conduction-heating food in a cano The lethality and nutrient 
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retention calculations are based on the alowe.st heating region method wherein 

<x;. only the temperature at the centre of the can ia considered. As with the 

other subMAINe, the user lS instructed to enter argument values ta run the 

~em'perature-calculating SUS program, in thi s case SUBI. MAINE di ffera from 

the previous 3ubMA,INs discussed in 'that an objective function is specified. 

It is this function, represent ing a combinati"on of nutrient retention values, 

that iB maximized. One Rf the main prpcess conBtraints ia the lethality 

requirement, which mUB't be concurrently satisfied. 

In brief. MAINE executes in the follo..ring manner. Process parameters needed 

ta run SUBI (SALLST) are supplied by the user. °These parameters include the 

total {rocess time and the target procedS lethality, b~t not the time at IoIhich 
\\ 

COD 1 ing s tarts nor the retort (process) temperature. MAINE 3equent ially 

chooses proce.ss temperatures, from 110 to 130 Oc at 2 d~gree intervals. The 

following verification is done ta en8ure~hat aIl processes used in further 

calculations will result in commerCia~~rterility. If at the 10000est 

temperature 010 oC) the total processing time is Bufficient to result in a 

lethalityequal to or greater than the target lethal ity suppli~d by the user, 

then a11 other procesaes at higher temperatures will be adequate. Ot:herwise, 

the total processing time is augmented ta an extent that at 110 Oc the process 

lethality will he at least equal to the target lethality when the total 

proceSB time and the cool ing s tart time. coincide. Once the total time ia 

verifievd in the above manner the cooling start cime LS calculated, for each 

temperature. which will result in the lethality reques ted by the user. This 

is done i terative ly by looping between SUSI (ta calculate the temperature 

historyat the centre of the can using the cooling start time) and MAINE (ta 
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determine the lethality imparted ta the contaminant microbes) untÏl the 

earl iest time at which cooling may start ia found. The nutrient retention 

fractions are then calculated at eJch temperature, from 110 to 130 Oc at 2 

degree intervals, and are used ta determine the values of th~ objective 
" /"'" 

function. Once these eleven objective function values are c,alculated, they 
;1 

o 
are used in a curve-fityi.-ng routine ta determine the equation which relates 

" 

the objective function value to the pracesB temperature. The maxImum value 

of the obj ective function iB then calculated by means of this equation, for 

process temperatures between 110 and 130 Oc at 0.05 degree intervals. When 

the proce8s temperature which yields the highest objective function value is 

determined, the corresponding cool ing s tart time which will satisfy lethality 

requirements i3 calculated. The optimal procès8 temperature and times are 

~,point. ft: partial flo.chact of MAINE i, pre.ented in Figure 

l' 11. A more detailed description of the functioning of MAINE follàvls. 

The value of the objective function is calculated from the dot product of two 

vectars, each consisting of up to four values. The firs t vector contains the 
"" 

nutrient retentlon fractions, at the end of the pracess. The second i.9 

compr ised of the weighting factors assigned ta the nutrients. The form of 

the objective function is shawn in Equation 137: 

OBJF (VII *RI + Vl2*R2 + W3*R3 + W4 *~) / (W1 + W2 \+ 1-13 + W4) 

\ 
\ 
\ 

( 137) 

where Rn (n=1 ta 4) represents the nutrient retention fractions, and Wn the 

corresponding weighting factor. 80th Rn and Wn can vary f~om 0 ta 1. The 

value of"the objective function can range from 0 (no nutrient retention) to 

~ 
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• INPUT PRO CESS DATA 

, '" 
• ,< ,...------------'-------------, 

VERIFY IALTER TOTAL TIME 
TO ENSURE PROCESS ADEQUACY 

CHOOSE PROCESS TEMPERATURE 
110 TO 130°c 2°c INTERVALS 

CHOOSE TI ME COOLING STARTS AT 

CALCULATE TEMP- TIME VALUES 

CALCULATE LETHALITY 

CALCULATE NUTRIENT RETENTION 

DETERMINE VALUE OF OBJECTIVE FUNCTION 

o 
Fiqure 11 - Flowchart of MAINE 
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DO CURVE -FITTING TO GET GRAPH OF OBJECTIVE 
FUNCTION VALUES VS PROCESS TEMPERATURE 

GET VALUES OF OBJECTIVE FUNCTION 
tROM 110 TO 130°C AT O.05°C INTERVALS 

DETERMINE HIGHEST VALUE OF OBJECTIVE FUNCTION 

CALCULATE CORRESPONDING COOLING START TIME 

DISPLAY RESULTS 

Figure 11 (Continued) - Flowchart of MAINE 
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1 (total retention). 

Fir3 t the values of the objective function are calculated for the eleven 

temperatures between 110 and 130 oC. at 2 degree interva l s. This tètnperature 

range was aeleeted ainee the opt imal nutrient and sens ory qua l ity resu1ts 

usually occur near the midpoint temperature. For e>œ.mple, optimal thiamine' 

retention has been reported at 117 ta 119 Oc by Teixeira et al. Cl969b) and at 

121.1 Oc in sweet potato~puree by Rizvi and Acton (1982), while the optimal 

proceas tempe rature is between 117 to 120 Oc when surface browning ia the 

optimization parameter used (DhlssQn, 1980). 

The eleven objective function values and associated proces$ tempera~ures are 

used to determine the equation relating these two variables. The equation i3 

approxirnated by a tflt-rg, arder polynomial. The eurve-fitting routine is based 

on the ma~rix appr~f and titil izes the Gauss-Jordan ~l imination method. This 

section of the HAINE module was adapted fr~m standard programs available in 

Miller (1981), which perform the Gauss-Jordan elimination technique of matrix 

inversion and the polynomial approximations. 

Once the equation relating the objective funetion vàlues to the process 

"temperatures ia determined, it ia used ta calculate the 401 valuea for the 
1/ 
~ 

temperatures from 110 to 130 Oc at 0.05 degree intervals. The values are 

taken at 0.05 degree increments since moet thermocouples can typically measure 

up ta an accuracy of 1.0 degree when unca!ibrated and 0.1 degrees when 

calibrated (Benedict, 1981). It is thus considered that this temperature 

range and resolution is adequate for physica! application of the theoretical 
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calculations. 

From the 401 objective function values. calculated at 110 to 130 Oc in 0.05 

degree increments, the maximum objective function value is determined; the 

corres pondi ng process temperature iB knov.1n. The only other processing 

parameter remaining ta he 'calculated is the time at which cooling starts. 

nua i.9 determined iteratively using the target process lethal ity requirement. 

Thua the optimal process iB known, in terms of processing temj:>erature, and 

total and cooling start times. 

When the curve-fitting cannot he done (i.e. v.1hen the coefficient matrix is 

singular or the inverde matrix: 1.S zero, during the Gauss-.JD~dan elimination . ! 
routine) the optimal process is selected from among.the firsL'/eleven objective 

function values calculated, st 110 to 130 ·0C in 2.0 degree increments. ' 

4.3.3 Te.perature-talculating lIodules 
/ 

The SUS programs in the package perform the detailed temperature calculations. 

The SUSs presently included can be used to caiculate tempe ratures in batch 

proces.ged conduction-heating foods, in either cylindrical cans or in retort 
1 

pouches. The argument values necessary for their exe cution are $ tored in 

COMMI by the calling subMAIN. Upon activation, the SUB executes, and then 

stores its results in COMM2. These are v.1ritten in the form of an array, whose 

dimensional ity is dependent upon the SUS which produces it. For a set of time 

va 1 ues. SUaI calculates a one-dimensionsl array of corresponding center 

temperatu~es in a cylindrical container. SUB2 and sua3 calculate temperature 

ln a retort pouch a8 a function of position and time. For sets of time values 
v 
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and X, Y and Z coordinates, they produce four-dimensional temperatur~ arrays. 

Similarly, for sets of time' values and R and Z coordinate.s. SUB4 and SUSS 

calculate three-dimensional arrays of temperatures within a cylindrical 
, 

container. Once the temperature array is calculated and stored ln COMM2, the 

SUB transfera control back to the subMAIN which activated it. 

4.3.3.1 SUBI - BALLST 

.', SUSI calculates the center temperatures of a cylindrical can for a set of time 
" 

values. It ia conaidered that a temperature-time function consisting of a) 

a s tep increase, followed' after a specified period by b) a step decrease is 

applied at the can surface. The underlying assumptiona for model development 

are: the thermal diffusivity is isotropie and ia independent of temperature, 

the heat transfer coefficient at the sur'face i3 infinite, and tge fo,od i3 

initially at a u~iform temperature. There are three mo~eI3 available in SUBI. 

In a11 three. BaIl' a (1923) approach i3 util lzed, whereby the temperature-time 

history at the can centre is modeled as consisting of "two parts: a heating 

curve and a cooling curve. In the first model, Sall's (1923) method 1" 

.~ 
'followed strlctly ln that the heating curve ls logarithmic, and the cooling 

curve ia' a combinat ion of a hyperbolic section followed by a 10garithmic one. 

The second model deviates slightly from Ba11's procedure; in it the heating 

curve. like the cooling curve, consiata of a hyperbolic section followed by 

a logarithmic one. The third t?0del is also based on Ba11'a method, but ia 

more general. As in the second model, both the heating and cooling curvea 

are treated as combinatioos of hyperbolic and logarithmic parts. The 

difference lies in the way in which the constants of· the hyperbolic cooling 

section are obtained. In model two they are calculated using a constant Je 
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value (cooling curve lag factor) of 1.41. In model thr~~, Je valuea dupplied 
(/ 

by ;he use!" are utilized. The equatious deacribing the heating and cooling 

curveB are presented below in 'Fortran'-type format. 

The hyperbolic portion of the heating curve ia calculated (for models two and 

three) uBing the following equationa: 

FNZ(p) a (1 ~ .453461/p + .0514065/p**2) / (.4534?1/p**3 - IIp**2) ( 138) 
1\0 

s ~ ALOGIO(JH/O.651) (139) 

AH "li 0.343 ." (S-0.22673) * (TRETRT-TINIT) / (0.45346-S) (140 ) 

BHSQ '" FNZ(S) ." FH**2 (141) 
,'-

TEMP '" TINIT + AH*(SQRT{l+(TIME)**2/BHSQ) -1) (42) 

. 
where JH lB the heating curve lag factor, TRETRT ia the retort temperature, 

TINIT iB the initial temperature of the food; I/FH is the slope of the hesting 

curve, TIME ia the time passed ainee the temperature atep increase was applied 

at tqe aurface 1 and TEM!> i.9 the temperature at the centre of the, cano The , ~ 

swi tch-eime at wh,ich the shape of the heating Curve changes from hyperbol ic 

ta logarithmic (for modela 2 and 3) ia given by: 

TSTARH" FH * S (43) 

The logarithmic portion or' the heating curve 1.8 calculated (for aU models) 

uaing~ 

DUMMYl'"' (TRETRT - TINIT) * JH (44) 
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" 

TEMP ... TRETRT - DUMMYl *10**( -TlME/FH) (145) , 

At:. TIMEmCOOLTI, the heating curve ends and the cooling curve star:ts. For aIl 

mode 109, the maximum temperature at the centre of the can ia conaidered to 

()ccur at this instant: . 

TCMAX .. TRETRT - (TRETRT-TlNIT) * JH * 10**(-COOLTI/F!l) ( 146) ,-

The hyperbolic portion of the cooling curve is ca1culated by means of 

equat iona 147 J 148 and 152 ·for m~dels 1 and 2, and equation~ 149 to 152 for 

model 3: (Je '" 1.41 for models 1 and 2, and ia user-supplied for model 3) 

AC "" O. 3 * (TCMAX -TWATER) 

BCSQ "" (0 .173*FC)**2 

Q ca ALOGIO(JC/O.65i) 

AC m 0.343 * (Q-O.22673) * (T~-TWATER)/(O.45346-Q) 

BCSq'Y) ... FNZ(Q) * (FC**2) 
,j 

TEMP .. TCMAX - AC*(SQRT(l+(TIME-COOLTI)**2/BCSQ) -1) 

(147) 

(148) 

(149) 

( 150) 

(151 ) 

(152) 

where TWATER ia the temperature of the cooling water and I/FC lB the slope of 

the cooling curve. The switch time from hyperbolic to logarithmic cooling 

for aIl' models is calculated with equation 153: 

TSTARC" FC * Q' (153) 

where Q is as apecified in equation 149. The logarithmic portion of the 

• 



cooling curve for aIl modela la given hy equations 154 and 155: 

DUMM'f2:1l (TCMAX - TWATER) * JC '" 

TEMP ... TWATER + DUMMY2*IO**(-(TI~COOLTJ)/FC) 
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(154) 

(155) 

~le8 of the heating and cooling curvea generated by the various modela of 

SUBI are shown in Figure 1. 

4.3.3.2 8082 - POOCHI 

SUB2 calculates the temperature at any location in a 'retort pouch, for each 

of a set of time values, after it is exposed to a sudden, aU8tained 

temperature change at lts surface. The pouch is modeled as a brick, and ,i5 

assuœd ta initia11y be at a uniform température. The thermal d~ffusil/ity of 

the food ia considered to be isotropie, and inde pendent of temperature. The 
, 

convective heat transfer coefficient at the surface is a88umed to be infinite. 

SUB2 returns Il four-dimensional temperature array 'whoae contents correspond 

ta K, y. Z and TIME argument valuea. The following equationa are u~ed by SUB2 

ta calculate the temperature at a particular location in the pouch, at a 

specified time (Williamson and Adams, 1919): 

TEMP '" TBATH':: (TBATH-T INIT )*( 64/ (PI**3) )*UX*uy*UZ 

DUMMYl" (2 * N) -1 where N=l, 2,3, •.• , NEND 

DUMMY2 III -ALPHA * TIME 

XFl ~ COS(OUMMY1*PI*X/2/HALFX) 

(156) 

(157) 

(158) 

(159 ) 



XF2 :0 XFl / DUMMYI / (-I**(N+l)) 

XF3 • (DUMMYl*Pt/2!HALFX) **2 

TERM :0 DUMMY2 * XF3 

TERMN .. XF2 * EXP(TERM) 

UX = SIGMA«( ••. N~l to NEND (TERMN) ... » 

\ 
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(160) 

(161 ) 

(162) 

(163) 

(64) 

where TSATH ia the temperature to which tbe pouch ia auddenly expoaed, ALPHA 

is the thermal diffusivity, and X ia the coordinate along the X-axis of the 

pouch at which the temperature ia 'being determined. NEND is the end point of 

the aummation and ideally ia infinity. For the purpoae of calculation, it is 

~he point at which futther aU!Jll11ing results in only a sms.ll deviation, 

arbitrarily set. UY and UZ are calculated in a msnner similar ta UX, by means 

of equations 157 to 164, but with the following substitutions: HALFY or HALFZ 

for HALFX, y or Z for X, and M or L for N. AB ill~8trated 1n Figure 6~ the 

X, Y, Z coordinate system is conaidered to have its origin at the center of 

the pouch. 

4.3.3.3 SUS) - POUC82 

SUS3 iB Bllnilar to SUS2 in that it returns the Bame type of tempe rature array 

for a retart'pouch, uaing aimilar input variablea and initial assomptions. 

The difference between them la that Sus3 requirea a uaer-aupplied value for 

the convective surface heat transfer coefficient; the coefficient i., not 

8aaumed to be infinite in thia case. The equations uaed in SUB3 are based on 

those of Caralaw and Jaege~ (1959), and are 3S follows: 



TEMP G TBATH - (TBATH-TINIT)*a*UX*UY*UZ 

DUMMYX" H 1 (ALPHA*RHO*CP) 
, , 

RP .. DUMMYX * ItALFX 

SETA .. the Ntb poBitive root of: SETA * TAN(SETA) = SP 

DUMMYI '" SIN(SETA) 

DUMMY2 œ -ALPHA * TIME 

SETXFl" DUMMYl 1 (SETA + DUMMYl*COS(BETA» 

SETXF2'" SETA 1 HALFX 

BETXF3:11 (SETXF2)**2 

TERM = DUMMY2 * BETXF3 

TERMN .. SETXFl * COSCSETXF2*X) * EXP(TERM) 

ux = SIGMA( ... N=l to NEND (TERMN) ... ») 
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(165) 

(166) 

(167) 

( 168) 

(169) 

(170) 

(171) 

<l72) 

Cl73) 

(174) 

(175) 

(I76) 

where H is the convective surface heat transfer coefficient
j 

RHO is the 

deneityof the food, CP iB tts specifie heat and EP iB the infinite plate Biot 

number in the' X, Y or, Z direction~ UY and UZ are calculated similarly to UX 
" \ . 

with these substitutions: HALFY or HALFZ tor HALFX, y or Z for X, M or L for 

N, and (SETYFl, SETYF2, BETYF3) or (SETZFl, BETZF2, BETZF3) for, (SETXFl, 

BETXF2, BETXF3). Again, the coordinate system has its origin at the centre 

of the pouch. 

4.3.3.4 SUB4 - CAB! 

SUS4 calculates the temperature at any position ~n a cylindrical can, after 

tt is exposed to a sudden, sustained temperature change. The contents are 
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aSBumed to initially he at a uniform temperature, the convective ,urface heat \ 

transfer coefficient iB treated aB being infinite, and the thermal diffusivity 

iB eonaidered to he isotropie and independsnt of temperature. suB4 returns 

a three-dimensional temperature array corresponding to R, Z and TIME argument 

values. The equat,ions to calculate the ,temperature at a "pecifie location in 

the can, for a partieular time are (Luikov, 1968): 

TEMP a TBATH - (TBATH-TINIT)*4/PI*UZ*UR 

DUMMYl'" -ALPHA * TIME 

DUMMY2:: (2*N) - 1 where N=1,2,3, ..• ,NEND 

ZF1 = COS(DUMMY2*PI/2*Z/HALFL) 

ZF2 = (-l**(N+l) / DUMMY2 

TERM .. «DUMMY2*PI/2/HALFL)**2) * DUMMYI 

TERMN == ZF2 * 2F1' * EXP(TERM) 

UZ '" SIGMA« ... N==l to NEND (TERMN) .•. » 

XJO(p) = Bessel function of the first kind 

XJl(p) :: Bessel function of the first kind 

RFl :: 2 / ROOT / XJ1(ROOT) 

RF2 == XJO(ROOT*R/RADIUS) 

TERM :: «ROOT/RADIUS)**2) * DUMMYI 

TERMM RFl * RF2 * EXP(TERM) 

UR == SIGMA« ... N::l to NEND (TERMM) ••• ) ) 

of 

of 

zero order 

first order 

( 177) 

( 178) 

(179) 

(180) 

(181) 

(18,2) 

(l83) 

(184) 

(185) 

< 186) 

( 187) 

(-188) 

(189 ) 

(190) 

(91) 

where ROOT is the Nth positive root of the Bessel function of the first kind 

J 
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of zero order, RADIUS is the physical radius of t~e can, HALFL lS the 
( 

half- Length a f the can, Z ie. the axial coordi~ate, and R ia the radial 

coordinate. A6 shown in Figure. 7, the origin< of the R,Z coordinate system i8 

considered to be at the ge,ometrical centre of the cano 

4.3~3.5 SUBS - CAB2 

SU.BS is similar to SUB4. lt returns the same type of tempe rature array for 

~ using similar input variables" and assumptiona. It differs from SUB4, 

howeve~n that it requires a user-supplied c6nvective surface heat Crans fer 

"--
coefficient.~'Tbe e~ations of SU.BS are based on those of Carslaw and Jaeger 

\ ' 

(1959) : 

TEMP = TBATH - (TBATH-TlNIT)*4*BC*UZ*UR 

BC .. H * RADIUS / ALPHA / RHO / CP 

DUMMYI :: -ALPHA "* TIME 

DUMMY2'" SIN(BETA) 

BETAFl= DUMMYZ / (.BETA+DUMMYZ*COS(BETA» 

BETAF2 '" SETA / HALFL 

HETAF3:: (BETAFZ) **2 

TERM .. DUMMYI * BETAF3 

I TERMN :: BETAFI *. COS(BETAF2*Z) * EXP(TERM) 

(92) 

(193) 

(94) 

(195) 

(96) 

(197) 

(98) 

(199) 

(2'00) 

UZ .. SIGMA«(. •• N=-! to NEND (TERMN) ••• » (20I) 

GAMM .. Nth positive root of: GAMM * XJl(GAMM) = BC * XJO(GAMM) (202) 



GAMMFI = (BC**2 + GAMM**2) * XJOCGAMM) 

GAMMF2 = XJOCGAMM*R/RADIUS) / GAMMFI 

GAMMF3 = (GAMM/RADIUS) **2 

TERM = DUMMYI * GAMMF3 
" 

TERMM '" GAMMF2 * EXP(TERM) 

UR SIGMA« ••• N=l to NEND (TERMM) ..• » 
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(203) 

(204) 

( 205) 

( 206) 

(207) 

(208) 

where BP and BETA are found as in equationB -:'167 and 168. BC iB the infinite 

cyl inder Biot number. The coordinate system iB again 3ssumed to have i ts 

or igin at the ce ntre 0 f the ca n • 

4.3.4 A4aociated Files 

The re are va~ious types of temporary files wi thin the package which ensure 

the smooth operation of the system. The major purpose of these files i5 to 

tranafer infonnation between the hierarchy levels, and so a1low inter-module 

communication. This infot'IDation will consist of system operation codes J 

user-supplied values, and intermediate resul ts. U sing a modular approach J 

together with these o9torage and communication files> allows the emulation of 

FORTRAN $ubroutine and program control, features. Thus, two maj or 

disadvantages of util izing compiled BASIC as the programming language are 

avoided; that ia, the 'inability to have true subroutines with local variable 

names, and the inability to transfer contro~Jlto a specified line in a target . ../'~ 

program during chaining. These ~ssociated files will also he the basis of 

the package' 09 ability to restart an intentionally interrupted session. As 

well, the functioning of future report writing, graphies and other aerV1ce 

programs will depend on them. 
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4.3.4.1 Storage Files 

''The STORE files are used to store operation codes and values generated by one 

levelof the package, during the execution of a program in a lower level. For 

example, values generated by the system or entered by the user during the 

e:xecution of MAIN are stored in STOREl, and are retained during the execution 

of a lower-Ievel subMAIN program. w&en control is transferred back to MAIN, 

once the execution of the subMAIN program is completed, the values in STOREI 

are recovered by MAIN.' Thus, MAIN remembers the statua it had before it 

chained ta the lower-level program. 

STORE2 i s associat~d ,wi th the subMAIN programs in a similar ~anner. Values 

and codes are stored id STORE2 before control is transferred ta a SUB program. 

Upon the ~~ecution of the SUB, control is retransferred to the subMAIN, the 

values associated with the subMAIN are recovered from STORE2, and execution 

of the system continues. 

The file STOREF is a storage file that will be utilized by the session r~start 

facility (ta he added upon pa~kage expansion). When the user indicates that 

a system interrupt is desired, th~ volatile files CbMMl and COMM2 will be 

copied into STOREF on the diskette in drive B. This will al10w the computer 

ta he powered down without loss of data. The session will be restarted with 

the SESSREST program, the data in STOREF will be used to recreate the volatile 

files, and thus the system will he restored to its pre-interruption status. 
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4.3.4.2 Text Files 

~8ociated with each of the interactive programs are text information files, 

the ALPHA. files. Al! text-needed by the interfaces are stored on the virtual 

disk C, in these random access files. Text- 1 ines are retrieved from the ALPHA 

file, when needed, by the interactive program and displayed on the screen. 

This approach to alphanumeric information greatly facilitates the creation of 

mul til ingual software packages. It al 50 nab les e8.8 ier updat ing or al terat ion 

of the interacti~ interfaces. The ALPHA iles and interfaces correspond in 

the following manner: MAIN-ALPHA, MAINB-ALPHAB, INC-ALPHAC, SESSREST-ALPHAl, 

-etc. as can be seen in Figu~e 9. 

4.3.4.3 Communication Files 

The COMM files are used ta transfer arguments, resul ts and system operating 

,data between the different program 1!jvels. COMMI transmits arguments from 

the, aubMAIN programs to the calculating SUB modules. COMM2 returns the 

re8ults from the calculating SUR program to the invoking subMAIN. Since COl-fMl 

and COMM2 are in frequent use, they are s tored on the virtual disk to minimize 

system operating time. COMMA and COMMB transmit any necessary supplementary 

information frbm MAIN to the 8ubMÂINs and from the subMAIN8 back to MAIN, 

res pecti ve ly. 

The other comm';lfiicatiop. file COMMC perfo~s a different function: It can he 

\\u/~\ed to B tor~ the pertinent' resu1 ts from calculations performed throughout 

the ,system run, and thu8 acts 88 a record of the session. The information is 

8tored ,5.n, the file by the subMAIN interfaces. COMMC will be accessed by the 

8ervice program8, to be developed in the future, and YliB be used to produce 

(" 
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hardcopy, screen and graphieal displays of the session results. 

4. 3. 5 Service Progr 8IIl8 

The package 0 was d~signed to a1low for the addition of a service program 

interface SERVINr, aceessed by MAIN. It will be a menu-driven interface from 

Vlhich the user ean ehoose an application program. These programs are 

envisioned to ine1ude HARDOTIr - whieh will produce a paper eopy of the session 

results, SCREENDP - for screen display ~f the results, and OtITPtITGR - for ..... 
graphieal display. The final program in the SERVIN! interface i3 COPYSTFI; 

it will copy the volatile data files into STOREF, and will be used in the 

functionning of the session restart Eacility SESSREST. AlI service programs 

will use the information stored .in file COMMe in order to operate. 

4.3.6 Session Rest:art Facility 

Another program to he added in the future ia the session reatart program 

SESsreST, which will allOiol the user to restart the session from a cold start, 

aEter an intentional interruption. The program will retrieve the information 

from the STOREF file, which represents the volatile connnunication files 

existing before the interruption. SESSREST will use this information to 

recreate these volatile files. The program will then chain back to MAIN, and 

the session will resume as if it had not been interrupted. 
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v. IDtSULTS AND DISCUSSIOR 

5.1 Package Design 

Th$ software package wâs designed to perform the heat transfer and p\rocesd 
\, 

calculations necessary for the optimization of batd,sterilization processes, 
1· ) 

in terms or the retention of nu.tritional components. The package id arran(ged 

in a hierarchical manner, comprising five levels of modules including: system 

initializat pr 0 grams, user- friend 1 y inte ractive intèr fat:ea and 

lating routines. The modular systi design was used to 

enab le the ta circumvent the major limitations of the BASIC 

language, and a110w future expans ion or the package. The primary 

advantage of ld that the sue limitation of 64 KB for a BASIC 

program does restrict the slze of the package. The mOdr1es are overlaid 

in volatile they are needed. and thus only the individual program 

- the package itaelf ia over 200 KB. 

The through 

a "chaining" connnand. The use or the cha~nl~command helps the package 

emulate many of the Fortran language subrou'tine ca~ilities with respect to 

local variable names. In BASIC ~br9utine.9 variable names remaln act ive 

throughout the execut ion of a program; the names are not local ta the 

subroutine. Thus during the writing of BASIC programs, the programmer must 

take into account aIl variable names used. But in BASIC, when chaining to 

another program the variable names are not "carried" ta the next program, and 

only those names within each program must he accounted for. In a package as 

large as the one under consideration, having local variable names greatly 
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simplifies the task of the programmer and helps eliminate many potential 

sources of prograrnrning errors. 

Variable values needed in several programs are passed between the modules by 

mea.ns of data files. These data files perform tWQ major functions. First, 

they can pass values between programs during package execution and in this 

ltIay imitate the argument/parameter approach uaed in Fortran subroutines • 
• 

Secondly, they can contain operating codes which direct the tranafer of 

control within the program. Normally when a compiled program is chained to ~ 

the calling program cannat speci.fy ta which li.ne within the next program 

control .should be traosferred. The operating codes stored in the data files 

can cause the target program ta direct control within itself, ItIhere these 

codes are used to specify the appropriate line number. 

As discusaed above 1 the modular approach used in the sys tem enableA the 

package ta emulate many of the Fortr~n-Ianguage capabil ites of data and 

control transfer. The system was designed in this way for other reasons as 

welle The package cao be easily expanded sinee the temperature-calcI.11at'lng 

and inter face modules are inde pendent of each other. The modules are based 

on a standard system interaction design which easily allows the creation and 

incorporation of additional program modules. Ideally the package can contain 

varioua calculating routines that are nO't related 1.8. routines to calculate 

temperatures in conduction- ànd convection-heating foods, and tha1t are 

-
accessed by their particular subMAIN. ThuB, the expansion and calculation 

capabil i tie$ of the package should he nearly unl imited. However, the 

expans{~n of the package in its present implementation is limited by the 
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amaunt of volatile memory available (and of course, by the physical data 

storagedevices). At present, the paékage stores the printer spaoler buffer, 

aIl the ALPHA text files needed for the interfaces, and the data files COMMI 

and COMM2 on the virtual disk. Every"interface module added would require 

another ALPHA text file. It is evident that the ava i lable volsti le membry 

res triets the nurnber of interface modules which can be incorporated in the 
. 

package. By simply madi fying the DOS-Ievel system initial ization program 

AtJrŒXEC 80 that drive C ie aseigned to a 5.MB hard disk rather than a virtual 

RAM disk this 1 imitation would be eliminated. The hard disk acceS8 time ta 

almas t as short as for a virtual drive 1 an important consideration for 

frequently-accessed text and data files, and the hard disk has much larger 

memory available - thus increasing potential package expandability. 

The expandability of the package was a. major consideration during the system 

des ign. There are several features not yet fully util i.zed in the present 

6ys tem, the communication files COMMA and COMME. These files are used to 

transfer information between MAIN and, the subMAINs. They could become an 

important component in future package development. 

5.2 Sample Package Execut: ions 

Several tuns \Vere per formèd during the tes ting phase of thia project, and the 

output results are included. The proces6 calculations were done for a 

contaminant population of ClostridiUl\l botulinurn having an F-value of 2.45 

minutes and a z-value of 10 oC. The food components whose retentions were 

opt imized are: thiamine 1 anthocyanin, a general enzyme and a general vi tamin. 

Thiamine was used for the calculations of MAINB. MAINe and MAIND (in which 

& 
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only one nutrient i.!I considered). All four components were used in MAINE, 

the optimiz,ation module. The D and z values for thiamine a8 reported in the 

literature vary: D
121 

.. 154 minutes, z == 34 Oc (Feliciotti and Esseled, 1957); 

" 0 
01.21'" 165.6 minutes, z :1 25.6 C (T~ixeir~ et al., 1975a); D121 .. 210 

o 
minutes, z .. 26.7 C (Mul1ey et al., 1975). Representative v~lues of Fi21 :: 

1 

1980 minute,9 (D
121 

.. 165 minute.s) and z .. 27 Oc \<Iere taken for tbiamine. For 

anthocyanin values o,f 213.6 minutes for F
I21 

and 45.4 Oc for z were caleulated 

from activation energy information given by Lund (1977). For tbe general 

enzyme, F
12l 

.. 66 minutes and z .. 31.1 Oc were taken from the ranges of 12 ta 

120 minutes for F 121 and 6.7 to 55.6 Oc for z as reported by Lund (1977). The 

F 121 and z values for a general vi tamin were taken to be 1200 minu~les and 28 

Oc repecti vely. based on information in Lund (1977). Different pr<;lcess 

tempe ratures and t imes were used ta generate the sample runs, but only a few 

are included in this section. A full printout of the resulta id included in 

Appendix 2. 

5.2.1 MAINS 

The slowest heating region approach was used in the MAINS process 

calculationa. Food held in a 303 x 406 cao was proceaaed at 120 Oc for 3600 

seconda and then cooled for" 1400 seconds. The i.nitial food temperature was 

40 Oc and the cooling water ",as 60 oC. The fh and fe values were taken ta be 

2460 seconds each. as reported by Teixeira et al. (1975a) for a 303 Je 406 can'. 

The sample executions were done uBing the firat two modela of BALLST. In 

Figures 12, 13 and 14 the process calculation results based on model 1 of 

BALLST are shown. The temperature curve of Figure 15 is gê-nerated using model 

2 of ,HALLST, and illustrates the differences in the initial part of the 
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heatitig curve produced by modela 1 and 2, due to their particular ways of 

cal culating temperatutea l.e. logar~thmic h~ating curve (model 1) verilU$ 

hyperbol ic-logar i thmic combina tion heating curVe (model 2). Complete 

printouts are given in Appendix 2.1. 

;'5.2.2 ~ 

The e lemental approach was used to calculate temperature distributions as a 

function of time and position in a l'etott pouch. 80th POUCHl, with the 

sur face convective heat tranafer coefficient aS8U11led infinite, and POUCH2, 

wi th a specified h value, ~ere used in the aample runs. The pouch l'las 

coMidered to he 0.130 m in length. 0.095 m in width and 0.015 m in thickness. 

It ia initially at 40 oC, ia processed in a retort at 120 Oc for 3000 seconds 

and cooled with water at 60 Oc for 1000 seconds. The food has a thermal 

diffuaivity of 1.6 x 10-7 m2/sec and a specifie heat of 4000 kJ/~g_oC. The 

h value is aaaumed equal ta i~fini_ty for the l'un utilizing POUCH1, and 200 

2 0 
and 800 W/m - C for the two runs with POUCH2. Ooly part of the results are 

included here; the complete sample output can hé seen in' Appendix 2.2. 

Figures 16, 17 and 18 show the temperature histories at the centre, at 0.032 

m, 0.023 m, 0.003 m in the X, Y and Z directions, and at the outer ~rface of 

the pouch - for h 8SSUIIled intinite (POUCHl). Figures 19, 20 and 21 give the 

tempe rature distributions at the same. locations but .,with an h value of 800 

with this high h value there' ia not much difference' in the 

temperature curvea produced by POUCHl and POUCH2. However, as can be seen ln 

Figures 22, 23 and 24 Cagain at the same positions in the peuch) the effects 

of a lower h value (h=200 W/m 2_oC) on the pouch temperatures become 

noticeable. This is especially evident in Figure 24, whel'e the temperature 
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curve deviatea alightly from the step input temperature function as a resuit 

of the surface convective heat transfer. The other resuIt8 from the run, 

inciuding the lethality and nutrient retention caiculations, can be seen in 

Appendix, 2.2. 

5.2.3 MAIND 

Calculations were performed uBing an elemental -approach for food processed in 

a 303 X ,406 cano The initIal:rood, retort and cooling water temperatures !Nere 

40, 120 and 60 Oc reapectively. Iq Figure 25 ia shawn the temperature profile 

in the centre of the can according to CANI calculations, where the surface 

convective heat transfer coefficient h is assumed infinite. In Figure 26 the 

temperature curve at the centre of the cao i.s deplcted, but with h specified 

'equal to 500 W/m2_OC (CAN2). The temperature curves do not indicate to a 
,. 

grea t extent the differences in the resul ts yie~ded by the two calculation 

methods, but cao be used in a comparis6n wi th the temperature curve generated 

by the alowest heating region approach from BALLST (Figures 12 and 15). The 

dlfferences due to surface convective heat trahsfer are more apparent in 

Tables 2 and 3, the tables of accumulated lethality based on the temperature 

results of CANI and CAN2 respectively, where a final process lethality of 

0.788 is calculated by Ct\N,l versus 0.529 by CAN2. The difference ln 

calculation methods is aiso apparent for the calculation of the thiamine 

retention, where the retention fraction is 0.695 when based on the 

temperatures from CANl (Table 4) versus 0.736 \olhen based on CAN2 results 

(Tab le 5). 

. ' 



TEMPERATURE(deg C) 
(./ 15Q . TEMP US TIME 1 

( 

12Q 1 

90 

60 

30 

1 

o " .. --~~àè0915i~9ôJ5a190;~~a009~5~~99 
. TIME (sec) 
Press "X" to exit ta ~esults Menu o~ 

P~ess t-P~tSc to p~int g~app 

Figure 25 - Temperature History at the Centre of the Can 

h:jnflnite (CAN1) 

éJ 

126 

1 "' 



TEHPERATU~E(deg c> 
159 TEMP US TIME 

1 

129 

99 

60 

30 

l ' 

~~ 
1 ~ 1 • 

1 - l ' 

-~ 1 

1 ca 
9 .. -J -- i9991- -2909 T-a-o'a,)-1'--499ër- 5~99 

P:ress 
599 1599 2509 3599 4599 

TIME (sec) 
"XII to exi t to ~esul ts Menu Or' 
P~ess t-PrtSc to p:rint g:raph 

~-~4r\.H"~ 26-=--Temperaturé Hi story at the Centre of the Can 

ho::500 W/m2-,c . (CAN2) 

127 



TH1E (sec) 

0.00 
:250.00 
50(). fy) 

751). ,"lf) 

1')<),). ' Jf) 

l S('(), ()(i 

175').' "-' 
~~(J, )1:' .. \' ) 

,1-, ".' 

, , 

.1.+ ""r~l' ) , f li \ 

LETHALI T', 

0). (l(.)()E:. +I)() 

77.-:::n4E-07 
en. i~4qE- (iLl 
16" "7 1 4E -,)-::; 
='::" 'f'''-~E:.--I-,~. 

_':-:::. '_'0 lE-,:'~· 
:.u. 4'IUI:.:-( ~ 

4 -~ • ~'.)-:E -1) ~, 

':,.: • '~j~ .. tE:. -! l~, 

., 1,,' J::" :r:-I~I'" 

", 
J~ --II 

l , l _ ~~ 
"'- t .. '.=..., 11:: -~_'''': 

• r JI 1.:: le:: --': 1 ~' 

T?ble 2 - Lethality Values when h=infinTte 

, \ 128 

(CAN!) 



RESULTS 

TlM!':: 1 s:ec \ U:.T Hf"'_ [ l '/ 

,-\ ~ 1 1 ( t' 

750. \~l() 
1 ,)OU. ()I} 
1:250.0() 
1500-. (H) 

175'). 1)(1 

~Ot~Jl:). \-h_' 

.25 1)t_'. (\() 
~75,-~ ~ ( 1(1 

-:: 1 =\ 1 ~ Il. 1 1 li _ l 

1 ~ l ,1 

fi.=... , Il " 
4 ....,.~II). 1_1'_) 

5t)\}l 1 <1 Il' 

'=' .. ' Il II ':_ -1- .1.1 

:,-;. -, ":.SI:::-I_,cj 

9E:. 8-:-9E -1:14 

1 5. 61 7E -(1"::; 
~-::. 555E -()-:: 
:: 1 . 958E -(0::; 
:,9" e'-:-lE-'):; 
!~ t:: .. -r =:6J~ -I:'-:.~ 

:: ~~ • '~'I) .IlE -():: 

::;.L .• :'85E -')~' 
85 .. (J 1 c:E--I-'~, 
l ':'" ~~-::5E-I:'~ 
~ :'" ~r ~ f::,L - '.':: 

-l r _-

, 'j,~ [ 

Table 3 - Lethality Values when h=500 W/m2-"C 

129 

J .. , 

(CAN2) 



r HIE '0='-'<.::) 

CI. I~)t) 

:..'5cl • (10 
50U.Of.l 
751). i)() 

1 SUI'. 1 )1 \ 

- :'rt~!. I~': 1 

1 =. 1. ~,_ [.. ' 1 1 

,) 

l'IUTf'Lei, T 

le. ,'(I,)E-')l 

99. Q:=;4E--O:: 
99. ::8 7 E-O"::: 
98. -=-=4E--'=':: 
97. 1."~.2E-':<=-
<.;S.cl;'["i"::: 
9:. '~"):-E-':'':'': 
'~'1. -<::::E-'_,,:: 

_ l 

7 l . ~t 1.tL.--' ,_ 
-'.'_ "td -:;,-,)_: 

~ __ 'E-I 

Table 4 - Nutrient Ret~ntion Fractions when h=infinite (CAN1) 

130 



~:.,t)I~\Q ')(_l 

75u.ü l) 

1 (100.0,) 
1 :250. ()tJ 

1 5,)(l. (1(J 

1 75t). (_H 1 

':.>=111(1 (_)1) 

~=tÜl).1 )1) 

:= ..... =)\~I. f_H l 

~:'-:')I '(1 .. ,-~f~' 

,-, 

1: III. '_ 1 \ 

'-Ic,' " ~;.-::; 1 E:~-'):2 
q8. q-,l('E·-O:: 
<;>8. 1 u9E-(,'::':: 
97. r) 1 ::E-O:: 
95. é;.q 1 E-O:: 
;; y.. 15,:1t::-(J',,: 
. ..;....:. ,-/-,_,1 E:,- ':'.=: 
q,)" J~ 5iE-I:I~ 

88 .. :' -=,~-.:E-')':' 
8~,. t L4SE :/l:-~ 

-, i 
'.:: 1." 

- , , 

J, _, ~:' le: -- t.1 .:.' 

',t - , 

,\ ,-_." 

-' .. _1":' 

T:: .. (. l c.[ --\ .:::' 

7-::., 7~8E- ('::: 

Table 5 - Nutrien't Retention Fractions when h=500 W!m2-,C 

131 

(CAN2) 

" 



132 

A second run has been inc1uded which illustrates the temperature distributions 

throughout the cano In this run the can has been processed for 3600 seconds 

and coo l ed for 2000 seconds> at the same process tempeI;:,atures described in 

the firse run above. The temperature calculations have been done assllIl!-ing-- --'-_ 

that h 1.3 infini te (us ing CAN}). Figures 27, 28 and 29 show the tempe'rature 

curves at the centre> at a radial value of 0.0304 m and an axial value of 

0.0278 m, and at the top outer edge of the can, res pecti vely. As can be seen " 

fram these figures, the temperature curves more closely approximate the step 

input temperature function as the position under consideration approaches' the 

outer surfaces of the can. The associated lethality and nutdent retention 

output can be seen in Appendix 2.3. 
p 

5.2.4 MAINE 

MAINE was used ta deter~ine optimal batch sterilization proces~es for 

conduction-heating foods in a can.- -The calculations are based on the slowest \ ' 

heating region approach wherein only the centre temperatures were used. The () 

optimization was done with respect to retention of four nutrients. I~ the 

first execution the nutrients optimized were thiamine, anthocyanin, a typical 

enzyme and another typical vitamin. Figure 30 shows the objective function 

value versus retort temperature graph for the temperature range of 110 ta 130 

Oc. The plotted symbolB represent the first ten objective function values 

calculated for the process temperatures from 110 to 130 o C, at 2 degree 

intervals (refer to Chapter 4, section 4.3.2.5 for fuli details). The curve 

is the least-square third degree polynomial fitted ta the objective function 

values. The legend gives the associated cooling start times for each retort 

temperature plotted. The values of the objective function values are given 
) 



o ,f 

.. 
,ft 

1 ' 

• 

TEMPERATURE(deg C) 
159 _ TEMP US T I~E 

129 

69 

39 

P:ress 

-o 1 

1 

1 -1120 i 2249 1--33169-1' -4480 r- St99 
569 1689 2899 3929 5940 

TIME (sec) 
"XII to exi t to r-esul ts Menu o:r 
PX"ess t-PrtSc to p~int gr-aph 

Figure 27 .:." Temper~ture Hi 5 tory' at the Centre of the Can 
, 1 

hainfinite (CAN]) 

133 



134 

• 
, 

TEMPERATURE<deg C) 
159 _ TEMP US lIME 

129 

, 

Fiqure 28 - Temperature History at(.0304m,.0278m) in Can 

h::infinite (CANl) '. 



135 

TEMPERATURE(deg C> 
150 . TEMP US TIME 

120 
r J' "\ 

9fa 1 
l( - )( 

'1 1 
1 

6Q 1 1 l 

3Q l' .. 

Pr-ess 

Figure 29 - Temperature Hlstory at the Outer Surface of th~ Can 

h:lnfinite (CAtH) 

\ 



't 

Obj. 
Ohj. Function vs Retol't TeMP. \ cooltiMe(ST' Function 

B.48E+OO o 5684.932 
"Tl L . _-A--+~-' - 1--- _ ' ...--T \1 4794.486 
a i--
c o . 38 E + 00 _-0---8-- - , 
-, 

1 0 4282.295 CIl 

9.29E19B j w 
0 \ 1 3816.667 

- :::> --1 0- 1 \' 3481. 796 ::r ,-, -. ~ e.19Et00 j III n 
3 rt 

1 

1 ,.. 3180.239 l' - -. 
:J < 

, 

C1l (1) 1 
.-

- ~, 96[-01 l t 298~,756 ." 
1:> C 
::l ::l 

\ C, 
,..., n 

1 
2830.114 ::r ri-

o -. 
n 0 B.B9E+BB 1 1 l t -< ::l 

1 11'8 ~ ·122" 1 126 \ 130 w 263L 105 
:J < 110 114 
-. QJ 112 116 1 0 124 128 
:J --- c Reto~t TeMP (deg C) \.0- 2479.375 C1l 
~ Pl'ess IIX II to exi t to M~nu or (li < 
:J III 'Prpss t-PrtSc to prlot graph 10 2368,291 /'1) 
.., ::0 
<l> CIl 
- N 

0 
rT'1 .., 
::J M 
N 
-< ---4 
3 Il> 
CIl :3 - u 

Il> 
C'> ., 1 (\1 ID 
::J ~ 
C1l c ,/ -, ..., 
/li CIl 

1 

< -. --rt 
/li 

W 
_ 3 .0--. 

::J 
~ 

L- ___ ~ 



'1 

Retort 
Temp (C) 

.11 (1.000 
11:'. (11)0 

1 14. (>(J(I 

1 lé.·. (l'Y:' 
111::). "1)(, 

1 :'('. ')'-") 
1 :::2 . (,(,,) 
1 :.-; il . nc.(, 
1::6.00Cl 
1 ~t:1. (H)i) 

1 :-;(). (1-)0 
1 :::Ü. ')1I1 

, , 

RC?sults 

Cool J ne: 
star-ts at. is) 

5684. I):::~ 
4794.48b 
4:8"2. ','" 7'fj 
::::E:116.6<-':' 
:':;~H-, 1 • ~i -)(, 

31 Eh:i. 7: ,"8 

~BO(). J 7 fi 
:'6:'1 '. 1 ,):, 
::479. -"./~J 
2:'68.::'(11 
~-=.68. ;::,) 1 

, 1 

Table 6 - Objective Functlon Values 

137 

Dt)'] ect l Vf? 

Funct Ion valu!? 

O.::'78:::F.:t-OO 
O.:::9-::-;7E+OO 
OP 40-;'7'1::+00 
0,. 4::'1 ')[ 1 (JO 
O. 'I~,~·';,r~+':·'-) 
o . 44 -:'(JL -i (lI) 

0.45::: 11:_ 1-1)') 

0" 4f_, 1 :'E: +0,) 
O. 46t3J E+('() 
Cl. 4 7:::/'E + (JI) 

0.4778[+'-)':' 
O. 417é1~-:-1 00 

(ThIamine, AnthocY9nin, General Enzyme. General Vttamln) 



in table 6; the optimal value is the la8 t l ine in the table, As can be 

Burmised from the graph the optimal value is at the highest process 

tempeifture, 130 oC. At this temperature the nutrient retention fractions 

are: th~amine - .86, anthocyanin - .09, a typical enzyme - .005, 'a typical 

vi tarnin - .77. The process parameters and complete printout of this run can 

he seen in Appendix 2.4. 

Two other runs were included in this chapter to illustrate the types of 

objeétive function values that can result from various proèessing regimes. 

In Figure 31, a run using four general nutrient kinetic data is shown. It 

can he seen that the shape of the curve is quite different from that of Figure 

30. The reader may note a negative objective function value of -.68E-06 at 

the lowest re't,ort temperature 110 oC. Previously, it was atated that the 

miniIm.JD allowable value of the objective functLon La O. The apparent anomaly 

can be explained by the fact that the curve is a polynomial approximation of 

the actual objective function values; the value of -.68E-06 is very close to 

o and representa a alight deviation from the actual value. 

The objective function value versus procesa temperature graph obtained from 

the third run ia shawn in FLgure 32. The ahape of the curve differa from 

those of the firs t two runa by its concavenesa. The maximum objective 

function valué ia attained at a retort temperature of 125.55 oC, as ahown in 

the last liJne of Table 7. This l'un is-also for four general nutrients V1ith 

randomly-cros~n F and z data, and the process parameters and other sample 

output are included in Appendix 2.4. From Figure 32 one can aee that the 

-cool in.g 'S tart time ia equal ta the total processing time (4000 seconds) for 



.,., -cO 
c 
• (1) 

LAJ -
:::> 

.-.. cr 
.,., L. 
o (1) 
c 0 
"' rT 

Ç) < 
~ ~ 
::1 
(1) .,., 

"' c ~ ::l - (\ 
rT 

Z -. 
c 0 
..... :J 

"' -. < 
rD ru 
:::! -.... c 
Vl <li 

< 
V\ 

:;0 
Cl) 

rt 
0 
• ,..,. 
-i 
Cl) 

3 
U 
(1) 

"' 0> ,..,. 
ç: 
ï 
(1) 

Obj, 
ObJ, Function VS Reto~t TeMp. Fune ti on 

g.17E-03 

Jo. O,llE-e3 

y~ 
9,99E-B4 

/ 

~/ 
/ Q,66E-04 

/ 
~/ Q,33E-B4 ....... .-r. ...... 

-,6BE-Q6 
119 1 114 ~ 1 2 1 126 118 1 13 11Z 16 1 e 124. 128 

Reto~t TeMp (d~g C) 
Press "X" to exit to ~enu or 
Press f-PrtSc ta print graph 

10 
)-

D 

1 

X 

* + 
0 

• 
-==> .. 

cool tiMe(s) 
4315,a19 

3565,596 

3133,534 

2718.&5 9 

2458,9H 

2231.tD ? 
2979.18 ' 

19lB.tu 5 

1199.31 4 

1696.193 1 

1695.&3!J 

-' 
~', 
Il 

1 

\N 
\.D 



"Tl 

-n 
C 
-, 
(l 

'-" 

'" 
0 

........ 0-
"Tl '-. 
0 (l) 
c n ., M 

.:;) < 
lb lb 
:::J 
(l) ." ..., C 
QJ :J 

() ,.., 
Z 
c 0 
rt :J ..., 

< 
ct> OJ 
::l 
M }: 
Ul ll> 

< 
U\ 

;;0 
lb 
rt 
0 ..., 

-i 
lb 
3 
-0 
(l) ., 
OJ 
rt 
C ., 
(D 

Ohj, 
Function 
e.61E-e1 

g.48E-91 

Q.36E-91 

0,24[-01 
1 

Ohj. Function VS Retoft Te~p, 
t A .:-» 

~--~ ~. ~ ..0--1-- 1\ '\ 
_...e-

ij,12r-91 i 
0.90E+00 l-!-lB---r-j -11r-""4 --,.1-1-.,.18----,.-r-l~22--,-f -1-26 -T'"""1 --'13B 

112 116 120 124 12S 
Reto~t T~~p (deg C) 

Press "X" to exit 1o Menu or 
Press '-Pl'tSc to prin t grap)l 

0 

• 
0 

1 

X 

'* 
+ 
0 

• 
C> ... 

cool tlMe(s) 
499B 

2816,692 

2299 

1948.943 

1680,193 

1487.624 

1335,24 
1234.814 

1159.625 

1070,555 

1912.993 

~ 

.r
a 



, 
\ 

\ 

-
Retort 

Temp (C) 

110.000 
112.000 
114.000 
116.000 
118.000 
120.000 
12:2.000 
124.000 
126.000 
1 :28.000 
1 -:;0.000 
1:25.551 

., ' 

Resul ts 

CoolinCJ 
stal~ts; at (s) 

c, 

4000.(100 
:2876.69:2 
2290.000 
1948.94::: 
1680.10::: 
1487.6:24 
1::::::5. ':"40 
1234.814 
1150.6::5 
107(~). 555 
1012.09-:: 
116').748 

Table 7 - Objective Functlon Values 

(Four General Nutriehts) 

141 

, i 

ObJE'ctlve 
Functlon valui? 

O.4782E-1)1 
O.50-::6E-Ol 
O.5257E-Ol 
O.5445E--Ol 
û.5599E-oi 
O.5718E-Ol 
O.5801E-Ol 
O.5849E-01 
O.585QE-Ol 
O.58:::~E-Ot 

O.576é.E-Ol 
O.5860E-Ol 



· ' 142 

o 
a retort temperature of 110 C. This occurs because of the way the cooling 

start times are, calculated; they are determined through an iterative 

procedure. The cool ing start time ia first aet equal ta the total time and 

the lethal ity that would be produced by this process 13 calculated. The 

cool ing start time ia then decreased by a factor, and the new lethal ity la 

ca.lculated. This procedure i.9 repeated until the processs lethality i3 Iolithin 

0.05 of the target lethality specified by the user. However, if the process 

Lethal ity calculated is within 0.05 of the user lethality when the cooling 

start time ia initially set equal ta the total proceSd time) the i teration ia 

not performed, and thus the cooling start time at 110 Oc will be equal ta the 

total processlng time. A similar situation could occur when the cooling start 

time ia being calculated for the optimal t'etart temperature. Again the 

opt imal .. Hart time ia selected 50 that the procesa ing regL:ne wll1 produce a 

lethal ity within 0.05 of the user-specified Lethal ity. It ia possible that 

the cool iog start time calculated will be equal ta one chosen by the program 

for anothet retort temperature that ia close ta the optimal retort 

temperature. It is felt that the inaccuracy ioduced in the cooling start time 

value by the 0.05 lethality difference i3 not sufficient\ to he a cause of 

concern, being ln the arder of only 20 seconds in the author 1 a experience ",ith 

the pac kage • 

5.3 Package LimitatiOOB 

There are several limitations aa.sociated with this package, aIl of which are 

~irectly related to BASIC programming language restrictions, and which cannot 
\ 

be corrected at the present tlme using currently-available software and 

hardware. One problem involves the accuracy of the process calculationa when 

/ 
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t he y are based on the el emental approaches e.g. inter f aced MAINC and MAIND. 

The number of spatial and temporal inerements are l imited because BASIC 

provides for the allocation of only 64 KB for the variable workspace. Thus, 

MAINC allol<ls up ta 125 spatial elements and 21 temporal increments while in 

MAIND up to 100 spatial elements and 21 time increments are permitted. The 

aeeuracy of the process ealc.u1ations could be' affected if the magnitudes of 

the time or spatial increments are excessive. This could be especially 

significant for the time increment sinee lethality and nutrient retention 
-&' 

values are quite sensitive ta temperature changes, particularly at the 

elevated temperatures. For a processing time of 4000 seconds, 'choosing the 
I,î. 

max~mum number of time increments ailowed would still yield a sizeable 

ineremental time value of 200 seconds. This can be compared to the 

incremental size of 3 seconds 3uggested by Smith and Tung (1982), and 60 

seconds by Tung and Garland (1978). Mathematical analysis should be done ~n 

the future to determine if, and to 'what extent, acc~racy is affected. If the 

size of the spatial and/or temporal increments is found to significantly' 

affect procesd calculation accuracy then the MAINC and MAIND modules should 

be modified in some way to allow the specification of a larger number of 

spatial and/or temporal increments. 

A second 1 imitation of the package i5 the 5peed 'of execution, especially in 

the case of MAINE. This module requires approximately 25 minutes ta run. 

Thi S ld partially because it must do numerous calculations during the 

iterative process. In the future) a floating point process or May become 

available for use with programs written ln compiled BASIC. Unti l this 

hardware ~s installed the program execution speed will be 1 imited by the speed 
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of the BAS le language. Another factor in the executian time of MAINE is the .. 
frequency with which it interacts ,with the physical disk drive A ta access 

the module BALLST. If the package is madi fied 50 the C drive is asa igned to 

a 5 MB hard 

as weIl as 

disk rather than a 
1 

on \ne physical 

decreaaed s ignificantly. 

,1 

vi rtual RAM disk, BALLST could be s tored there 

drive A, and thus the access time would be 
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Il 

·VI. SUHKABY ABD CONGLUSlœlS 

6.1 &.-ary 

TI;termal processing 18 one of the mas t common food preservation methods 

ernp1oyed. Processing food ln this manner reduces the amount of deteriorati..on 

and lengthens the food's shelf-life, but also lowers the nutrient levels in 

the food. It iB therefore desirable to subject food only to as much thermal 

processing as is necessary to des troy the contaminant, 090 as to retain as much 

of the nutrients as possible. To predict an adequate processing regime bath 
. ,'1 

the he at t rans fer through the food and the consequent effects on the 

contaminant population and on the food components must be known. The 

calculations which must be perfonned to determine the processing regime are 

complex, but with the greater availability of computing po.,.;rer they ar~ 

possible. 

To make the design and verification of thermal processes easier for the food 

engineer, the neces8ary process computations were incorporated ln a 

user-frlendly software package. The package runs on a typical rnicrocomputer, 

the IBM PC, and requires very little computer experience on the part of the 

user. The package can determine the heat transfer in conduction - heating 

foods processed batchwise, for food held in cans or retortable pouches. The 

user decides the manner ln which the témperature distnbution 13 calculated: 
, 

either util Lzing the slowest heating region (SHR) approach (for the can), or 

treating the temperature as a functi.on of position (for the can or peuch) -

with or loIithout conaideration of the surface convective heat transfer 

coefflcient. After calculating the heat trani!fer distribution in the food, 
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the package can then predict the consequent effects on the contaminant 

population and on the nutrients ~n the food. Either an SHR approach or an 

el ement approach can be choosen by the user for these pr<;>cess calculat ion~. 

Finally, the package can be used ta aptimize the batch s terl,liza tion process 

with resp3ct to retention of up ta four nutrients. It will chose and display 

the beat heating regime, in terms of processing temperature and tinie, 

corresponding to the proc~8s parameters supplied by the user. 

6.2 Conclnaions 

Ifhe fOllOWi1: conclus ions were drawn from th~ ",ork: 
" 

" 1- The modular system design proved ta he successful. lt ~s able to 

circumvent the major BASIC-language limitations of program size and subroutine 

capabil i.ties in the fallowing ways: 

a) The program modules are overlaid ~n volatile memory as needed, and so the 

program package ia not 1 imited to 64 K.8 - it is over 200 KB. Only the 

individual modules are affected by this size restriction. 

b) By chaining to various program modules and storirig variables ~n separate 

data Eiies, the subroutine capabil ities of Fortran are emulated. Variable 

names remain local to each program module, and "arguments" and "parameters" 
1 

are passed between programs during package execution. 

e) Storing operating codes in the data files allows the package to avoid the 

program-chaining res trictions of the BASIC compiler e.g. not be ing able to 

ehain to a specifie line in the next program . ... 

2- The package 18 very easily expanded, since the calculati:ng routines and 

the interfaces are completely inde pendent . 

, " 

The calculating routines have 

Ci 
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minimal system interactions, and so additional routines are easily 

incorporated. The interfaces interact extensively with the other system 

prograns and the data and communication files, but each interface ia based on 

a standard system interaction de51gn and additL.onal modules can he 

incorporated with Ettle difficulty. 

,3- The execution of the package required more volatile memory than was 

\ 

originally envisioned i.e. 640 KB rather than 256 KB. The extra memory is 

re<It:ired to enable the installation of the C virtuai drive files - the ALPHA 

text files which are aIL copied onto the C drive during the sys tem 

" 
initial ization. This could res trict the expan.'lion of the package in terms of 

the mnnber of ALPHA files that can he held on the C drive (and therefore the 

m.unber of interface modules \.Ihich caIl he added ta the package). This can be-

avoided by slightly modifyin~ the system initialization programs ta allow the 

package ta run on an IBM microcamputer equipped with a Winchester removable 

cartridge (hard disK) of 5 MS, and considering the hard disk as,the C drive. 

The hard disk aC'ceSil time l il almos t as short as for the virtual drive, and 

the hard disk has much larger memory capabll ities. 

4- The system design proved to he powerfu~ enough that not. all elements of 

tœ design are as yet fully util ized. For example, the files responsible for 
\ 

,coomunication between MAIN and the 5ubMAINs, files COMMA and\COMMB, have stin 

to be us ed. " These features may become especi a11y important in the event of 

future expansion of the.sYBte~. 

5- The modules in ~hich the process ca1culations are do ne by means of the 
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(element approach. modules MAINe and MAIND, require memory for the variables 

to such an extent that the nluuber of time increments and s~tial elements are 

restricted. In MAING (Jor the pouch) up ta 21 time increments and 125 spatial 

elements are allowed while in MAI~D (for the can) there can he 21,time 

increments and 115 spatial elements. These restrictions May decrease the 

accuracy of the process calculations if the sues of the time or apatial 

increments are excessively large. The Bize of the time increment may be of 

particular sign'i.ficance aince the lethality values are quite 

temperature-sensitive at the higher food temperatures i.e. near procesaing 

temper at ure. 

/ 

6- The optimization module performs its EunctLons c0rrectly but coùld, be 

modified ta improve its execution. It accepts user-supplv~d paramet~rs, ~ld 
(J 

determines values of the objective function for retort temperatures between 

110 and 130 oC. With these values, an equation is found which relates t:te 

processing temperatures and the values of the objective function. TI1e optimal 

procesBing temperal?ure is then determined from the equati.on" and the required 

proceaa i ng time Li calculated. There i5 a dralolback ta the module, however, 

in that the execution time is quite ,long for an l.nteractive program (about 25 

minutes). This ~s because of the extenslve calculat ions requued fqr the 

optimization and frequent access of a module stored on the physlcal :irive A. 

Modification of the optimization module and improvement of the hard\olare 

components maY,decrease e:xecution time. 
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The followng areas are considered ta be important for further investigation: 

1- The package initialization programs could be modified to allow the use 

of a Winchester remova~le cartridge (hard disk) with 5 ~ of memory. Thi.s 

could be designated as the C dn.ve, and 80 enable the addltion of a greater 

number of interface modules, whose associated text files mus t he atored 00 

the e drive. 

2- Future work on the system should iovolve the further development of the 

service program interface. At present, the resul ta display faCll ites are 

incorporated ln each sub~l~ module. Full :.ltili'llzation of the system 

capabtlltl~5 dlctates the eventua: 'legregatLOn of the ~nteractlv", ::1terface" 
1} 

and the dli,play programs. As ",ell, the aession restart faci 1 ity should he 

deve l oped. 

)- A mathematlcal analysis should be performed to determine the extent to 

which the accuracies of the proceS3 and nutrient retention calclJlations are 

dependent upon the SLzes of the ,time and spatial increments. If the 

incremental SlZes are fOllnd to be slgnificant, as is suspected, the programs" 

MAINe and '1AIND (which use the elemental approach) should be modifled ln sllch 

a <Maya" to allO\o1 the use of a greater number of time increments and spatial 

elements, therefore decreasing the differential slze • . 
/ 

4- The present opt tmization module-"pérfoI'Tlls correctly but requires about 

2S minutes exeClJtLon time. lt could be modified to decrease the execution 
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time in several waY4. The calculating routine, BALLST, is acceGsed 

extensively during the optimization procedure. If i t was s tored on the 

virtual drive C as well as on the physlcal dnve A, the access time could he 

decrease significantly .. AIso, the use of a flaating-point proces$or would 

help speed the number-crunching operations. Tl1ere i5 'such a processor 

available for use wi th a BAS le compiler; there may he one avai lable from IBM 

for the IBM BAS le compiler in the near future. 

5- Addl tionaI, opt imization modules could be developed whi~ould base 

pt"QCeS8 and nutrient calculatiods on the elemental approach, for food held ln 

bath cans and retortable pouches. 

1)- Laboratory e>eperimentation could he used té> venEy the 'Uodel:; use-1 1, 

the package, lncluding the heat transfer, proce,,8 adequacy and~ nutnent 

retention algorithme. 

" 
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APPENDIX 1 

Bessel Functions of the First Kind of the Zero and Fl~st Order 

" 



The Bessel function of the first kind of the zero arder i5 gi ven by CBeyer, 

1981,): 

(1 ) Jo (x) = 2 x .+ 4 
x 6 ' 8 x x 

The polynomial approximations ta the equation JO(x) are given by (Abramowitz 

,and Stegun, 1970): 

(2) J (li:) = 
o 

- 2.2499991 (xl3)2 + 1.2656208 (x/3)4 - .3163866 (xJ3)6 , ' 

+ .444479 (x/3)8 - .0039444 (~13)10 + .0002100 (x/3)12 

(for -3<= x < =3) 

(3) ~ (x) = x-
1/ 2 • dO • cos(wO) 

(4) where dO= .79788t156 .00000011 <3/x") - .00552740 O/x)2 

.00009512 (3/x)3 + .00137237 (3/x)4 - .00072805 (3/x,5 

+ .00014476 <3/x)6 

"2 
(5) and wO = x - .18539816 .... , .04166397 (3/x) - .00003954 <3/xJ-~ 

------~ 
-----.ÔÔ262573 (J!x)3 - .00054125 O/x)4 - .00029333 (3/x)5 

--- 6 + .0001355,8 <3/x) (for 3<= x <-) 

J 

·1 

, \ 
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The Bessel funct10n of 'the f1rst kind of the zero order is siven by (Beyer, 

1981 ) : 

(6) J
1 

(x) = x -

2 

-+- + 

This equation can be approximated by the fOllowing pOlynomials «Abromowitz 

and Stegun, 1981): 

(7 ) J
1 

(x) = x « '( 1 /2) - .56249985 (x/3)2 + .21093573 (xl3) 4 

.03954289 '(x/3)6 + .00443319 (x/3)8 

.00031761 (xl3) 10 + .00001109 (x/3) 12 ) ) 

(for -3< = x < = 3) 

(8 ) J
1 

(x) = x -1/2 
dl • cos(w1) . 

(9) where dl = .79788456 + .00000156 <3/x) -+- .01659667 C3/x)2 

+ .00017105 C3/x)3 - .00249511 C3/x)4 + 

.00113653 <31x)5 - .00020033 C3/x)6 

(10) and wl = x - 2.35619449 C3lx) + .12499612 C3/x) + 

.0005650 C3/x)2 - .00637879 C3/x)3 + .00074348 U/x)4 

+, .00079824 C3/x)5 - .00029166 C3/x)6 

(for 3<= x <_ ) 

", 
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APPENDIX 2 

Sample Package Executions 

• 
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APPEHOlx 2. 1 
\ 

\ 
\ Sample Runs from the Execution of MAINB 

\. 
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" 
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PROCESS PARAMETER TABLE -----------------------

Initial TeMPeratul'e(deg C) 
Reto~t TeMPerature(deg C) 
Wate~ TeMperatul'e(deg C) 
Slope of Heating Curve(sec) 
Slope of Cooling Curve(sec) 
Heating Cu~ve Lag Facto~ 
Cooling Cu~ve Lag Facto~ 
To tal Process i ng Ti Me (sec) 
TiMe When Cool ing Starts(sec) 
NUMbe~ of TiMe IncreMents 
F-Ualue of Mic~ool'gani5M(Min) 
z-Ualue of ~HiC~OOrganiSM(deg C) 
F-val ue of ut~ient( Min) 
z-tJalue of ut~ient,(deg C) 
:v\ cc4~ \ 
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6Q 
2460 
2469 
1.4 
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25 ' 
2. 45'\ 
1Q 
1980, 
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<.. 
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~ r~s~f" ~ r l~l, to prlnt thl:' ~OO\{~t: 
FreiS ~nl 'e-, te yEt tJt..lc..1 to rusulls dl!':tr,.lolV meflU 

Mode l 
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TEMP(C) 
159 

129 

69 

39 

P:ress "X" 

J 

iEMP US rIME - BA LV' S METHOD 

to exi t Ol" t-P:rtSc to pri nt 

Mode 1 1 

.' 
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LETHALITY 
2.11 LETHALITY vs 

1.69 

1.26 

.846 

.423 1 

- -- -, ---- ---~--

1 99 1 2990 r 30e0: 4999, 5999 
1590 2509 3509 4590 

TIME(sec) 

P~ess "XII to exi t O~ t-P~tSc to Pl'in t 

Model 1 
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11 
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FRIlCTION 
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.8 

.6 

.4 

.2 

US TIME 
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o --I-iooi~12 ~00 -r3--ai~iiil~Q0-~-rsee0 
50Q 1SQ9" 2S04d 3Sca{t 4SQQ 

TIME(sec) 

P:ress "X" to exi t or t-P:rtSc to p:rint 

\ 

tlode 1 1 
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.. 
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TEMP<C) 
159 

12~ 

90 

60 

30 

TEMP US TIME - ~~LL'S METHOD 

Press II~" to exi t or t-PX'tSc to pX'Ï nt 

" 

Model 2 
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LETHALITY 
2.11 

1.69 

1.26 

.846 

LETHALITY vs PROCES~lI,HE" 
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" ,1 
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2.11 LETHALITY vs 

\ . , 

li. 69 ; 

1.26 
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1 

.4231 
1 
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FRACTION 
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.6 

.4 

. 2 
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• 

Madel 3 

1 , 
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.... IIDIX 2.2 

SarÎlPle Runs trom the Execution of HAINe 
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•• 
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pPocess P~alWt,u' TaLl. 
--~--------------------lOi tial TttMpe~ature(deg C) 48 

.to~t rttMpel'a tUl'e < deg C)' 128 
Wat.~ TeMpel'atureCdeg C) 68 
Total Processing TiMe(sec) 4888 
Th,. When Cool ing Stal'ts<sec) 3888 
HuMbel' of' liMe Inc~eMen ts 21 
Hal r X-Lengt'h< M) .965-
Half' Y-Lengt'h(M) .8475 
Hal r Z-Length( M) .8875 
HUMber oC X-ual ues 5 
HUMber oC V-ua.l ues 5 
HUMber of' Z-ualues 5 
TherMal Di l'fus i u i ty (M**2/sec ) 1. 6E-97 

Press "X" ta exi t to l'esul ts Menu 0.1' 
Pl'ess t-PrtSc ta print 9l'aph 

176 
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::?4(1(J. ')(11,11)(' (l, \.l6ei(lI,l (1. (\47';.1 b (1. (1(1 7 ~<.l 1 :(1, (11)(,1)(\ 

:261,",', 1)I,"'lI)I) '-1.\.1)65'." 1 1.r,114ï~,.r. 1), Cil) '<.JI" 1'::"). IY,i',". "1 

281)1). (":It,".,I,' O. t)b~Oj) 1). ,,-,,1 J~/I) t 1. (1')7'~') 1 :(). ,)(If~\,)(l 

!.C)(H ). 1 l(lfJ')i J $). f:\!;>~(~() O. {" ~ / :,(} ('. ()I Il!:'' .. ' 1 ('fi t)(11 .f \) 
'j200. r)()')(H.' 1). 065tH 1 O. (:,4 7:::i(' (1. (II.' 7::.(1 OC) • ,',C") r) (, 

3400. i)(lI .• ' Il) II.Ul.,.~I,I\) O. ('4 7~;(,\ 1), ')1)751) élÙ. (1(,1)(11) 

~61)O. t)I)(l(U) 1). (l6~1J(l 0.047:;'(1 (1. (107S0 ~(l. 1,1000') 
.5S(l(t, \,0(\(1(1 1), (l6~c..)(1 (I.047~(I 0.1)1)/50 bl.'. 1)(11)1.1() 

4(11 ):). O~)O( \(1 '), (l6!i1.,(1 0.(.14750 (1. (lO7~O bO. Çll)/)(I() 

\ 

.. 

,,. 

( 

.' 



/ 

128 

'8 

68 

( 

( 

1 

'1 
\', 

\1 

, 
\1 
\: 

182 

, . 

., 

, , 
" l' 

J 
o 



'1 

./ ,; 

RESULfS' 

TIME (s.c) LETHALITY 

0.00 O.OOE+OO 

2°9. 00 O.39E-04 
400.00 O.9~E-Ol 

hOO.OO 0.~9E+OO 

800.00 O.l:5E+Ol 
1000.00 O.2~E+Ol 

1200.00 0.301:+01 
1400.00 0.30E+Ol 
1hOO.00 O.30E+Ol 
l~OO.O(l O.30E+Ol 
20uO.00 ... O.30E+Ol 
2200.00 ,/ O.30E+Ol 
2400.00 CI.3(JE+Ol ,1 

2600.00 O.~OE+Ol 

2900.00 0.30E+Ol 
3000. CU) -0.30E+Ol 
3200.00 O.::OE+Ol 
3400.00 0.30E+Ol 
3oelf).00 O.30E+Ol 
3800.0'-' 0.30E+Ol 
4000.00 O.30E+Ol --

\ 

( 

...... _- -~ .-...--...... 



/ 

/ 

, . 
.-' 

1 

1 

1 
/ 

J~ , 

LETHALITY 
2.96 

2.36 

1.71 

,1.18 

.592 

-
8 

Press 

T--iie1 1688 1 2488 1 132881 4988 
488 .1288 2888 2888 ~ .:J698 

TIME (sec) .'"' 
·X~ to .xit to ~esults Menu OP 
P~.ss t-P~t$c 10 p~int g~aph 

J 
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o ' 

\ 

TIME (sec) 

0.00 
200.00 
40('.00 
600.00 
800.00 

1000.00 
1200.00 
14(1).00 
1600.00 
18(>1).(10 
2000.00 
2200.00 
2400.00 
2600.00 
2800.00 
3000.0(1 
3200.00 
3400.(1) 
'3600.00 
3800.00 
4000.00 

RESULTS 

, 

NUTRIENT FRACTION 

0.10E+Ol 
O.10E+01 
0.97E+OO 
O.94E+OO 
O.90E+OO 
O.86E+OO 
O.83E+OO 
O.79E+OO 
O.76E+OO 
O. 7"3E +('(1 
O.70E.f.OO 
0.67E+ûO 
O.64E+OO 
O.61E+OO 
O.59E+OO 
O.:56E+OO 
O.56E+OO 
O.56E+OI) 
O.56E+OO 
Q.56E+OO 

'O. 56E+/)O 

,--

.. M 

' .. 

, 



\ ' 

'\ 

~ 

.. 

, . , 

• d 

l''RACTlOH 
1. 

.8 

.6 

.4 

, . 2 

(1 
, 

-1 
1 
1 - i 

tlJTRIDft' FRACTION vs TINE , 
1 
1 

." 

L 1 
i _1 8ei 1 1.688 1 24'89 1 32<9&14998 

488 1288 2888 2899 36Ci1ca 
. T 1 ME (1 s eJc ) 

P~ .. ss ")C" to exi t to res\ul ts Ménu or 
Press t-PrtSc to p\r.nt graph 

/ 

186' 

'. 



, 

, \ 

P~ocess Pa~aMeter Table 

Initial TeMperatu~e(deg C) 
Retort TeMPerature(deg C) 
Water TeMPerature(deg C) 
Total Processing TiMe(sec) 
riMe When Cooling sta~ts(sec) 
HUMLer of TiMe IncreMents 
Hal f' )(- Length(M) 
Hal f' Y- Length{M) 
Hal f -Length(M) 

f X-values 
HUMher of Y-valu~s 
HUMher of Z-values 
The~Mal Dif'Cusivit~(M**2/sec) 
Food~Densit~ (kg/M**3) 
Food Specif1c Heat (kJ/kg-degC 
H (W/M**2-degC) 

, . 

1~9° 
69 
4999 
3999 " 
21 
.965 
'.9475 
.9975 
5 
5 

• 

~' 

5 
1.6E-9? 
1599 
4999 
899 

Press ··X II to ex±t- to resul ts Menu or 
P~ess ~-PrtSc to print graph 

\ 
~. 

/ 
" 

" 

'. 



TIME (sec) X (m) 

0.00000 
, 

0.00000 

dl' '20Q ... OOOOO o.ooooCl 
40(1. 000(10 0.00000 
600.00(1)0 0.00000 
81)00, tH)OOO 0.00000 

, 1000. OClI)t)O 0.00000 
• L 1 ~(\(). 00000 0.00000 

", 1400. (l()uOO O.O(H)l)O 

1 bOt). O(JU('O O. (I(h)(JO 

1800. (JClf)(H) 0'. ()(l(H)(1 
200.): i)(Jl)(I() O.O()()r:)·:1 . :2::: t)u. Ot)Ouu O. C)t)(H)1l 
:::4(H). OI)O(>f) O. O(lI)()( 1 
:260u.000(>(1 0.0000(1 
28(1(1.00000 0.000(1(1 
::000. 00000 0.00000 

\ :::20.). (1()()(\I:1 0.00000 
::4(1) . (H)(I(I(> 0.00000 
::6(11) . I)r)(l() 0 1). ()(y_l(lf) 

::8,:I(). (J(H)O') O.OO(H)(\ 

4"I(H".l)l)f)':'0 O. (lI)O()O 

( 

RE8Ul_ T8 

y (m) 

0.00000 
0.00000 
0.00000 
0.000(1) 
o. (1)000 
0.00000 
1). ClOtX)() 
0.000(1) 
O. (I(>(I<)C, 

CJ. I)t)I}OCl 
O.O(I(I(H) 

o • (H) (l()(, 

00 ()()c)(JI:' 

O. (l(I()()f:\ 
O. (H) (H) (, 

C'. ()(h)f)O 

0.1)(1(1(10 
(). ()()t)OO 
(.l. UO(H)O 
<) •• )t)I:I()(1 
O. (H)I)I)t) 

" ~ 1 ' .... ' \. "\ 

--'';'' 

Z (m) 

0.00000 
0.00000 
0.00000 
O. nt)ooo 
0.00000 
0.00000 
0.00000 
O.OOO()O 
0.000(1') 
1). (H)(\(JÜ 

(I.O(I(H)(l 

0.00000 
(>. (U:l(I(H) 

(l.oOOOO 
0.00000 
0.00000 
(l. 00000 
(1. (H)(H)r:\ 

(1.00')('(' 
<). (10(")(, 

(>.OuOO(l 

188 

TEMP (deg C) 

40.0000(1 
84.94020 

107.70100 
115.68900 
118. 49'3(H) 
119.4760(1 
119.8180 f) 

119.9-::700 
119.Q780l) 
Il c-I. C)q~Of) 

119.9'7700 
119.9<t9()(.' 
119.99QO(1 
119.9QQOO 
l~O.OOOOO 
1 :20. (1(l(H)t) 
86.29480 
69.~:24(16 

63.2::28.2 
61. 1:2956 
60. ::9:275 



-., 

... 

TEMPERATURE(def C) 
158_ EHP US TIME 

12aJ . 
99 J 
68 

38 
l' 

-8 
8 8.-11688 1 2488 1 3~98f 4Ggg 

488 1288 2&88 2898 ~6e8 

PI'eSS 

, 1 

TIME (sec) 
·X· to exit to ~esults Menu O~ 
p~ss ~-P~tSc to p~int 9~aph 

189 



RESUU5 

TIME(sec) X ( m) Y «II) Z <fTI) TEMP (deg Ç) 

Ü.OOÔOc) 0.03250 (l.02375 0.00375 40.00000 
200.00000 0.03250 O. O~:::75 0.00375 92.758::0 
400.00000 0.0:'::50 0.02::75 0.00:;75 110.72300 
6(>0.0(>000 0.0::25(1 O. 02':::,7~ 0.00:·75 116.9::::00 
80~.OOOOO O. 03~50 O. O~:.!5 O. u0375 119. 00000 ~ 

1000. 00000 0.0:;250 O.O~::15 O.Ol)-::;.75 119.67'500 
12(1). (lOO(H) 0.0::250 0.02::/5 O. (>(\:;75 119.8g/+00 
1 4(H). f)(lI)(H) 0.0::250 () 1< U:-:7=" O. n,y::. 75 119.965':>1) 
16(1). U,)()!)O 0.0::25'-' 1-) .. O~ -2. 7 5 o. ()()::;5 119. cl8800 
18I.lI). 1_.(\(,t)O &) .. (> '::::50 1) .. O~~:75 U.OO::75 11 C). 4'-<61)1) 
:20')('.I)()·)f)(\ t). f)-:;~~IO (l Il O:-::7'~ (). Üf .. }::7~, 1 i 9 . c;~:.t;:~),) 
::::')1). (lUO(l(' 0.0:::::::50 t),. O~::7~i t).u(,::75 11 '.7. 99'71)\) 
::'4()1.'. ()l)(JOO 0.0::2::;0 t>. ()~:75 0.00:: 75 119. 999U(1 
2600. (l(H)I)(l 0.03::51) 0.02375 o .00:;7,:! 12C'. (H)I)(lI) 

~800. 000'-\(' 0.0:::250 0.0:2:75 0.00::75 120. (l(lt)(H) 

::000. 0(1)01) 0.0::250 0.0:;;:::::;75 0.0(1:."75 1:20.1)1)001) 
::200. (lt)(H)(\ l).0::250 O. O~::/~ 0.00-':.75 80. 4::1~7 
:;4UI). (H)')')U O. (1:;250. 0.0:2-:::75 O. (11)375 66.957 61 
3600.00\)(\1) 0.1):;:50 t). ():: ::'5 0.00::75 62. :'99Q9 
:.800. (\I.lC)I)U (). ('::. ::50 t)-, ()~:'75 O.IJO::75 60.74999 
40(H) .• r)(\tJ(l,) 0 •. 0:::250 o~ O~':::75 O.(lO:;!5 6<).2435,5 . 

. 



( 

, '
,. > 

-r- '" f 

, TEMPERATURE(deg C) 
·159_ TEMP US TIME 

129 

99 

69 

39 0 

1 

fa ci --····r-ii.a l- 'i6g9-r-2499'~329èl--4é9a 
.400 1200 2CiJeg 2899 3699 

_ TIME (sec) 
P:re5~'R" to eKi t to l'esul ts Menu 01' 

P~ess t-Prtsc to p~int gl'aph 

191 



" . 

. \ 

RESULfS 

TIME (sec) XCm) V(mi Z (m) TEMF'(deg C 

0.00000 0.06500 0.04750 0.00750 40.00000 
200.00000 0.06500 0.04750 0,00750 119.89700 
400.00000 0.06500 0.04750 0.00750 119.99100 
600.00000 0.06500 0.04750 0.00750 119.99500 

q SOO. 00000 0.06500 0.04750 0.00750 119.998UO 
1000.00000 0.06500 0.04750 0.00750 119.999'00 
1200.000Ç>0 0.06500 O. 047~O 0.00730 119.99900 
1400.00000 O. ()6500 0.04750 0.007.50 120.00000 
1600. 00000 0.06500 0.04750 0.00750 12(1.00000 
1800. 00000 0.06500 0.04 7 50 0.00750 120. 00000 
:20(1).000t)(> O. (16500 0. 1)4750 0.1)07:A· l :.:;(). O(l(l()() 

2?(lo, 00000 0.06500 c).0475Ç,1 0.00750 1 ::W. (H)t)(lU 

:2400. (l(H.'(H) (1. (lb5!)!) O. ofJf/<:j(, c.l. ()075u 1::::0. (H)OO') 
2600. OO!)C)(J O. (16500 O. (l't75(1 O. C~Oï5(1 1:0. \OO(lno 
2800.00000 0.06500 0.04750 0.00750 1.20. 00000 
3000. 001)00 0.06500 0.04750 1).00750 120.00000 
:'3200.00000 0.06500 0.04750 O. ()07S0 60.07660 
3400.(10000 0.06500 0.04750 0.00750 60,01 :'7u 
:'600. 00000 (\. (\6500 0.04750 O.0075fJ 6 r).00:':4 
:'800. (J(H)(I(l 0.0651.1n 0.(14750 O.0075r) 60.00095 
4'(lf)I).O(l!..IÔU 0.06500 0.1)47:':10 0, U075() 60.000:::'1 

.. 



\ , 

1 

TEMPERATURE<deg C) 
159_ TEMP US TIME 

120 

60 

39 

1 

1 
1 
1 
1 

9 9 ---T--sas --I--i699--1--i490T-J3~i99T- 4099 
490 12aS 2099 2999 l69Q 

TI ME <sec) 
Press '·X" to eX-i t to :resul ts Menu Or' 

P~ess t-PrtSc to print g:raph 

\ 
193 
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( 
\ 

TIME ,(sec) 

0.00 
200.00 
400.00 
600.00 
800.00 

1000.00 
1200.00 
1400.00 
1600.00 
1800.0(1 
~OüO.OO 

2::00.00 
2400.00 
2600.00 
2800,00 
::::000.00 
3200.00 
3400. 1)(1 

36(1(1. (II) 
'3800.00 

,/4000.00 

RESULTS 

LETHALITY 

O.OOE+OO 
0.19E-04 
O.45E-01 
O.26E+OO 
O.85E+OO 
O.17E+Ol 
O.27E+Ol 
O.30E+Ol 
O.31.IE+Ol 
O.30E+Ol 
0.30E+Ol 
O.JOE+Ol 
O.:'OE+Ol 
O.30E+Ol 
O.30E+Ol 
O.30E+Ol 
O.30E+Ol 
O.30E+Ol 
O. :'OE+Ol 
O.30E:+01 
(I.3(IE .... Ol 

, -~". ....... .... --



• 

, , 

" 

LETHALITV 
2.96. 

/.36 

1.17 

~.18 

.592 

! " 

ë~4. "ié8 '" l' --ï,,,& '--248iT-1ii"9gr-"4èg& 
488 288 288& '2898 368e 

PI'4PS$ 
lIME (s.C) 

MX· to .xit to ~esults M.nu or
Press t-P~tSc to print g~aph 

195 
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. , 

( • 

TIME (sec) 

0.00 
200.00 
400.00 
600.00 
800.00 

1000.00 
1200.00 
1400.00 
1600.00 
1800.00 
20('()~ 00 
2200.00 
2400. lH) 

26(1).00 
2800.00 
3000.0(1 
3:200.00 
3400.00 
3600.00 
3800.1)(1 
4000. CI() 

.' 

. . . 

RËSULTS 

o 

NU1RIENT FRACTION 

O.10E+01 
O. ~OE+Ol 
O.98E+OO 
O.95E+OO 
O.92E+OO 
O.88E+OO 
O.8"4E+OO 
O.91E+O(Y 
O.78E+OO 
O.74E+<..H) 
O.71E+(H::: 
O.68E+OO 
O. 65E + ()(:' 
O.6:'E+OO 

1 ('.60E+OO 
O.57E+OO 
O.57E+OO 
0,. 57E+OO 
(1. 57Et-OO 
O. ~7E+uO 
O.57E+.OO 

\ 

l. 
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. ' 

. ' 

FRACTION 
1 NUTRIENT FRACTI~N'vs TIME 

.8 

.6 

.4 

.2 

ItPess 

l , 

( 

- ,l, 
....... . . 



- .. 

, t , . 

P~ocess Pa~aMete~ TaLle 
---------------------~-,'Initial TeMperatu~e(deg C)' 49 

Reto~t TeMpe~atu~e(deg C) 128 
Wate~ TeMpe~ature(deg C) 69 
Total P~ocessing TiMe(sec) 4909 
TiMe WJlen Cool ing, Starts<sec) 3899 
HUMher of TiMe Inc~eMents 21 
Hall )(-Length(M) .865 
Hall Y-Length(M) .9475 
Hall Z-Length(M) .9975 
HUMhe~ ol X-values 5 
HUMber of Y-v~lues 5 
HUMber of Z-values 5 
TherMal Di ff us i v i t'y (M**2/sec) 1. 6E-97 
Food Densit~ (kg/M**3) 1599 
Food SpecifIe Heat (kJ/kg-degC 4989 
H<W/M**2-degC) 288 

P~ess .1)(" to exi t to r-esul ts Menu or
P~ess' 1'-:-PrtSc ta pri n t g~~ph 

.. , 

.. 
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RESUL T5 

" TIME (sec) X (m) Y(m) Z .( ln) TEMP (deg C) 

o. (1( .. ;000 0.00000 O. (1(11)00 0.00000 40.00000 
200. OOr;:IOO 0.00000 O.OOOCH) (1.00000 67.65970 
400.00000 O. ()OOOO 0.00000 0.1)0(100 90.39530 
600.00000 0.00000 0.00000 0.00000 103.26700 
800.00000 0.0000(1 0.00000 0.00000 110.56100 

1 000. OO()OO 0.00000 0.00000 0.00000 114.69400 
1 200. (10000 0.00000 0.00000 0.00000 117.02900 
1400.00000 0.00000 0.00000 0.00000 118. ~4400 
1600.00000 0.00000 0.00000 0.000(1(1 119. (1810c) 

1800. 00000 O.OO(lCl(l (1. (If)C)(l(l 0.00000 119. 491 e)Cl 
2000.0000Ô O. (I(lI)O(l O. (10(101) 0.00000 119. 71'900 
2200.00UI)O 0.0(1(1(10 (1. 'CH) ,) ()() 0.00000 119.84600 
2400.00(>(1(1 0.0(1000 (>. (H)':'(>(l O. (H)')(lI) 119.91500 
260(1. ('(l(HX· Ü.O(H)(H) (1. (l(II.'(l() o. (H)('"t(;,(, '119. 953e II) 
28(1I.\.I}(l(l(H) (I.OO')(H) ,). (lO(l()() O.O(I(tI)(1 119.9748':\ 
:'000. (H)(II)O (J. (1')0(: (1 1). l.lt)(l(l.) i). (II)('(\() 119.986:":1 \ 

3:200. (H)(!(-,O 0.(10000 0.06000 0.00000 99.24765 
, 3400.00000 O. üOOOe) O.OOOCH) 0.0('000 8:. i 9940 
360Q. 0')0(10 0.0(1)(11) o. (\000(1 O. (\0000 7':...54746 
:;800. 00000 0.00000 u.OOOI)(I O. (H)()ÜC' 67.07797 
4000.(11)000 0.00000 1) • Of.If)C).) O.Ot,;H)(\O ' 6::.97879 

, 

\ 



r 

TEMPERATURE(deg C) 
159_ TEMP US TINE 

129 

99 

68 

38 

hess 

1 
1 
1 

1 
• 1_ 

...., 1 
-'--899'-T- i690-l-2490 1 3~991-4~99 

49g 12g9 2999 2899 -3699 
TINE <sec) 

"X'· to exi t to resul ts Menu oX' 
P~ess t-PrtSc to p~int g~aph 

, 
200 



TI ME (sec) 

0.00000 
~OO. 00(11)(' 
400.üCl(lOO 
600. OOOI.\C\ 
80'). (H)()() 1:, 

lOue). (\()(XH) 

1 ~(l(_\. Ü':\I)I_II:' 

1 4'),:'. (_\()(lt)(l 

t bt)' 1 .. '=JU(_II)t~l 

! (J'R\l~'. I:H ,1)(\1 1 

~O(IC) .. 1=1I=~( \(\1=' 

:'::4u,) .. ijl_l{ ),=1(, 

.26(\(\ .. (JI:'IM\f_\i ) 

:28(1t=, .. ()I~I(JUI:) 
-: ()(l (1 " t)'')ÜI)\=' 

3:::'1)0. 0<) (l(fl 
:. 4.)(' •• ),)(It:":\ 

:':.6('('. 0(")')':' 
:'JI)'_'. '_H l(J('(' 

l':II)(J .. ()')( Jr:II~~ 

X (m) 

0.0::250 
0.0:::250 
O.O-::~50 

('. O::~50 
u. c' :'~50 
o. (J-:,~5\:) 
r) .. ()=,~5(1 

Cl Il (>:::5( 1 

1)" ()~~:.?:,,-) 

'M'. (}:.~5t' 
() .. ()-=-':-~=Ii) 

0.0:::2:::',(1 
i). (l-:-'::S{\ 
()" O:,~=d) 
() .. () :'::5\~l 

(i Il I~l -'.:)=~r~i 

(l. fJ _',:: -:; Cl 
\_\,. 1):'::5(' 

RESUL-rs 

'l (ln) 

0.02-:'75 
0.02-:'75 
O.O~::::;7~ 

0.0:2::::;75 
O. CC::::;7';:ï 
(). ()::::; 75 
0 .. (\::-::75 
0.1 ()"-:-::75 
U .. ('~-::ï~~ 
(l. ( >::-:-: /5 
0 .. U,_ ~,7P .. , 

1) Cl:' ~ i:, 
U .. u~-:.7:-~ 
0 .. '-'-'2::75 
0 .. 'Y.": :·75 
U. C":':· 75 
U .. t J:_' :. ""~, 
(' .. (1=:,75 
U I=J~~ ~" -f~) 

\). ();: :,~/::) 

(J, (l:-"'::.?:ï 

Z(m) 

0.00-::75 
(1.00::75 
0.00::75 
'). (\ ():.7 =, 
O.Ou::75 
1).0(1::75 
u. 1)O::75 
1). (JO::7::, 
(). C'('-=:. 7 ,:. 

(1" ,)(_<:, 1~ . ...1 

,_, .. f)O ~~, ?~-

(r. t.l(\-::7:, 
(1. (I((:::~r~ 

\). fJ():, 7~, 

f). ()(\-:, 75 
u _ (11)':.75 

C'. u(> ~. 7'5 
f) /.0 (H) _, )'5 

) 

201 

TEMF'(deg C 

'1-0.00000 
74.11~O(l 

94.5ü8~l) 

106. 154()':\ 
1 1~' SB C' (li:' 
116. (\'170':' 
11 -; • 898C'(' 
ll8.88::0(' 
j 19. 'h'::'I)') 
11 fj .. é,a~~I_n) 
11'-' 8~"(-"_":' 
11 c.' • C-.'()C/f:ll) 

1 1 0:;' c/:.J 11 J, ) 

11 0 ,9'/ '-l-(\t:' 
11 '-.' '~'80 J ,_\ 

11 C'. 99::<1 ') 
q,l. 4:1 l CJ:::. 
ï Cf.11661 
""). 38:~6() 
L..5.5b4-':"_' 



~ 1 

1 
1 

• 

TEMPERATUR~(deg C) 
159_ l ,. TEMP US TIHE 

129.:-

90 

30 
1 
1 

o 9 -+-""~r=-8à0 1" Ï60Q i~-24'i9-r".L3200r-4QQQ 
4QQ 1200 2009 2809 3609 

TIME (sec) 
PX'e$s ")Cil to exi t to X"esul ts Menu or 

P~ess ?-PX'tSc to pX'int gX'aph 
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.. 

, , \ 

, 

TIME (5:E:oL \ 

c).0000(' 
20000000(1 
400 _ (lCH)().) 

600 0 000(1(1 
800.00000 

1000. 00000 
1200 • 00000 
1400.00000 
1600.00000 
1800. 00000 
2000.00000 
~2r)O. 00000 
::::4000 00000 
:2600. 00000 
2800. (11)(1(\(. 

-:::CH)':'. 1)(,OOc. 
-:::::::(lI). 000,)(\ 
-:.4(.'0. UO(.H.'I:' 

-::60('. (J(H)(lC' 

::81.'1) • '.)ÜÜC>(J 

4000. (:)0000 

F'ESUL T':.· 

Y (ml y(,nl 

"' 0.065':'(1 O. (\4 ""'~'.' 
0.06500 O.u4"7::·-, 
0.O650(l O. (14 7~(l 

0.06500 (Jo 04 7 :;,,:\ 

0.06500 0.04 7 5':' 
0.06500 o. (:;47'50 
0.06500 0.04750 
0.06500 0.04750 
0.06500 0.047:;.1) 
0.065(10 0.04 7 ::;') 

0.0651.\(1 0.0475/:1 

0.0650(' 0.04750 
O.065(Hj 0.0475/.1 
1.'.06500 O. O~ 7::"0 
O.Nl500 0.1)4 :'5', 
O.(651)r) O. 04 ""'~,,:, 
O.06sno O. o Il- 75,) 

()., (,65(J(~ u. (:;4 ; ':.I(i 

ü.065(l(l O. ()4 :"5') 

(l.06500 1).04750 
0.06500 0.0475,:) 

.. 
203 

-. -

Z(m' TEMF' ~ dèg C· 

(J. (,075(' 
\. 

4\). ')0)('(":' 

o. 0('75(.' 115,. 848ü:' 
0.61) 7 50 118.598(Y:' 
0.007::;0 119.4:.000 -:: 
0.00750 119.7480(' 
û.0075·) Il q. 883(10 
0.00750 119.94:::00 
0.00750 119. 97~1)() 
0.00750 119.986:)(1 
(I.0075 f) 119.99 :'00 
O.OO/5() 119.99600 
0.0075(\ 119.9980(\ 
O.OO75Ç· 1 19. 999(1(> 
/J. CH)?:"I) 1 1 O. t;l9?L'(' 
1). (1(,75(.' 1 19. 99S7'~' 
0.(/(1750 1 1 '7. ë,'9Q<-J 1 

(l. 0<)7:'(1 6:'4U::::a 
O. u f)7SI) 61.051-+8 
O.OO7::'i(1 bO.4:2f.,c;4 
0.00750 60.1887::: 
0.0075(1 60.08768 



.~ 

" 

'. 

JJ • 

TEMPERATURE(deg C) 
159_ ' TEMP US TIME 

/ 

129 

99 

69 

·39 

1-1 -, x' g 8,,9 

1 

r 16ca9 r2499T
1
329''-'-4999 

1299 2999 2899 3699 
TIME (sec) 

Px-ess 

498 

"X" to exit to~esults Menu or 
P~ess ~-PJ'tSc to px-int graph 

204 
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TIME (sec) . 
0.00 

200. ür) 

400.00 
600.00' 
800.00 

100(1.00 
1200.00 
14,)0.00 
16(1().00 
18(11:'. 0') 
~().=H). (h~l 

=~I)O. (l() 

2401.1. 1)(' 

26(1(). (11) 

~8(lO.OO 

':;(\(1(>.00 

3::/)0.00 
34u(J.00 
3600.00 
3800. (.JO 
4000.00 

RESULTS 

'. 

LETHAL 1 TV 

O.OQE+OO 
O.29E-OS 
O.56E-02 
O.36E-01 
O. 1 :::E+OO 
O. ::7E+OO 
O.81E+QO 
O. 15E+Ol 
O. :::::E+Ol 
O. ::::;r:'E+OI 
(1. ::;(IE 4-1) 1 
o. :-:OE+ul 
O. ::;OE-tOl 
0.30E+Ol 
O. :::OÈ+01 
O. -:'OE+Ol 
O. ::OE+Ol 
O. ::.OE+Ol 
O. :-;OE+Ol 
O. :-;OE+Ol 
ü.30E+Ol 
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. \ 

LETHA~lTY 
2.96.. 

2.36 

1.17 
-1 

1.18~ 

.592 
, 1 

1 

1 

1 

j~-lIE"""--8-.g - 1 -i68i-r-24gg--l-j~-9a-j "--4999 
4ae 1298 2988 2899 3688 

TIME (s@ç) 
Il)C'' to exi t to l''esul ts M@nu or 
Press t-PrtSc to print graph 

Press 

, 

• 



207 . 
',J', 

'. 

RESULTS 

TlME (Siec) NUTRIENT FRACTION 

0.00 0.10E+Ol 
200.00 0.10E+Ol 
400.00 O.99E+00 
600.00 0.98E+OO 
BOO. Op 0.96E+00 

1000.00 0.93E+OO 
1200.00 0.90E+OO 

t.JI 1400.00 0.96E+OO 
1600.00 0.83E+OO 
1800.00 Ç). BOE +(10 
200C,1. Ou O.76E+OO 
2200.00 0.7::E+OO 
2400,0(1 O.70E+(XI 
2600.00 0.67E+OO 
2800.00 (1. 64E+00 
3000.00 0.b2E+OO 
3200.00 O.61E+OO 
3400.00 O.~lE+OO 

36uO.OO (1 .• 61E+OO 
3800.00 0.61E+OO 
4000.00 0.61E+oO 

( 



( 

F'CTIO~ HUtRI~ FRACTI~" vs TIME 

, \ .8 

.6 

.4 

.2 

Pl'ess 

1 

-8ie --J -1,88 r24"--r-~29il~4999 
488 .1298 2.8 2889 -3699 

TIME (sec) 
·X" t~ exit to ~esults Menu O~ 
P~eS$ ~-PrtSc to print gl'aph 
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\, 
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\ 

,ppaiDIX 2.3 

!ample Runs trom the Execution of MAINO 

" 

• 

..~ -r- -.-



( 

.. 

Initial TeMPer-atu~~(deg C) 
'Reto~t TeMpe~atu~e(deg C) 
Wate~ TeMperature(deg C) 
Total P~ocessing TiMe(sec) 
TiMe When Cooling Sta~ts(sec) 
HUMber of TiMe IncreMents 
Can Radi us (M) 
Half Z-Length(M) 
HUMber of R-values 
HUMber of Z-values 
TherMal DifCusivitY(M**2/sec) 

fra 
69 
569Ci1 
368ca 
Il 
.9495 
.9556 
5 
3 
1.6E-87 

P~ess ··X" to exi t to ~esul ts Menu 01' 
Press t-PrtSc to pl'int graph 

210 



\ 

rIME (5) 

o.ooC)oo 
:560.00000 

1120.00000 
1680.00000 
2240.00000 
2900.00000 
3360.00000 
3920. Ü(II)I)O 

4480.00000 
5040. r)(H)f,)(_, 

5600. (1t)(I,)I:l 

RADIUS (m) 

--._ .. ~t 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.0000(' 
(). (lC)U(I') 

O. O(HJ')() 

, 

RËSUL T5 

Z-VALUES (m) , 

0.00000 
0.00000 
0.00000 
O.OO(lCII) 
O. ('0')00 
O. Cr(l(t(>O 

O. O(lI)(H) 

O. 1)1)(lf)(J 

1). (1(1(11)1) 

u. ( ,r)(H)') 

(1. (lf)('(H) 

211 

TEMPERAtURECdeg C) 

40.0000C, 
41.57560 
55. 3329Ô 
72.51980 
86.62110 
96.94940 

104.21::00 
109. 2::0(1) 

l 10. ::::::0(' 
'7'8.48:'/(1 
85. 8~)7() 



1 

(' 

( 

/ -

, . 

TEMPERATURE(deg C) 
159_ - TEMP US TI~E 

120 

99 

69 

39 

1 

1. 
1 

1 

: 

'. 

9 ë-'---r--ii20r 2-240 1--i316~r4480r-5699 
_ ~69 1689 2899 3929 ~940 

TIME (sec) 
.Ppe~s uxu· to exit to ~esults Menu O~ 

P~ess t-PrtSc to p~int graph 
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\ 

\ 

\ 
• Il 



, ' 

/ 

, 

C TINE (:) 

'-

O. ('00<:10 
.... 60. OOOO(r 
Il 0.00000 
16 (1 .• 00°9° 
2240>~OOOO(l 
2BOO.OOOO(l 
~360. 00(1(11) 

3920.00000 
4480. 00 (H)I) 

5040.00000 
5600. (I(lO()() 

RADIUS(m) 

0.03038 
0.03038 
0.03038 
0.03038 
0.03638 
0.030-::8 
0.03038 
0.0;:;0;:;8 
0.03038 
0.03038 
0.ù3038 

, , 

Z-V~,LUES Cm) 

0.027'8(\ 
0.02780 
0.02780 
0.02780 
0.02780 
0.0::780 
O.O~780 

" O. (J2780 
0.02780 
0.02780 
O.O~780 

213 

TEMPERAl URE <de:-g C> 

40.000(10 
83.37570 
99.23780 

106.91900 
111.41500" 
114~ ~6900 
116. 1440(1 
11 7. 3950(l , 
82.5494(1 
71; 76540 
b6~ 87860 

" 



", 

. ~4 

0, 

TEMPERATURE(deg C) 
159,_ TEMP US TIHE 

1 

129 

99 

69 

39 

1 

H --- jE :-----1'" 
: '\. 
:~ 
1 

: ' .. LO· 
, 1 

(1) 9 -"--'-J.120' r-2240~T336~--r44âriT-5690 
569 1680 2809 3920 5040 

TIHE (sec) 
P~ess "X" to exit to ~esults M~nu O~ 

P~ess 1"-ProtSc to proi n,t g:raph 

214 



( 

TIME(s) 

0.00000 
560.00000 

11:20. 00000 
1681). (H)(H)Ü 

::::40. ')üuC'O 
::8,)1). f),:JI)()() 

:;:::6u. (1(1000 
"39::0. (JO(H.Ji) 

4480. (JOCH )U 
5( li].(J. ()()t:lOO 

56(.'1) , ,)00(1,.' 

RADIUS (Ill) 

0.04050 
0.04(>50 
0.04050 
0.04050 
0.04050 
u. (llH.>::,() 
0.0405(' 
O. u40;:,(J 
O. (li! V:IO 
O.040:::d) 
O. (!',\-O:Jü 

FiESUL rs 

[). C>556ü 
O. (l~,560 
1..1.05560 
0.05::,60 
0.05560 
(}.0556\) 
(l.0556(_) 

C}. U556i j 

O. r)~56(J 
() .. i)~j~~6 ) 

lJ .. OSS..=..-,() 

.. 

215 

TEMIT.'EF.'ATURE (deg C) 

40.00000 
120.0(\(>(1<) 
120. OO(l(lO 
1 ::U. OO(II)(i 

1::0. (l()':'(") 

1::0. (l,),:),).) 

1 ::'). (H)t)(ll) 

120. ')()I).)r) 

60. (H)')!)O 
60. (l(H)(H) 

60. ,),.'()()r) 



L 

\ -

\ 

~, ' 

\ -

TEMPERATURE(deg C) 
... ~50 _ TEMP US TI ME 

1 

.. 1.20 

! 
69 

){ : ( H H )(: ;\ 

l, , 

1 \ 

: \)( J( 

1 
1 

1 
1 

o 9 ------T---i129T--2249 1-336~-T4489 1: 5699 
560 1689,2809 3920 5049 

TIME (sec) 
PX'ess "XII to exi t to r'esul ts Menu. o:r 

Press t-PrtSc to p~int gI'ap}, 
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0.00 
560.00 

11 :!O. 00 
1680. uO 
.2~4t). I~l(} 

:.2 gue,. 0(.' 
:: ::60. O(l 
:: 9::(1. eH) 

448(1. r)n 

5':'t.!(,. flf.' 
r':::.::::'.JH'I .. I,,'" , 

l':;'ESUL r::, 

. , 

LErHALI Tt 

O. (lt)OE+(l(l 

34. 353E-06 
26. 96 7 {;-O:: 
4::.016E-f):: 
67.6B5E-O:: 
Ir). 56 :.E-I.I.2 
:ü.699E-(I:: 
45. "BBE-ü:: 
75 • .65-=-E-(l~ 
79, St:, ~E -'-'-.:' 

-~ -1 

21.7 



. 4 

.2 

.. 

ë~"""'*"'1 -1~' I:r--2--:g~' '~2~i 49 1-3"369- '-448 9 ~ 56 gg 
568 1689 2898 3929 ~849 

TIME (sec> 
PI'@SS "X H to exit to r.sults M@nu o~ 

Pr.ss ~-PrtSc to print graph 



,,. 

. ' 

() 1)'~1 

~61) •• 'lJ 

1120.1)0 
1680.00 
2240. uO 
~SOI). ()(I 

-':::'60. ,:11) 
:.q~(l .. (.)0 
44S I) •• ~,(, 

51)4(1. \}I) 

56(h). 1~1J) 

F'ESUL-T :. 

99. 861.'E·-,):: 
97. ::48E .... 02 
9:'. :'87E-0:2 
88. 504E-O:: 
82. 827E-(J2 
.. 6. 620E -0::': 
7(1. lotE. -1:''::: 

68. 6u:'E -(1:; 

68. ==-::::E-':':: 
68.1')::E-'):':: 

219 
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HurRI~ FRA~tIOH vs TIME 

.8 

.6 

PJ.'eSS 



'1 .. --. 

---------------------~-

Initial TeMPe~ature(deg C) 
~etort TeMPeraturè(deg C) 
Water TeMperature(deg C) 
Total Processing TiMe(sec) 
TiMe When Cooling Starts(sec) 
NUMhe~ of TiMe Inc~eMents 
Can Radius (M) 
Hal r Z-Lengtll( M) 
NUMbe~ of R-values 
NUMbe~ of Z-values 
TherMal DiCfusivitY(M**2/s@c) 
Food Densit~(kif/M**3) 
Food SpeciClc eat(kJ/kg-degC) 
H(W/M**2-degC) ~ 

48 
129 
69 
5599 
3699 
21 
.9495 
.9556 
5-
3 
1.6E-97 
159g 
489CiJ 
59Q 

Press "XII to exi t to resul ts Menu 01' 
Press t-PrtSc to print gl'aph 

22l 



= 

TI ME (s) 

0.00000 
560.00000 

1120 • (10000 
1680.00000 
:?240. (11)000 
:2800. 00000 
3:'6(~. 'Y:H)(lO 
::920. I)(H)(I0 

4480. (H)Or)I) 

5c140. 00(100 
5600. 00000 

RADIUS ~m) 

0.00000 
0.00000 
0.00000 
0.00000 
O.OOOO() 
0.00000 
i).OO()I)(..l 

Cl. (H)/)(I() 

1). (l(l()(lO 

0.00(100 
0.0.000 

~ RESULTS 

Z-VALUES (m) 

0.00000 
0.00000 
0.000(1) 
0.00000 
O.I)OOf,H) 
0.0')000 
O. (lI)OOO 
O. (11)0')0 
0. ')1)('00 
0.00000 
O. (H)(H)(l 

222 

TEMPERATURE(deg C> 

40.00000 
41.09100 
52.56830 
68.49170 
82.41080 
9~. 09920 

1 CH). 9~41)O 
106.5::6(l() 
1 (18. 7:.800 
99.35890 
87.69460 



( 

.. 

TEMPERA TURE( de, c)-
159 . EMP US TIME 

1 

1 
129 1 

99 

69 

39 
l, 
1 

fi "~---16àI2êa 1 ~ii4g i8~6~~I2â48 fa ~~~~ 99 
TIME (sec) 

PI\f!tSS ")(8' to exi t to resul ts Menu 01" 
Press t-PrtSc ta pl\int gl\aph 

.. 

.,;-
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\ 

TIME (s) 

O.OO-XH) 
~60.00000 

1120.00000 
1680.00000 
2240.00000 
2800.00000 
3360.00000 ' 
=920. 00(100 
4480. (}OOOO· . 
5040. 1)(II)(H) 

5600. (lOCH.II) 

.. 

( 

RADIUS(m) 

0.04050 
0.040:50 
0.0405(') 
0.04050 
0.04050 
0.0405(> 
9·04050 
0.04050 
O.04'Ï15() 
O. 04(~150 
0.04050 

224 

RESULTS 

Z-VALUES(m) TEMPERATURE (deg C) 
, 

t).05560 40.00000 
0.0556<) 119.17500 
0.05560 119.63400 
0.05560 119.78700 
0.05560 119w86300 
0.0556':\ 119.90900 
0.05560 119.938(1(1 
0.05560 119.95700 
0.05560 60.47900 
0.0556') 60.198::50 
O. ')5':,6() 60. 1 (l8:2') 

" 

, 



/ 

""-

'. 

TEMPERATURE(de, C) TIME 159_ EMP US 
1 

1 

128 

39 
.1 

1 

li. J- Tï12fi1 r -2248 133'6~ T448gT -5'. 
568 1681 2888 3929 5949 

TIME (s@c) 
PI'@$S "X" to e)(i t. to l'esul ts Menu 01' 

Pl'ess t-Pl'tSc to print graph 

. , 

1 
1 

'-

225 



{ 

... 

TIME . (sec) 

0.00 
560.00 

1120.00 
1680.00 
2:240. (;10 
2800.00 
3::60. (10 
3920.00 
4480. (II) 
504/). uo 
56/.1(1, (1(1 

l,' 

RESUL TS-

, 
LETHALITY 

O.OOOE+OO 
18. 49::::E-06 
16. 796E-O:' 
35.609E-0:' 
54. 259E-O::; 
85.::71E-03 
14. 470E-02 
~9. 62:'E-0: 
50. '3CI6E-O:: 
54. ::'Y::E-O: 
54.4:29E-0:2 

226 



\ . 

, - LETHALITY 
1 

.8 

.6 

.4 

.2 

LETHALITV vs 1 TIME 

1 • 

. j 

1 
. , ~: 

1 

-1 f-

. .a~~'jl!-"" .. -1~29~r:-2~i:4:9~-~r--i36'~-r 4489T"S699 
569· ~689 2899 3929 5949 

TIME <sec) 
Pl'ess "X" to exit to ~esults Menu o~ 

Press ~~PrtSc to print graph 

. " 
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o 

THIE. (=EC \ 

I~\. t)C) 

56'). Ou 
11:0.00 

. 1680.00 
2:40.00 
~800.0(l 

:. ::L:u. I)(J 

-::'~ ~,). ("_1 

·~48'). uu 
5')40, (I(l 

• 5'61)0" 1_1(1 

.. 

RESUL r:3 

11). 1-" liA:: -'_' ~ 
qQ.B90E-~ 
98. 11-':::E-0:': 
95.1-'::8E-0:2 
91.087E-0:2 
86. 118E-I):2 
B'). 4,l-;-E~u.:::.: 
74. ::::4E-':\:2 
7'::'.6::: q [.-,X':::: 
7'::.. ~j 4E-,:I.2 

\ 
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/ 

1J 

FRACTION 
1 ~-"""---...:o"- HU TRI ENI FRA fT 1 ON vs T 1 HE 

.~~ 

.8 

.6 

.4 
,. ~ 

.2' 

1 

ï 
1 

1 

1 

1 

1 

1 

9 9"'· "-·-~~àl~Ü~1~i~49~1~~i'6~·~·~·~a489·r;~~0~ 
T IHE <sec) 

P~ess "X" to exit to ~esults Menu o~ 
Press t-P~tSc to p~int g~aph 

229 
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P~ocess Pa~aMete~ Tahle 

Initial TeMp@ratu~e(deg C) 
Reto~t TeMpe~atu~e(deg C) 
.Wate~ TeMPe~atu~e(deg C) 
Total P~ocessing TiMe(sec) 
TiMe Wllen Cool ing Sta~ts(sec) 
NUMheJt of' TiMe IncreMent.s 
Can Radi us (M) 
Hal f' Z-Lengtll(M) 
NUMhe~ 01 R-val~es 
NUMhe~ 01 Z-values ' 
The~Mal Diff'usivit~<M**2/sec) 
Food Densit~(kg/M**3) 
Food SpecifIe Heat<kJ/kg-degC) 
H(W/M**2-degC> u, J' 

49 
120 
-69 
5099 
3699 
21 
.9495 
.9556 
5 

• 

3 
1.6E-97 
1599 
4099 
509 

PJtess "X" to exi t to ~esul ts Menu o~ 
P~ess ~-P~tSc to PJtint graph 
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. -' 

• 
TEHPERATURE< de-g C)' 

TEMP VS' TIME 
1 
1 

69 

39 

TIHE (sec) 
P~ess "X" to exit to ~esults Menu O~ 

P~ess t-PrtSc to p~int g~aph 

,J: -, Centre Temperature 



232 ' 

RESULTS ., 
...- ,~ , 

TIME:. (sec) Lf:. rHAL ITY 

O. r.ll) O.I)r)ÜE+c)u 

25c).O(l :'1. 729E-07 r 
500. (l() -:'7. 735E-04 

-, ?50.00 98. 839E-I)4 
'1000.00 15.617E-O-:' 
1250.00 ~3. 555E -Cl-:-
1500.00 31. 958E-(I3 
1750.00 39.0:; 1 E-OJ 
200(l.00 46.7::6E-03 
225(1.','10 56.904E-03 
~500. 00 69. 785E-(l'3 
~75(J. (JO 85.016E-(I3 
::CH)r).OO 10.4::~E-O~ 

:::25(). ()r) 1-:'. :'96E-')~ 
3500.0(1 18. (C4E-O~ 
'375{). (H) 24.8-:'SE-(l=-
400 1.). (IcI 54. 4~:ZIE-r)2 
4::50. (11) 44. 789E '-0:: 
4500.00 ='0. ~4 7E-O:: 
4750.00 5~.:'S::E-02 

5000. CH) 5:: • 89üE '-0:: 

\ , 

,-



T 1!'1I;:" ~sec i 

('. 1)(1 

~5(/. \-)( __ 1 

5!)f_' .. OfJ 

751.1.00 
ll)(J(). O~) 

1250.0)) 
150)(1. 00 
1750.00 
20(11.'. (II) 
225(l. (JO 
2500. (U) 

275'.'. (li) 
31)1)0. (lI) 
3251). ')i) 

:'5'1(). ()(I 

::. l5t). U" 

4\'11")'-'. ')'-' 

4::;f)(I. 1)') 

4750. (l,) 

:::OUÜ. "11.1 

RESUL1::.:. 

r 

NUl F' r ENT FP~lC r IOi: 

1 c'. (l()l.lE -1) r 
Q9. =i'6 7 E-()..: 
9'-1. 591 E:. -VO:: 
98.. 97(1E-()~ 
"98. 1·1)9E-O~ 
97. (1 13E--O~ 

95.691E-O: 
94.150E-0:2 
9:::.401E-O~ 

90. 457E-ü':: 
88. :. :'::':E -1):' 
86. r)45E-0:2 
8:'. 616E:. -f):2 

81. ')bhE-('::': 
-S.4:"I)E-t):..: 
-.~ • 7,) t E- ',; 
- ~ • 6{..c;>f-_ -1.':: 

74.:;:U6E-C:2 
7"": . 916E -0: 
7-:.7:SE-(I':: 

." r:. 9') 1 E-(':: 

.' 

.f 



------------~---------~ 

Inl" tl" al! ... ~_ .... ~-.,,4- •• - .... , ~~,... ,." 
1 ... 'I:" ...... 'C' ... -a. ... u ... ·'Ij' '\. U'l:"~ .." 

Retopt TeMPe~ature~deg C) 
Watep TeMperature{deg C) 
Total P~ocessing TiMe{sec) 
TiMe W}u~n Cooling Starts(sec) 
HUMbep o~ TiMe IncpeMents 
Can Radius (M) 
Halr Z-Lengtll(M) 

~uMhep o~ R-values 
r-. ttuMbep o~ Z-val ues 

4'" 
129 
60 
S89Q 
3699 
11 
.9495 
.9556 
5 

~ TllerMal Diffusivi tY(M**2/sec) 
3 
1. .,6E-97 

" 

Press "X" to exit to results Menu O~ 
P~ess t-P~tSc to print g~aph 



", 

TEMPERATURE<deg C) 
.159 _ TEMP US TIME J 

1 
.129 1 

99 

69 .. 
39 

1 

9 9" ~1-1i00 r- 2909 T-30'00-- TL-49Q0' 5-~09 
99 159~ 2500 3599 459Q 

TIME <sec) 
P~ess H~n to exit to results Menu o~ 

Pl'ess t-PrtSc' to p~int gl'aph 

Centre tempe ratures 

235 

., 



'II 

( 

TII1E (sec) 

O.O() 
250.00 
5(J.().O(1 

750. (l(l 
1 (H)('. (,.I(l 

1250. (H) 

1:51)0.+)(1 

1750.00 
2 (lot) • (Il) 

~~5(). tH) 

::~Il)(l. ()') 

~ 7 '-.JO • (l') 
::(.")0. ()r) 

::::50.00 
:.".5'-'0.00 
3750.0(' 
4(1)0. (1(1 

425/). (1() 

45IXI.OO 
4750. (lI) 
5(),.,I),. Ou 

• RESUL TS-

LETHALITY 

O.OOOE+OO 
77.304E-07 
97. 449E-04 . 
16.714E-03 
25. 49::E-03 
33.061E-1)3 
::9. 490E-ü:: 
47. 293E-1)3 
57. S84E-tY":-, 
71.083E-0:: 
85. 97::E-O~ 
10. 555E-O:": 
1:::. 7B1E·-O~ 
18. l] 1 6E -0:-": 
26. 571E-1)2 
37. 9(J6E-ù~ 
54.0:51E-02 
69. :;69(-02 
76.518E-0:2 
78. }29E-(l~ 
7~. 761E-02 

236 

" 

.. 



.. 

( 

TIME (sec) 

0.00 
25().00 
50u.00 
750.00 

1000. (JO 
1250. ()() 
I50u.0(.1 
17::;;0.(>(1 
2000.l)u 
2250.00 
250'). (1(> 

275('.1.·(1 
3Cl()(I. on 
::2~O. (IC) 

35c)CI. no 
3750.00 
4000.00 
4250.00 
450q.OO 
4750. Of) 
5(1)0. (li) 

RESUL T'::, 

l'IutRIENT FRACT ION 

10.000E-Ol 
99. 954E-02 
99. 287E -()~ 
98. 324E-02 
97.092E-02 
95. 612E-O: 
93.903E-O: 
91.981E-(l: 
89. 868E-O: 
87. 579E-O:': 
85. 1 ::4E -0: 
8::::: • 5::,oE· 0.:2 
79. 871E-':,: 
?~' • 1 O~L -0::: 
74.:?74E-O: 
71 • 414E -0:2 
?O.447E-O: 
70. OT'::E-(l~ 
69. 784E-(I: 
69. 61qE-O~ 
69.5:7E-(l: 

237 
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APPSJfDIX 2." 

S.mple Rune t'rom the Execution of MAINE 

< 
( 

1_""", • ~ 

238 

• 



, 

P~ocess Pa~aMeter Tahle 

Initial TeMPe~atu~e(deg C> 49 
Water TeMperatu~e(deg C) 2S 
Slope of Heating Curve(sec) 2469 
Slope of C~oling Cu~ue(sec) 2469 
Heating Curve Lag Factor 1.4 
Cooling Curve Lag Factor 9. 
Total Processing TiMe(sec) 6666.667 
F-Value of MicroorganisM(Min) 2.45 
z-Ualue of MicroorganisM(Min) 19 
F-Ualue of Hutrient 11(Min) 1989 
F-Ualue of Hutrient 12(Min) 213.6 
F-Ualue of Hutrient tl3(Min) 66 \ ,_ 
F-.uallte of Hu tr i en t tl4( Mi n) 12Q9 J --

z-Value of Hufrient tll(deg C) 27 
z-Value of Hutrient 82(deg C) 45.4 
z-Ualue of Hutrient 83(deg C) 31.1 
z-Ualue of Hutrient 84(deg C) 28 
Weighting Factor Il .75 
Weighting Facto~ 82 .8 
Weighting Factnr 83 .29 
Weighting Factor 84 .55 

Press "X" to exi t to Menu or 
Press '-PrtSe to print graph 

/ 

239 



Retort 
T~mp (C) 

110.000 
Il ~. (101) 

114.0ClO 
116. t)tY, 
118. ')Ù l 1 

1:'ü. 0.-,1.1 
1~2. ('ÜI) 

1~4. 1.10(' 
126.000 
128. t)OCl 
1 ::;0. (1-)1) 

130. (l\J! 

. Results 

Coollnq 
-starts cOI,t (5) 

Po 

56B4.(l3:' 
4794.486 
4:'8:'.:'95 
::816.b6Î 
3481.7\,~ 

::18ü.:'-::":9 
2980.7'::.Jo 
2800.174 
~631. 10~ 
2479.:::75 
2368.~Ol 
~::;68. 2t) 1 

240 

Ot:uectl ve 
Functlon valuE' 

O.:::78:'E+OO 
, o. :::.'S:'7E+()(i 
O.4ù79E+OO 
ü. 4:'1 uE 1-(1(1 

o. '-l _, 2'-lL +':l( J 

t). il4 ':::L.f...f (1) 

(l. 45''':; Ho ... ).) 
O.461'::E+OI) 
O.4681E+(lt) 
O.47:;7E+ü·) 
O.4778E+(X), 
O.4778E+OO 

J' 



" 

OJ,j. 
Function 
9,48EHMJ 

9. 38E+99 

9,29[+99 

8,l9E+99 

9,'6[-81 

Ol i 11\1, rune t itn YS Re t Oft hMP. 

-!l-~~'" 

a.i8EtU8 lia 1 114 .. 1 liS· 1 122 ~. 126 1 139 
112 116 1 9 -1 4 128 

Retorf YeMP (d~g C) 
Press MX· to exit to MeRU Of 
Press t-PrtSc to p~int graph 

0 

• 
a 
1 
x 
.,.. 

+ 
0 

• 
-0 ... 

• 

cool ti~(s) 
5684.&32 

4794.486 

4282.2'5 

3816."7 
.,..3481. 786 

318&.239 

2989.756 
iÜ89;114 

2631.185 , 

247'.375 

2368.291 
-_. __ . ---

... 

( 

0{ 

N-
J:-



Retort 

Temp <r:) 

130.0(1 

Cool ino 

start.s at le:;) 

\ -

2368. 2(' 

Result.s 

Nutrient 

#1 

.. 

. , 

242 
,/ 

, 

Nutrient NutriE 

#4 

o. =.t J c-O'l O.52E-O::': O.77E+O! 

• 



() 

/ 

Process ParaMete~ Tahle 

Initial TeMPerature{deg C) 55 
Water TeMpe~atu~e(deg C) 38 
Slope of Heating Cu~ve{sec) 1999 .~ 
Slope of Cooling Cu~ve{sec) 2999 
Heating Cu~ve Lag Factor 1.5 
Cooling Cu~ve Lag Factor 9 
Total Processing TiMe(sec) 4990 
F-Ualue of MicroorganisM(Min) 2.5 
z-Ualue of MicroorganisM(Min) 1~ 
F-Ual ue of' Nu tri en t ttl (Mi n) 45 
F-Ualue of Nutrient ft2(Min) 35 

, F-Ualue of Nutrient tt3(Min) . 26 
F-Ualue of Nutrient tt4(Min) 66 
z-Ualue of Nutrient ftl(deg C) 4S 
z-Ualue of Nutrient tt2(deg C) 29.8 
z-Ualue of Nutrient ft3(deg C) 49 
z-Ualue of Nutrient ft4(deg C) Il 
Weighting Factor #1 .9 
Weighting Factor #2 .76 
Weighting Factor #3 .5 
Weighting Factor #4 .81 

P~ess IIX" to exi t to Menu or 
Press t-PrtSc to print graph, 

..:. -~ 

, Q 

243 
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R.çtort 
'Femp(C) 

110.000 
112.000 
114.000 
1l6.000 
118.000 
120.000 
122.000 
124.1)00 
126.000 
128.000 
130.000 
1:5.551 

'. .. 

ResLllt!:: 

Cooll ng 
starts at (::' 

" 

4000.')00 
2876.692 
2290.000 
1948.94::-
1680.10:: 

'\, 1487.6.'24 
1335.::'40 
1234.814 
1150.6:5 
1070.555 
1 (1-12.09:-; 
116'),748 

244 

ObJEctl ve 
FL4nct Ion val L\2 

) 

0.4782E-01 
O.5036E-01 
0.52~7E-01 

O.5445E-Ol 
O.5599E-Ol 
0.571 ?E-01 
0.580 lE-CIl 
0.5849E-01 
O.5859E-ül 
O. 58::~E -01 
O.5766E-Ol 
ü.58t:OE-Ô1 

1 

, 

" II 



, 

O~. 
function 
Q. 'lE-81 

8,48[-81 

8,36[-81 

'.24[-81 

8. 12E-81 

", 

• 
ObJ, function vs Retott l'Mt, 

8.88[+88 118 i i 

0 

• 
0 

1 
X 

* + 

0 

• 
<:> 

• 

cooltht(s) 
4818 

2876.692 

2291 

1'48.'43 
1"'.113 

148'.U4 
133'.24 

1234.114 

,115',625 

1118.555 

1112,193 

III Il 

(. 

~ 

N 
r 
V1 
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Re6ul ts 

Fator-t COOIIMC Nutrl ent Nutr-lent Nutr-l G'r.t t-.tut"-l ent 

#4 

,} .. J :l- \ 1. :..:E"'t~111 



APPE'DIX 3 -

program Li st1ngs 

247 

• 
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l _~ ___ " 

APPENDIX 3. 1 

program Listing of AUTOEXEC 

248 

\ . 

.. 



. ' 

,_, 

, . 
**~** AUTOEXEC ~***~ 

.cho off 
*cho PACKAGE STARTUP MESSAGES (DISREGARD) 
superspl lptl:l.a24/b 
superdrv c:/œ=QSO/2 
for ISe ln (alpha alphab alphac alpha. alphal) do copy na' c:' 
for ISb 1n (b:alphad) do copy SSb c: 
graphics 
echa on 
start 

" 



'. '. 

APPEIDIX 3.2 

Prosr8111 Listing of START 

, 
1 

250 

.' 

, " 



.. 

10 -
20 ' 
30 ' 
'40 ' 

START prog!"am 

50 ' Writini system code into STORE1 for HAIN 
\ 60 DEFINT I-N 

70 OPEN "b:store1" FOR OUTPUT AS 
80 NCOQE=O 
90 PRINT'1, NCODE 
100 CLOSE 1 
110 ' 
120 ' Load1ng the Haedonald Logo screeD (MACLOGO.SCR) 
130 KEY OFF 
140 SCREEN 1 
150 COLOR 0,0 
160 DEF SEG = &H8800 
170 BLOAD "b:maeloio.ser",O 
180 ' 
190 'Display time for sereen 
200 FOR ISTALL = 1 TO 13000 
210 IF INKEY$<>"" THEM BEEP ELSE GOTO 230 

251 

220 OH ERROR GOTO 230 'to trap errors due to preaéture keyboard usage 
230 HEXT 
240 ' 
250 1 Loading the T1tIe Page sereen (TITLE.SCR) 
260 CLS 
270 COLeR 9 t 1 
280 BLOAD Wb: titiel. scr" .0 
290 FOR ISTALL = 1 Ta 12000 
300 ON ERROR GOTO 310 
310 IF INKEY$<>"" THEM BEEP ELSE GOTO 320 
320 HEXT 
330 1 

340 CHAIN "main" 

'" 

, . 



252 

lP'ElfD:II 3.3 ' 

Program Listing of HAIN 

" 

f " 



'". 

1~ ., 

20 ' 
30 ' 
40 1 ••••••••• HAIN ••••••••••••• 
50 ' 

253 

60 ' • 
10 , ••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••• 
80 'Variable Listing: 
90 'COMHENT$=the record contents of ALPHA file 
100 'JRECNO=the record number of ALPHA file 
"Q 'NCODE:the 5tart-up code in STORE' 
120 'NOPCODE=the operation code in STORE2· 
130 'NRECCOUNT=the current record number ln file COMMe _ 
140 tNSUBMAIN=the number correspond1ng to the des1red subHAIN 
150 , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••. 
160 ' 
110 'Initialization 
180 DEFINT I-N 
'90 ' 
200 ' 
210 'Setting up the sereen 
220 KEY OFF' 

" 230 SCREEN 0,' 
2~0 Wll>TH 80 . 
250 COLOR 7,',1 :CI,.S 
260 ' 
270 ' 
280 ' OPENING AND READYING ASSOCIATED FILES 
290 OPEN "c:alpha" AS l 
300 F'lELD 1,80 AS OOMHENT$ 
310 ' 
320 ·OPEN "b:commc" AS 2 
330 FIELD 2.80 AS COMMC$ 
340 ' 
350 OPEN "b~storel" FOR INPUT AS 3 
360 ' 
370 OPEN "b:comma" F'OR OUTPUT AS Il 
380 ' 
390 ' 
400 ' SETTING THE POINTER Ta CURRE~T RECORO HUMBER OF COMMe 
410 GET 2,1: NRECCOUNT=VAt(COMMC$) 
420 BLANX$=" ": LSET COMHC$=BLAHK$: POT 2, NRECCOUNT.1 
430 ' 
440 ' \, 
450 ' CHECKING IF IT'S A SESSION RESTART. A CONTINUING SESSION OR NEW SESSION 
460 INPUT'3,NCDDE 
470 ' 
480 ' CONTINUING SESSION: 
490 IF NCODE<>O THEH GCTO 640 
500 ' 
510 ' CHECKING IF IT'S A SESSION RESTART OR NEW' SESSION: 
520 JRECNO= 1 
530 CLS 
540 GOStt.B 1650 
550 IF' JOK<>-l THEN GOTO 520 
560 IF (DY$="n") OR (OY$="N") rHEN GOTO 790 

. 570 t 



\, 

- \ 

580 'SESSION RESTART 
590 ,GET 1,3: LSET COMMC$=COMMENT$: PUT 2,LOC(Z)+1 
600 CLOSE 1,2, 3 ,4 
610 CHAIN "sessrest" 
620 ' 

-630 ' 
640 ' CONTINUING SESSION 
'650 'GET 1,2: LSET COMMC$=COHHENT$; PUT 2,LOC(2)+1 

660 ' 
670 t 

680 ' 
690 ' 

input answers from store 1 

700 OP-tN "b:colll1lb" FOR INPUT AS 5 

710 ' 
720 j 

7)0 i 

711'0 CLOSE 5 
75~ , 
75~GOTO 860 

770 \' 
780 

read info from commb 

790 '\HEW SESSION: 

••• 
••• 

••• 
••• 
'" -

800 G,tT l,II: LSET COHHC$=COHMENT$: PUT 2,LOC(éD+l 
810 " 
820 ' 
830 ' 
840 ' 
850 ' 

.- ASKING QUESTIONS- ANSWERS GO INTO COMMA 

860 ' PRINTING MENU 
870 CLS 
880 GET 
890 GET 
900 GET 
910 GET 
920 GET 

-930 GET 
940 GET 
950 ' 
960 ' 

1,5:. -PRINT COMHENT$ 
1,6: PRINT COHHENT$ 
1,7: PRI NT COHMEtfT$ 
1,3: PRINT COHHENT$ 
1,12: PRINT COMMENT$ 
1,13: PRINT COMMENT$ 
1,14: PRINT COMMEN!$:P.RINT 

97d 'OEIERMINING USER'S SELECTION FROM THE MENU 
980 J RECNO=9 
990 GOSUS 2220 
1000 IF JOK<>-1 THEN GOTO 860 

.. 

/ 

•• 
•• 

! 
! 

254 

1010 IF (VAL(ANSI$»=1) AND (VAL(ANSI$)<=5) THEN NSUBMAIN=VAL(ANSI$): GOTO 1180 

1020 IF VAL(ANSI$)=6 GOTO 1090 
1030 GET 1,10: PRINT COHMENT$ 
1040 GET 1,11: PRINT COHMENT$ 
1050.0UMHM$=Iti)<p,: IF DUHHH$="" THEN GOTO 1050 
1060 GOTO 860-
] 070 ' 
1080 ' 
1090 'Loading the eXl t sereen 
1100 close: CLS:SCREEN 1: COLOR 0,'1 
1110 OEF SEG=&HB800 
1120 BLOAD "b:end.$cn",O 
1130 GOTO 1130 



• 

,,40 t Now have ed ted the package 
1150 ' 
1160 ' 
1110 t CIol!! ing STORE 1 a5 lnput flle 
1180 CLOSE 3 

255 

118~ if nsubmain>l then goto l210 
1184 cls: locate 12,1: pnnt " 
en: print 

sarry - this option i5 not yet availabl 

"86 get l,"! pr1nt comment$ 
1188 dUlIIlIy$=inkey$: if dUrlllly$="" then soto 118B ell!!e goto 860 
1190 
1200 ' 
~210 'STORING INrO IH STOREl THAT WILL TELL HAIN WHERE IT RAS JUST BEEN 
1220 OPEN "b:stôrel" FOR OUTPUT AS 3 
, 230 PRIHTl3. NSUBMAIH 
1240 ' 
1250 ' 
, 260 ' STORING INFO IN STORE2 THAT WILL TELL sl,IbHAIM Ir JUST CAME FROM MAIN 
1270 OPEN "b:store2" FOR OUTPUT AS 6 
'280 HOPCODE=O 
1290 PRIHT'6,NOPCODE 
1300 ' 
, 3'0 ' 
1320 t STORING THE CURRE~T RECORD HUMBER OF COMMe IMTO THE FIRST REC NO OF GaMt1 
C 
1330 NRECCOUNT=LOC(2) 
1340 LSET CQHMC$=STR$(NRECCOUNTJ 
, 350 PUT 2,' 

_ 1360 t 

1370 t 

1380 1 STORING INFO IN COMMA THAT -1S NEEDED aï 3ubHAIH ,. 
139Q , 
'~OO 1 

1410 1 

1~20 1 

wrlte info 1n COMMA 

1430 CLOSE 1,2.3.4;6 
'440 ' 
145Q 1 

1460 'Loading the "Please Wait" sereen 
1470 CLS:SCREEN 1 
1480 CO La ROI 1 
1490 DEF SEG = a.H8800 
1500 BLOAD "b:retort.scr",O 
1510 ON ERROR GOTO 1520 

••• 
••• 

r, ••• 

1520 IF INKEY$<>"" THEN BEEP ELSE Garo 1530 
1530 ' 
1540 ' 
1550 ' CHAINING TO subMAIN PROGRAM CHOSEN FROM HENU 
1560 IF HSUBHAIN= 1 THEM CHAIN "maina~ 
1570 IF NSuBHAI N:=2 THEN CHAIN "mainb" 
1580 IF folSUBHAIN=3 THEN CHAIN "maine" 
1590 IF NSUBHAIN=4 THEM CHAIN "maind" 
1600 IF NSUBHAIN=5 THEN CHAIN "maine-
1610 PRINT "NSUBMAIN ~s not a number from 1 ta 5" 
1620 PRINT "HAIN could not chaln to a ~ubMAIN" 
, 630 PRI NT "MAI N was term1natèd" 
1640 STOP 

/ 

;' ! 
1 < 



1650 ' 
1660 ' 
1670 ' 
1680 ' 
1690' YIN SUBROUTIME 
1700 JOK=O 
17 10 GET 1. J RECNO 

\ 

1720 COMHENT1Y$="You did not enter Y or N ... 
1730 COMHENT2Y$="You dld not enter a value" 
1140 PRINT COMMENT$ 
1750 LIME INPUT "ft ,ANSY$ 
1760 NY=O 
1170 NY = NY+ 1 
1180 DY$=HIO$(ANSY$.HY ,1) 
1190 IF OY$="" THEM GOTO 1860 
1800 IF OI$=" " THEN GOTO 1770 

256 

You entered: " 

1810 IF (OY$="I") OR (OY$="Y") OR (OY$="N") OR (DY$~"n") THEN JOK=-1: RETURN 
1820 PRINT COHMENT1Y$ ,ANSY$ 
1830 GET l,Il: PRINT COHMENT$ 
\1840 DUHHY$=INKEY$: IF DUMMI$:"" THEN _GOTO 1840 
1850 RETURN 
1860 PRINT COHHENT2Y$ 
1870 GET 1,11: PRINI COMMENT$ 
1880 DUHHY$=INKEY$: IF DUMMY$="" THEN GOrD 1880 
189b RETURN 
1900 ' 
1910 ' 
1920 ' 
1930 ' CHECKING FOR REAL NUHBERS 
1940 JOK:O 
f950 GET 1, J RECNO 
1960 COMMENT1R$="You did not enter' a REAL number - You entered: " 
1970 COHHENT2R$="You did not enter a value" 
1980 PRINT COHMENT$ 
1990 LINE INPUT"" ,ANSR$ 
2000 JFLAGR=O 
2010 IFLAGR=O 
2020 JR=1 
2030 NR=LEN(ANSR$) 
2040 IF NR=O THEN GOTO 2,180 
2050 WHILE JR<=NR 
2060 OR$=MID$(ANSR$,JR,n 

'flag ta check that number eXlsts 
'flag to check for d~cimal points 

2070 IF OR$:" " THEN GOTO 2150 , 
2080 IF (ASC(DR$»47) AND (ASC(DR$)C58) THEN JFLAGR=-l: GOTO 2150 
2090 IF DR$="." THEN IFLAGR:IFLAGR+1: GOTO 2140 
2100 PRINT COMMENT-1 R$ ,ANSR$ 
2110 GET 1,II:PRINT COHHEbIT$ 
2120 DUHMR$=INKEY$: IF OÙMMR$="" THEN GOTO 2120 
2130 RETURN 

_ 2140 IF IFLAGR> 1 GOTO 2100 
2150 JR:JR+ 1 
2160 WEND 
2170 IF (OR$O" ") OR (JFLAGR=-t) THEN JOK= ... l: RETURN 
2180 PRINT COMMENT2R$ - , 
2190 GET 1,11: PRINT COHHENT$ 
2200 DUMMR$=INKEY$: IF' OUMMR$="" THEN GOTO 2200 
2210 RETURN ' 

" 



, .. 

-
- ,.; .. 

--L 
\ 

" 

• 

2220 , 
2230 

, 
2240 , 
2250 ' CHECKING FOR INTEGER NUMBERS 
2260 JOK=O 
2270 GET 1,JRECNO 

-~~-, 

2280 COMMENT1I$="You dld not enter· an INT~G..ER value "\ 
2290 COMMENT2I$="you dld not enter a value" 
2300 PRINT COHMENT$ ) 

i, 

2310 LINE INPUT "",ANSI$ 
2320 NI=LEN( ANSI$) 
2330 IF NI=O THEN GOTO 2460 
2340 JI:l 
2350 WHILE JI<=NI 
2360 Dl$=MID$CANSI$,JI,l) 
2310 IF DI$=" Il THEN GOTO 2430 
2380 IF (ASC (DI$) 1+ 7) AN_D ___ .usCqgt1<58) THEN IFLAGI=-1 : 
2390 PRINT COMMENTlI$--;-ANSI$ . 
2400 GET 1,11: PR INT COMME NT$ 
2410 DUMMI$=INKEY$: IF DUMMI$=" Il THEN GOTO 2410 
2420 RETURN 
2430 JI=JI+1 
2440 WEND 
2450 IF (DI$on ") OR (IFLAGI=-l) THEN JOK=-l: RETURN 
2460 P RINT CmlMENT2I$ 
2470 GET 1,11: PRINT COMMENT$ 
2480 DUMMI$=INKEY$: IF DUMMI$="11 THEN GOTO 2480 . 
2490 RETURN 

.. 

\ 

\ 

.. . 

257 

You entered: " 

GOTO 2430 

-



• 
258 

ALPHA 

1 Is this a session restart? (enter Y or N and RETURN) 

2 This is a continuing session 

3 This is a session restart 

4 This i5 a new session 

5 • .. ··MENU·· .. • 

6 Spatial Temp Distribution at one rime - Can or Pou ch 

7 2 Can Center Temps, lethality + Nutrient Destruction - Ball's Hethod 

8 3 Spatial Temps, Lethality + Nutrient Destruction - Pou ch 

T 

9 Select an item from the menu Center to 6 and RETURN) 

10 You did not enter a number between and 6 

11 PRESS ANY KEY TO CONTI NUE 

12 4 Spatial Temps, Lethality + Nutrient Destruction - Can 

13 5 Optimization Module - Nutrient Retentlon in Can 

14 6 EXIT THE PACKAGE 

;' 
, -, • t 

.J 

, ' 

( 

'$ ..... /. 
" 

(. 

--
~ .. .. 

~ 

\ ... 
" 
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Program Listing of HAINB 

.. 

• .P 



15 ' 
20 ' 
25 ' 
30 ' 
35 '1 

-••• .. • .. ···HAINS···· .. •••• 
40 'Initialization and Dlmen~ionlng , 
50 DIM T'EMP(50'), TIHE(S01l. TAVG(SOO} ,RATEL(SOO) ,XLETH(501 r 
55 DI/'!- RATEH(500), XNUTOT(500), FRANUT(50l) 
57 DIH XX(50) ,!Y(50) 
60 ' 
65 ' 
70 '5etting up the text sereen 
15 KEY OfF 

J 
80 SCREEH 0,0,0,0 
85 WIDTH 60 
90 CO LO R 7,', 1 
92 Cl.S 
95 ' 
100 ' 
105 1 opening and readying the auociated f11,:\ 
110 OPEN "c:alphab" AS 1 
115 fIELD 1,80 AS COHMENT$ 
120 ' 
125 OPEN "b:commc" AS 2 ' 
, 30 FI E LD 2.80 AS COMMeS 
135 ' 
1.1jO 1 

1 qs 1 s~ttlng the pOinter ta current record number of cOlline 
150 GET 2,1: NRECeOUHT=VAL( COMMe$) 
155 BLANKS=" ": LSET COM-HChBLAMKS: PUT 2,NRECCOUNT+' 
160 ' 
165 ' 
170 ' Checking lf control has come from MAIN or from SUBs 
175 'OPEN "b:store2" fOR IMPUT AS 3 
180 IN~JTI3.NOPcaDE ,jl 

185 Cl.OSE 3 ' 
190 1 

195 1 Not coml.ng fr,om MAIN: 
200 IF HOPCODE<>O'THEH GOTO, '100 
205 t 

210 t Coming fr~m MAI N: 
215 OPEN "b:collllria" FOR INPUT AS 4 
220 ' 
225 t •• read lnfo from comma" 
?30' , 
235 CLOSE 4 
240 ' 
245 ' 
250 ' Printing the menu 
255 CLS 
260 GET 1,1: 
265 GET 1,2: 
270 GET 1,3: 
275 GET ',4: 
280 GET 1,5: 
285 ' 
290 ' 

P R'INT COMMENT$ 
P RINT COMMENT$ 
PRINT COMMENT$ 
PRINT COMMENT$ 
P RINT COMMENT$ 

, 

1 

260 



295 'determln1ng user t 5 selection from the menu 
300 JRECNO:: 10 
305 GOSUB 2550 
310 IF JOK 0-1 THEM GOTO 250 
315 IF (VAL(1NSU)=II) GOTO 360 
320 IF (V AL( AN SUl)= 1) AND (V AL (AHSIS)<= 3) THEM MODE L= V AL( USa) :NSUB= 1 :GOTO 46 

~ 
325 GET 1,11 
330 PRINT COHHEHT$ 
335 GET ',12: PRINT COMHEHT$ 
340 DUHM"'A$=INKEY$: IF DUHMMA$="n THEN GOTO 340, 
345 GOTO 250 
350 ' 
355 ' 
360 'if want to go straigbt back to MAIN 
365 ' 
370 OPEN "b:colllllb" FOR OUTPUT AS 1 
375 ' 
380 ' •• wrlte l.ofo into b:colllll'lb·" 
385 ' 
390 CLosE 7 
395 ' 
400 CLOSE 1 ,2 
405 ' 
l.I' Q Cl.S: SeREEN 
415 COLOR 4,1 
1120 DEf SEG : !.HBBOJ 
425 BLOAD "b:sandcl.scr" ,0 
4 30 ON ER ROR GOTO Il 3S 
435 IF INKEYS<>"" THEN BEEP ELSE GOTO ~40 
4~0 ' 
1145 CHAI N "MAIN" 
1150 ' 

<"'455 ' 
\460 
\ 65 '1 f want to go to BALLST 
470 ' 
1175 'BALLST argu~nts 
480 ' 

- . 

485 'determinlng and checking food temperature inputs 
490 CLS 
1495 JRECNO :: 13: GOSUS 2390 
500 IF JOK<>-1 THEM GOT.Çl 490 ELSE TIHIT:VAL(ANSR$) 
505 CLS 
510 JRECNO=20: GOSUB 2390 
515 IF JOKO-1 THEN GOTO 505 ELSE TRETRT='IAL(ANSR$) 
520 CLS 
525 JRECNO=21: GOSUB 2390 
530 IF JOKO-1 THEN GOTO 520 ELSE TWATER=VAL(ANSR$)' 
535 IF (TRETRT>=TINIT) AND (TRETRT>=TWATER) THEN GOTO 595 
540 CLS: GET 1,22: PRINT COMMENT$; 
545 GEr 1,23: PRINT COMMENT$ 
550 GET 1,24~ PRINT COMMENT$j , 
555 GET 1,25: PRINT COMMENT$,TINIT 
560 GET 1,26: RINT COMMENT$,TWATER 
565 GET 1,27: P INT COMMENT$, TRETRT 
570 GEr 1,28: P INT: PRINT COMMENT$ 

'-



575 GET 1,12: PRIMT COMMENT$ 
580 DUHHHA$=INKEY$: IF DI,JHHMA$="" TH~ff GOTO 580 

'J 585 GOTO 490 

590 • 
595 "determ1n1ng and checklng t,he t1111e inputs 
600 CLS:JRECNO=31: GOSUB 2550 
605 IF JOK<>-1 THEN GOTO 595 ELSE NBA=VAL(ANSI$) 
610 IF (2<=NBA) AND (NBA<=50l THEN vOTa 630 
6'5 CLS:GET ',36: PRIHT çoMI1EHTS 
620 GET 1, 12: P RINT COMME M1$ 
625 DUMMMA$=INKEY$:IF OUMMMA$="" :-HEN GO:': 625 ELSE :;OT::> 60C 
630 CLS: JRECNO=29: GOSUB 2390 
635 IF JOKO-1 THEN GOTO 630 ELSE TOTIHE=VAUANSR$) 
640 CLS: JRECND=30: GOSUS 2390 
645 IF JOK<>-l THEM GOTO 640 ELSE SOOLTI=VAL(MSR$) 
650 IF (TOTIME>0') AND (COOLTI>O!) AND <TOTIHE>=COOLTI) THEM Goro 700 
655 CU: GET 1.32: PRINT COMMENTS 
660 GET 1,33: PRINT COHMENT$ 
665 ::;ET 1,2 4 : PRINT (;OHMEHTS; 
670 GET ',3": .PRIHT ::OHMENTS;COOLTI 
615 GET 1,35: PRINT ::OHHEHT$;TOT:ME 
680 ::;n ',28: PRIMT: PRIN! ::ClMMENT$ 

_~ 685 GEr ',12: PRIN! ::OMHENH 
690 DUMMMA$=INKEY$::F JUMMMAl="" TH EN :i0!'J 690 ELSE ::;OTO 63:1 

595 ' 

262 

7:)0 'determlnlng and cheCl<l"lg ':.ne ' 1/:51opesJof t.ne heatlng and coollng curves 
7Q5 :1$: J RECNO; 37 : :;OSUB 239:: 
710 :::F JOKo-1 THEN :JOTO ;05 ELSE FH=VALCANSR$, 
715 CLS: JRECNO="2: GOSUS 2390 
720 IF JOKO-1 THEN GOTO 715 ELSE FC=VALCANSR$) 
125 IF (FH>700) AND (FC>700) THEM Garo 7 7 5 
130 CLS: GET ',38: PRIIfT COHMENT$ 
135 GET ',39: PRINT :OMHENTS 
740 GET ',24: PRINT SOMMENTS; 
745 GET , ,40': PRINT '.:OMMENT$ ,FH 
750 GET l,"': PRINT COMMENTS,FC 
755 GET 1,28: PRINT: PRINT COMMENTS 
760 GrT 1,12: PRINT COMMENT$ 
755 DUHHMA$=INKEY$: IF DUHMHA$="" THEN .0 755 ELSE GOTO 700 
770 t 

775. 'determinlng and check1ng the heatlng curve lag factor 
780 IF MODEL> 1 THEM GOTO 810 
785 CLS: JRECNO=43:GOSUB 2390 
79P IF JOKO-1 THEM GOTO 115 ELSE JH!=VAL(ANSR$) 
195 IF JH!>=1' THEN GOTO 830 
800 CLS: GE! 1,44: P RINT COHMENIl'$ 
805 JRECNO=45: GOSUB 2255 
810 IF JOK<>-I THEN GOTO 800 
815 IF (OY$="n") OR (OY$="N") THEN GOTO 830 
820 GET 1,12: PRINT: PRINT COMMENT$ 
825 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 825 ELSE GOTO 775 
830 IF JH!<=8! THEN GOTO 935 
835 CLS: GET ',46: PRINT COMMENT$ é 
840 J~ECNO=45: GOSUB 2265 

845 IF JOK<>-1 THEN GOTO 835 
850 IF (DY$="n") OR (DY$="N") THEN GOTO 935 '\ 
855 GET 1,12: PRINT: PRINT COMMENT$ ~ 

t 



J 

-
860 DUMMMA$= IHlCEYS : IF DUHHMA$="" THEN GOTO 860 ELSt GOTO 775 
865 ' 
870 ' for .odels 2 and 3 
87,5 CLS: JRECNO:48: GOSUS 2390 
880 IF JOKO-l THEM Go-to 875 ELSE JH1:VAL(ANSR$) 
885 IF ABS(JH!-1.866».01 THEM GOro 905 
890 CLS:GET 1.8t:PRIHT COHI'4ENTSi 

, 89S GET 1.80:PRINT COHHENTS: GET 1 .12:PRIHT COHHEMT$ 
900 DUHMHA$:lNKEY$: IF OUHMHA$:"" THEN GOTO ~OO ELSE GOTO 870 
905 IF JHf<>O THEM GOTO 795 
910 CLS: JET ',119: PRINT COMMENT$ 
915 GET 1.28: P RINT COHHEMTS 
920 GET 1 ,12 : PHI MT COMl1E NT$ 
92S DUHMHU=INKEY$: IF DUHHMA$:"" THEN GOTO 925 ELSE "'-" 870 
930 ' 
935 '. deterllli n1ns and checking the cooling curve las factor 
940 IF MODEL<>3 THEM GOTO 1085 
945 CLS: JRECNO=50: GOSUB 2390 
950 IF JOKO-l THEM GOTO 945 ELSE JC!:VALCANS'R$) 
955 IF JCI<>O! THEM GOTO 980 
960 CLS: ,GET 1,51: PRINT COHHENT$ 
965 GET t.2 8: PAl NT ÇQHHENT$ 
970 ::iET 1,12: PRINT COHHENT$ 
975 DUMMMA$=rNKEY$: IF DUHHHA$:"" THEN GOTO 975 ELSE GOTO 9115 
980 IF Je!>:1 THEN GOTO 1015 
985 CLS: GET , ,52: PRINT ::JMMENTS 
990 J RECNO:4 7: ::;OSUB 2265 
995 IF JOK<>-1 THEM GOTO 985 
1000 IF (DYS="n") OR (DYS:"N") THEM GOTO 1085 
1005 GET 1.12: PRINT COHHENTS 
lOlO DUHHMA$=INKEY$: IF DUHHHA$:"" THEM GOTO 1010 ELSE GOTO 945 
1015 IF JCI<=8! THEM GOTO 1050 
1020 CLS: GET 1,53: PRINT SOMMENT$ 
1025 J RECNO=4 7: GOSUB 2265 
1030 IF JOK<>-l THEM GOTO 1020 ~ 

1035 IF (DYS:"M") OR (OY$:"n") ~M GOTO 1085 
10110 GET 1,12: PRINT COt1HEMTS J;.,-
1045 DUHHHA$=INKEY$: IF OUHHMA$:"" THEM GOTO 1045 ELSE GOTO 94\5 
1050 IF ABS(JC!-1.866».01 THEM GOTO 1085 
1055 "CLS: GET 1,79: PRINT COHHENT$; 
1060 GET 1,80: PRIHT COMMENT$ 
1065 GET 1.12: PRIHT COMMENTS 
1070 DUHHHA$=INKEY$: IF DUHHHA$:"" THEN GOTO 1070 ELSE GOTO 945 
1075 1 

1080 ' 
1085 GOTO 21 15 
1090 ' 
1095 1 

263 

1100 OPEN "b: store2" FOR INPUT AS 3 'to aUgn pointer at 1 st rec of STORE2 
1 110 INPUTI3. NSUB. MaDEL, TIN!T , TRETRT ,TWATER, NBA, TOTlME ,COOLTI ,ru, FC ,JH! ,J CI, NSU 
BMAIN 
1115 N=NBA 
1120 CLOSE 3 
1125 1 

1130 1 

1135 ' reading the results from the calculating sua programs from COMM2 
1140 OPEN "e: eomm2" FOR INPUT AS 7 ' 

1 • 



1145 FOR I= 1 TD H 
1150 INPUTI7.TIME(I),TEHPCI) 
1155 MEIT I 
'1160 CLClSE 1 
1165 ' 
1110 ' 
1175 'Gett1ng the FLETH value 
1180 CLS: JRECNO=82: GOSUB 2390 \ 
1185 IF JOKO-l THEM GOTO 1180 ELSE r1.ETH=VAL(AHSR$) 
1190 IF (FLETH>OI) AND (FLETH<=20!) GOTO 1250 
1195 IF FLETH>201 THEM GOTO 1215 
1200 GET 1.83: PRINT COHHENn 
1205 GET ',12: PRINT: PRINT COMMENT. 
1210 OUHMHA$=INKEY$: IF OUHHHA$="" THEM GOTO 1210 ELSE GOTO 1180 
1215 CLS: GET 1,84: PRINT COMMENT$ 
1220 pET l,2~: PRINT COHMENn;FLETH 
1225 JRECNO=85: GOSUB 2265 
1230 IF JOK(>-l GOTO 1215 
1235 IF (DYS:"n") OR (OY$="N") GOTO 1250 ELSE GOTO "80 
, 2-6~ , 
12"5 ' 
1250 'Getting the ZLETH value 
1255 CLS: J RECNO=86: GOSUB 2390 
1260 IF JOKO-l THEM GOTO 1255 ELSE lLETH=VAL(ANSR$} 
1265 IF (ZLETH>OI) AND (ZLETH<=301) GOTO 1325 
1270 IF ZI,.ETij> 3D! THEN GOTO 1290 
1275 (;ET 1,81: PRINT COMMENn 
1280 GET 1,12: PRINT: PRINT COHMENT$ 
1285 OUHHMA$= IHKEYS: IF OUHHHA$="" THEM OOTO 1285 ELSE coro' 1255 
1290 CLS: GET 1,88: PRIHT COHHENTS 
, 295 GET 1,24: PRINT COHHENn i lLETH 
1300 JRECMO=85: GOSUB 2265 
'305 IF JOK<>-l GorD 1290 
1310 IF (DYS="n") OR (DYS:"N") GOTO 1325 ELSE GOTO 1255 
1315 ' 
, 320 ' 
'325 'calculating lethal1ty 

264 

1330 DTIHE = TOTIME/( N-1)1 60! 'to convert seconds into minutes (like F'LETH) 
1332 xleth(l)=O.O r 
1335 FOR K:l Ta N-l 
1340 TA'IG(K) = (TEMP(K)+TEMP(K+l»/ 21 
1345 IF (-121!.TAVG(K})/ZLETH(-35 THEN RATEL(K)=OI: GOTO 1355 
1350 RATEL(K)=1 / SLETH • (10'" ( (-1211+TAVG(K»/ZLETH) ) 
1355 IF K:l THEN XLETH(K+1)=RATEL(K)'DTIHE ELSE XLETH(K.1)=XLETH(K) + RATEL 
(K) 'DTIME 
'365 NEXT K 
1315 ' 
1380 ' 
1385 'Gett1ng the FXNUT value 
1390 CLS: JRECNO=89: GOSUB 2390 
1395 IF JOKO-l THEN GOTO 1390 ELSE FXNUT:VAL(ANSR$) 
1400 IF (FXNUT>OI) AND (FXNUT<=100!) GOTO 1460 
1405 IF FXNUT> 100! THE N GOTO 1425 
1410 GET 1,83: PRINT COMMENT$ 
1415 GET 1,12: PRINT: PRINT COMMENT$ 
1420 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOT a 1420 ELSE GOTO 1390 
1425 CLS: GET 1,90: PRINT COMMENT$ 



1430 GET 1,211: P RIMT COMME H1'$ : FXHUT 
'435 JRECNO=85: GOSUS 2265 
1440' IF JOIC<>-l GOTa 11&25 
1445 IF (OY$::"n ft) OR (DY$="N'") GOTO 1460 ELSE GOTO 1390 
1 "50 1 

1455 ' 
1460 rCetting the Znut value 
1465 CLS: J RECNO=91: GOSUS 2390 
1470 IF JOKO-l THEM GOTO 1465 ELSE ZNUT=VAL(AHSR$) 
1475 IF (ZNUT>O!) AND (ZHUT<=50 1) Goro 1535 
11.180 IF' ZNUT>50! THEN GOTO 150à 
1485 GET 1,87: PRINT COMMEHT$ 
1490 GET 1,12: PRINT: PRIltT COMHENT$, 
1495 DUHMHA$:INKEl'$: IF DUHHMA$="" THEM GOTO 1495 ELSE GOro 1465 
1500 CLS: GET 1,92: PRI NT COMME NTS 
1505 GET 1,24: PRINT COHMENT$; ZHUT 
151-0 JRECNO=85: GOSUB 2265 
1515 IF JOKO-l GOTO 1500 
1520 IF (OY$="n") OR (DY$="N") GqTO 1535 ELSE GOTO 1465 
, 525 t 

1530 ' 
1535 'Calculating the nutr1ent fracUon retained 
1537 franut( 1)= 1.0 
1540 F,OR J= 1 TO N-l 
;SLl5 IF (-1211+TAVG(J»/ZNUT(-35 THEM RATEH(J)::OI: GOTO 1552 
1550 RATEN(J)=l / FXMUT • (10~ ( (-121!.TAVG(J»IZNUT) ) 
1552 IF (12I'RATEN(J)'OTlME) 39 THEM XNUTOT(J)=O!: GOTO 1560 

265 

1555 IF J=1 THEN XHUTOT(J)=ll * lOIA(-121'RATEH(J)*DTIHE) ELSE XNUTOT(J)=~NUT 
OT< J-l) • 101 A(_1 21-RATEN(J) 'DTIHE) 
1560 FRANUT( J+ 1) :: XHUTOT(J) / 11 
1570 HEXT J 
1580 ' 
1581 ' fl 

1582 'Going te Result Oi3play Section 
1583 GOrD 4000 
158!J ' 
1585 ' 
1590 ' Ask if want to go to main or back to 5ub 
1595 CLS: JRECHO=54: GOSUB 2265 
1600 IF JOKO-1 THEN GOTO 1590 
1605 IF (OY$="y") OR (OY$="Y") THEN GOTO 1715 
1610 ' 
1615 'when want to go to MAIN: 
1620 OPEN "b:commb" FOR OUTPUT AS 7 
1625 ' 
1630 '"' write info to commb 
1635 CLOSE 7 
16"0 ' 

, . 

1645 t~tor ing the current record tlumber of COMMe into the first rec no of COMMe 

1650 NRECCOUNT=LOC(2): LSET COMMC$=STR$(HRECCOUNT): PUT 2,1 
1655 CLOSE 1,2 
1660 ' 

. 1665 CLS: SCREEN 1 
1670COLOR 1,1 
1675 OEF SEG = &HB800 
1680 BLOAD "b:sandcl.scr",O 



16-85 ON ERROR coto 1690 
1690 IF INKEY$<>"" THEN BEEP Et.sE GOTO 1695 
1695 ' 
1700 CHAIN "main" 
1705 ' 
1710 ' 
1715 'when want to go back ta SUS used: 
1720 '-changing the arguments used for the SUB: 
1725. H1STTHRU=O 
1730 'determining MODEL wanted 
1735 HOlD = MODEL 
1740 JRECHO=58: NHARKSUB=O: GOSUS 2695 
1745 NEW1=VAL(NEWVALUE$) 
1750 IF (NEW1>=1) AND (NEW1<=3) THEM GOTO 1765 
1755 JRECHO=19: JRECN02=71: HMARKSET=l: GOSUB 2850 
1760 GOTO 1740 
1765 MODEl= NEW1 
1770 ' 0 

1775 'determining temperatures 
1780 OLD=TItHT: J RECHO=60: NHARKSUB= 1: GOSUB 2695 
.~ 85 XHEW 1 = V AL( NE\IV ALUES ) 
1190 OLD:TRETRT: J RECNO=$> 1 :NMARKSUB= 1: GOSUB 2695 
1795 XNEW2= VAL( NE\IV ALUES) 
1800 OLD=TWATER: J RECNO=62 :NMARKSUB= 1: ::iOSUB 2695 
1805 XNEW3=VAL(NEWVALUE$) 
1810 IF (XHEW2>:XNEW1) AND (XNEW2>=ltNEW3lTHEN GOTO 1825 
1815 JRECNO=23: JRECH02=72: NMARKSET=3: GOSUB 2850 
1820 GOTO 1180 
1825 TI NIT= XNEW1: TRETRT= XNEW2: TWATER= XHEW3 
1830 ' 
1835 'determlning time values 
1840 OLD=TOTIME: J RECHO=63: HMARKSUB= 1: GOS~B 2695 
1845 XNEWl = VAL( NEWV ALUE$) 
1650 OLD=COOLTI: J RECNO=64: NMARKSUB= 1: GOSUB 2695 
1855 XNEW2 S VAL(Ni'rlVALUE$) 
1860 IF (XHEW1>O/ AND (XNEW2>0) AND (XNEW1>=XHEW2) THEN GÙrO 1875 
1865 JRECNO=33: R.E.ÇN02=73: "NMARKSET=2: GOSUS 2850 

1870 GOTO 1840 -----\' 
1815 rOTI ME = XNEW1: COOLTI= XNEW2 
1880 ' 
1385 'determlning number of time values 
1890 NOLD=NBA: JRECNO=65: NHARKSUB=O: GOSUS 2695 
1895 NEW1 =VAL( NEW ALUES) h 

1900 If (2<=NEW1) AND (NEW1<=50) THEN GOTO 1915 
1905 JRECNO=36: JRECN02=74: NMARKSET=': GOSUB 2850 
1910 GOTO 1890 
1915 NBA=NEWl 
1920 ' 
1925 'determining (1/s1opes) of heating and cooling curves 
1930 OLD:FH: JRECNO=66: NMARKSUB=1: GOSUB 2695 
1935 XNEW1=VAL(NEWVALUE$) 
1940 OLD=FC: JRECNO=67: NMARKSUB=I: GOSUB 2695 
1945 XNEW2= VAL( NEWV.ALUE$) 

- 1950 IF (XNEW1>700) AND (XNEW2>700) THEN GOTO 1965 
1955 JRECNO=39: JRECN02=75: NMARKSET=2: GOSUB 2850 
1960 GOTO 1930 
1965 FH=XNEW1: FC=XNEW2 



( 

-'L ' 

1970 ' 
1975 'determining lag factor of heating ourve 
1980 OLD=JHf: IF MODEL= 1 THEN JRECNO~68 ELSE JRECNO=69 
1985 NHARKSUB= 1: GOSUS 2695 
1990 nEW1:VAL( HM ALUE$) 
1995 IF (XNEW1>O) THEM GOTO 2015 
2000 IF (MODELOn AHD (XNEW1=0) THEM GOTO 2005 ELSE GOTO 2015 
2005 JRECNO=49: JRECN02=16: NMARKSET=l: GOSUB 2850 
2010 GOTO 1980 
2015 IFHODEL=1 THEM JH!=X'NEW1: GOT02040 ' .. 
2020 IF ABS(XNEW1-1.866».01 THEN JHI:XNEW1: GOTO 2040 
2025 JRECHO=81: JRECN02:16: NHARKSET:l: GOSUIi 2850 
2030 GOTO 1980 
2035 ' 
2040 'determlning lag factor of cooling curve 
2045 IF HODEL<>3 THEN GOTO 2095 , 
2050 OLDaJCI: JRECN0:70: NMARKSUB= 1: GOSUB 2695 
2055 XHEW1=VALCHEWVALUE$) 
2060 IF XNewl >0 THEN GOTO 2075 
2065 JRECNO=51: JRECN02=17: GOSUB 2850 
2070 GOTO 2050 
2075 IF ABS(XNEW1-1.866».01 THEN JCh,XNEW1: GOTO 2095 
2080 JRECNO=79: JRECN02=77: NHAR!CSET= 1: GOSUB 2850 
2085 GOTO 2045 
2q90 ' 
2095 1 setting nsub equal to first time through 
2100 NSUB=l 
2105 1 

2110 1 

2115 1 copying arguments into COMMI to run the SUB chosen 
2120 OPEN "c:comml" FOR OUTPUT AS 6 
2125 NSUBHAIN=2 

267 

2130 P RINTl6. MODEL; TIH11 ;TRETRT;TWATER; NBA; roTIHE; COOLT 1: FH; Fe; JH! ; JC 1 ; NSUBMAI N . , 

2135 CLOSE 6 
2140 1 

2145 ' 
2150 1 puttlng lnfo into STORE2 to tell HAINS what SUB Lt cha1ned to 
2155 OPEN "b:store2" FOR OUTPUT AS"3 " 

_ 2160 PRINTl3. NSUB:MODEL;TINIT ;TRETRT; TWATER; NBA; TOTIME; COOLrI; FH ; FC; JH 1; JCLj1ŒU 
BHAIN 
2165 CLOSE :3 

'2170 1 

2115 ' 
2180 'storing the curl"ent record number 'of COMMe into the fir3t rec no of COMMC 

2185 NRECCOUNT=LOC (2): LSET COMMC$=STR$ (NRECCOUNT): PUT 2,1 
2190 l '\ 

2195 CLOSE r,2-
2200 1 

2205 1 

2210 'Dlsplaying "Plea3e Wa1t" 
2215 CLS:SCREEN 1,0,0,0 
2220 caLOR 5,1 
2225 DEF SEG = &HB80a 
2230 BLOAD "b:clock.scr",Q 
2235 ON ERROR GOTO 2240 

symbol 

" 

-. 

(J 



.. . 

, , 

22110 IF INKEY$<>"" THEN BEEP ELSE GOTO 2245 
2245 1 

2250 1 chalnlng to BALLST 
2255 CHAIN "BALLst" 
2260 STOP 
2265 ,. 
2267 1 

2269 1 

2211 1 

2273 ' 
2275 'getting and checklng Y/~ SUBROUTINE 
2277 JOI<=O 
2279 GET 1,JRECNO 
2281 OOMMENT1Y$="You did not enter t or N -
2283 COMMENT2Y$="You did not enter a value" 
2285 PRINT COMMENT$; 
2287 LI~E INPUT "",ANSY$ 
2289 JY=O . 

-2291 JY : JY+ 1 
2293 DY$=MID$(ANSY$,JY, 1) 

2295 IF DU="" THEN GOTO 2309 
2297 IF OY$=" ." THEN GOTO 229 1 

268 

. - -You entered: " 

2299 IF. ("oUc:"Y") OR (OY$="y") OR (DY$="N") OR (DU="n") THEM JOK=-l.: RETURN 
2301 PRINT COHHENT1Y$,ANSY$ . 
2303 GET 1,12: PRINT: PRI~T GOMMENT$ 
2305 DUHMY$:;:!NKEY$: IF DUMMY$='tr' THEN GOTO 2305 
2-)07 RETURN 
2309 PRINT COHMENT2Y$ 
2311 GET 1, '2: PRINT: PRINT COMMENT$ 
231.3 OUMHY$=INKEY$: IF, OUMHY$="" THEN GOTO 2~13 
2315 RETURN 
2390 ' 
2392 ' 
2j94 ' 
2396 ' getting and CHEGKING FOR REAL NUHBERS 
2398 JOK=O 
2400 GET 1 ,J REGNO 
21.J02 COMHENT' R$="You d1d not enter il REAL number' 
2404 COHMENT2R$="you did not enter a value" 
2406 PRINT COMHENT$; 

You entered: " 

2408 LIME INPUT"",ANSR$ 
?410 JFLAGR=O 
2412 IFLAGR-=O 

1 flag to check that number exists 
'flag to check for decimal points 

24t4 JR=l 
2416 KR=LEN(ANSR$) 
24 la IF KR=O, THEN GOTO 2446 
2420 WHILE JR(=KR 
2422 OR$=MID$(ANSR$,JR,) 
2424 IF DR$=" " THEN GOTO 2440 
2426 IF (ASC(DR$»47) AND (ASC(DR$)<58) THEN JFLAGR=-1: GOTO 2440 
2428 IF DR$="." THEN IFLAGR= IFLAGR+ 1: GOTO 2438 
2430 PRINT COMMENT1 R$ ,ANSR$ 
2432 GET 1,12: PRINT: PRINT COHHENT$ 
2434 DUMHR$=INKEY$: IF DUHMR$='''' THEN GOTO 2434 
2436 RETURN 
2438 IF IFLAGR> 1 GOTO 2430 
2440 JR=JR+l 

" 



2442 WEND 
2444 IF (DRSO" ") OR (JFLAGR=-1) THEN JOK=-1: RETURN 
2446 P RINT COHHENT2R$ 
2448 GET 1,12: PRINT: PRINT COHMENT$ 
2450 DUHHR$=INKEYS: IF. DUHHR$="It THEN GOTO 2450 
2452 RETURN 
2550 ' 
2552 ' 
2554 ' 
~556 'gettwg and CHECKING FOR INTEGER NUMBERS 
/2558 JOK=O 

2560 IFLAGI=O 
2562 GET l,JRECNO 
2564 COHMENT1I$="You d1d not enter an INTEGER value - You entered: " 
2566 COHMENT2I$="you .d1d not enter a value" 
2568 PRINT COHMENT$j 
2570 LINE INPUT "",ANSI$ 
2572 Nl=LEN(ANSI$) 
2574 IF NI=O THEN GOTO 2600 
2576 JI: 1 
2578 WHILE JI<=NI 
2580 DI$=HID$(ANSI$,JI, 1) 
2582 IF 01$=" " THEN GOTO 2594 
2584 IF (ASC(DI$1>47) AND (ASC(QI$)<58). THEN IFLAGI=-l: GOrO 2594 

'2586 PRINT COMMENTlI$',ANSU 
2588 GET 1,12: PRINT: PRINT COMHEHT$ 
2590 DUMMI$=INKEY$: IF DUMMI$="" THEN GOTO 2590 
2592 RETURN 
2594 JI=JI+l 
2596 WEND 
2598 IF (01$<>" ") OR (IFLAGI=- 1) THEN JOK=-l: RETURN 
2600 P RINT COHHENT2I$ 
2602 GET 1,12: PRINT: PRINT COHMENT$ 
2604 DUHMI$=INKEY$: IF DUMMI$="" THEN GOrO 2604 
2606 RETURN 
2695 ' 
2697 ' 
2699 ' 
2701 ' ( 
2703 r Table Creation subrout1ne 
2705 IF N1STTHRU=1 GOTO 2725 
2707 NROW';-7: NCOLUMN= 1 <C 

2709 SCREEN 0,0,1,1 
271\ CLS 
2713 'prlntlng table heading 
2715 GET 1 ,55:PRINT COMMENT$ 
2717 GET 1 ,56:PRINT COMMENT$j 
2719 GET 1 ,57:PRINT COMMENT$ 
2721 GET 1 ,59:PRINT COMMENT$ 
2723 N1STTHRU=1 
2725 LOCATE NROW,NCOLUMN 
2727 GET 1,JRECNO 
2729 BLANK$ =" " 

269 

2731 NBLANK = INSTR (CO~ME NT$ , BLANK$) 

2733 FINAL$=LEFT$(CO~MENr$,NBLANK-1) 
2735 IF IDIFF:1 THEN DIFF$=STR$(OLD): PRINT FINAL$;TAB(53);VAL(DIFF$)jTAB(61)j: 
GOTO 2739 

.' 

\ 



-' 

'. 

, '-

"J .. 

270 

2737 IF NMARKSUB=l THEN PRINT FINAL$jTAB(S3)jOLDjTAB(67)j ELSE PRINT FINAL$;TAB 
(53);NOLO;TAB(67) ; 
2739 I.IME INPUT NEWVALUE$ 
2741 NRTEMP=CSRLIN: NCTEMP=POS (0) 
2743 IF LEN(NEWV ALUE$):O THEN GOTO 2753 
2745 IF NMARKSUB= 1 THEN GOSUB 2985 ELSE GO UB 3095 
2747 IF (tiOK=-1) THEN NROW=CSRLIN: NCOLU =POS(O): RETURN 
2749 LOCATE NRTEMP-l,NCTEMP:PRINT " 

":LOCAT .NRTEMP-l, NCTEMP 
' .... --~'--\ 2751 GOTO 2735 

2753 LOCATE NRTEMP-l,NCTEMP:PRINT " 
":LOCATE NRTEMP-l', NCTEMP 

2755 IF IDIFF=l THEN NEWVALUE$=STR$(OLD): PRINT F'INAL$;TAB(53)jVAL(DIFF$);TAB(6 
7) j V AL ( MEWV AUJE$ ) : GOTO 2759 
2757 IF NHARKSUB=1 THEN NEWVALUE$=STR$(OLD):PRINT FINAL$jTAB(53)jOLDjTAB(67)jVA 
L ( NEW ALUE$) ELSE NEWV ALU E$=STR$ (HOLO) : PRINT FINAL.$ jT AB( 53) j NOLOj T AB ( 67) jV AL (HE 
WV ALUE$) • 

2759 NROW=CSRLIN: NCOLUHN::POS(O) 
2761 RETURN 
2850 ' 
2852 ' 
2854 ' 
28'56 ' 

. 2858 ' Erase Llnes ln table and show error page subroutine 
2860 SCREEN ,,2,2 
2862 CLS 
2864 GET l,JRECNO: PRINT COMMENT$j 
2866 GET 1,24: P RI NT COMME NT$; 
2868 GET l,JRECN02: PRINT COMMENT$j 
2870 IF NHARKSETO 3 THEN GOTO 2874 
2872 IF NHARKSUB::1 THEN PRINT XNEW1,XNEW2,XNEW3:GOTO 2880 ELSE PRINT NEW1,MEW'2, 
NEW3:GOTO 2880 
2874 IF NMARKSET< >2 THEN GOTO' 2878 
2876 IF NMA1KSUB=1 THEN PRINT XNEW1,XNEW2:GOTO 2880 ELSE PRINT NEW1,NEW2: GOTO 
2880 
2878 IF NMARKSUB= 1 THEN P R INT XNEW1 ELSE PRINT NEW1 

GET 1.12 2880 
2882 
2884 
2886 
2888 
2890 

PR INT: PRINT ÇOr-·1MENT$/ 
DUMMEL$=INKEY$; IF DUMMEL$="" 
SCREEN .,1, 1 

THEN GOrO 2884 

LOCATE NROW, NCOLUMN 
LOCATE NROW- 1 , NCO LUMN: PRI NT " 

": LOCATE NROW-l,NCOLUMN 
2892 
2894 

2896 
2898 

IF NMARKSET= 1 THEN GOTO 2900 
LOCATE NROW-2, NCOLUMN: PRINT " 

":LOCATE 
±F NMARKSET=2 THEN GOTO 2900 
LOCATE NROW-3, NCOLUMN: PRINT " 

NROW-2, NCOLUMN 

": L9CATE NROW-3,NCOLUMN 
2900 NROW=CSRLIN: NCOLUMN=POS(O) 
2902 RETURN 

2985 ' 
2987 ' 
2989 ' 
2991 ' 
2993 'checking Rea12 numbers (in table) 
2995 NOK=O 

" 

" 



2997 JFLAGR2::0 
2999 IFLAGR2::0 
3001 JR2= 1 
3003 NR2::LEN( NEWVALUE$) 
3005 WHILE JR2=<NR2 
3007 DR2$::MID$(NEWVALUE$,JR2,n 
3009 IF DR2$::" " THEN GOTO 3019 
3011 IF DR2$="." THEN IFLAGR2::IFLAGR2+1: GOTO 3019 
3013 IF (ASCCDR2$»47) AND (ASC(DR2$)<58) THEN JFLAGR2=-1: GOTO )019 
3015 NOK=O 
3017 RETURN 
3019 IF'IFLAGR2>1 THEN NOK=O: RETURN 
3021 JR2=JR2+1 
3023 WEND 
3025 IF JFLAGR2=0 THEN NOK=O ELSE NOK=-1 \ 
3027 RETURN 
3095 ' 
3097 ' 
3099 ' 
3101 ' 
3103 " checking Integer2 numbers (in table) 
3105 NOK=O 
3107 IFLAGI2=O 
3109 NI2=LEN (NEW ALUE$) 
3111 JI 2= 1 
3113 WHILE JI2<=NI2 
3115 DI2$=MID$(NEWVALUE$ ,JI2, 1) 
3117 IF DI2$=" " THEN GOTO 3123 
3119 IF (ASC(DI2$»47) AND (ASCCDI2$)<58) THEN IFLAGI2=-1: GOTO 3123 
31221 NOK=O: RETURN 
312jj JI2=JI2+ 1 
3125 WEND 
3127 IF IFLAGI2:0 THEN NOK=O ELSE NOK::-1 

3185 
3190 1 
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3129 ~ETURN • ~ 

~~;; : "1'1' "**'1'**11'*'**'**1' *I**II~'*"II*'**'" •• ~II "G'*"", ~"*IIJ"'"' .. 
4005 v 

4010 1 RESULTS DISPLAY SECTION' 
4015 1 

4020 SCREEN 1,0,0,0:COLOR 9,1 
4021 ' 
4022 ' 
4023 ' common variable ini tlalization 
4024 DUMMY1 =0 
4025 XXMAX=TOTIME 
4026 XXMIN=O 
4028 Nn=6 
4030 ' 
4031 'Wntwg the results display menu 
4035 ' 
4040 CLS:LOCATE 1,1 
4045 GET 1,100:GOSUB 5165:PRINT COMMT40$; 
4050 LOCATE 2,1 
4055 GET 1,101 :GOSUB 5165: PR INT COMMT40$; 
4060 LOCATE 4,1 

o 

,/ 



n 

"065 GET 1,102: GOSUB 5'65: P RINT COHMTll 0$; 
"070 L,OCATE 6,1 
"075 GET 1,104:GOSUB 5165:PRINT COMMT40$; 
4080 LOCATE 8,1 • 
4085 GET 1,148: GOSUB 5'65: PRINT COHMT40$; 
"086 LOCATE 10.' 
4087 GE'F 1,149:GOSUB 5165:PRINT COMMT40$; 
4088 LOCATE 12,1 
4090 GET l,150:GOSUB 5165:?RINT COMMT40$; 
4091 LOCATE .14,1 
4092 GET ',1S1:GOSUB 5165:PRINT COHMT40$; 
4093 LOCATE 16,1 
4094 GET 1,103:GOSUB 5165:PRINT COHMTllO$; 
4097 LOCATE 18,1 :GET 1, 105:GOSUB 5165:PRINT 
4098 LOCATE 23, 1 
4100 GET ',106:GOSUB 5165:PRINT COHMT40$: 
4105 ' 
4110 ' 
4115 'Gettlng the user's cholce from menu 
4120 GOSUB 5145 

--
2,72 

COHMT40$; 

4125 IANSR:VAL(IANSR$):IF (IANSR>=1) AND (IANSR<=8) 
24.1 :BEEP: GEr 1, 160 :GOSUB 5-165: PRINT COHHnD$; :GOTO 
41 30 IF IAN SR= 1 THEN GOTO 4151 1 t lme-temp <gr~J?h 
4135 IF IANSR=2 THEN GOTO 4151 'time-temp table 

THEN GOTO 4130 EJ...SE ~lE 
4120 .." '~ç (' 

4140 IF IAtlSR=3 THEN GOTO 4180 'lethality-time graph 
4141 IF IANSR=4 THEN GOTO 4180 'lethal1ty-time table 

; _,' 1 ~ 

4142 IF IANSR=5. THEN GOTO 4206 'nutrient-fraction-time graph 
4143 IF IANSR=6 THEN GOTO 4206 'nutrient-fractlon-time table 
4144 IF IANSR=7 THEN GOTO 4580 'process parameter, table 

" 4145 GOTO 4930 
4146 ' 
4150 ' 
4151 ' time-temp Initializlng part 
4155 CLS: NXX=NBA: IF IANSR=1 GOTO 4160 ELSE GOTO 4172 
4160 YYHVAR=150!: YYLVAR=OI 
4163 FOR 1=1 TO NXX 
4166 YY(I)=TEMP(I) 
4169 jJXT l 
4110 tIIfREC1=1 01:1 REC2= 1 08:IREC3== 109:GOTO 4233 
4172 1REC4=136:FOR 1=1 Ta NXX:XX(I)=TIHE(I) :YY(I)=TEMP(I) :NEXT:GOTO 4668 
4174 ' ~ 

4175 ' 
4180 ' lethal1ty-time initializing part 
4185 CLS: NXX=NBA: IF IANSR=3 GOTD 4181 ELSE GOTO 4196 
4187 YYHVAR=21: YYLVAR=OI ' 
4190 FOR 1=1 TO NXX 
4192 YY(I)=XLETH(I) 
4193 NEXT t 
4195 IREC1:141:IREC2:142:IREC3==109:GOTO 4233 
4196 IREC4=143:FOR 1=1 TO Nxx:XX(I)=TIHE(I):NEXT 
4198 FOR 1=1 TO NXX: YY(1)=XLETH(I): NEXT: GOTO 4668 
4200 ' 
4202 ' 
4206 ' nutrient-time Initiallzing part 
#208 CLS: NXX=NBA: IF IANSR=5 GOTO 4210 ELSE GOTO 4220 
4210 YYHVAR=11: YYLVAR=O! 

'4212 FOR 1=1 Ta NXX 



4214 YY(I)=FRANUT{I) 
"216 NEXT l 

1 

"218 IREC1=152:IREC2=153:IREC3=109:GOTO 4233 
"220 IREC4=154:FOR 1=1 TO nxx:XX(I)=TIME(I): NEXT 
"222 FOR 1= 1 rD NXX: YY( I) =FRANUT( I): NEXT: GOTO 4668 
11231 ' 
4232 ' 
4233 ' calculating x-array AI 
4234 DXX=XXMAXI/CSNG( NXX-1) 
4235 FOR 1=1 ra NXX' 
4237 XX(I)=CSNG«I-l)*DXX) 
4240 NEXT l 
4242 GOSUB 6000 
4245 ' 
4250 ' 
4545 ' Going to the parame ter table . . 

273 

4555 LOCATE 24,1:GET 1,111:GOSU8 5165:PRINT COHMT40h:LOCATE 24,22:PRINT CHR$(2 
4); :GOSUB 5010 
4565 IF IFLAG=l THEN GOTO 4021 ELSE 4930 
4570 ' 
4575 ' 
4580 ' Process parameter table 
4585 CLS:NROW=7 
4590 LOCATE 2,1:GET 1,113:GOSUB 5165:PRINT COMMT40$;:LOCATE 3,1 :GET 1,114:GOSUB 
5165:PRINT COMMT40$; 

4595 GEr 1,1 1S:GOSUB S165:VAR$=COMMT40$:VAR!::TINITI :GOSUB 4980 
4600 GET 1,116:GOSUB 5165:VAR$=COMMT40$:VARI=TRETRTI:GOSUB 4980< 
4605 GET 1,117:GOSUB 5165:VAR$=COMMT40$:VARI=TWATERI:C,iOSUB 4980 
4610 GET 1,,1 18:GOSUB 5165 :VAR$=COHMT40$:VARI =FH! :GOSUB 4980 
4615 GET " 119:GOSUB 5165:VAR$=COMMT40$:VARI=fCI :GOSUB 1.1980 
4620 GET " 120:GOSUB 5165:VAR$=COHMT40$:VARI=JHt :GOSUB 4980 

-4625 GET 1,121:GOSUB 5165:VAR$=COHMT40$:VARI=JCI:COSUB 49'80 
4630 GET 1, 122:GOSUB 51-6p:VAR$=COMMT40$:VARI=TOTIMEI:GOSU8 4980 
4635 GET 1,123:GOSUB 5165:VAR$=COHMT40$:VARI=COOLTII:GOSU8 4980 
4640 GET 1,124:GOSUB 5165:V'"AR$=COMMT40$:VARI=NBA:GOSUB 4980 
4641 GET " 144:GOSUB 5165 :VAR$=COMMT40$ :VARI =FLETHI :GOSUB 4980 
4642 GET l, 145:GOSUB 5165:VAR$=COHMT40$:VAR! =ZLETH! :GOSUB 4980 
4643 .GET 1.1 46:GOSUB 5165: V AR$=COMMT40$: VAR! =FXNUT! :GOSU B 4980 
11644 GET l,1141:GOSUB 5165:VAR$=COMMT40$:VARI=ZNUTJ:GOSUB 4980 
4650 ' 
4655 ' 
4660 ' deciding on the next step: graph or menu 
4665 LOCATE 24,1:GET 1,111:GOSUB 5165:PRINT COMMT40$;:LOCATE 24,22:PRINT CHR$(2_ 
4); :GOSUB 5010 
4666 IF IFLAG=1 THEN GOrO 4021 ELSE 4930 
4667 ' c 

4668 ' this is the table section 
4670 SCREEN 2:SCREEN O,O,O,O:COLOR 7,1,1 
4675 ' 
4680 ' 
4585 ' listing of the results in tabular form 
4690 CLS 
4695 LOCATE 1,1 
4700 GET 1, 125:GOSUB 5165:PRINT COMMENT$; 
4705 FOR I= 1 TO 19 
4710 GET 1,126:PRINT COMMENT$; 
4715 NEXT l 



4720 LOCATE 4,1 
4725 GET 1,127: PR INT COMME NT$ j 
4730 LOCATE 20,1 

01H35 GE! 1, 127:PIHNT COMMENT$: 
117110 LOCATE 3,1 
4745 GET 1, IREC4:PRI NT COHMENT$j 
4750 NROW=4: NPAGE=': ISET = 1 
4755 FOR I=ISET TO NXX+l 
11760 NROW=NROW., 
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4765 IF (I+NPAGE)/NPAGE >16 THEN NROW=4:NPAGE=NPAGE+l: ISET=I: GOTO 4790 
4770 IF I=NXX.l GOTO 4890 
4175 LOCATE NROW,12:PRINT XX(I):LOCATE NROW,53:PRINT yy(1) , 
11771 NEXT l , 
4790 LOCATE 21,1:GET 1,131:PRINT COMMENT$; 
11795 LOCATE 23,1: GET 1,135: PRINT COMMENT$:: LOCATE 22,1: GET 1.~Jl': PRINT COM 
MENT$;: LOCATE 22,48: PRINT CHR$(2lJ); 
4800 LOCATE 23,1:GET 1,128:PRINT COMMENT$; 0 

"11805 ' 
4810 ' 0 

4815 ' decidihg if the user wants to see next page. print table or exit to menu 
( 

ANSR$=INPUT$( 1) 
IF ANSR$::"Y" OR ANSR$="y" GOTO 4855 
IF ANSR$="N" OR ANSR$="n" THEN COLOR 7,1,1 :CLS:GOTO 4020 

4820 
4825 
4830 
4835 
820 
4840 1 

COLOR 20,1,1:8EEP:LOCATE 23,1:GET 1,129:PRINT COMMENT$;:COLOR 7,1,1:GOTO 4 

4845 ' 

, 
4850 ' clearing the page for next page of table 
4855 LOCATE 21,1: GET 1,135: PRj.NT COMMENT$j 
4860 LOCATE 22,1: GET 1,135: pKIN! COMMENT$; 
4865 LOCATE 23,1: GET 1,135:/ PRIN! COMMENT$ j 
4870 LOCATE 5,1 :FOR IK= 1 TO 1 $ 
4875 GET 1,126:PRINT COMMENT$; 
4880 NEXT IK 
4885 GOTO 4155 
4890 NROW = 21 
4895 FOR 1= 1 TO 5 
4900 GOSUB 4925 
4905 NROW=NROW.l 
4910 NEXT 
4915 LOCATE 22,1:GET 1,130:PRINT COMMENT$;:LOCATE 22,28:PRINT CHR$(211)::LOCATE 
23,1 :GET 1,133:P RINT COMMENT$ j : ANSR$= INKEY$: IF ANSR$="" THEN 4915 
4920 COLOR 7,1,1 :CLS:GOTO 4020 
4925 LOCATE NROW, 1: P R INT " 
j: RETURN 

4930 ' 
. 4935 ' 

4940 ' exi t to the MAI NB progr am 
4945 CLS:SCREEN 2:SCREEN O:COLOR 7,1,1: GOTO 1584 
4950 ' 
4955 ' 
4960 1 returning to graph or results display menu 

'-. 
4975" STOP 
4980 ' 
4985 ' 

" ' 

4990 'subroutine to position process parameters in table 

" 



~995 l.OCATE NROW,l:PRI,NT VAR$:LOCATE NROW,32 
4997 PARAM$=STR$(VAR)": PARAM$=LEFT$(PARAM$,8): PRINT PARAM$; 
5000 NROW=NROW+ 1 
5005 RETURN 
5010 ' 
50154 

, 

5020 ' error checking subroutiDe 
5025 ANSR$=INPUT$( 1) 
5035 IF ASC(ANSR$)=88 OR ASC(ANSR$}=120 THEN IFLAG=1 :RETURN 
5040 BEEP:I..OCATE 25,l:GET 1,164:GOSUB 5165:PRINT COMMT40$j:GOTO 5025 
5045 RErURN 
5130 ' 
5135 1 

5140 1 error-checking subroutine for integers (results display section) 
5145 IANSR$:INPUT$(1) 
5150 IF ASC(IAN5R$»:=49 AND ASC(IANSR$)<=58 THE;.N IFLAG:-l ELSE IFLAG=O 

27.5 

5155 IF IFLAG=O THEN LOCATE 24,l:BEEP:GET 1,162:G05U8 5165:PRINT COMMT40$;:GOTO 
5145 

5160 RETURN 
5162 1 

, 5163 1 

51611 1 subrout1ne to reduce the slze of the record 
5165 COHMT40$=LEFT$(COMMENT$,39) :RETURN 
5170 1 

6000 CLS 
6020 1 drawing the graph 
6040 1 

6055 1 calculat1ng yymax & yymin 
6060 YYMIN=YY( 1) :YYMAX=YY( 1) 
6065 FOR 1=2 TO NXX 
6070 IF yy(I)( YYMIN THEN YYMIN=!Y(1) 
6075 IF YY(I»YYMAX THÉN ïYMAX::ïY(I) 
6080 NEXT ' 
6085 1 

6090 1 

6095 1 drawing x and y axis 
610t L1N~(33,140)-(283,140),1 
6105 L1NE<33,140)-<33,16),1 
6110 NXXPIX=-(250/(11-1» 
6115 NYYPIX=-( 1211/ (NYY-l» 
6120 1 

6125 1 

6130 1 loop for drawing xbars and xnumbers on graph 
6135 FOR 1= 1 Ta 11 
6140 tfXXPIX=NXXPIX+(250/(11-1» 
61112 XXAX1S = INT( (1-n • (XXMAX/(11-1» 
6 , 46 DUMMYl :DUHMY1 + 1 
6147 IF DUHMY1:: 3 THEN DUMMYl = l ' 
6148 IF DUMMY1::1 THEN NROW:19:LINE(33+NXXPIX,140)-<33+NXXPIX,145),1 : NCOLUM=INT( 
3+(NXXPIX/t:96» ELSE NROW:20:LINE(33+NXXPIX,140)-(33+NXXPIX,155),1 :NCOLUM=INT( 
2+(NXXPIX/7.96» 
6149 IF I=1 THEN LOCATE 19,3:PR1NT XX!(l) 

·'6150 LOCATE NROW,NCOLUH 
6151 PRINT XXAX1S 
6152 -NEXT 
6155 1 

6160 ' 



6165 ' drawing the axis titles 
6110 l.DCATE 1,1 
6115 GET 1 ,IREC1:GOSUB 5165:PRINT CDMMT40$; 
618'0 l.OCATE 2,1 , " 
6185 GET 1, IREC2:GOSUB 5165 :PRINT COMMT40$; 
6190 ,LOCATE 21,1 
6195 ~ET 1 ,1REC3:GOSUB 5165:PR1NT COMMT40$; 
6200 ' 
6205 ' 
6210 'draw1ng the y numbers on graph 
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, ' 

6215 IF YYHAX>YYHVAR OR.YYM1N<YYLVAR THEN 6220 ELSE YYMAX=YYHVAR:YYMIN=YYLVAR:G 
OTO 6220 
6220 YYSPACE=«rYMAX-rYM1N)/(NrY-l» 
6225 rYMIN2=YYMIN 
6230 FOR 1=1 TO NYY 
6235 NYYP1X=NYYPIX+(124/(NYY-1» 
6240 NROW=1NT(18-(NrYP1X/1.96» 
6245 IrYMIN$=STR$(YYMI~2) 
'6250 NCHAR=LEN( IYYMIN$) 1 

6255 IF ASC(MID$(IYYMIN$,1,1»=32 THEN IYYMIN$=MID$(IYYMIN$,2,NCHAR-l):IYYMIN=V 
AL(IYYMIN$) 
6260 IF NCHAR>4 THEM 1YYM1N$=M1D$(IYYMIN$,1,4):1YYMIN=VAL(IYYM1N$) 
6265 LOCATE NROW, 1 
6270 PRINT IYYMIN$ 
6275 YYMIN2=YYMIN2+YYSPACE 
6280 LINE(26,140-NYYPIX)-(32,140-NYYPIX),1 
6285 NEXT 
6290 FOR 1= 1 Ta NXX 
6295 XX(I)=33+«(XX(I)-XXMIN)/(XXMAX-XXMIN})'Z50) 
6300 YY(I)=140-«(YY(I)-YYMIN)/(YYMAX-YYMIN»i124) 
6305 ~EXT 
6310 FOR 1=2 TO NXX 
6315 LINE(XX(I-l),YY(I-1»-(XX(I),YY(I»,3 
6320 HEXT 
6325 FOR 1= 1 TO NXX 
6330 LINE(XX(I)-2,YY(I)-2)-(XX(I)+2,rY(1)+2),2 
6335 LINE(XX(I)+2,YY(I)-2)-(XX(I)-2,YY(!)+2),2 
6331 NEXT 
6338 COOLXX=33+ ( (COOLTI-XXHIN) / (XXMAX-XXM1N) ) '250 
6339 HLINE=1401 
6340 FOR 1= 1 TO 13 
6342 LI~E(COOLXX,YYLINE)-(COOLXX,YYLINE-5),':YYLINE=YYL1NE-l0:NEX! 
6345 RETURN 
6350 ' ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1 



ALPHAS . 

....... H f NU ..... •• 

2 BalI' s Ba:s1c Hethod - log heating, hyp & log ooo11ng 

3 2 

4 3 

ttod1f1ed Ball's Hethod - hyp & log heating, hyp & log 0001.1ng 

Hore General Hethod - hyp & log heatlng, hyp & l6g coo11ng 

Ex1 t to MAIN Selection Menu (contain lng can/pouch choice) 

6 

7 .. 

J:,,"- 8 
) .... ':.. -~ ..... 

, 

9 

" 

10 Select an item from the menu (en ter 1 to 4 and RETURN) 

11 YQu d1d not enter a number between 1 anq 4 

'12 PRESS ANY KEY TO CONTINUE 

13 What 15 the Initial Temperature of the food (deg C) ? 

14 

15 

16 

17 

18 

19 The model number must be between 1 and 3 

20 What 1s the Retort-Te erature (deg C) ? 

21 What ls the Coollng Water emperature (deg C~ ? 

22 There 15 a Problem w1th Tempera e Inputs 

~"-
23 The Initial and Cool1ng Water Temp. must',be ( : Retort Temp. 

24 You entered the, following values: 

25 ,Initial Temperature: 

26 Cooling Water Temperature: 

27 Retort Temperature: 
1 

28 p~ease trr again 

l \ ' 
( \ 

\ 
\ 

Q 

\ 

1 

1 

29 What 18 the Total Modelling Time (heating and coo11ng t1me) in seconds? 
1 , 



'. 

1 
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30 At what time 101111 Cool1ng start (1n seconds) ? '" 

31 How many TIME values do you want (must be >=2.<=50 including TIME:::O) 1 

32 There 15 a probl~m w1th the Time Inputs 

33 The Total Modelling Time and the Ume Cooling starts must be>O & Cooling<:::T 
otal 

s 

34 Time Cooling starts at = 

35 Total Modelling Time ::: 

36 You did not enter a number l>etween 2 and 50 

37 What 1s the rh (1'''lope) of the heating curve in seconds (>700)7 

38 There i5 a problem with the ( 1/s1ope) of the Heat1ng and/or Cool1ng curve 

39 The f (l/slope) must be >700 

40 The fh (1/s10pf!) of heating curve= 

41 The fc (1/ slope) of cooli ng curve = 

42 What 15 the fc (l/slope) of the cboling curve in seconds (>700)? 

43 \-Ihat is the Heat1ng ou~ve Lég Factor (Jh>::O) ? 

44 Enter1ng a Jh value between 0 and 1 will g1ve a Heating curve Jump, not Lag 

45 \-Iould yeu' like to reenter the Jh value Ci or N and RETURN) ? 
, 

46 A Jh value greater than 8.0 i5 very unusual 

47 Would yeu like to reenter the Je value (y or N and RETURN) ? 

48 What is the Heating curve Lag Factor (Jh>O) ? 

49 You entered Jh:::O ; fQr the model you' ve .chosen Jh can 1 t ::: 0 

50 What i3 the Cool~,ng cutve Lag Factor (Jc>O) ? 

51 You entered Jc:::O ; for the model you' ve chosen Je can' t ::: 0 

52 Entering a Jc value between 0 and 1 will give a Cooling curve Jump. not Lag 

53 A Jc value greater than 8.0 13 very ususual 

54 Do you want to rado the calculation3 (y or N and RETURN) ? 

55 ARGUMENT LISTING FOR SUBROUTINE 

56 Enter the new value and press Return. 

57 Rit Return alone tf you wani to keep the old value. 



( 

58 Hodel (l-bSl~io .2-bssic mod1fled. 3-general) 
( 

59 \ARGUMENT 
l 

60 Initial Food Temperature(deg C) 

61 Retort Temperatu,re(,deg c) 
l' 

62 Cooling Water Temperature(deg C) 

63 Total Prooessing rilile(heaU'ng + oooling) seo 
, 

64 Cool1ng T1me (~ec) 

65 Humber of Time Values ()=2.<=50) 

66 Heatlng Curve rh (l/dope) 0700 sec) 

67 Cool1ng Curve fo {1/s1ope) ()100 ~ec) 

68 Heating Curve Lag Faotor (must=>O) (>1:18g, <1 =jump) 

69 Heat ing Curve Lag Factor (must>O) (>1:1ag, <1:jump) 

70 Cooling Curve Lag Faotor (must>O) (> 1=lag, < 1 =jump) 

71 Model: 

72 Inlti~l Temp:, Retort Temp: Water Temp: 

73 Total rime: Cool1ng Time: 

74 Number of Time Values: 

75- fh:' fe: 

76 Lag Factor (heating curve): 

77 Lag Factor (cooling curve): 

78 
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OLD NEW 

79 The Coollng curve Lag Factor can't be between 1.856 to 1.876 Inclusively 

80 This 15 because of dlscontlnu1tles ln the formula ln thls range 

/ 
81 The Heating curve Lag Factor can't be between 1.856 to 1.876 Inclusively 

Q 82 What 15 the F-value for (he contaminant (at Tref=121 deg C) - ln minutes? 

83 The F-value cannot equal 0 

E,
4 A -value greater than 20 mi~utes 1s unusual 

5 Do you want to reenter the value (1 or H and RETURN) 

86 What 15 the z-value for the contaminant (at Tref=121 deg C) - in deg C? 



2RO 

87 The z-value oannat equsl 0 

88 A z-value greater than 30 deg C i5 unusual 

89 What 15 the r-value for the nutrient (st Tref:121 deg C) - in minutes? 

90 A F-value greater than 100 minutes 1s unusual 

91 What 1s the z-value for the nutrient (at Tref:121 deg C) - in deg C? 

92 A z-value greater than 50 deg C 1s unusual 

93 

94 

95 

96 

97 

98 

99 

100 

101 

RESULTS OrSPLAY MENU 

102 1) T1me-Temp Graph 

103 7) proo ess Par ameter s 

104 2) T1me-Temp Table 

105 8) Exit 

106 ENTER " 2, ••• 8 

107 TEMP(C) 

108 TEMP VS TIME - SALL' S METHOO 
\ 

109 TI ME (sec) 

110 Press "Y" for process parameters 

111 Press " X" to exit or -PrtSc ta pr1nt 

112 Press "Y" for T1me-Temp Graph 

113 PROCESS PARAMETER TABLE 

114 -----------------------'" 

\ 



115 Initial Temperature(deg C) 

116 Retort Temperature(deg C)' 
\ 

117 Water Temperature(deg C) 

118' Slope of Heating Curve(sec) 

119 Slope of Cooling Curve(sec) 

120 Heating Curve Lag Factor 

121 Cooling Curve Lag Factor 

122 Total Process1ng T1me(sec) 

123 Time When Cooling Starts(sec) 

124 Number of Time Increments 

125 

*. 
•• 

121 • li 
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-< 

----------------------------------- ----------------------------•• 
128 

129 

130 

131 

132 

133 

135 

136 • •• 
137 

138 

139 

140 

141 LETHALITY 

142 

143 \,' 

, Do you want to see the other page(Y/N)? 

You did not enter Y or N -please try again 

Press <!rtSc to print this page 
\ 

There is rrore data to be seen 

Press any ather key ta get back to results display menu 

Press a9-Y key ta get back to results display menu 

To print this page press -PrtSc 

TIME (sec) 

LETHAL RATE MENU 

1) Lethallty-Time Graph 

3) Lethality-Tlme'Table 

LETHALITY vs PROCESS TIME 

UME (sec.) 

( 

1 • TEMPERATURE (deg C) 

•• LETHALITY 

'C 7 
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•• 
144 F-Value of M1croorgan1sm(mln) A, 

1115 z-Value of M1croorganlsm(deg C) 

146 F-value of NutrientCmln) 

147 z-Value of NutrientCdeg C) 

148 3) ,Lethality-T1me Graph 
\ 

149 4) Lethal! ty-Time Table \ 

, 
150 5) Nutrient Fraction-Time Graph 

151 6,) Nutr.ient Fraction-Time Table 

152 FRACTION 

153 NUTRIENT FRACTION VS TIME 

154 * TI ME (sec) •• NUTRIENT FRACTION 
•• 

155', 

156 

157 You dld not enter Y or N -please try again 

\ 158 To print thi! page press -PrtSc 

159 

160 You did not enter an integer 

161 Please try again 

162 You dld not enter an integer 

163 

164 You dld not enter X, try again 



APPENDIX 3.5 

Program Listing- of MAINe 

\ 

tr 
( 



10 1 

15 1 

20 t 

25 1 

30 1 

35 1 

> 

.......... cM AIN C ..... ** ... 

110 'Initialization and Dimensioning 
'115 ,DEFINT I-N 
-50 DIM X(5) .. Y(5), Z(5), TIME(21) 
55 DIM XX(21),YY(21),ZZ(21) 
60 DIM TEMP( 5,5,5,21> 
65 DIM TCNT(611,21>, TAVG(64,20), VELE(64) 
70 DIH -ORGEO (611) , RATEL(64 ,20), ORGELE(64 ,20), 
75 DIM XNUTEO(611), XNUTE( 64 ,20), FRANUT( 21) 
80 1 

85 1 

90 ! Sett1ng up the tel(t sereen . 
95 KEY OFF 
100 SCREEN 0,0,0,0 
105 WIDTH 80 
11 0 COLOR 7,1,1: CLS 
115 1 

120 1 

125 ' opening and rèadying ~he associated files 
130 OPEN "c:alphac" AS 1 
135 FIELD 1,80 AS COMMENT$ 
140 ' 
1 EN lib: comme' AS 2 
150 FIELD 2, 80 AS COMMC$ 

155 • 
160 ' 

XLETH(21) 

165 ' setting the point~r ta eurrent record humber of comme 
170 GET 2,1: NRECCOUNT=VAL (COMHC$) 
175 BLANK$=" ": LSET COHMC$=BLANK$: 'PUT 2,NRECCOUNT+l 

\ 

, 180 ' 

185 ' 
190 ' Cheeking if control has come from MAIN or from SU Bs 
195 OPEN lib: store2" FOR IN PUT AS 3 
200 INPUT#3, NOPCODE 
205 CLOSE 3 
210 1 0 

215 ' Not coming from MAIN: 
220 IF NOPCODEOO THEN GOTO 1285 

225 ' 
230 1 Coming from MAIN: 
235 OPEN "b:comma" FOR INPUT AS 4 
2110 ' ~ 
245' •• read in"fo from comma·* 
250 ' 
255 CLOSE 4 
260 1 

265 ' 
270 ' Printing the menu 
275 CLS: PRINT 
280 GET 1,": PRI NT COMME NT$ 
285 GET 1,2: PRINT COMMENT$ 
290 GET 1,3: PRINT COMMENT$ PRINT 

\ 
1 

\ 
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( 

295 ' 
300 ' 
305 'determining user' s selection from the menu 
310 JRECMO=4 
315 GOSUB 3045 
320 IF JOK<>-1 THEN GOTO 270 

"325 IF (VALCANSI$)=2) GOTO 370 
330 IF (VAL( ANSI$) = 1) GOTO 475 
335 GEr 1,5 
340 PRINT COMMENT$ 
345 GET 1,12: PRINT COMMENT$ 
350 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 350 
355 GOTO 270 

'360 1 

365 1 

370 1 if want to go straight back to MAIN' 

.. 375 1 

380 OPEN "b:commb" FOR OUTPUT AS 7 
385 l , 

390 ' ** write info into b:commb ff 

395 1 " 

400 CLOSE 7 
405 1 

41 0 CLOSE 1.2 
415 ' 

'420 CI;S: SCREEN 
425 COLOR 4. 1 
430 DEF SEG = &HB800 
435 BLOAD "b:sandcl.scr" ,0 
440 ON ERROR GOTO 445 
445 IF INKEY$<>"" THEN BEEP ELSE GOTO 450 
450 1 

455 ,CHAIN "MAIN" 
. 460 ' 

465 ' 
470 ' 
475 'if want to go to a POUCH sub 
480 N1STTHRU=0 
485 INDIC=O 
490 'determin ing NSUB wanted 
495 NOLD = NSUB-1 : IF NSUB:-.22 THEN NOLO= 1 
500 IF NSUB=33 THEN NOLD=2 
505 IF NSUB=O THEN INDIC= 1: NOLD= 1 
510 JRECNO=7: NMARKSUB=O: GOSUB 3190 
515 NEW1=VAL( NEWV ALUE$) 
520 IF (NEW1>=1) AND (NEW1<=2) THEN GOTO 535 
525 JRECNO=8: JRECN02=9: NMARKSET=1: GOSUB 3360 
530 GOTO 495 
535 NSUB=NEWl + 1 
540 ' 
545 'determining temperatures 
550 IF INOIC=1 THEN OLD=40! ELSE OLD=TINIT 
555 JRECNO= 1 O:NMARKSUB= 1: GOSUB 3190 
560 XNEW1=VAL(NEWVALUE$) 

'565 IF INDIC=l THEN OLD=120! ELSE OLD=TRETRT 
570 JRECNO=11:NMARKSUB=l: GOSUB 3190 
575 XNEW2=VAL(NEWVALUE$) 

( 
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580 IF INDIC= 1 THEN OLD=60 1 ELSE OLD=TWATER 
585 JRECNO=6:NHARKSUB=1: GOSUB 3190 
590 XNEW3=V AL( NEW ALuE$) ,. 
595 IF (XNEW2>=XNEWl) AND (XNEW2):::XNEW])THEN GOTO 610 
600 JRECNO=13: JRECN02=14: NHARKSET=3: GOSUB 3360 
605 GOTO 550 
610 TINIT=XNEW1: TRETRT=XNEW2: TWATER=XNEW3 
615 ' 
620 'determining time values 
625 IF INDIC=1 THEN OLD=5600! ELSE O~D=TOTIHE 
630 JRECNO=15: NHARKSUB=l: GOSUB 3190 
635 XNEW1=VAL{ NEW ALUE$) 
640 IF INDIC= 1 THEN OLD=3600! ELSE OLD=COOLTI 
645 JRECNO=16:,NHARKSUB=1: GOSUS 3190 
650 XNEW2=VAL( NEWVJU.UE$) 
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655 IF (XNEW1>O) AND (XNEW1<=10000) AND (XNEW2>O) AND (XNEW1>=XNEW2) THEM GOTO 
670 
660 JRECNO=17: JRECN02=18: t-lMARKSET=2: GOSUB 3360 
665 GOTO 625 ' 
670 TOTlHE=XNEW1: CQOLTI=XNEW2 
675 ' 
680 'determining number of time values 
685 IF INDIC= 1 THEN HOLD= 11 ELSE NOLD=NTIHE 
690 JRECNO=19: HMARKSUB=O: GOSUS 3190 
695 NEW1=VAL( NEWVALUE$) 

,700 IF C NEW' >=2) AN D (NEW1 <=21) THEN GOTO 715 
705 JRECNO=20: JRECN02=21: NMARKSET=l: GOSUB 3360 
710 GOTO 685' 
715 NTIME=NEWl 
720 ' 
725 l determinïng thermal di ffusi vi ty 
730 IDIFF=l 
735 IF INDIC= 1 THEN OLD=1.6E-07 ELSE OLD=ALPHA 
740 J RECNO=22: NHARKSUB= 1: GOSUB 3190 
745 XNEWl = V AL ( NE\{V AL UE$) 
750 IF (XN~=>.OOOOOOl) and (xnew1=<9.ge-07) THEM GOTO 765 
755 JRECNO=23: JRECN02=44: NMARKSET=1: GOSUS 3360 
160 GOTO 735 
165 ALPHA=XNEWl : IDIFF=O 
770 ' 
775 'dete~mining food density 
180 IF NSUB=2 THEN GOTO 870 
785 IF (RHO=O!) THEN OLD=1500! ELSE OLD=RHO 
790 JRECNO=25: NMARKSUB=l: GOSUS 3190 
195 XNÉW1=VAL( NEWVALUE$) 
800 IF (XNEW1>O) THEN GOTO 815 
805 JRECNO=26: JRECN02=27: NMARKSET: 1: GOSUa 3360 
810 GOTO 185 
815 RHO=XNEWl 
820 1 

825 ' determin ing specifie hea t , 
830 IF (CP=O!) THEN OLD=4000! ELSE OLD=CP 
835 JRECNO=28: t-lMARKSUB=1: GOSUB 3190 
840 XNEW1=VAL(NEWVALUE$) 
845 IF (XNEW1>0) THEN GOTO 860 
850 JRECNO=29: JRECN02=30: NHARKSET= 1: GOSUS 3360 
855 GOTO 830 

f 

'. 

• 
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860 CP=XNEW1 

865 ' 

1 
1 

810 'determining half-lengths of the pouch 
815 IF INDIC= 1 THEN OLD= .04 ELSE OLD=HALFX 
880 JRECNO=31:NMARKSUB=1: GOSUB 3190 
885 XNEW1=VAL(NEWVALUE$) , 
890 IF INDIC= 1 THEN OLD= .05 ELSE OLD=HALFY 
895 JRECNO=32: NMARKSUB=l: GOSUB 3190 
900 XNEW2=VAL( NEWV ALUE$) 
905 {F INDIC=l THEN OLD=.02 ELSE OLD=HALFZ 
910 JREèNO=33: NMARKSUB=l: GOSUB 3190 
915 XNEW3=VAL( NEWV ALUE$) 

---~---~. 

920 IF (XNEW1>0) AND (XNEW2>0) AND (XNEW3>0) GOTO 935 
925 JRECNO=34: JRECN02=35: NMARKSET=3: GOSUB 3360 
930 GOTO 875 
935 HALFX=XNEW1: HALFY=XNEW2: HALFZ=XNEW3 

9110 ' 
945 'determining the nX,ny,nz values 
950 IF INDIC= 1 THEM NOLD=3 ELSE NOLD=NX 
955 JRECNO=36: NMARKSUB=O: GOSUB 3190 

'960. NEWl =VAL( NEW ALUE$) 
965 IF INDIC= 1 THEN NOLD=3 ELSE NOLD=NY 
970 JRECNO=37: NMARKSUB=O: GOSUB 3190 
975 NEW2=VAL( NEWVALUE$) 
980 IF INDIC=l THEN NOLD:3 ELSE NOLD=NZ 
985 JRECNO=38: NMARKSUB=O: GOSUB 3190 
990 NEW3=VAL(NEWVALUE$) 
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995 IF (NEW1>=2) ~D (NEW1<=5) AND (NEW2>=2) AND (NEW2<=5) AND (NEW3>=2) AND (N 
EW3<=5) GOTO 1010 
1000 JRECNO=39:JRECN02=40: NMARKSETF3: GOSUB 3360 
1005 GorD 950 . 
1010 NX=NEW1: NY=NEW2: NZ=NEW3 
1015 ' 
1020 'determlnlng the ~onvectlve surfac& heat t~ansfer coefficient 
1025 IF NSUB=2 GOTO 1075 
1030 IF H=O! THEN OLD=500! ELSE OJ,.D=H 
1035 JRECNQ=41: NMARKSUB=l: GOSUB 3190 
1040 XNEW1=VAL( NEWVALUE$) 
1045 IF (XNEWl >0) GOTO 1060 .. 
1050 'JRECNO=42: JRECN02=43: NHARKSET=l: GOSUB 3360 
1055 GOTO 1030 
1060 H=XNEW' 
1065 ' 
1070 ' 
1075 'Putting 1nfo into STORE2 to tell MAINS what SUB it chained to 
1080 NSUBMAIN=3 
1085 OPEN "b:stqre2" FOR OUTPUT AS 3 
1090 IF NSUB~3 GOTO 1110 
1095 PRINT#3,NSUB 
1100 PRINTI3.TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX,NY,NZ,NTIME,TOTIME. 
COOLTI, NSUBMAIN 
1105 GOTO 1120 
1110 PRINTl3.NSUB 
1115 PRINT#3,TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ, NX,NY ,NZ,NTIME,TOTIME, 

COOLTI ~ RHO ,CP. H, NSUBMAIN 
1120 CLOSE 3 ' 
1125 ' 



/ 
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1130 ' 
1135 'Putting arguments into COHH1 te run the SUB to get the heating results 
11 40 OPEN "c: comm 1" FOR OUTPUT AS 6 
1145 IF NSUB=3 GOTO 1160 
.1150 ?RINTI6, TRETRT, TINIT ,ALPHA, HALFX. HALFY ,HALFZ, NX, NY, HZ. NTIME, TOTIME, NSUBMAI 
N 
1155 GOTO 1165 
1160 PRINTI6,TRETRT,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX,NY,NZ,NTIME,TOTIME,RHO,CP, 
H.NSUBMAIN 
1165 CLOSE 6 
1170 ' 
1175 ' 
1180 'Preparing te chain ta a POUCH sub 
1185 'storing the current record number of COMMC into the first rec no of COMMC 

1190 NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2.1 
1195 ' 
1200 ' 
1205 CLOSE 1,2 
1210 ' 
1215 'Dlsplaying "Please Wait" symbol 
1220 CLS:SCREEN 1,0,0,0 
1225 COLOR 5,1 
1230 DEF SEG = &HBSOO 
1235 BLOAD "b:clock.scr",O 
1240 ON ERROR GOTO 1245 
1245 IF INKEY$<>"" THEN BEE? ELSE GOTO 1250 
1250 ' 
1255 'Chaining te the SUS 
1260 If NSUB=2 THEN CHAIN "pouchl" 
1265 IF NS'uJ!-<,3 THEN CHAI N "pouch2" 
1270 P RINT"Problems wi th nsub in MAING" :STOP 
1275 ' 
1280 ' '!i" 
1285 'Read the information in STORE2 te determine if this i5 heating or coeling 

1287 cls:locate 12,1: get 1,199: print comment$ 
1290 OPEN "b: store2" FOR INPUT AS 3 
1295 INPUT'3, NSUB 
1300 IF NSUB=22 OR NSUB=33 GOrO 1655 
1305 IF NSU8=3 Goro 1320 
1310 INPUrl3,TRETRT.TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX,NY,NZ,NTIHE,TOTIME, 
COOLTI, NSUBMAIN 
1315 GOTO 1325 
1320 INPUTH3,TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX,NY.NZ,NTIME,TOTlME, 
COOLTI,RHO,CP,H,NSU8HAIN 
1325 CLOSE 3 
1330 ' . 
1335 ' 
1340 'Reading the heating results from COMM2 
13q5 OPEN "c:comm2" FOR INPUT AS 7 
1350 FOR LHe= 1 TO HTIME 
1355 FOR IMC=1 TO NX 

.J.360 FOR JMC= 1 TO MY 
1365 FOR KMC=l TO MZ 
1370 INPOT'7,X(IMC),Y(JMC),Z(KMC),TlME(LMC),TEHPCIMC,JMC,KHC.LHC) 
1375 NEXT KMC,JMC,IMC,LMC 

\ 
\ 



1380 Cl.OSE 7 
1385 ' 
1390 ' 
1395 IF TOTIME ~ COOLTI THEN GOTO 1800 'don't need to do coo1ing part 
1400 'Stor1ng arguments 1n COMMl to get the 00011ng results 
1405 '(first ca1culate the "ntime" for the cooling port10n alone) 
1410 NCTIME = N'rIME - FIX( (TOTIME-COOLTI)I (TOTlME/'(NTIME-1») 
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1415 NCOOLT = NrIME - NCTIME + 1 '(the "ntime" for the coo11ng \ part) 
1417 if ncoo1t=1 then ncoo1t=2: nctime=nctime-1n 

1420 OPEN "c:comm1" FOR OUTPUT AS 6 
1425 IF NSUB=3 GOTO 1440 
1430 PRINT#6,TWATER,TRET~T,ALPHA,HALFX,HALFY,HALFZ,NX,NY.NZ,NCOOLT, TOTIME-COOLT 
I,NSUBMAIN 
1435 GOTO 1445 
1440 PRINT#6,TWATER,TRETRT,ALPHA,HALFX,HALFY,HALFZ,NX,NY,NZ,NCOOLT,TOTIME-COOLT 
I,RHO,CP,H,NSUBMAIN 
1445 CLOSE 6 
1450 ' 

, 1455 ' 
1460 'Storing codes, parameters 1n STORE2 
1465 OPEN : tore2" FOR OUTPUT) AS 3 ~ 
1470 IF SUB=2 HEN NOPCO E=22-{ PRINT83,NOPCODE: GOTO 1480 
1475 NSUS=3 T N NOP E=33: PRINTD3,NOPCODE: GOTO 1490 
1480 PRINT#3.TRETR , ER,TINIT,AL?HA,HALFX,HALFY,HALFZ,NX,NY,NZ,NTlME,NCTIME, 
TOTIME,COOLTI,NSUBMAIN 
1485 GOTO 1505 
1490 PRINTD3,TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX,NY.NZ,NTIME,NCTIME, 
TOTIME, COOLTI, RHO',CP, H, NSlJ.8MAIN 
1495 ' 
1500 ' 

• 

1505 'Storing tha heat1ng resu1ts 1n STORE2 so can have them when chain back to 
MAIHC in coo11ng section 

1510 FOR LMC=l TO NTIME 
1515 FOR IHC=1 TO NX 
1520 FOR JHC= 1 TO NY 
1525 FOR KMC=l TO NZ 
1530 PRINTI3,TEMPCIMC,JMC,KMC,LMC) 
1535 NEXT KMC,JMC,IMC,LHC 

• 1540 CLOSE 3 
1545 ' 
1550 ' 
1555 'Preparing to chain to a POUCH sub 
1560 'storing the cur-rent record number of COMMe lnto the first rec no of COMMC 

1565 NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 
1570 ' 
1575 ' 
1580 CLOSE 1,2 
1585 ' 
1590 'Displaying "Please Wait" symbo1 
1595 CLS:SCREEN 1,0,0,0 
1600 COLOR 5,1 
1605 OEF SEG = &HB800 
1610 BLOAD "b:clock.scr",O 
1615 ON ERROR GOTO 1245 
1620 IF INKEY$<>t'" THEN BEE? ELSE GOrO 1250 
1625 ' 



1630 'Chaining to the SUB 
1635 IF NSUB=2 OR NSUB=22 
1640 IF NSUB=3 OR NSUB=33 
1645 u' 
1650 ' 

() 
THEN(~HAIN "pouchl" 
THEM CHAIN "pouch2" 

1655 'Reading the rest of the parameters from STORE2 " 
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1660 IF NOPOODE=22 THEN INPUTI3,TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX, 
NY, HZ, NTIHE, NCTIHE, TOTIHE ,COOLTI, NSUBMAI N: GOTO 1670 
1665 INPUT'3,TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY,HALFZ,NX,NY,NZ,NTIHE,NCTIME, 
TOTlME,COOLTI,RHO,CP,H,NSUBMAIN 
1670 1 

1675 ' 
1680 'Reading the heating resu1ts from STORE2 
1685 FOR LHC= 1 Ta N'rIME 
1690 FOR IHC= 1 TO, NX 
1695 FOR JH.C=l TO NY 
1700 FOR KMC=l TO NZ 
1705 INPUT'3, TEHP(IHC,JHC,KMC,LHC) 
1710 NEXr KMC,JHC,IHC,LHC 
1715 CLOSE 3 
17'20 1 

1725 ' 
1730 'Reading the TCOOL value from COMH2 one at a time = the cool temp 
1735 1 and calculat1ng the tru~ coo11ng eurve temperatures 
1740 OPEN "e :comm2" FOR INPUT AS 7 
17ij5 FOR LHC=NCTIME TO NTIME é'> 
1750 FOR IHC= 1 TO NX 
1755 FOR JMC= 1 Ta NY 
1160 FOR KMC=1 TO NZ 
1765 INPUT'7,X(IHC),~(JMC),Z(KMC),TIME(LMC),TCOOL 
1770 TIHE(LMC) = TIHECLMC) + COOLTI 
1775 TEMP(IHC,JHC,KMC,LMC)=TEHP(IMC,JMC,KHC,LHC) - (TRETRT-TCOOL) 
1780 NElr KMC,JHC,IMC,LMC 
1785 CLOSE' 7 
1790 1 

1795 ' 
1800 'Getting the FLETH value 
1805 CLS: J RECNO=45: GOSUB 2885 
1810 IF JOK<>-1 THEN GOTO 1805 ELSE FLETH;VALCANSR$) 
1815 IF (FLE,TH>OI' AND (FLETH(=201) GOTO 1875 
1820 IF FLETH>20! THEN GOTO 1840 
1825 GET 1,46: PRINT COHMENT$ 
1830 GET 1,12: PRINT: PRINT COHHENT$ 
1835 DUMMHA$;INKEY$: IF DUMHHA$::"11 THEM GOTO 1~35 ELSE GOTO la05 
1840 CLS: GET 1,47: PRINT COHMENT$ 
1845 GET 1,24: PRINT COHMENT$;FLETH 
1850 JRECNO=48: GOSUB 2760 
1855 IF JOK<>-1 GOTO 1840 
1860 IF (OY$::"n") OR COY$="N") GOTO 1815 ELSE GOTO 1805 
1865 t 

1810 t 

1815 'Getting the ZLETH value 
1880 CLS: JRECNO=49: GOSUB 2885 
1885 IF JOK<>-l THEM GOTO 1880 ELSE ZLETH=VAL(ANSR$) 
1890 IF (ZLETH>OI) AND <ZLETH<=30!) GarO 1950 
1895 IF ZLETH>301 THEN GOTO 1915 
1900 GET 1,50: PRINT COMHENT$ 



/ 

/ 

1905 GET 1.12: PRINT: PRINT COHMENT$ 
1910 DUHMMA$=INKEY$: IF PUMMMA$:;"" THEN Garo 1910 ELSE Garo 1880 
1915 CLS: GET 1,51: PRINT COHMENT$ 
1920, GET 1.24: PR!NT COMMEtn'$jZLETH 
1925 JRECNO=48: COSUB 2760 
1930 IF JOK<>-l GOTO 1915 
1935 IF (DY$="n") OR (DY$="N") GOTO 1950 ELSE GOTO 1880 
1940 ' 
1945 ' 
1950 'Getting the FXNUT value 
T955 CLS: JRECNO=52: GOSUB 2885 
1960 IF JOK<>-l THEN GOTO 1955 ELSE FXNUT=VAL(ANSR$) 
1965 IF (FXNUT>OI) AND (FXNUT<=1001) GOTO 2025 
1970 IF FXNUT> 100t THEN GOTO 1990 
1975 GET t ,46: PRINT COMMENT$ 
1980 GET 1,12: PRINT: PRINT COMMENT$ 
1985 DUMHHA$=INKEY$: IF DUMMMA$:" Il THEN GOTO 1985 ELSE GOTO 1955 
1990 CLS: GET 1,53: PRINT COHMF,:NT$ 
1995 GET 11.24: PRINT COMMENT$;FXNUr 
2000 JRECNO=48: GOSUB 2760 
2005 IF JOK<>-l GOTO 1990 
2010 IF (DY$="n") OR (DY$="N") GOTO 2025 ELSE GOT a 1955 
2015 ' 
2020 ' 
2025 'Getting the Znut value 
2030 CLS: JRECNO=54: GOSUB 2885 ' 
2035 IF JOK<>-l THEM Goro 2030 ELSE ZNUT=VAL(ANSR$) 
2040 IF (ZNUT>Ol) AND (ZNUT<=501) GOTO 2100 
2045 IF ZNUT>501 THEN GOTO 2065 
2050 GET l,50: PRINT COMMENT$ 
2055 GET 1,12: PRINT: PRINT COMMENT$ 
2Q60 DUMMHA$=INKEY$: IF DUMMMA$:t .. t THEM GOTO 2060 ELSE GOTO 2030 
2065 CLS; GET 1,60: PRINT COMMENT$ 
2070 GET 1,24: PRINT COMMENT$;ZNUT 
2075 JRECNO=48: GOSUB 2760 
2080 I~ ·..tQKO-1 GOTO 2065 
2085 IF" n~Y$="n") OR (DY$:::".N") GOTO 2100 ELSE GOTO 2030 
2090 ' 
2095 ' 

291 

2100 ' •••••••••••••••••••••••••••••••••• * •••• ~ •••••••••••••••••••••••••••••••• 
2105 'calculating lethality and nutrient fraction retained 
2110 CLS: ·LOCATE 12,1 : GET ',199: PRINT COMMENT$ 
2115 ' 
2120 LET CORG=101"(311): LET CNUT=10l"(J1!) 
2125 IF RHO=OI THEN RHO=15001 
2130 ' 
2135 ~urnber of elements: 
2140 HELE ::: (NX-1> • (NY-1) • (NZ-t> 
2145 ' 
2150 'Total and elemental volumes 

'arbitrar ily set 
'when nsub=2 

2155 VTOTP = (21'HALFX) • (21'HALFY) • (2"HALFZ) 
2160 FOR MMC=1 TO NELE 
2165 VELE(MMC) ::: (HALFX/(NX-1)' (HALFY/(NY-l» • (HALFl/(NZ-1» 
2170 NEXT MMC 
2175 t 

218D 'calculate original number of organisms in pouch, and in each element 
2185 ORGO ::: (11/81'VTOTP) • CORG fi RHO . 



1 

2190 FOR MMe:1 Ta NELE 
2195 ORGEO(MMC) = VELE(MMC) • CORG • RHO 
2200 NEXT MMC 
2205 ' 

292 

2210 'calculate original amount of nutrient in p~ch, and in each element 
2215 XNUTO = (lI/SI.VTOTP) • C~UT • RHO 
2220 Fa R MMC: 1 Ta NELE 
2225 XNUTEO(MMC) = VELE(MMC) • CNUT • RHO 
2230 NEXT MMC 
2235 ' 
2240 ' 
2245 'calculate TCNT (average of e1ght nodal temps, at each t1me value) 
2250 FOR LHC : 1 Ta NTIME 
2255 HCOUNT=O 
2260 FOR IHC : 1 Ta (NX-l) 
2265 FOR J MC: 1 TO (Ny-n 
2270 FOR KMC=1 TO (NZ-1> 
2275 HCQUNT=HOOUNT+1 
2280 ATCNT=TEMP(IMC,JMC,KMC,LHC)+TEMP(IMC,JMC,KMC+l,LHC)+TEMP(IMC,JMC+l,K 
HC,LMC)+TEHP(IHC,JHC+l,KHC+l,LMC) 
2285 BTCNT=TEMP(IMC+1,JMC,KMC,LMC)+TEMPCIHC+1,JHC,KMC+1,LHC)+TEMPCIMC+1,J 
MC.1 ,KHC,LHC)+TEHP(IHC+l ,JMC+1 ,KMC+l ,LMC) 
2290 TCNT(MCOUNT ,LMC) = (ATCNT + STeNT ) / 81 
2295 NEXT KMC 
2300 NEXT JMC 
2305 NEXT IMC 
2310 NEXT LHC 
2315 ' 
2320 'calculate TAVG (the average TCNT at start and end of time 1ncrement) 
2325 FOR LL= 1 "TO (NTIME~ 1) 
2330 FOR MMC = 1 TO HELE 
2335 . TAVG(MMC,LL)=(TCNTCMMC,LL) + TCNT(MHC,LL+1»/2! 
2340 NEXT MHC 
2345 NEXT LL 
2350 ' 
2355 'calculate the Lethal rate, the total number of organ1sms left 
2360 'at end of time tncrement, and letnality st end of t1me increment 
2365 DTIME ;;: TOTIME I(NTIME-1}/60! 'ta c.onvert into minutes like r,z value 
:5 

2370 XLETH( 1) =0' 
2375 FOR LL= 1 TO (NTIHE-n 
2380 ORGTOT = 01 
2385 FOR MMC= 1 TO NELE 
2390 IF (TAVG(MMC,LL)-1211)/ZLETH <-371 THEN RATEL(HMC,LL)=OI: GOTO 2400 
2395 RATEL(HMC,LL)=(lI/FLETH)' 10~«TAVG(MMC,LL)-1211)/ZLETH) 
2400 IF LL>l GOTO 2420 
2405- IF (-121 IRATEL(HHC,LL) IDTlME) <-371 THEN ORGELE(MMC,1)='01~-371: GOTO 2 
430 . 
2410 ORGELE(MMC,l)= ORGEO(MMC) • 101~(-121.RATEL(MMC,LL)·DTlME) 
2415 GOlO 2430 
2420 IF (-12f I RATEL(MMC,LLr*DTlHE) <-371 THEN ORGELE(MMC,LL)=101~-371: GOTO 
2430 
2425 ORGELE(HMC,LL):ORGELE(HMC,LL-l)' 10!A(-121 I RATEL(MMC,LL)IDTlME) 
2430 ORGTOT= ORGTOT + ORGELE(MMC,LL) 
2435 NEXT MMC 
2440 IF ORGTOT< 11 THEN ORGTOT= l! 
2445 XLETH(LL+l)= .434294482' • LOG(ORGO/ORGTOT) / 121 

• 



2450 NEXT LL 
2455 ' 
2460 ' 
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2465"calculate the nutr~ent destruction rate, the total amount of nutrient 
2470 'left at the end of time Increment, and nutrient ~actian retained at 
2475 'end of each time Increment 
2480 FOR LL=l TO (NTIME-1) 
2485 FRANUT(1)=11 
2490 XNUTOT = 01 
2496 FOR MMC=l TO HELE 
2500 IF (TAVG(MMC,LL)-121)/ZNUT < -371 THEN RATEL(MMC,LL)=OI:GOTO 2510 
2505 RATEL(MMC,LL)=(11/FXNUT)· 10~«TAVG(HHC,LL)-'211)/ZNUi~ 
2510 IF LL>1 GOTO 2530 
2515 IF (121·RATEL(HMC,LL)·OTIME»371 THEN XNUiE(MMC,1)=10I A -371:GOTO 2540 
2520 XNUTE(HHC,l)= XNUTEO(HMC) • 10r~(-121.RATEL(MHC,LL)*OTlME) 
2525 GOTO 2540 
2530 IF (121 *RATEL(HHC,LL) *OTIM;) >371 THEM XNUTE(MHC,LL)=10I A -37!:GOTO 2540 

2535 XNUTE{~HC,LL)=XNUTE(HHC,LL-1)· 10IA(-121·RATEL(HMC t LL)·DTlME) 
2540 XNUTOT = XNUTOT + XNUTE(HMC,LL) 
2545 NEXT MMC 
2550 IF XNUTOT<ll THEN XNUTOT=ll 
2555.FRANUT(LL+1)= (XNUTOT/ XNUTO) 
2560 NEXT LL 
2565 ' 
2570 , ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••• 
2575 ' 
2580 ' 
2585 'Going to the results 4isplay section 
2590 GOTO 3695 
2595 ' 
2600 ' 

. 2605 'Back from results display, ask if want to go ta MAlN or back to SUB 
2610 CLS: JRECNO=61: GOSUB 2760 
2615 IF JOK<>-l THEN GOTO 2610 
2620 IF (OY$="Y") OR (DY$="Y") THEN GOTO n5 
2625 ' "-~ 
2630 1 

2635 'when want to go to HAIN: 
2640 OPEN "b:commb" FOR OUTPUT AS 7 
2645 ' 
2650 ' 
2655 , ••• write info to cammb 
2660 CLOSE 7 
2665 ' 
2670 ' 
2675 'storing the current record number of COMMC into the flrst rec no of COMMe 

2680 NRECCOUNT~LOC(2): LSET COMHC$=STR$(NRECCOUNT): PUT 2,' 
2685 CLOSE 1,2 
2690 ' 
2695 ' 
2700 ~LS: SCREEN 
2705 COtoR 1,1 
2710 DEF SEG = &H8800 
2715 BLOAD lib: sandcl.scr",O 

6 e 

1 

• 



.." 

2720 ON ERROR GOTO 2725 
2725 IF INKEY$<>"" THEM BEEP ELSE GOTO 2730 
2730 t 

2735 t 

27140 CHAIN ".main" 
2745 t 

2750 t 

2755 t 

2760 t 

2765 t 

2770 ' 
2775 ' 
2780 'gett1ng and check1ng YIN SUBROUTINE 
2785 JOK=O 
2790 GET 1,JRECNO 
2795 OOHMENT1Y$="You did not enter Y or N -
2800 COHMENT2Y$="You did not enter a value" 
2805 PRINT COHMENT$; 
2810 LIN'E INPUT It",ANSY$ 
2815 JY:O 
2820 JY = JY+ 1 
2825 DY$=MID$(ANSY$,JY, 1.) 
2830 IF 01$="" THEM GOTO'~2865 
2835 IF 01$=" " THEN GOTO 2820 
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You entered: " 

2840 IF (Dl$="Y") OR (OY$="Y") OR (OY$="N") OR (OY$="n") THEN JOK=-l: RETURN 
2845 PRINT COHMENT1Y$.ANSY$ 
2850 GET 1,12: PRIN!: PRINT COMMENT$ 
2855 DUHM'{$=INKEl$: IF DUMMY$="" THEN GOTO 2855 
2860 RETURN 
2865 PRINT COHHENT2Y$ 
2870 GET 1,12: PRINT: PRINT COMMENT$ 
2875 DUHHY$=INKEY$: IF DUHHY$="It THEM GOTO 2875 
2880 RETURN 
2885 ' 
2890 • 
2895 ' 
2900 ' getting and CHECKING FOR REAL NUHBERS 
2905 JOK=O 
2910 GET 1,JRECNO 
2915 COHMENT1R$="You d1d not enter a REAL number - You entered: " 
2920 COMMENT2R$="you d1d not enter a value lt 

2925 PRINT COHMENT$; 
2930 LINE INPUT"It,ANSR$ 
2935 JFLAGR=O 
2940 IFLAGR=O 
2945 JR=l 
2950 KR=LEN(ANSR$) 
2955 IF KR=O THEN GorD 3025 
2960 WHILE JR<=KR 
2965 DR$=HIO$(ANSR$,JR,1) 
2970 IF OR$=" " THEN GOTO 3010 

'rlaS to check that number eKists 
'flag to check for decimal points 

2975 IF (ASC(OR$»47) AND (ASC(DR$)<58) THEN JFLAGR=-l: GOTO 3010 
2980 IF DR$="." THEN IFLAGR=IFLAGR+1: GOTO 3005 
2985 PRINT COMMENr1R$,ANSR$ 

/' 
/ 2990 GE! 1 12: PRINT: PRINT COMMENT$ 

2995 DUMMR$=INKEY$: IF DUHHR$=1t1l THEN GOTO 2995 
3000 RETURN 



./ 

3005 IF IFLAGR>l GOTO 2985 
3010 JR=JR+1 
3015 WEND , 
3020 If (DR$<>" ")'OR (JFl.AGR=-1) THEN JOK=-l: RETURN 
3025 PRINT COHMENT2R$ 
3030 GET 1,12: PRINT: PRINT COMMENT$ 
303§ DUMHR$=INKEY$: IF DUMMR$="" THEN GOTO 3035 
30140 RETURN 
3045 ' 
3050 ' 
3055 1 

3060 'getting and CHECKING FOR INTEGER NUMBERS 
3065 JOK=O 
3070 IFLAGI=O 
3075 GET 1,JRECNO 
3080 COHMENT1I$="You did not enter an INTEGER value - You entered: " 
3085 COHMENT2I$="you did not enter a value" 
3090 PRI~T COMMENT$; 
3095 l.INE INPUT "",ANSI$ 

'3100 NI=l.EN(ANS1$) 
3105 IF N1=O THEN GOTO 3170 
3110 JI=l 
3115 WHILE JI<=NI 
312001$=MID$(ANSI$,JI,l) 
3125 IF 01$=" " THEN GOTO 3155 
3130 IF (ASC(OI$»47) AND (ASC(DI$)<58) THEN IFLAGI=-l: GOTO 3155 
3135 PRINT COHHENT1I$,ANSI$ 
3140 GET 1,12: PRINT: PRINT COMMENT$ 
3145 DUHMI$=INKEY$: IF DUHHI$="1t THEN GOTO 3145 
3150 RETURN 
3155 JI=JI+1 
3160 WEND 
3165 IF (01$<>" ") OR (IFLAGI=-l) THEN JOK=-l: RETURN 
3170 PRINT COMMENT2I$ 
3175 GET 1,12: PRINT: PRINT COHMENT$ 
3180 DUMMI$=INKEY$: IF OUMMI$="" THEN GOTO 3180 
3185 RETURN 
3190 1 

3195 ' 
3200 ' 
3205 ' 
3210 ' Table Creation subroutine 
3215 IF N1STTHRU=1 GOTO 3265 
3220 NROW=7:NCOl.UMN=1 
3225 SeREEN 0,0,1,1 
3230 CLS 
3235 'printing table headlng 
3240 GET 1.55:PRINT COMMENT$ 
3245 GET 1,56:PRINT COMMENT$; , • 
3250 GET 1,57:PRINT COMMENT$ 
3255 GET 1,59:PRINT COMMENT$ 
3260 N1STTHRU=1 
3265 LOC'ATE NROW, NCOLUMN 
3270 GET l,JRECNO 
3275 BLANK$=" " 
3280 NBLANK=INSTR( COMMENT$ ,BLANK$) 
3285 FINAl.$=LEFT$(COMMENT$,NBLANK-1) .. 

\ 
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3290 IF IDIFF=l THEH DIFF$=STR$(OLD): PRIN! FINAL$;TAB(53);VALCDIfF$);TAB(67);: 
o 3300 

329 IF NHARKSUB:l THEM PRIN! FINAL$;!AB(53):OLD;TAB(67); ELSE PRINT FINAL$:TAB 
(53); LD;TAB(67); 
3300 LINE INPUT NEWVALUE$ 
3305 NRTEMP=CSRLIN: NCTEMP=POS(O) 
3310 If LEN(HEWVALUE$)=O THEN GOT~ 3335 
3315 IF NMARKSUB=l THEN GOSUB 3495 ELSE GOSUB 3605 
3320 IF (NOK=-l) THEN NROW=CSRLIN: NCOLUHN=POS(O): RETURN 
3325 LOCUE NRTEMP-1 ,NCTEHP:PRIN!~" 

rt : L'aCATE NRTEMP-l. NCTEMP 
3330 GOTO 3290 
3335 LOCATE NRTEMP-1,NCTEMP:PRINT " 

":LOCATE NRTEMP-',NCTEMP 
3340 IF IDIFF=l THEH NEWVALUE$=STR$(OLD): PRINT FINAL$:TAB(S3):VAL(DIFF$);TAB{6 
7);VAL(NEWVALUE$) :GOTO 3350 . 
3345 IF NHARKSUB=l THEN NEWVALUE$=STR$(OLD):PRINT FINAL$;TAB(S3):OLD;TAB(67);VA 
L(NEWVALUE$) ELSE NEWVALUE$=STR$(NOLD):PRINT FINAL$:TAB(S3):NOLD:TAB(67):VAL(NE 
WVALUE$) 
3350 NROW=CSRLlN: NCOLUHN=POS(O) 
3355 RETURN 
3360 ' 
3365 ' 
3370 ' 
3375 ' 
3380 1 Erase L1nes in table and show error page subroutlne 
3385 SCREEN ,,2,2. 
3390 CLS 
3395 GET l,JRECNO: PRINT COMMENT$: 
3400 GET 1 ,24: PR1NT COHME NT$: 
3405 GET 1,JRECN02: PRINT COMHENT$; 
3410 IF NHARKSET<>3 THEN GOTO 3~20 
3415 IF NHARKSUB=l THEN PRINT XNEW1,XNEW2.XNEW3:QOTO 3435 ELSE PRINT NEW1,NEW2, 

, NEW3:GOTO 3435 
, 3420 IF NHARKSET<>2 THEN GOTO 3430 

3425 IF NMA~KSUB:l THEN PR!NT XNEW1,XNEW2:GOTO 3435 ELSE PRINT NEW1,N~~2: GOTO 
3~35 
3~30 IF NMARKSUB=l THEN PRINT XNEWl ELSE PRINT NEWl 
3435 GET 1,12 
3440 PRINT: PRINT COMMENT$ 
3445 DUHHEL$=INKEY$: IF DUMMEL$="" THEN GOTO 3445 
3450 SCREEN •• 1,1 
3455 LOCATE NROW,NCOLUMN 
3460 LOCATE NROW-l,NCOLUMN:PRINT " 

": LOCATE NROW-1, NCOLUHN 
3465 IF NMARKSET=l THEN GOTO 3485 
3470 LOCATE NROW-2,NCOLUHN:PRINT " 

":LOCATE NROW-2,NCOUJHN 
3415 IF NHARKSET=2 THEN GOTO 3485 
3480 LOCATE NROW-3.NCOLUHN:PRINT n 

3485 NROW=CSRLIN: NCOLUHN=POS(O) 
3490 RETURN 
3495 ' 
3500 ' 
3505 ' 
3510 ' 

": LOCATE NROW-3.NCOLUMN 



3515 'ahecking Real2 numbers (in table) 
3520 NOK=O 
3525 JFLAGR2=O 
3530 IFLAGR2=0 
3535 JR2=1 
3540 NR2=LEN(NEWVALUE$) 
3545 WHILE JR2=<NR2: 
3550 DR2$=HID$( NEWVALUE~ ,JR2,1) 
3555 IF DR2$=" " THEN GOTO 3580 
356.0 IF DR2$="." THEN IFLAGR2=IFLAGR2+1: GOTO 3580 
3565 IF (ASC(OR2$»47) AND (ASC(DR2$)<58) THEN JFLAGR2=-1: GOTO 3580 
3570 NOK=O 
3575 RETURN 
3580 IF IFLAGR2>' THEN NOK=O: RETURN 
3585 JR2.::JR2+' 
3590 WEND 
3595 IF JFLAGR2=0 THEN NOK=O ELSE NOK=-l <"; 

3600 RETURN 
3605 ' 
3610 ' 
3615 ' 
3620 ' 
3625 ' checklng Integer2 numbers (ln table) 
3630 NOK=O 
3635 IFLAGI2=0 
3640 N12=LEN(NEWVALUE$) 
3645 JI2=1 
3650 WHILE JI2<=NI2 
3655 DI2$=HIO$(NEWVALUE$,JI2.1) 
3660 IF 012$=" " THEN GOTO 3675 
3665 IF (ASC(DI2$»47) AND (ASC(DI2$)<58) THEN 1FLAG12=-1: GOTO 3675 
3610 NOK=O: RETURN 
3615 JI2=JI2+ 1 
3680 WEND 
3685 IF IFLAGI2=O THEN NOK=O ELSE NOK=-l 
3690 RETURN 
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3695 , ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

3700 ' 
3705 ' 
3110 ' RESULTS DISPLAY SECTION 
3115 ' 
3720 NXX=NX 
3725 HYY=NY:NZZ=NZ 
3730 1 

3735 1 

3740 1 initializing the values 
3745 FOR 1=1 Ta NXX:XX(I)=X(I) :NEXT 
3150 FOR 1=1 TO NYY:YY(I)=Y(1):NEXT 
3155 FOR 1=1 TO HZZ:ZZ(!):Z(I) :NEXT 
3160 ' 
3165 1 

3770 ' thls 15 the pouah re5ults displays 
3775 CLS:SCREEN 1: COLOR 9,1: KEY OFF 
3780 LOCATE 2 1: GET 1, 150 :GOSUB. 52·15 :"PR1NT COMMT40$; 
3185 LOCATE 6;' :GET 1,151:GOSUB 5215:PRINT COMt-IT40$; 
3790 LOCATE 8,1:GET 1,152:GOSUB 5215:PRINT COMMT40$; 



3795 LOCATE 10,1 :GET 1, 153:GOSUB 5215:PRINT COMMT40$; 
"3800 LOCAtE 12,1 :GET 1 ,218:GOSUB 5215:PRINT COMMT40$; 
3805 LOCATE 14,1:GET 1,219:GOSUB 5215:PR~NT COMMT40$; 
3810 LOCATE 16,1:GET 1,220:GOSUB 5215:PRINT COMMT40$; 
3815 LOC4XE 18,1:GET 1,245:GOSUB 5215:PRINT COMMT40$; 
3820 LOCATE 20,1 :GET 1,221:GOSUB 5215:PRINT COMMT40$; 
3825'LOCATE 23,1:GET 1,154:GOSUB 5215:PRINT COMMT40$; 
3830 GOSUB 5105 
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3835 IF(V AL(ANSWERI$»= 1) AND (V AL( ANSWERI$) <=8) THEN ICH01CE=VAL( ANSWERI$) :GOT 
o 3845 
3840 LOCATE 24,1 :BEEP:GET 1,251:GOSUB 5215:PRINT COMMT40$;:GOTO 3830 
3845 IF l CHOICE= 1 GOTO 3885 
3850 IF 1CHOICE=2 GOTO 3995 
3855 IF l CHOICE= 3 GOT a 4055 
3860 IF ICHOICE=4 GOTO 4235 
3865 IF l CHOICE= 5 GOTO 11 115 
3870 IF ICHOIÇE=6 GOTO 4175 
3875 IF ICH0ICE=7 GOTO '4710 
3880 IF 1CHOICE=8 GOTO 4845 
3885 ' 
3890 1 

3895 1 gr~phic display section 
3900 1 

3905 1 displaying the x, Y, z length increments 
3910 JRECNO=155 
3915 GOSUB 5065 
3920 1 inputting graphie parame ter 
3925 GOSUS> 5265 
3930 ' 
3935 ' going ta the temp-time graph 
3940 IRECN02=197 :IRECN03=196:IRECN01=215 
3945 XXMIN=O:XXMAX=TOTlME:N=NTlME 
3950 YYHV AR= 150 ! : rYLV AR= O! 
3955 DXX= (XXMAX/ ( N-1) ) 
3960 FOR 1=1 TO N 
3965 XX(I)=(I-1)*DXX:NEXT 
3970 FOR 1= 1 TO NTIME 
3975 Y~(I)=TEMP(XPOSITION,YPOSITION,ZPOSITION,I):NEXT 
3980 GOSUB 5330 
3985 ' 
3990 1 

3995 ' lethality setting value section 
4000 XXMIN=O:XXMAX=TOTIME:N=NTIME 
4005 YYHVAR=21:YYLVAR=0 
4010 FOR 1= 1 TO N 

. 4015 YY(I)=XLETH(I):NEXT 
4020 IRECN01=215:IRECN02=212 :IRECN03=211 
4025 DXX= (XXMAX/ ( N-1 ) ) 
4030 FOR 1= 1 TO N 
4035 XX(I)=(I-1)*DXX:NEXT 
4040 GOSUB 5330 
4045 1 

4050 1 

4055 1 nutrient setting value section 
4060 XXMIN=O:XXMAX=TOTIME:N=NTIME 
4065 YYHVAR=11:YYLVAR=0 
4070 FOR 1= 1 Ta N 



• 

\e::. 

) 

,r 

fi' 

4075 YY(I)=FRANUT( I): NEXT 
4080 IRECn01=215:IRECN02=216:1RECN03=217 
4085 DXX={XXMAX/(N-1» 
40902FOR 1=1 TO N 
4095 XX(!)=( I-1)*D:<:<: NEXT 
4100 GOSUB 5330 
4105 ' 
4110 ' 
4115 'setting the lethality table 
4120 N= NTIME 
4125 DXX=(TOTlME/(NTlME-1) 

,4130 FOR !=1 TO NT1ME ~ 

4135 XX(1)=(1-1)*DXX 
4140 NEXT 
4145 FOR 1=1 TO N 
4150 YY(I)=XLETH(1):NEXT 
4155 IRECN04= 222 :1 RECN05,=225 
4160 GOT a 4860 
4165 ' 
4170 ' 
4175 'set'tlng the nu trient table 
4180 If: NTIME < 

4185 DXX=(TOTlME/(NTlME-1) 
4190 FOR 1=1 TO NTIME . 
4195 XX(I)=(I-1)*nxx 
4200 NEXT 
4205 FOR 1= 1 TO N 0 

4210 YY(I)=FRANUT(I) :NEXT 
4215 1RECN04=223 :IRECN05=224 
4220 GOTO 4860· 
4225 ' 
4230 ' \ 
4235 ' printing of the table menu (all data or specifie data) 
4240 CLS:SCREEN 1 __ 
4245 LOCATE 2,1 :GET 1,163:GOSUB 5215:PR1NT COMMT40$; 
4250 LOCATE 4,1:GET 1 ,164:GOSUB 5215:PRINT COMMT40$; 
4255 LOCATE 7,1 :GET 1 ,165:GOSUB 5215:PRINT COMMT40$; 
4260 LOCATE 9,1 :GET " 166:GOSUB 5215:PRINT COMMT40$; 
4265 LOCATE 23,1 :GET 1 ,214:GOSUB 5215: PRINT COMMT40$; 
4270 GOSUB 5105 

299 

4275 IF Cv lili( AN SWERI$) > = 1) AN D (V AL ( AN SWER 1$ ) <=2) THEN 1CHOICE2= V AL (AN SWER 1$) :G ' 
OTa 4285 P 

4280 LOCATE 24,1:BEEP:GET 1,260:GOSUB 5215:PRINT COMMT40$;:GOTO 4270 
4285 IF ICHOICE2=1 THEN IITIME:;1:NSTART1=1:NSTART2=1 :NSTART3=l :NEND1=NXX:NEND2= 

\ 
~'(Y:NEND3=NZZ :GOTO 4430 
\~290 IF ICHOICE2=2 THEN JRECNO=229:GOSUB 5065 :GOTO 4305 

4295 ' 
4300 ' 
4305 ' asking value to start and where to end printing 
4310 Nl=NXX:N2=NYï:N3=NZZ:GET l,175:GOSUB 5215:VAR1$=COMMT40$:GET l,178:GOSUB 5 
215:VAR2$=COMMT40$:GET 1,176:GOSUB 5215:VAR3$=COMMT40$:GET 1 ,179:GOSUB 5215:VAR 
4$=COMMT40$:GET 1,l77:GOSUB 5215:VAR5$=COMMT40$:GET 1,180:GOSUB 5215:VAR6$=COMM 
T40$ Il 

4315 ' 
4320 ' subroutine asking what are the dimensions for the printing of results 
4325 LOCATE 23,1:PR1NT VAR1$j:GOSUB :ïl05 
4330 NSTART1=VAL(ANSWERI$):IF NSTART1>Nl THEN LOCATE 24,l:BEEP:GET l,255:GOSUB 
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5215:PRINT COHHT40$; :GOTO 4325 
4335 NROW=24:GOSUB 5195 . 
4340 LOCATE 23,1:PRINT VAR2$;:GOSUB 5105 
4345 NEND1 =VAL(ANSWERr$):IF 'NSTART,1>NEND1 THEN' LOCATE 24,1 :BEEP:GET 1,256:GOSUB 
5215:PRINT COMHT40$; : GOT a 4340 , 

4350 IF NEND1>Nl THEN LOCATE 24,1 :BEEP:GET 1 ,255:GOSUB 5215:PRINT COMHT40$; :GOT 
o 4340 ~" 1 
4355 NROW=24:GOSUB 5195 ' 
4360 LOCATE 23,I:PRINT VAR3$i:GOSUB 5105 
4365 NSTART2=VAL(ANSWERI$):IF NSTART2>N2 THEN LOCAlE 24,1:BEEP:GET 1.255:GOSUB 
5215:PRINT COHMT40$; :GOTO 4360 
11370 NROW=24:GOSUB 5195 
4375 LOCATE 23,1:PRINT VAR4$i:GOSUB 5105 
4380 NEND2=VAL(ANSWERI$) :IF NEND2>N2 THEN LOCATE 24,1 :BEEP,:GEi 1,255 :GOSUB 5215 
:PRINT COMMT40$; :GOTO 4375 
4385 IF (NEND2<NSTART2) THEN LOCATE 24,1 :BEEP:GET 1,256:GOSUB 5215:PRINT COHMT4 
0$; :GOTO 4375 
4390 NROW=24 :GOSUB 5195 
4395 LOCATE 23,1:PRINT VAR5$i:GOSUB 5105 
4400 NSTART3=VAL( ANSWERI$):IF NSTAR!3>N3 THEM LOCATE .24,1 :BEEP :GET 1,255:GOSUB 
5215:PRINT COHMT40$; :GOTO 4395 • 
4405 NROW=24 :GOSUB 5195 
11410 LOCATE 23,I:PRINT VAR6$i:GOSUB 5105 
4415 NEND3=~AL(ANSWERI$) :IF NEND3>N3 THEN LOCATE 24,1 :BEEP:GET 1,255:GOSUB 5215, 
:PRINT COMMT40$i :GOTO 4410 
4420 IF '(NEND3<NSTART3) THEN LOCATE 24,1 :BEEP:GET 1,256:GOSUB 5215:PRINT cm1MT4 
0$; : GOTO 4410 
4425 ' 
4430 ' printing the results . 
4435 CLS:I START1 =NSTART1 :ISTART2=NSTART2 :ISTART3=NSTART3 
4440 LOCATE 2.1 :GET 1.182 :GÔSUB 52~5:P RINT COMMT40$; 
4445 LOCATE 4.' :GET 1,183:GOSUB 5215:PRINT COMMT40$; 
4450 INC=5 
11455 DTIME=TOTIME/( NTlME-l) 
11460 FOR ITIME= 1 TO NTIME 
4465 TIME ( ITIME) = C ITIME-1 ) *DTIME: NEXT ITlHE 
4470 ' 
4475 FOR ITIME=' TO NTIME 
4480 FOR I=NSTARTl TO NEND1 
4485 FOR J::NSTART2 TO NEND2 
4490 FOR K::NSTART3 TO NEND3 
4495 INC=INC+l 
4500 LOCATE INC,l:print using !lU/U.IIn"; tlme(ltime) 'TTIME$=STR$(TIME(ITIME) 
) :TTIME$=LEFT$ (TTIME$ .8) : TIME( ITIME) =VALC TTIHE$) : PRINT 11ME( ITIME) i 
4505 LOCATE INC,11: print using "O.DilfJ/I"; xx(i) 'XX$=STR$(XX(I):XX$=LEFT$(XX$ 
.5) :XXCI)=VAL(XX$) :PRINT XX(I) 
4510 LOCATE INC, 18 : print using "11. DlJIJO"; yy(j) 'YY$=STR$ (yy(J) ) : YY$=LEFT$ (YY$ , 
5) : YY( J)=VAL(YY$): PRINT YY( J) 
4515 LOCATE INC,25:prlnt using "f).!1f1f1IJ"; zz(k) 'ZZ$=STR$(ZZ(K»:ZZ$=LEFT$(ZZ$, 
5) :ZZ(K)=VAL(ZZ$) :PRINT ZZ(K) 
4520 LOCATE INC,31 :TEMP$::STR$CTEMPO,J,K,ITIME» :TEHP$=LEFT$(TEMP$,8) :TEMPCI,J, 
K, ITIHE)=VALCTEMP$): PRINT TEMPU,J ,K,ITIME); 
4525 IF INC>=19 THEN 4530 ELSE 4625 
4530 INC=5 
4535 LOCATE 21,1:GET ',186:GOSUB 5215:PRINT COMMT40$i 
4540 IF (I>=NEND1) AND (J>=NEND2) AND (K>=NEND3) AND (ITIME>=NTlHE) THEN 4550 E 
LSE 4545 



\ 

"4545 LOCATE 22,1 :GET 1, 187:GOSUB 5215:PRINT COMHT40$; 
4550 LOCATE 23,1 :GET 1,188 :GOSUB 5215:PRINT COMMT40$; 
4555 ' 
4560 ' error checking for x, y, P 
4565 ANSWERY$=INPUT$( 1) 
4570 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=O:GOTO 4595 
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4575 IF (I>=NEND1) AND (J>=NEND2~ AND (K>=NEND3) AND (ITIME>i'NTIME) THEN 4580 E 
LSE 4585 ,t 

4580 IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=-l :GOTO 4595 
4585 'IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=l:GOTO 4595 
4590 IF(ANSWERY$="P") OR (ANSWERY$="pl1) THEN IFLAG=2:ELSE IFLAG=-1:GOTO 4595 
4595 IF IFLAG=-l THEN BEEP:IF (I>=NEND1) AND (J>=NEND2) AND (K>=NEND3) AND (ITI 
HE>= NTlHE) THEN GOTO 4620 ELSE LOCArE 24,1 :GET 1 .257:GOSUB 5215: PRINT COHMT40$; 
:GOTO 4565 
4600 IF IFLAG=2 THEN CLS:GOTO 46~5 
4605 IF IFLAG=O THEN 3730 
4610 IF IFLAG=l THEN FOR 11=5 TO 24:NROW=II:GOSUB 5190:NEXT 
4615 IF(I>=NEND1)AND(J):NEND2)AND(K>=NEND3) AND (ITIME>=NTIME) THEN 4620 ELSE 4 
625 
4620 NROW=22:GOSUB 5190:LOCATE 24,1 :GET l.258~GOSUB .5215:BEEP:PRINT COMMT40$;:G 
OTa 4565 
4625 NEXT K:NEXT J:NEXT I:NEXT ITIME 
4630 GOTO 4535 
4635 ' 
4640 ' 
46115 OPEN "lptl:" AS 1110 
4650 WIDTH 1110,100 
1t655 CLS: LOCATE 12,1 
4660 GET 1,1-98: GOSUB 5215: PRINT COHMT40$ 
4665 GET 1,227:PRINT 1I10,COHMENT$:PRINT 110,:PRINT 110, 

/-- --- 4670 -CET -,1,189 :PRINT 110,COMMENT$;: PRINT 110,: PRINT /110, 
...- 4675 FOR ITIME: 1 Ta NTIME 

4680 FOR I=ISTAarl TO NEND1 
4685 FOR J=!START2 Ta NEND2 

"--_ 4690 FOR K= ISTART3 TO NEND3 

/ 

-- -4695 PRINT 1110,USING" fJlOfJ.t1DUQ# 
TIME) 
4700 NEXT K,J,I,ITIME 
4705 CLOSE 1110 :GOTO 3730 
4710 ' 
4715 ' 
4720 ' Process parameter table 
4725 CLS:NROW=3 

"; TIME (ITlHE) ; XX(I) ; YY( J) ; ZZ (K) ; TEMP ( l,J, K. l 

4130 LOCATE 1,1:GET 1,230:GOSUB 5215:PRINT COMMT40$;:LOCATE 2,1:GET 1,231:GOSUB 
"5215:PRINT COMMT40$; _ 

4135 GEr 1,232 :GOSU B 5215: V AR$=COHMT40$ :VAR! :TINIT 1 :GOSU B 5675 
4740 GET 1,233:GOSUB 5215:VAR$:COMMT40$:VARI=TRETRTI :GOSUB 5675 
4745 GEr 1,234:GOSUB 5215:V AR$:COHMT40$:VAR!=TIlATER! :GOSUB 5675 
4750 GET 1,239:GOSUB 5215:VAR$:COMMT40$:VAR!=TOTIHE! :GOSUB 5675 

\4755 GET 1,240:GOSUB 5215:VAR$=COMMT40$:VARI=COOLTII:GOSUB 5675 
4760 GET 1,241 :GOSUB 5215:V AR$=COHMT4 O$:VAR 1 =NTIHE :GOSUB 5675 
4765 GET 1,242:GOSUB 5215:VAR$:COHMT40$:VAR!=HALFX! :GOSUB 5675 
4770 GEr 1,243:GOSUB 5215:VAR$:COMMT40$:VARI=HALFY! :GOSU13 5675 
4775 GET 1,244:GOSUB 5215:VAR$=COHMT40$:VAR!'=HALFZ! :GOSUB 5675 
4780 GET 1,246:GOSUB 5215:VAR$=COHMT40$:VARI=NX:GOSUB 5675 
4785 GET 1,2 47:GOSUB 5215:VAR$=COMMT40$:VAR! :NY:GOSUB 5675 
4790 GET 1,264:GOSUB 5215:VAR$:COMMT40$:VAR!=NZ:GOSUB 5675 

( 



; 

4795 GET 1.266 :GOSUB 5215:VAR$=COHMT40$:VAR! =ALPHA! :GOSUB 5675 
4800 IF (NSUB=2) OR (NSUB=22) THEN GOTO 4820 
4805 GET 1 ,248:GOSUB 5215:VAR$=COHHT40$:VAR! =RHO! :GOSUB 5675 
4810 GET 1,249:GOSUB 5215:VAR$=COMMT40$:VAR!=CPI:GOSUB 5675 
4815 GET 1,265 :GOSUB 5215:VAR$=COMHT40$:VAR! =HI :GOSUB 5675 
4820 GET 1,161 : LOCATE 23,l:GOSUB 5215:PRINT COMMT40$; 

302 

4825 GET l,162:LOCATE 24,l:GOSUB 5215:PRINT COMMT40$;:LOCATE 24,13:PRINT CHR$(2 
4); , 
4830 GOSUB 5235 
4835 ' 
4840 1 exit the program 
4845 CLS:SCREEN 2:SCREEN 0: COLOR 7,1,1: GOTO 2605 
4850 1 

4855 ' 
4860 ' pr1nt1ng a table for lethal1 ty or nutr1ent fraction 
4865 CL.S 
4870 LOCATE 2,1 :GET 1, 182:GOSUB 5215:PRINT COMMT40$; 
4875 LOCATE 4,1 :GET 1, IRECN04 :GOSUB 5215:PRINT COHMENT$: 
4880 INC =5:NVAR=1 
4885 FOR I=NVAR TO N 
4890 INC=INC+ 1 
4895 LOCATE INC,4:PRINT XX(I)' :LOCATE INC,24:PRINT USING "#.,,, ... A ...... ";yy(I); 
4900 IF INC>= 17, THEN 4910 
4905 NEXT 
4910 LOCAT,E 21, l :GET 1, 186:GOSUB 5215:PRINT COMMT40$; 
4915 IF nl::N THEN 4925 ELSE 4920 
4920 LOCHE 22,1 :GET 1, 187:GOSUB 5215:PRINT COMMT40$; 
4925 LOCATE 23,1 :GET 1, 188:GOSUB 5215: PRINT COMMT40$; 
4930 ANSWERY$=INPUT$( 1) 
4935 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=O:GOTO 4960 
4940 IF (D=N) THEN 4945 ELSE 4950 
4945 If(ANSWERY$="Y")~9R (ANSWERY$="y") THEN IFLAG=-l:GOTO 4960 
4950 IF(ANSWERY$="Y") OR (ANSWERY$=~Y") THEN IFLAG=l :GOTO 4960 
4955 IF(ANSWERY$="P") OR (ANSWER'l$="p") THEN IFLAG=2:ELSE IFLAG=-l :GOTO 4960 
4960 IF IFLAG=-l THEN BEEP:LOCATE 24,1 :If I>=N THEN GOTO 4~0 ELSE GET 1,257:GO 
SUB 52T5:PRINT COHMT40$i :GOTO 4930 \ 
4965 IF IFLAG=2 THEN CL.S:GOTO 4990 ~ • 
4970 IF IFLAG=O THEN 3730 
4975 IF IFLAG=l THEN FOR II:5 TO 24:NROW=II:GOSUB 5195:NEXT:!F(I>N) THEN 4980 E 
LSE INC=5 :NVAR=I:GOTO 4885 
4980 NROW=22:GOSUB 5195 :LOCATE 24,1 :GET 1,258:GOSUB 5215:BEEP :PRINT COMMT40$;:G 
OTO 4930 
4985 RETURN 
4990 OPEN "lpt 1 :" AS 1110 
4995 WIDTH #10,100 
5000 CLS: LOCATE 12.1 
5005 GE! 1,198: GQSUB 5215: PRINT COHHT40$ 
5010 GEr 1 ,227:GOSUB 5215:PRlNT #10,COHMT40$:PRINT 110,:PRINT 110. 
5015 GET 1. IRECN05 :PRINT tn'o, COMME NT$ ; : PRINT il 1 0,: PH INT 110. 
5020 FOR I= 1 Ta N 
5025 PRINT fllO, USING"fJflflflfJH#I1fJfJ!J!JfJ#fI.lJfJ" ;XX( 1) ; 
5035 PRINT /Jl0." " ; 
5040 PRINT /JlO,USING !If} .110"""' .... ;yy(I) 
5045 NEX! l 
5050 CLOSEI110:GOTO 3730 
5055 ' 
5060 ' 



'. 

5065 1 printing the x" y z values 
5010 CLS:LOCATE 2,1:0ET 1,JRECNO:003UB 5215:PRINT COMMT40$; 
5015 LOCATE 9,1:0ET 1,156:G03UB 5215:PRINT COHMT40$; 
5080 LOCATE 6.1:0ET 1,168:G03UB 5215:PRINT COMMT40$; 

303 

5085 NROW=10:FOR 1:1 TO NXX:NROW=NROW+1:LOCATE NROW,1:PRINT I;")";:print us1ng 
"II .lIer--"'n ;XX( 1); :NEXT 
5090 NROW=10:FOR I=l TO NYY:NROW=NROW+l:LOCATE NROW,14:PRINT I;")";:pr1nt uS1ng 

,,#.U#""AAAI1;yy(I); :NEXT 
5095 NROW=10:FOR 1=1 TO ... NZZ:NROW=NROW+l :LOCATE NROW,28:PRINT Ii")"; :pr1nt using 

'" .UIAA "'''" : Zi( I); : NEXT 
5100 RETURN 
5105 1 

5110 1 

511'5 ' error check1ng for integers 
5120 ANSWERI$=INPUT$( 1) 
5125 IF ASC(ANSWERU»=49 AND ASC(ANSWERI$)<=58 THEN RETURN 
5139 LOCATE 24,1 :BEEP:GETv l,250:G03UB 5215:PRINT COHMTIJO$;:GOTO 5120 
5135 RETURN 
5140.' 
5145 1 

5150 ' 
5155 ' error checking for x, y or z 
51 60 ANSWERY$= l NPUT$ ( 1 ) 
5165 IF (ANSWERY$="x") OR (ANSWERY$="X") OR (ANSWERY$="y") OR (ANSWERY$="Y") OR 

(ANSWERY$="z") OR (ANSWERY$="Z") THEN RETURN 
5110 BEEP:LOCATE 24,1 :OET 1,252:00SUB 5215:PRINT COMMT40$;:GOTO 5160 
5115 RETURN 
5180 ' 
5185 ' , 
5190 ' blank line subroutine 
5195 LOCATE NROW, 1 :PRINT" 
5200 1 

5205 ' 
5210 ' subroutine that reduce the length of the r'eeords ' 
5215 COMMT40$:LEFT$(COMMENT$,39) :RETURN 
5220 ' 
5225 ' 
5230 ' error check1ng subroutine for X 
5235 ANSWERY$=INPUT$(l) 
5240 IF (ANSWERY$="X") O~ (ANSWERY$="x") THEN GOTO 3730 

1 

"; :RETURN 

5245 LOCATE 24,1 :GET 1 ,254:GOSUB 5215:BEEP:PRINT COMMT40$1 :GOl"O 5235 
5250 RE'!:.URN 
5255 ' 
5260 ' 
5265 ' inputting graphies parameters 
5210 LOCATE 23,1:GET 1,157:GOSU8 5215:PRINT COMMT40$; 
5215 N:NXX :GOSUB 5115 :XPOSITION= VAL(ANSWERI$) 
5280 IF XPOSITION>N THEN BEEP:LOCATE 24.1:GET 1,253:00SUB 5215:PRINT COMMT40$;: 
GOTO 5270 
5285 LOCATE 23,1 :GET 1, 158:GOSUB 5215:PRINT COMMT40$; 
5290 N=NYY:GOSUB 5115: YPOSITION=VAL(ANSWERI$) 
5295 IF YPOSITION)N THEN BEEP:LOCATE 24,1 :GET 1,253:GOSUB 5215:PRINT COM,I1T40$i: 
GOTO 5285 
5300 LOCATE 23,1 :GET 1, 159:GOSUB 5215:PRINT COMMT40$; 
5305 N=NZZ:GOSUB 5115:ZPOSITION=VAL(ANSWERI$) 
5310 IF ZPOSITIOIDN THEN BEEP:LOCATE 24,1:GET 1,253:005UB 5215:PRINT COMMT40$;: 
GOTO 5300 



5315 RETURN 
5320 t 

5325 t 

5330 t graph subroutlne 
5335 ' draw titles 
5340 CLS':LOCATE 2,1 j 

5345 GET 1,IRECN02:GOSUB 5215:PRINT COMMT40$; 

304 

5350 LOCATE 1,1:GET 1,IRECN03:GOSUB 5215:PRINT COMMT40$;:LOCATE 21,1:GET 1,IREC 
NOl :GOSUB 5215:PRINT COMHT40$; 
5355 t 

5360 ' print x-axis number 
5365 LINESET=O 
5370 NXXPIX=-(250/ (11-1) ) 
5375 FOR 1= 1 Ta 11 
5380 NXXPIX=NXXPIX. (250/ ( 11-.1'» 
5385 XX=INT«I-1)'(XXHAX/( 11-0» 
5390 LINESET;LINESET+ 1 
5395 IF LDŒSET=3 THEN LINESET: 1 

/ 

5400 IF LINESET= t THEN NROW= 19 :LINE<33+NXXPIX, 140)-<33+NXXPIX, 145),2: NCOLUM=INT 
(3+(NXXPIX/7.96» ELSE NROW=20:LINE(33+KXXPIX,140)-(33+NXXPIX,155),t:NCOLUM=INT 
(4+(NXXPIX/7.96» 
5405 IF h·l THEN LOCATE 19,3 :PRINT XX( 1) 
5410 LOCATE NROW,NCOLUM:PRINT XX 
5415 NEXT 
5420 ' 
5425 ' printing y-axis numbers 
5430 TEMPMAX=Yï( 1) 
5435 TEMPM1N=YY( 1) 
5440 FOR 1=2 Ta N 
54lJ5 IF YY( I) <TEMPM1N THEN TEMPMIN=YY( I) 
5450 IF YY( 1) >TEMPMAX THEN TEMPMAX=YY( I) 

5455 NEXT 
5460 1YMAX=TEMPMAX 
5465 YYMIN=TEMPMIN 
5470 IF HMAX>YYHVAR THEN 5475 ELSE ITMAX=YIHVAR 
5475 IF YYMIN<YYLVAR THEN 5480 ELSE YïMIN=YYLVAR 
5480 NYYSET=6 
5485 YISPACE= (YYMAX-YYMIN)/ (NITSET-l) 
5490 YYMIN2=YYMIN 
5495 NYYPIX=-( 124/ (NYYSET-l ) ) 
5500 FOR I= 1 TO NYY'SET 
5505 NITPIX= NYIPIX+ ( 124/ (NYYSET-l ) ) 
5510 NROW:I NT ( 18- (NYYPIXI7 • 96) ) 
5515 IYYMIN$=STR$(YIMIN2) 
5520 NCHAR=LEN( IYYMIN$) 
5525 IF ASC(MID$( IYYMIN$, 1,1) )=32 THEN IYYMIN$=MID$(IYYMIN$ ,2, NCHAR-1) :IYYMIN=V 
AL( IYYMIN$) 
5530 IF NCHAR>4 THEN IYYMIN$=MID$ ( IYïMIN$ , 1 ,4) :1 YYMIN= V AL (l'iYMIN$ ) 
5535 LOCATE NROW, 1 
5540 PRINT IYYMIN$ 
5545 YYMIN2=YYMIN2+YYSPACE 
5550 LINE(26, 140-NYYPIX)-(32, 140-NYYPIX) " 
5555 NEXT 
5560 ' 
5565 ' draws axis lines 
5570 LINEC33,140)-(283,140),1 
5575 LINEC33,140)-C33,16),1 
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5580 ' , 
5585 ' drawing the curve 
5590 FOR 1=1 Ta NI 
5595 XX(I)=33+«XX(I)/XXHAX)*250) 
5600 YY( 1) = 140-( « yy( I)-nHIN )/(YYMAX-nMIN) ).124) 
5605 NEXT 
5610 FOR I:2 Ta N 
5615 LINE (XX(I-1), YYCI-1> )-(XX(!) • nO».3: NEXT 
5620 FOR I= 1 Ta N 
5625 LINE(XX( 1) -2. yy(I)-2)- (XX(I) +2, YY( 1) +2),2 
5630 LINE(XX(Ih2, yy(I)-2)-( XX( I}-2, n( 1)+2) ,2: NEXT 
5635 COOLXX=33+ « COOLTI-XXMIN)/(XXMAX-XXMIN) ).250 
5640 YYLINE=1401 
5645 FOR I: 1 Ta 13 
5650 LINE(COOLXX, YYLINE)-(COOLXX. fiLINE-5).1 :YYLINE=YYLINE-10:NEXT 
5655 GET 1,161 :LOCATE 22,1 :GOSUB 5215:PRINT CQMMT40$; , 

305 

5660 GET l,162:LOCATE 23,1:GOSUB 5215:PRINT COHMT40$;:LOCATE 23,13:PRINT CHR$(2 
4); 
5665 GOSUB 5235 
5670 STOP 
5675 LOCATE NROW,l:PRINT VAR$:LOCATE NROW,31:PRINT VAR! 
5680 NROW=NROW+l 
5685 RETURN 
5690 ' 
5695 l, 
5700 , ......................................................................... ' 

, 
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ALPHAC 

·····MENU····· 
2 1 00 proces::! calculations for a pouch 

3 2 Exit to MAIN selection' menu (with cao/pouch choices) 

4 Select an item from the menu (enter 1 or 2 and RETURN) 

5 You did not enter either 1 or 2 

6 Cooling Water Temperature (deg C) 

7 Enter 1 to .let h=infinite, 2 to spec1fy h 

8 The number must be 1 or 2 

9 Number: 

10 In 1 Ual Food Temperature (deg C) 

11 Re tort Temperature (des C) c 

12 PRESS ANY KEY TO CONTINUE 

13 The Initial and Cool1ng Water Temp must be <= Retort Temp 

14 Initial Temp: Retort Temp: Water Temp: 

15 Total Processing Time (heat + cool) «10000 sec) 

16 Time at Wh ich Cooling Starts (sec) 

17 Total Time and Cooling Time must be>O, Total>:Cooling, & Total<=10000 

18 Total rime: Cao l ing Time: 

19 Number of rime Increments 0=2, <:21) 

20 You did not enter a number between 2 and 21 

21 Numb~r of rime valued: 

22 Thermal Diffusivity (mu 2/sec) 
J 

23 The Thermal Diffusivity must be bétween .0000001 and .00000099 

24 You entered the following Jvalue(s): 

25 Food DensitY'(kg/m**3) 

26 The Food Dens! ty must be > 0 

27 Food Density: 

28 Specifie Heat of Food (kJ /kg~deg C) 

29 The Specifie Heat must be > 0 
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30 Specifie Heat: 

31 Half-X Pouch Length (m) 

32. Half-Y Pouch Length Cm) 

33 Half-Z Pouch Length (m) 

34 The Half-X, Half-Y and Half-Z lengtbs must be > 0 

35 Half-X: Half-Y: Half-Z: -
36 The Humber of X values (2<=nx<=5 ) 

37 The Humber of Y values (2<=ny<=5 ) 

38 The Humber of Z values (2<=nz<=5) 

39 The Number of X, Y and Z values must a11 be between 2 and 5 

40 nx: ny: nz: 

41 Convective Heat Transfer Caeff (W/m*'2-deg C) 

42 The surface convective heat transfer coefficient must be > 0 1 
43 H: 

44 Thermal Di ffusi vi ty: 

45 What 15 the F-value for the contaminant at Tref:;121 de~ C) - 1n minute~? 

46 The F -value cannot equal a 

47 A F-value greater than 20 minutes i5 unusual 

48 Do you Wé\n t to reenter the val ue . (Y,or N and RE TU RN )? ' 

49 What i5 the z-value for the contaminant (at Tref:121 deg C) - in deg- C? 

50 The z-value cannot equal a 

51. A z-value greater than 30 deg C is unusual 

52 What is the F-value for the nutrient (at Tref=121 deg C) - in minutes? 

53 A F-value greater than 100, minutes is unusual 

54 What i5 the z-value for the nutrient (at Tr-ef::121 deg C) - in deg C? 

55 ARGUMENT LISTI NG FOR SUBROUTI NE 

56 Enter the new value and press RETURH 

57 Press RETURN alone if you want to keep the old value 
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58 

59 ARGUMENT OLD NEW 

60 A z-value greater than '50 deg C 15 unusual 

61 Do you want to redo the POUCH calculat10ns (y or N and RETURN) ? 

62 

63 

64 

65 

66 

67 

68 ~J, 

69 

70 

71 

72 
" 73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

8lJ 

, 85 

86 



87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 -

113 

114 

) 
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, '6 

117 -

118 

119 , 

120 

121 

122 

123 

124 

125 

\26 

127 

t28 

129 

130 

131 

132 

133 

134 

135-

136 

137 

138 

139 

140 

141 

142 

143 

\ 
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144 

145 

146, 

147 

148 

149 

150 RESULTS DISPLAY MENU 

151 1) Temp-Time Graph 

152 2) Lethali ty-Time Graph 

153 3) Nutrient Fraction-Time Graph 

154 Enter 1, 2, • •• 8 

155 GRApHIe DIS PLAY MENU 

156 X(m) Y(m) Z (,") 

157 At WhlCh X do you want Temp-Time Graph f\. 

158 At WhlCh Y do you want Temp-Time Graph 

1.59 At which Z do you want Temp-time Graph 

160 Selec t - the Z position (1, 2 or ... ) 
, 161 Press "X" to exit to results menu or 

\ 162 - Press -PrtSc ta print graph \ 

163 PRINTING MENU 

164 Choose the printing options dimenSlon 

165 1) Print all the data 

166 2) Print specifie data 

167 

168 Here is a list of various values 

169 X(m) Y(m) Z(m) 

170 Y(m) - X(m) Z(m) 

171 Z(m) Y(m) x(m) 



l , 

172 x 

173 y 

174 Z 

175 tfuich X are yeu starting at( 1,2 or · .. ) 
176 Whlch y are yeu starting at( 1,2 or · .. ) 
177 Which Z are yeu startlng at( 1,2 or ... ) 
178 Which X do yeu want to stop(1,2 or ,. .. ) 
179',Which y do you want to stop( 1 J 2 or ... ) 
180 Which 2 do you want to stop( 1,2 or · .. ) 
181 ENTER "X", "Y" OR "2" 

182 RESULTS 

183 TIME (s) X(m) Y(m) Z(m) TEM?(degC) 

184 185 

185 Z (m) Y(m) X(m) Temp(deg C) 

186 Press "X" to exit 
\ 

to results menu 

187 Press "Y" ta continue 

188 Press "F" ta print speci fied data 

189 TIME(sec) X(m) Y(m) 2 (m) 

190 

191 

192 Radi us Z-values 

193 Select the axis to be plotted: R or Z 

194 Select the R positi~n (1 t 2, or ••• l 

195 ,Select the Z posi tion (1. 2, or ••• l 

196 TEMPERATURE(deg C) 

197 TEM? VS TIME 

198 * * Il p' L E A S E W AIT * * * 

199 

200 

*** PLEASE WAIT*** 
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TEMP(deg C) 

• 



~\ 1 

],' ., 
P 

"\ 

.... 

( 

\ 

, \ ... 
\ 
'. 

201 

2d2 1) R, Z 

203 2) Z, R 

204 Z-value Radius 

205 Which R are you starting at ( 1 ,2, , or ••• ) , 

206 Which Z are you ~tarting at ( 1 ,2, or ..• ) 

207 Which R do you want to stop(1,2, or~ •• ) 

208 Whicn Z 
.' 

do you want to stop( 1,2, or ..• ) 

209 Réfdius z TEMPERATURE 

210; z RADIUS TEMPERATURE 

211 LETHALITY 

212 LETHALlTY vs TIME 

213 ENTER 1, 2 OR 3 

214 ENTER OR 2 

TIME (sec) 

NUTRIENT FRACTION vs TIME 

217 FRACTION 

4) Temp-Time Table 

'. 
5) Lethality-Time Table 

.t;,220 
~' 

22u1 

6) 

8) 

Nutrient Fraction-lime Table 

Exit 

222 TI ME ( sec) LETHALITY 

223 TIME (sec) NUTRIENT FRACTION 

\ 

224 TIME (sec) NUTRIENT FRACTION 

225 TIME (sec) LETHALITY 

22~ 

227 

228 

7) Process Parameter Table 

\ RESULTS 
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229 

230 

231 

Process Parametef"dTable 

--------------
232 Initial Temperature(deg C) 

233 ~etort \ Témpera~ureCdeg C) 

234 Water Temperature(deg C) 

235 

236 

237 

238 

239 Total Processing Time(sec) 

240' rime When Coo ling Starts (sec) 

241 Number of Time Increments 

242 Half X-Length(m) 

243 Half Y-Length(m) 

244 Half Z-Length(m) 

245 7) Process Parameter Table 

246 -N~mber of X-values 

247 Number of Y-values 

248 Food Denslty (kg/m •• 3) 

249 Food Specifie Heat CkJ/kg-degC) 

250 You did not enter an integer, try again 

251 You did not enter 1,2, ... ,8 -try again 

252 You did not enter X, Y or Z -try again 

253 The value was too big - try agaio 

254 You did not enter "X" 

255 Value i5 too' big, try again 

256 End value cao not be < then start value 

257 There is no more data, enter P or X 

314 
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258 There i3 M more data, enter P or X 

259 You did not enter R or Z - try again 

-
260 You did not enter or 2 - try again 

261 You did not enter 1, 2 or 3 - try again 

262 

263 

264 Humber of Z-values 

265 H(W/m"2-degC) 

266 Thermal Diffus1v1ty(m •• 2/sec) 
l, 

267 fOU did not enter X or P 
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. APPEHDIX 3.6 

Program Listing of MAIND 



10 ' 
15 ' 
20 ' 
25 ' 
30 ' 
35 ' 

•••••••••• MAI ND········ .. 

40 'Initialization and Dimensioning 
45 DEFI NT I-N 
50 DIM Hel0), Z(10), TIME(21) 
55 DIM RR(21),ZZ(21),XX(21),YY(21) 
60 DIM TEMP(10,10,21) 
65 DIH TCNT(81,21), TAVG(81,20), VELE(S1) 
70 DIM ORGEO(81), RATEL(81,20), ORGELE(81,20), XLETH(21) 
75 DIH XHUTEO(81), XNUTE(81 ,20), FRANUT(21) 
80 ' 
85 ' < 
90 'Setting up the text screen 
95 KEY OFF 
100 SCREEN 0,0,0,0 
105 WroTH 80 
110 COLOR 7,1,1: CLS 
115 ' 
120 ' 
125 ' opening and readying the associated files 
130 OPEN "c:alphad" AS 1 
135 FIELD 1,80 AS COMMENT$ 
140 ' 
145 OPEN "b:commc" AS 2 
150 FIELD 2,80 AS COHMC$ 
155 ' 
160 ' 
165 ' settlng the pointer to current record number of comme 
170 GET 2,1: NRECCOUNT=VAL(COMMC$) 
175 BLANK$=" ": LSET COMMC$=BLANK$: PUT 2,NRECCOUNT.l 
180 ' 
185 ' 
190 ' Checking if control has come from MAIN or from SUBs 
195 OPEN "bistore2" FOR INPUT AS 3 
200 INPUTD3,NOPCODE 
205 CLOSE 3 
210 ' 
215 ' Not coming from MAIN: 
220 IF NOPCdDE<>O THEN GOrO 1300 
225 ' 
230 ' Coming from MAIN: 
235 OPEN "b:comma" FOR INPUT AS 4 
240 1 

245 1 

250 1 

•• read info from comma" 

255 CLOSE 4 
260 1 

265 1 

270 ' Prlnting the menu 
275 CLS: PRINT 
280 GET 1,1: PRINT COMMENT$ 
285 GET 1,2: PRINT COMMENT$ 
290 GET 1,3: PRINT COMMENT$ PRINT 

.. 
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295 ' 
300 ' 
305 'determining user's selection from the menu 
310 JRECNO=4 
315 GOSUB 3070 
320 IF JOK<>-1 THEN GOTO 270 
325 IF (VAL(ANSI$)=2) Goro 370 
330 IF (VAL(ANSI$)=1) GOTO 475 
335 GEr 1,5 
340 PRINT COMMENT$ 
345 GEr 1.12: PRINT COMMENT$ 
350 DUMMMA$=INKEY$: IF OUMMMA$="" THEN GOTO 350 
355 GOTO 270 
360 ' 
365 ' 
370 'if want to go straight back to MAIN 
375 ' 
380 OPEN "b:commb ll FOR OUTPUT AS 7 
385, ' 
390 ' Il write info into b:commb Il 

395 ' 
400 CLOSE 7 
LiOS ' " -
410 CLOSE 1,2 
415 ' 
420 CLS: SCREEN 
425 COLOR 4. 1 
430 DEF SEG = &HB800 
435 BLOAD "b:sandcl.scr"~Q 
440 ON ERROR GOTO 445 
445 IF INKEY$<>IIII THEN BEEP ELsE GOrD 450 
450 ' 
455 CHAIN "MAINil 
460 ' 
465 ' 
470 ' 
475 'if want to go to a CAN sub 
480 N1STTHRU=0 
485 INDIC=O 
490 'determinlng NSUB wanted 
495 NOLO = NSUB-3 : IF NSU~=44 THEN NOLO=1 
500 IF NSUB=55 THEN NOLD=2 
505 IF NSUB=O THEN IN~C=1: NOLD=1 
510 JRECNO=7: NMARKSuif=o: GOSUB 3215 
515 NEW1=VAL(NEWVALUE$) 
520 IF (NEW'>=1) AND (NEW1<=2) THEN GOTO 535 
525 JRECNO=8: JRECN02=9: NMARKSET=l: GOSUB 3385 
530 GOrD 495 
535 NSUB=NEWl + 3 
540 ' 
545 'determining temperatures 
550 IF INDIC=l THEN OLD=40! ELSE OLD=TINIT 
555 JRECNO=10:NMARKSUB=1: GOSUB 3215 
560 XNEW1=VAL(NEWVA~UE$) 
565 IF INDIC=l THEN OLD;120r ELSE OLD=TRETRT 
570 JRECNO=11:NMARKSUB=1: GOSUB 3215 
575 XNEW2~VAL(NEWVALUE$) 
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580 IF INDIC:1 THEN OLD:60! ELSE OLD=TWATER 
585 JRECNO=6:NMARKSUB=1: GOSUS 3215 \ 
590 XNEW3=VAL(NEWVALUE$) 
595 IF (XNEW2>=XNEW1) AND (XNEW2>=XNEW3)THEN GOTO 610 
600 JRECNO=13: JRECN02=14: NMARKSET=3: GOSUB 3385 
605 GOTO 550 
610 TINIT:XNEW1: TRETRT=XNEW2: TWATER=XNEW3 
615 ' 
620 'determining time'values 
625 IF INDIC=1 THEN OLD=560QI ELSE OLD:TOTIME 
630 JRECNO=15: NMARKSUB=l: GOSUS 3215 
635 XNEW1=VAL(NEWVALUE$) 
640 IF INDIC=' THEN OLD=36001 ELSE OLD=COOLTI 
645 JRECNO=16: NMARKSUS=l: GOSUB 3215 

319 

650 XNEW2=VAL(NEWVALUE$) 
655 IF (XNEW1>0) AND (XNEW1<=10000) AND (XNEW2>0) AND (X~EW1>=XNEW2) THEN GOTO 
670 
660 JRECNO=17: JRECN02=18: NMARKSET=2: GOSU8 3385 
665 GOTO 625 
670 TOTIME=XNEW1: COOLTI=XNEW2 
675 ' 
680 'determining number'of time values 
685 IF INDIC=l THEN NOLD=11 ELSE NOLD=NTIME 
690 JRECNO=19: NMARKSUB=O: GOSUS 3215 
695 NEW1=VAL(NEWVALUE$) 
700 IF (NEW1>=2) AND (NEW1<=21) THEN GOTO 7~ 
705 JRECNO=20: JRECN02=21: NMARKSET=l: GOSUS 3385 
710 GOTO 685 
715 NTIME=NEWl 
720 ' 
725 'determining thermal diffusivity 
730 IDIFF=' 
735 IF INDIC=' THEN OLD=1.6E-07 ~LSE OLD=ALPHA 
740 JRECNO=22: NMARKSUB=1: GOSUS 3215 
745 XNEW1=VAL(NEWVALUE$) 
750 IF '(XNEW1>O) THEN GOTO 765 
755 J RECNO=23: J RECN02=44:, NMARKSET= 1: GOSUB 3385 
760 GOTO 735 
765 IF (XNEW1=>.0000001) AND (XNEW1=<9.99E-07) GOTO 780 
770 JRECNO=33: JRECN02=44: MARKSET=l~ GOSUB 3385 
775 GOTO 735 
780 ALPHA=XNEW1: ID!FF= 
785 ' 
790 'determining food density 
795 IF NSUB=4 THEN GOT 885 

_ 800 IF RHO=O! THEN OLD= 500! ELSE OLD=RHO 
805 JRECNO=25: NMARKSUB=~: GOSUS 3215 
810 XNEW1=VAL(NEWVALUE$) 
815 IF (XNEW1>O) THEN GO 0 830 
820 J RECNO=26: JREC,N02= NMARKSET= 1: GOSUS 3385 
825 GOTO 800 
830 RHO=XNEWl 
835 ' 
840 ' deterrninlng s ciflC heat 
845 IF CP=OI THEN a :4000! ELSE OLD=CP 
850 JRECNO=28: NMAR SUB=1: GOSUB 3215 
855 XNEW1=VAL(NEWV LUE$) 

\ , 



( 

860 IF (XNEW1>O) THEM GOTO 875 
865 JRECNO=29: JRECN02=30: NMARKSET=l: GOSUB 3385 
870 GOTO 8115 
875 CP=XNEWl 
880 ' 
885 'determining dimensions of the can 
890 IF INDIC=l THEN OLD=.03 ELSE OLD=RADIUS 
895 JRECNO=31:NMARKSUB=1: GOSUB 3215 
900 XNEW1=VAL(NEWVALUE$) 
905 IF INDIC=l THEN OLD=.04 ELSE OLD=HALFL 
910 JRECNO=32: NMARKSUB=1: GOSUB 3215 
915·XNEW2=VAL(NEWVALUE$) 
920 ' 
925 ' .? 

930 ' 
935 IF (XNEW1>O) AND (XNEW2>O) GOTO 950 
940 JRECNO=34: JRECN02=35: NMARKSET=2: GOSUB 3385 
945 GOTO 890-
950 RADIUS=XNEW1: HALFL=XNEW2 
955 ' 
960 'determining the nr,nz values 
965 lF INDIC=l THEN NOLD=5 ELSE NOLD=NR 
970 JRECNO=36: NMARKSUB=O: GOSUB 3215 
975 NEW1=VAL(NEWVALUE$) 
980 IF INDIC=1 THEN NOLD=5 ELSE NOLD=NZ 
985 JRECNO=37: NMARKSUB=O: GOSUB 3215 
990 NEW2=VAL(NEWVALUE$) 
995 ' 
1000 ' 
1005 ' 
1010 IF (NEW1>=2) AND (NEW1<=10) AND (NEW2>=2) AND (NEW2<=10) GOTO 1025 
1015 JRECNO=39:JRECN02=40: NMARKSET=2: GOSUS 3385 
1020 GOT a 965 
1025 NR=NEW1: NZ=NEW2 
1030 ' 
1035 'determining the convective surface heat transfer coeffièient 
)040 IF NSUB=4 GOTO 1090 
1045 IF H=OI THEN OLD=500! ELSE OLD=H 
1050 JRECNO=41: NMARKSU8=1: GOSUB 3215 
1055 XNEW1=VALeNEWVALUE$) 
1060 IF eXNEW1>0) GOTO 1075 
1065 JRECNO=42: JRECN02=43: NMARKSET=l: GOSUS 3385 
1070 GOTO 1045 
1075 H=XNEW1 ~ 

1080 ' 
1085 ' 
1090 'Putting info into STORE2 to tell MAINB what SUS it chained ta 
1095 NSUBHAI'N=4 
1100 OPEN "b:store2" FOR OUTPUT AS 3 
1105 IF NSUB=5 GOTO 1125 
1110 PRINTI3,NSUB 

320 

'1'5 PRINTD3,TRETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,TOTIME,COOLTI,N 
SUBMAItI 
1120 GOTO 1135 
1125 PRINTU3,NSUS 
1130 PRINTU3,TRETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,TOTIME,COOLTI,R 
HO,CP,H,NSUBHAIN ' 



1135 CLOSE 3 
1140 ' 
1145 ' 

321 

1150 'Put~ing arguments into COMM1 to run the SUB ta get the heatlng results 
1155 OPEN "c:comm1" FOR OUTPUT AS 6 
1160 IF NSUB=5 GOTO 1175 
1165 PRINT#6,TRETRT,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,TOTIME,NSUBMAIN 
1170 GOTO 1180 ' 
1175 PRINT#6,TRETRT,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,TOTIME,RHO,CP,H,NSUBMA 
IN 
1180 CLOSE 6 
1185 ' 
1190 ' 
1195 'Preparing to chain to a CAN sub 
1200 'storing the current record number of COMMC into the first rec no of COMMC 

1205 NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 
1210 ' 
1215 ' 
1220 CLOSE 1,2 
1225 ' 
1230 'Displaying "Please Wait" symbol 
1235 CLS:SCREEN 1,0,0,0 
1240 COLOR 0,0 
1245 DEF SEG = &HB800 
1250 BLOAD "b:fire.scn",O 
1255 ON ERROR GOTO 1260 
1260 IF INKEY$<>"" THEN BEE? ELSE GOTO 1265 
1265 ' 
1270 'Chalnlng ta the SUB 
1275 IF NSUB=4 THEN CHAIN ~can1" 
1280 IF NSUB=5 THEN CHAIN "can2" 
1285 PRINT"Problems'with nsub in MAIND":STOP 
1290 ' 
1295 ' 
1300 'Read the information in STORE2 to determine if this ls heating or cooling 

1302 cls:locate 12,10: get 1,198:print comment$ 
1305 OPEN "b:store2" FOR INPUT AS 3 
1310 INPUT'3, NSUB 
1315 IF NSUB=44 OR NSUB=55 GOTO 1670 
1320 IF NSUB=5 GOTO 1335 
1325 INPUTfl31

, TRETRT, TWATER, TINIT ,ALPHA, HALFL, RADIUS, NZ, NR, NTIME, TOTIME ,'COOLTI, N 
SUBHAIN 
1330 GOTO 1340 
1335 INPUT#3,TRETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,TOTIME,COQLTI,R 
HO,CP,H,NSUBMAIN 
1340 CLOSE 3 
1345 " 
1350 ' 
1355 'Reading the heating results from COMM2 
1360 OPEN "c:comm2" FOR INPUT AS 7 
1365 FOR LMD=1 Ta NrIME 
1370 FOR IMD=1 Ta NZ 
1375 FOR JMD:l Ta NR 
1380 ' . 
1385 INPUTn7,Z(IMD),R(JHD),TIME~LMD),TEMP(IMD,JMD,LMD) 

/ 

• 
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1390 NEXT JMD,IMD,LMO 
1395 CLOSE 7 
1400 ' 
1405 ' 
1410 IF TOTIME = COOLTI THEN GOTO 1815 'don't need ta do co011ng part 
1415 'Storlng arguments ln COMMl ta get the c00110g resu1ts 
1420 '(flrst calcOlate the "ntime" for the co011ng portion alone) 
1425 NCTIME = NTIME - FIX( (TOTIME-COOLTI)/ (TOTIME/(NTIME-1» ) 
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1430 NCOOLT : NUME - NCTIME + 1 '(the "ntim~" for the co011ng part) 
1432 if ncoo1t:l then ncoo1t=2: nctime=nctime-l 
1435 OPEN "c:comml" FOR OUTPUT AS 6 
1440 IF NSUB=5 GOTO 14'55 ! 

/1445 PRINTD6,TWATER,TRETRT,ALPHA,HALFL.RADIUS,NZ.NR.NCOOLT,TOTIME-COOLTI.NSUBMA 

~:50 GOTO 1460 ! 
1455 PRINTI6.TIiATER)TRETRT.ALPHA,HALFL,RADIUS.NZ,NR,NCOOLT,TOTIME-COOLTI,RHO,CP 
,H,NSUBMAIN 1 
1460 CLOSE 6 Il 
1465 ' 
1470' 0 1 
1475 'Storlng code~. parameters in STORE2 
1480 OPEN "b:store2" FOR OUTPUT AS 3 
1485 IF NSUB=4 TH~N NOPCODE=44: PRINTfl3,NOPCODE: GOrO 1495 
1490 IF NSUB=5 THEN NOPCODE=55: PRINTfl3,NOPCODE: GOTO 1505 
1495 PRINT#3,TRETfT,TWATER,TINIT,ALPHA,HALFL,RADIUS.RZ,NR,NTIME,NCTIME,TOTIME,C 
OOLTI, NSUBMAIN ' 
1500 GOTO 1520 , 
1505 PRINT#3,T~ETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,NCTIME,TOTIME.C 
OOLTI,RHO,CP,H,NSUBMAIN 
1510 ' 
1515 ' , 
1520 'Storlng the heating resu1ts ln STORE2 50 can have them when chain back ta 

MAIND in co01ing section 
1525 FO~ LMD=1 TO NTIHE 
1530 FOR IMD=1 Ta NZ 
1535 FOR JMD=1 TO NR 
1540 ' 
1545 PRINTD3,TEMP(IMD,JMD,LMD) 
1550 NEXT JMD,IMO,LMD 
1555 CLOSE 3 
1560 ' 
1565 ' 
1570 'preparing to chain to a CAN sub 
1575 '5torlng the Gurrent record number of COMMe into the first rec no of COMMC 

1580 NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 
1585 ' 
1590 ' 
1595 CLOSE 1,2 
1600 ' 
1605 'Displaying "Piease Wait" symbo1 
1610 CLS:SCREEN 1,0,0,0 
1615 COLOR 0,0 
1620 DEF SEG = &HB800 
1625 BLOAD "b:fire.scn",O 
1630 ON ERROR GOTO 1260 
1635 IF INKEY$O"" THEN BEEP ELSE GOTO 1265 



- - ... 

1640 ' 
1645 'Chaining to the SUB 
1650 IF NSUB=4 OR NSU8=44 THEN CHAIN "can1" 
1655 IF NSUB=5 OR NSUB=55, THEN CHAIN "can2" 
1660 ' 
1665 ' 
1670 'Reading the rest of the parameters from STORE2 
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1675 IF NOPCODE=44 THEN INPUTH3,TRETRT,rWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NT 
IME,NCTIME,TOTIME,COOLTI,NSUBMAIN: GOTO 1685 
1680 INPUTD3,TRETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,NCTIME,TOTIME,C 
OOLTI,RHO,CP,H,NSUBMAIN 
1685 ' 
1690 ' 
1695 'Reading the heating results from STORE2 
1700 FOR LMD=1 Ta NTIME 
1705 FOR IMD=l Ta NZ 
1710 FOR JMD=l TO NR 
1715 ' 
1720 INPUTfl3,TEMP(IMD,JMD,LMD) 
1725 NEXT JMD,IMD.LMD 
1730 CLOSE 3 
1735 ' 
1740 ' 
1745 'Reading the rCOOL value from COMM2 one at a time = the cool temp 
1750 ' and calculating the true co011ng curve temperatures 
1755 OPEN "c:comm2" FOR INPUT AS 7 
1760 FOR LMD=NCTIME TO NTIME 
1765 FOR IMD=1 TO ~Z 
1770 FOR JMD=l Ta NR 
1775 ' 
1780 INPUTII7 ,Z<IMD) .RCJMD,), TIMECLMD), TCO-OL 
1785 TIME(LMD) = TIME(LMD) + COOLTI 
1790 TEMP(IMD,JMD,LMD)=TEMP(IMD,JMD,LMD) - (TRETRT-TCOOL) 
1795 NEXT JMD,IMD,LMD 
1800 CLOSE 7 
1805 ' 
1810 ' 
1815 'Getting the FLETH value 
1820 CLS: JRECNO=45: GOSUS 2910 
1825 IF JOK<>-1 THEN GOTO 1820 ELSE FLETH=VAL(ANSR$) 
1830 IF (FLETH>OI) AND (FLETH<=201) GOTO T890 
1835 IF FLETH>20! THEN GOTO 1855 
1840 GET 1,46: PRINT COMMENT$ 
1845 GEr 1,12: PRINT: PRINT COMMENT$ 
1850 DUMMMA$=INKEY$: IF DUMMMA$='"' TliEN GOTO 1850 ELSE GOTO 1820 
1855 CLS: GEr 1,47: PRINr COMMENT$ .,,-
1860 GET 1,24: PRINT COMMENT$;FLETH 
1865 JRECNO:48: GOSUB 27~5 
1870 IF JOK<>-1 Garo 1855 
1875 IF (OY$="n") OR (DY$="N") Garo 1890 ELSE GOTO 1820 
1880 ' 
1885 ' 
1890 'Getting the ZLETH value 
1895 CLS: JRECNO=49: GOSUS 2910 
1900 IF JOK<>-1 THEN GarO 1895 ELSE ZLETH=VAL(ANSR$) 
1905 IF (ZLETH>O!) AND (ZLETH<=30!) GOrO 1965 
1910 IF ZLETH>301 THEN GOTO 1930 



1915 GET l,50: PRINT'COMMENT$ 
1920 GET 1,12: PRINT: PRINT COMMENT$ 
1925 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1925 ELSE GOTO 1895 
1930 CLS: GET 1,51: PRINT COMMENT$ 
1935 GET 1,24: PRINT COMMENT$;ZLETH 
1940 JRECNO=48: GOSUB 2785 
1945 IF JOK<>-l GOTO 1930 
1950 IF (DY$="n") OR (DY$="N") GOTO 1965 ELSE GOT a 1895 
1955 ' 
1960 ' 
1965 'Getting the FXNUT value , 
1970 CLS: JRECNO=52: GOSUB 2910 
1975 IF JOKO-1 THEN GOTO 1970 ELSE FXNUT=VALCANSR$) 
1980 IF (FXNUT>OI) AND (FXNUT<=1001) GOTO 2040 
1985 IF FXNUT> 1001 THEN GOTO 2005 
1990 GET 1,46: PRINT COMMENT$ 
1995 GE! 1,12: PRINT: PRINT COMMENT$ 
2000 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 2000 ELSE GOTO 1970 
2005 CLS: GET l,53: PRINT COMMENT$ 
2010 GET 1~24: PRINT COMMENT$iFXNUT 
2015 J RECNO= 48: GOSU B 2785 
2020 IF JOK<>-1 GOTO 2005 
2025 IF (DY$="n") OR (DY$="N") GOTO 2040 ELSE GOTO 1970 
2030 ' 
2035 ' 
2040 'GettIng ~he Znut value 
2045 CLS: JRECNO=54: GOSUB 2910 
2050 IF JOK<>-1 THEN GOTO 2045 ELSE ZNUT=VAL(ANSR$) 
2055 IF (ZNUT>O!) AND (ZNUT<=501) GOTO 2115 
2060 IF ZNUT>50! THEN GOTO 2080 
2065 GET 1,50: PRINT COMMENT$ 
2070 GET 1,12: PRINT: PRINT COMMENT$ 
2075 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 2075 ELSE GOTO 2045 
2080 CLS: GET 1,60: PRINT COMMENT$ 
2085 GET 1,24: PRINT COMMENT$iZNUT 
2090 JRECNO::48: GOSUB 2785 
2095 IF JOKO-l GOTO 2080 
2100 IF (DY$="n") OR (DY$="N") GOTO 2115 ELSE GOTO 2045 
2105 ' 
21 10 ' 
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2115 , ••• * •••••• * ••••••••••••••••••••••••••••••••••• *******.******.*******.**. 
2120 'calculating lethality and nutrient fractIon retained 
2125 CLS: LOCATE 12,1: GET 1,198: PRINT COMMENT$ 
2130 • 
2135 LET CORG=101~(371): LET CNUT=10I A (371) 
2140 IF RHO=O! THEN RHO=1500! 
2145 ' . 
2150 'number of elements: 
2155 NELE = (NZ-1) * (NR-1) 
2160 ' 
2165 'Total and elemental volumes 
2170 PI :: 3.14159265# 
2175 vrOTG = PI * CRADIUS

A

2) • (2"HALFL) 
2180 ICOUNTR=1 
2185 FOR NLOOP=l TO NELE STEP (NZ-l) 
2190 ICOUNTR=ICOUNTR + 1 
2195 FOR MMD::NLOOP TO (NLOOP+(NZ-2» 

'arbitrar lly set 
'when nsub=4 

\ 
\ 
\ 
\ 
\ 
\ 
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2200 VELE(MMD) : PI * (HALFL/(NZ-1» * «R(ICOUNTR)A2) - (R(ICOUNTR-1)A2 » 

2205 NEXT MMD 
2210 NEXT NLOOP 
2215 ' 
2220 'calculate original number of organisms in half-can, and ln each element 

AJ 2225 ORGO : C1!/2!*VTOTC) * CORG * RHO 
~ 2230 FOR MMD: 1 Ta NELE 

2235 ORGEO(MMD) =' ViELE(MMD) * CORG * RHO 
2240 NEXT MMD 
2245 ' 
2250 'calculate original amount of nutrlent in half-can, and ln each element 
2255 XNUTO : (11/21*VTOTC) * CNUT * RHO 
2250 FOR MMD: 1 Ta NELE 
2255 XNUTEO(MMD) : VELE(MMD) • CNUT • RHO 
2270 NEXT MMD 
2275 ' 
2280 ' 
2285 'calculate TCNT (average of four radial temps, at each time value) 
2290 FOR LMD = 1 Ta NTIME 
2295 MCOUNT=O 
2300 FOR IRMD = 1 TO (NR-1) 
2305 FOR IZMD: 1 TO (NZ-1) 
2310 ' -
2315 MCOUNT=MCOUNT+l 
2320 TCNT(MCOUNT,LMD): (TEMP(IZMD,IRMD,LMD)+TEMP(IZMD+l,IRMD,LMD)+TEMP(IZMD 
,IRMD+l ,LMD)+TEMPCIZMD+l ,IRMD+1,LMD) )/4! 
2325 NEXT IZMD 
2330 NEXT IRMD 
2335 NEXT LMD 
2340 ' 
2345 'calbulete TAVG (the average TeNT at start and end of time increment) 
2350 FOR LL: 1 TO (NTIME-1) 
2355 FOR MMD : 1 TO NELE 
2360 TAVGC~MD,LL):CTCNT(MMD,LL) + TCNTCMMD,LL+1»/2! 

;' 2365 NEXT MMD 
2370 NEXT LL 
2375 ' 
2380 'calculate the lethal rate, 'the total number of organisms left 
2385 'at end of time increment, and lethality at end of tlme increment 
2390 DTIME = TOTIME /CNTIME-1)/601 
2395 XLETH(1)=OI 
2400 FOR LL= 1 TO (NTIME-1) 
2405 ORGTOT = al 
2410 FOR MMD:1 TO NELE 
2415 IF (TAVG(MMD,LL)-1211)/ZLETH <-371 THEN RATELCMMD,LL):O!: GOTO 2425 
2420 RATEL(MMD,LL)=(11/FLETH) * 10~«TAVG(MMD,LL)-121!)/ZLETH) 
2425 IF LL>1 GOTO 2445 
2430 IF (-'2!~RATELCMMD,LL)*DTIMt)<-37! THEN ORGELECMMD,1)=10!A-37!: GOTO 2 
lI55 
2435 
2440 
2445 
2455 
21150 
2455 
2460 

ORGELE(MMD,l)= ORGEO(MMD) * 10I A(-121*RATELCMMD,LL)*DTIMEl 
GOTO 2455 
IF (-121*RATELCMMD,LL)*DTIME)<-37! T-HEN ORGELECMMD,LL)=10!A-371 : GOTO 

ORGELE(MMD,LL)=ORGELE(MMD,LL-1) * 10!A(-12!*RATEL(MMD,LL)*DTIME) 
ORGTOT = ORGTOT + ORGELE(MMD,LL) 
NEXT MMD 



/ 

2465 IF ORGTOT<l! THEM ORGTOT=l! 
2470 XLETH(LL+1)= .434294482# * LOG(ORGO/ORGTOT) /'12! 
2475 NEXT LL 
2480 ' 
2485 ' 
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2490 'calculate the nutrlent destructlon rate, the total amount of nutrient 
2495 'left at the end of time lncrement, and nutrlent fraction retained at 
2500 'end of each time "increment 
2505 FRANUT(l)=l! 
2510 FOR LL=l TO (NTIME-l) 
2515 XNUTOT = 01 
2520 FOR MMD=l TO NELE 
2525 IF (TAVG(MMD,LL)-121)/ZNUT < -37! THEN RATEL(MMD,LL)=O! :GOTO 2535 
2530 RATEL(MMD,LL)=(l!/FXNUT) 5 10A «TAVG(MMD,LL)-1211)/ZNUT) 
2535 IF LL>l GOTO 2555 
2540 IF (121*RATEL(MMD,LL)*DTIME»37! THEN XNUTE(MMD,1)=10t A -371:GOTO 2565 Q 

2545 XNUTE(MMD,l)= XNUTEO(MMD) * 10!~(-12!*RATEL(MMD,LL)*DTIME) 
2550 GOTO 2565· 
2555 IF (12!*RATEL(MMD,LL)*DTIME»37! THEN XNUTE(MMD,LL)=10I A -371 :GOTO 2565 

2560 XNUTE(MMD,LL)=XNUTE(MMD,LL-l) * 10!~(-12!*RATEL(MMD,LL)*DTIME) 
2565 XNUTOT = XNUTOT + XNUTE(MMD,LL) 
2570 NEXT MMD 
2575 IF XNUTOT<l! THEM XNUTOT=l! 
2580 FRANUT(LL+1)= (XNUTOT/ XNUTO) 
2585 NEXT LL 
2590 ' 
2595 '************************************************************************* 
**** 
2600 ' 
2605 ' 
2610 'Going to the results dlsplay section 
2615 GOTO 3750 J • 

2620 ' 
2625 ' 
2630 'Back from results display, ask if want to go to MAIN or back to StJB 
2635 CLS: JRECNO=61: GOSUB 2785 
2640 IF JOK<>-l THEN Goro 2635 
2645 IF (DY$="ytl) OR (DY$="Y") THEN Goro 475 
2650 ' 
2655 ' 
2660 'when wan't to go to MAIN: 
2665 OPEN flb :commb" FOR OUTPUT AS 7 
2670 ' 
2675 ' 1:1 

2680 '*** write info to commb 
2685 CLOSE 7 
2690 1 

2695 ' 
2700 'storing the current record number of COMMC lnto the first rec no of COMMe 

2705 NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 
2710 CLOSE 1,2 
2715 ' 
2720 1 

2725 CLS: SCREEN 
2730 COLOR 1,1 

-, 

) 



, " 

( 

, 

2735 DEF SEG = &HBBOO 
2740 BLOAD lib: sand cl. scr",O 
2745 ON ERROR Goro 2750 
2750 IF INKEY$<>'tI' THEN BEEP ELSE GOTO 2755 
2755 1 

2760 1 

2765 CHAIN "main" 
2770 1 

2775 1 

2780 1 

2785 ' 
2790 1 

, 2795 ' 
2800 ' 
2805 'getting and checking YIN SUBROUTINE 
2810 JOK=O 
2815 GET 1,JRECNO 
2820 COMMENT1Y$="You did not enter Y or N -
~825 COMMENT2Y$="You did hot enter a value" 
2830 PRINT COMMENT$; 
2835 LI NE INPUT "",ANSY$ 
28~0 JY=O 
2845 JY =. JY+1 ~ 
2850 DY$=MID$(ANSY$,JY,l) 
2855 IF DY$="" THEN GOTO 2890 
2860 IF DY$=" " THEM GOTO 2845 

\, 
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". 

You entered': " 

2865 IF (DY$="Y") OR (DY$="y") OR (DY$="NIt) OR (DY$=!'n") THEN JOK=-1: RETURN 
2870 PRINT COMMENT1Y$,ANSY$ 
2875 GET 1,12: PRINT: PRINT COMMENT$ . 
2880 DUMMY$=INKEY$: IF DUMMY$="" THEN Goro 2880 
2885 RETURN 
2890 PRINT

e 
COMMENT2Y$ 

2895 GET 1,12: PRINT: PRINT COMMENT$ 
2900 DUMMY$=INKEY$: IF DUMMY$="" THEN GOTO 2900 
2905 RETURN 
2910 ' 
2915 ' 
2920 ' 
2925 1 getting and CHECKING FOR REAL NUMBERS 
2930 JOK=O 
2935 GET 1,JRECNO 
2940 COMMENT1R$="You did not enter a REAL number - You entered: " 
2945 COMMENT2R$="you did nct enter a value" 
2950 PRINT COMMENT$; 
2955 LINE INPUT"",ANSR$ 
2960 JFLAGR=O 
2965 IFLAGR=O 
2970 JR=1 
2975 ~=LEN(AMSR$) 
2980 IF KR=O THEN GOTO 3050 
2985 WHILE JR<=KR 
2990 DR$=MID$(ANSR$,JR,1) 

'flag to check that number exists 
'flag to check for decimal point~ . 

2995 IF DR$=" " THEN GOTO 3035 \ " 
3000 IF (ASC(DR$»41) AND (ASC(DR$)<58) THEN JFLAGR=-1: GOTO 3035 
3005 IF DR$="." TH EN IFLAGR=IFLAGR+1: 
3010 PRINT COMMENnR$ ,ANSR$ 
3015 GET 1,12: PRINT: PRINT COMMENT$ 

--.r', 

.,. 

GOTO 3030 

J 



3'O20 DUMMR$=INKEY$: IF DUMMR$="t1 THEN GOTO 3020 
,3025 RETURN 
3030 IF IFLAGR>l GOTd 3010. 
3035 JR=JR+.1 
3040 WEND 
3045 IF (DR$O" ") OR (JFLAGR=-1) THEN JOK=-l: RETURN. 
3050 PRINT COMHENT2R$ 
3055 GE! 1,12: PRINT: PRINT COHMENT$ 
3060 DUHMR$=INKEY$: IF DUHHR$="" THEN GOTO 3060 
3065 RETURN 
3070 t 

3075 1 

3080 t 

3085 tge~ing and CHECKING FOR INTEGER NUMBERS 
3090 JOK=O 
3095 IFLAG hO 
3100 GET 1,JRECNO 
3105 COHMENTlI$="You did not ent.er an INTEGER value - You ent~red: " 
3110 COHMENT2I$="You did not ent.er a vaiue~ 
3115 PRINT COHMENT$ j 
3120 LINE INPUT "" ,ANSU 
3125 NI=LEN(ANSI$) 
3130 IF NI=O THEN GOTO 3195 
3135 JI= 1 
3140 WHILE JI<=NI 
3145 DI$=MID$(ANSI$,JI,1) 
~150 IF 01$=" " THEM GOTO 31aO 
3'155 IF (ASC(DI$»47) AND (ASC(DI$l<58) TliEN IfLAGI=-l: Geta 3180 
3160 PRINT COMMENT 1 1$ ,ANSI$ 
3165 GET 1,12: PRHiT: PRIN! COHMENT$ 
3170 DUMMI$:INKEY$: IF DUMHI$::"" THEN GorD 3170 
3175 RETURN 
3180 JI=JI+l 
3185 WEND 
3190 IF (01$<>" ") OR (IFLAGI=-1) THEN JOK=- 1: RETURN 
3195 PRINT -COHMENT~I$ 
3200 GET 1,12: PRINT: PRINT COMMENT$ 
3205 DUMMI$=INKEY$: IF DUHMI$="" THEN,Goro 3205 
32'0 RETURN ' 
3215 t 

3220 ' 
3225 t 

3230 ' 
3235 ' Table Creatlon 5ubroutine 
3240 IF N1STTHRU=1 GOTO 3290 
3245 NROW=7:NCOLUMN=1 
3250 SCREEN o. 0,1 , 1 
3255 CLS 
3260 'prlnting table heading 
3265 GET l,55:?RINT COMHENT$ 
3270 GET 1,56:PRINT COMMENT$j 
3275 GET 1";57: PRINT COMMENT$ 
3280 GET l,59:PRINT COMHENT$ 
3285 N1STTHRU= 1 
3290 LOCATE NROW,NCOLUMN 
3295 GET 1,JRECNO 
3300 BLANK$=" " 

328 



3305 NBLANK=INSTR( COMMENT$. BLANK$) 
3310 FINAL$=LEFT$ (COMMENT$, NBLANK-1 ) 

329 

3315 IF IPIFF=1 THEN DIFF$=STR$(OLD): PRINT FINAL$;TAB(53)jVAL(DIFF$);TAB(67};: 
GOro 3325 
3320 IF NMARKSUB=l THEN,PRINT FINAL$;JAB(53);OLD:TAB(67); ELSE PRINT FIHAL$;TAB 
(S3);NOLDi TAB(67); 
3325 LINE INPUT NE\.'VALUE$ 
3330 NRTEMP=CSRLIN: NCTEMP=POS(O) 
3335 IF LEN(NEWVALUE$)=O THEN GOTO 3360 
3340 IF NMARKSUB= 1 THEN GOSUB 3520 ELSE GOSUB 3630 
3345 IF (NOK=-1) THEN NROW=CSRLIN: NCOLUMN=POS(O): RETURN 
3350 LOCATE NRTEMP-l,NCTEMP:PRINT " 

":LOCATE NRTEMP-l,NCTEMP 
3355 GOTO 3315 
3360 LOCATE NRTEMP-1, NCTEMP : P RINT " 

":LOCATE NRTEMP-l,NCTEMP 
3365 IF IDIFF=1 THEN NEWVALUE$:STR$(OLD): PRINT FINÂU:TAB(53) :VAL(DIFF$) :TA8(6 
7);V AL( NEWVALUE$) :GOTO 3375 
3370 IF NMARKSUB=1 THEN NEWVALUE$=STR$(OLD):PRINT FINAL$;TAB(53);OLO;TAB(67);VA 
L( NEilV ALUE$) ELSE NEWV ALUE$=STR$ (NOLO) : P RINT FINAL$ ;TAB( 53); NOL D ;TAS( 67) ; VAL( NE 
WV ALUE$\) 
3375 NROW=CSRLIN: NCOLUHN=POS(O) 
3380 RETURN 
3385 ' 
3390 ' 
3395 ' 
3400 ' 
3405 ' Erase Lines in table and show error page subroutine 
3410 SeREEN ,,2,2 
3415 CLS 
3420 GET 1,JRECNO: PRINT COMMENT$; 
3425 GET 1,24: PRINT COMMENT$; 
3430 GET 1, J RECN02: PRINT COMMENT$; 
3435 IF NMARKSEt<>3 THEN Goro 3445 
3440 IF NMARKSUB= 1 THEN PRINT XNEWl ,XNEW2 ,XNEW3 :GOTO 3460 ELSE PRINT NEW1-, NEW2. 
NEW3: GOro 3460 , 
3445 IF NMARKSET<>2 THEN Goro 3455 ' 
3450 IF NMARKSUB= 1 THEN PRINT XNEW1 ,XNEW2 :GOTO 3460 ELSE PRINT NEW1, NEW2: GOrO 
3460 
3455 IF NMARKSUB=l THEN PRINT XNEWl ELSE PRINT NEW1 
3460 GET 1,12 
3465 PRINT: PRINT COMMENT$ 
3470 DUMMEL$=INKEY$: IF DUMMEL$="" TH EN GOTO 3470 
3475 SCREEN ,,1,1 
3480 LOCATE NROW, NCOLUMN 
3485 LOCATE NROW-1,NCOLUMN:PRINT " 

": LOCATE NROW-l, NCOLUMN 
3490 IF NMARKSET= 1 THEN GOTO 3510 
3495 LOCATE NROW-2, NCOLUMN: P RINT " 

~, : LOCATE NROW-2, NCOLUMN 
3500/IF NMARKSET=2 THEN GOTO 3510 
3505 LOCAT~ NROW-3,NCOLUMN:PRINT Il 

3510 NROW=CSRLIN: NCOLUMN=POS(O) 
3515 RETURN 
3520 ' 
3525 ' 

Il: LOCATE NROW-3, NCOLUMN 



( 

3530 ' 
3535 ' 
354D 'checking Real2 numbers (in table) 
3545 NOK=O 
3550 JFLAGR2=0 
3555 IFLAGR2=0 
3560 JR2= 1 
3565 NR2=LEN (NEWV ALUE$) 
3570 WHILE JR2=(NR2 
3575 DR2$=MID$(NEWVALUE$,JR2,1) 
3580 IF DR2$=" If THEN GOTO 3605 
3585 IF DR2$ =", n THEN IFLAGR2=IFLAGR2~ 1: GOrD 3605 
3590 IF (ASC(DR2$»47) AND (ASC{DR2$)<58) THEN JFLAGR2=-1: GorD' 3605 
3595 NOK=O 
3600 RETURN 
360~1 IF IFLAGR2>1 THEN NOK=O: RETURN 
3610' JR2=JR2~1 
3615 WE,ND 
3620 IF JFLAGR2=0 'mEN NOK=O ELSE NQK=-l 
3625 RETURN 
3630 ' 
3635 ' 
3640 ' 
3645 ' 
365V ' checking Integer 2 number 5 (in table) 
3655 NOK=O 
3660 IFLAGI2=O 
3665 NI2=LEN(NEWVALUE$) 
3670 JI2= 1 
3675 WHILE JI2<:NI2 
3680 DI2$=MID$(NEWVALUE$,JI2,1) 
3685 IF DI2$::" .t THEN GOTO 3700 
3690 IF (ASC(DI2$»47) AND (ASC(DI2$)<58) THEN IfLAGI2=-1: GOTO 3700 
3695 NOK=O: RETURN 
3700 JI2=JI2+1 
3705 WEND 
3710 IF IFLAGI2::0 THEN NOK=O ELSE NOK=-l 
3715 RETURN 
3720 1 

3725 ' 
3730 1 , 
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3735 , ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

3740 1 

3745,' RESULTS D1SPLAY SECTION 
3150 ' inltlallzlng the vàlues 
3755 'NRADIUS= NR 
3760 NZLEN=NZ 
3765 FOR 1=1 TO NRADIUS 
3770 RR(I)=R(I):NEXT 
3775 FOR 1:1 Ta NZLEN 
3780 ZZ(I):Z(I):NEXT 
3785 ' 
3790 1 

3795 ' th1S 1S the pouch results dlsplays 
3800 CLS:SCREEN 1:COLOR 9,1: KEY OFF 
3805 LOCATE 2,1:GET l,150:GOSUB 5240:PR1NT COMMT40$; 
3810 LOCATE 5,1:GET l,151:GOSUB 5240:PRINT COMMT40$; 



3815 LOCATE 7,1:GET 1,152:GOSUB 52110:P-RINT COMMTIIO$j 
3820 LOCATE 9,1:GET 1.153:GOSUB 5240:PRINT COMMTIIO$'; 
3825 LOCATE 11,I:GET 1,218:GOSUB 5240:PRINT COMMT40$; 
3830 LOCATE 13,1:GET 1,219:GOSUB 5240:PRHIT COMMT40$; 
3835 LOCATE 15,I:GET 1,220:GOSUB 5240:PRINT COMMTIIO$; 

~ 
3840 LOCATE 17,1:GET l,245:GOSUB 5240:PRINT COMMT40$j 
3845 LOCATE 19,I:GET 1,221:GOSUB 5240:PRINT COMMT40$; 
3850 LOCATE 23,1:G,ET 1,154:GOSUB 5240:PRINT COMMT40$; 
3855 GOSUB 5135 
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3860 IFCVAL(ANSWERI$»=1) AND (VAL(ANSWERI$)<=8) THEN ICHOICE=VAL(ANSWERI$):GO! 
o 3870 
3865 Lo'CATE 24,1 :BEEP:GET 1,251 :GOSf,JB 5240:PRINT COMMT40$; : GOTO 3855 
3870 IF ICHOICE= 1 GOTO 11035 
3875 IF ICHOICE=2 GOTO 4150 
3880 IF ICHOICE=3 GOTO 4210 
3885 IF ICHOICE=4 GOTO 4390 
3890 IF ICHOICE=5 GOrD 4275 
3895 IF ICHOICE=6 GOrD 4330 
3900 IF l CHOIC E:J GOTO 3910 
3905 IF ICHOICE=8 GOTO 5025 
3910 ' 
3915 ' Process parameter table 
3920 CLS: NROW=5 
3925 LOCATE 1,1:GET 1,230:GOSUB 5235:PRINT COMMT40$;:LOCATE 2,1:GET 1,231:GOSUB 

5235:PRINT COMMT40$j 
3930 GET 1,232:GOSUB 5235:VAR$=COMMT40$:VAR!=TINIT!:GOSUB 5045 
3935 GET l,233:GOSUB 5235:VAR$=COMMT40$:~AR!=TRET~T! :GOSUB 5045 
3940 GEr 1,234:GOSUB 5235:VAR$:COMMT40$ :VAR!=TV/ATER! :GOSUB 5045 
3945 GET 1,239 :GOSUB 5235 :VAR$=COMMT~O$ :VAR! :TOTIME! :GOSUB 5045 
3950 GET l,240:GOSUB 5235:VAR$:COMMT40$:VARI:COOLTI!:GOSUB 5045 
3955 GET l,241:GOSUB 5235:VAR$=COMMT40$:VAR!=NTIME:GOSUB 5045 
3960 GET '.262:GOSUB 5235:VAR$=COMMT40$:VAR!=RADIUS!:GOSUB 5045 
3965 GET ',244:GOSUB 5235:VAR$=COMMT40$:VARI=HALFL!:GOSUB 5045 

o 3970 GET 1,246:GOSUB 5235:VAR$=COMMT40$:VAR!=NR:GOSUB 5045 
3975 GET l,264:GOSUB 5235:VAR$=COMMT40$:VAR!:NZ:GOSUB 5045 
3980 GET 1,266: GOSUB 5235: VARS = COMMT40$: VAR! :ALPHA! : GOSU B 5045 
3985 IF (NSUB=4) OR (NSUB=44) THEN GOTO 4005 

. 3990 GET 1,248 :GOSUB 5235 :VAR$=COMMT40$: VAR! =RHO! :GOSUB 5045 
"':. ~995 GET 1,249 :GOSUB 5235: VA R$ = COMMT4 0$: VAR! =CP! :GOSUB 5045 

4000 GET 1,265:GOSUB 5235:VAR$=COMM140$:VAR!:HI:GOSUB 5045 
4005 GET l,'161:LOCATE 23,1:GOSUB 5235:PRINT COMMT4 $; 
4010 GET ',162 :LOCATE 24,' :GOSUB 5235:PRINT $; :LOCATE 24,13:PRINT CHR$(2 
4) ; 
4015 GOSUS 5255 
4020 GOTO 3795 
4025 ' 
4030 ' 
4035 ' graphie display section 
4040 CLS:LOCATE 2,1:GET 1,155:GOSUB 5240:PRINT COMMT40$; 
4045 JRECNO:155 
4050 ' 
4055 ' displaying the r, z length increments 
4060 GOSUB 5075 
4065 ' inputing graphie parameter 
4070 1 

4075 GOSUB 5285 
4080 1 

\ • 



4085 ~ going to temp-time graph 
4090 1RECN02=197:1RECN03=196:IRECN01=215 
4095 XXH1N=O:XXHAX=TOTlHE ' 
4100 YYHVAL=150:YYLVAL=0 
4105 N=NT1HE 
41100XX=(XXHAX/(N-T}) 
4115 ~R 1=1 TO N 
4120 !X(1)=(I-l)*OXX:NEXT 
4125 FOR 1=1 Ta N 
4130 YY(1)=TEMP(ZPOSIT10N,RPOS1T10N,1):NEXT' 
4135 GOSUB 5335 
4140 ' 
4145 ' 
4150 ' lethality vs time graph 
4155 XXHIN=O:XXHAX=TOT1HE:N=NT1HE 
4160 YYHVAL=l:YYLVAL=O ' 
4165 FOR 1=1 Ta N 
4170 YY(1)=XLETH(!):NEXT 
4175 1RECN01=215:IRECN02=212:1RECN03=211 
4180 DXX=(XXMAX/(N-1» 
4185 FOR 1=1 Ta N 
4190 XX(I)=(I-1)*DXX:NEXT 
4195 GOSUB 5335 
4200 ' 
4205 ' 
4210 ' nutrlent fraction vs tlme Initlalization section graph 
4215 XXMIN=O:XXMAX=TOTIME:N=NTIME 
4220 YYHVAL=l:YYLVAL=O 
4225 FOR 1=1 rO N 
4230 YY(I)=FRANUTC!) :NEXT 
4235 1RECN01=215:1RECN02=216:IRECN03=217 
4240 DXX=(XXMAX/(N-1» 
4245 FOR 1=1 TD N 
4250 XX(I)=(I-l)*nXX:NEXT 
4255 GOSUS 5335 
4260 ' 
4265 ' 
4270 ' setting the lethality vs time table 
4275 CLS :N=NTIME 
4280 DXX=(TOTIHE/(NTlHE-l» 
4285 FOR 1=1 TO NTIME 
4290 XX(I)=(l-l)*DXX 
4295 NEXT 
4300 FOR 1=1 Ta N 
4305 YY(1)=XLETH(I):NÙT 
4310 IRECN04=222:IRECN05=225 
4315 GOTO 4810 
4320 ' 
4325 ' 
4330 ' setting the nutrient fraction vs time table 
4335 CLS:N=NTIHE 
4340 DXX=(TOTlHE/(NTIME-1» 
4345 F.OR 1=1 Ta NTIME 
4350 XX(I)=(I-l)*DXX 
4355 NEXT 
4360 FOR 1= 1 Ta N 
4365 YY(I)=FRANUT(I):NEXT 

332 
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4370 IRECN04=223:IRECN05=224 
4375 GOTO 4810 
4380 ' 
4385 t 

4390 ' printing options table menu 
4395

1 

CLS: SeREEN 1 
4400 LOCATE 2,1:GET 1,163:GOSUB 524'Ü:PRINT eOMMT40$; 
4405 LOCATE 4,1:GET 1,164:GOSUB 5240:PRINT COMMT40$; 
4410 LOCATE 7,1:GET 1,165:GOSUB 5240:PRINT COMMT40$; 
4415 LOCATE 9,1 :GET 1,166 :GOSUB 5240: PRINT COMMT40$; 
4420 LoeATE 23,1 :GET 1,214 :GOSUB 5240:PRINT COMMT40$; 
4425 GOSUB 5135 

, 1 
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4430 IF, (VAL(ANSWERI$»= 1) AND (VAL(ANSWERI$)<=2) THEN ICHOICE2=VAL(ANSWERI$):G 
OTO 4440 
4435 LOCATE 24,1:BEEP:GET 1,260:GOSUB 5240:PRINT COMMT40$;:GOTO 4425 
4440 IF ICHOICE2=1 THEN IITIME=l :NSTART1=1 : NSTAR-T2=1 :NEND.1=NRADIUS:NEND2=NZLE~: 
GOTO 4555 1 

4445 IF ICHOICE2=2 THEN JRECNO=229:CLS:GOSUB 5075:LOCATE 2,1:GET 1,163:GOSUB 52 
40: IPRINT COMMT40$; : GOTO 4460 ' 
4450 ' 
4455 ' 
4460 ' asking value to start and where to end printing 
4465 Nl=NRADIUS:N2=NZLEN:GET 1,205:GOSUB 5240:VAR1$=COMMT40$:GET 1,207-:GOSUB 52 
40:VAR2$=COMMT40$:GET 1,206:GOSUB 5240:VAR3$=COMMT40$:GET 1,208:GOSUB 5240:VAR4' 
$=COMMT40$ 
4470 ' gettlng the start l and end dimensions for the prlnt 
4475 LOCATE 23,l:PRINT VAR1$;:GOSUB 5135 
4480 NSTART1=VAL(ANSWERI$):IF NSTART1>Nl THEN LOCATE 24,l:BEEP:GET ',255:GOSUB 
5240:PRINT COMMT40$;:GOTO 4475 
4485 NROW=24:GOSUB 5220 
4490 LOGATE 23,1:PRINT VAR2$;:GOSUB 5135 
4495 NEND1=VAL(ANSWERI$):IF NSTART1>NENOl THEN LOCATE 24,l:BEEP:GET 1,256:GOSUB 
5240:PRINT COMMT40$;:GOTO 4490 

4500 IF NEN01>N1 THEN LOCATE 24,1 :BEEP:GET 1,255:GOSUB 5~40:PRINT COMMT40$;:GOT 
o 4490 
4505 NROW=24:GOSUB 5220 
4510 LOCATE 23,1:PRINT VAR3$;:GOSUB 5135 
4515 NSTART2=VAL(ANSWERI$):IF NSTART2>N2 THEN LOCATE 24,1 :BEEP:GET 1,255:GOSUB 
5240:PRINT COMMT40$;:GOTO 4510 
4520 NROW~24:GOSUB 5220 
4525 LOCATE 23,1:PRINT VAR4$;:GOSUB 5135 
4530 NEND2=VAL(A:NSWERI$) :IF NEND2>N2 THEN LOCATE 24,1 :BEEP :GET 1,255 :GOSUB 5240 
:PRINT COMMT40$; :GO;rO 4525 
4535 IF (NEND2<NSTART2) THEN LOCATE 24,1:BEEP:GET 1,256:GOSUB 5240:PRINT COMMT4 
0$; :GOTO 4525 
4540 NROW=24:GOSUB 5220 
4545 ' 
4550 ' printing the numbers in the table 
4555 CLS:ISTART1=NSTARTl :ISTART2=NSTART2 
4560 LOCATE 2,l:GET l,182:GOSUB 5240:PRINT COM~1T40$; 

4565 LOCATE 4,1:GET 1,209:GOSUB 5240:PRINT COMMT40$; 
4570 INC=5 
4575 DTIME=TOTIMEI( NTIME ... l) 
4580 FOR ITIME= 1 TO NTIME 

4585 TIME(ITIME)=(ITIME-l)*OTIME:NEXT IrIME 
4590 FOR ITIME=l TO NTIME 
4595 FOR I~NSTART1 TO NENDl ' 



~ -' 
) 

4600 FOR J=NSTART2 TO NEND2 
4605 l NC= INC. 1 
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4610 LOCATE INC, 1 :TTIME$=STR$ (TIME (ITIME) ) :TTIME$=LEFT$ (TTIME$ ,6) : TI ME ( ITIME) = V 
AL(TTIHE$) : PRINT TIME( ITIME) ; 
4615 LOCATE INC,9:print using "fJ.fIfIUD":rr(i) 'RR$=STR$(RR(I» :RR$=LEFT$(RR$,6) 
:RR(I)=VAL(RR$):PRINT RR(!); 
4620 LOCATE INC,19:print using "f).fIIIDII";zz(j) 'ZZ$=STR$(ZZ(J» :ZZ$=LEFT$(ZZ$,6 
) :ZZ( J) =VAL(ZZ$):P RINT ZZ( J); 
4625 LOCATE INC, 30 :TEMP$=STR$ (TEMP( J , l, ITIME» :TEMP$= LEFT$ (TEMP$ ,8) :TEMP( J ,l, Ir 
IME) =VAL(TEMP$) :PRIN,T TEMP(J ,I,ITIME); 
4630 IF INC)= 19 THEN 4635 ELSE 4735 
4635 INC=5 
4640 LOCATE 21,l:GET l,186:GOSUB 5240:PRINT COMMT40$; 
4645 IF (D=NEND1) AND(J>=NEND2) AND(ITIME>=NTIME) THEN 4655 ELSE 4650 
4650 LOCATÉ 22,l:GET 1,187:GOSUB 5240:PRINT COHMT40$; 
4655 LOCATE 23,1:GET l,188:GOSUB 5240:PRINT COMMT40$; 
4660 ' ' 
4665 ' error checking 5ubroutine for X/Y/P + printlng table to printer 
4670 ANSWERY$:. INPUT$ ( 1) 
4675 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=O :GOTO 4700 
4680 IF(I>=NEND1)AND(J>=NEN~D( ITIME>=NTIME) THEN 4685 ELSE 4690 
4685 IF(ANSWERY$="YIt ) OR (ANSWERY$="y") THEN IFLAG=-l :GOTO 4700 
4690 IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=l :GOTO 4700 
4695 IF(ANSWERY$="pn ) OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=-l :GOTO 4700 
4700 t 

4705 IF IFLAG=2 THEN CLS:GOTO 4750 
4710 IF IFLAG=O THEN 3795 
4715 IF IFLAG=l THEN FOR II=5 TO 24:NROW=II:GOSUB 5220:UEXT 
4720 IF IFLAG=-l THEN BEEP: IF( 1>= NENDl) AND( J>=NEND2) AND( ITIME>=NTIME) THEN 473Q 

ELSE LOCATE 24,1 :GET 1,257 :GOSUB 5240:PRINT COMMT40$; :GOTO 4670 
4725 IF (ITIME>=NTIME)AND( D=NEND1) AND(J>=NEND2) THEN 4730 ELSE GorD 4735 
4730 NROW=22:GOSUB 5220:LOCATE 24,1 :GET 1 ,258:GOSUB 5240:BEEP:PRINT COMMT40$i:G 
OTO 4670 
4735 NEXT J:NEXT I:NEXT ITIME 
4740 GOTO 4640 
4745 ' 
4750 OPEN "lpt 1: 11 AS 1110 
4755 WIDTH 010,100 
4760 CLS': LOCATE 12,1: GET 1,198: GOSUB 5240: PRINT COMMT40$ 
4765 GET 1,227:GOSUB 5240:PRINT Dl0,COMMT40$:PRINT 010,:PRINT fila, 
4770 GET 1,190:PRINT 010,COMMENT$::PRINT f/lD,:PRINT fll0, 
4775 FOR IITIME=l,TO NTIME 
4780 FOR I=ISTARTl TO NENDl 
4785 FOR J:ISTART2 TO NEND2 
4790 PRINT fll0,US1NG"fJUfJII.l1nOOIl n;TIME(IITIME);RR(I);ZZ(J);TEMPU,I,IITIME) 

4795 NEXt J:NEXT 1:NEXT IITIME 
4800 CLOSE n 1 0 :GOTO 3795 
4805 ' 
4810 ' table 10r lethality and nutr1ent fraction 
4815 CLS 
4820 LOCATE 2,1:GET l,182:GOSUB5240:PRINT COMMT40$; 
4825 LOCATE 4,1:GET 1,IRECN04:GOSUB 5240:PRINT COMMT40$; 
4830 INC=5:NVAR=1 
4835 FOR I=NVAR TO N 
4840 INC=INC+ 1 
4845 LOCATE INC.5:PRINT XX(I) :LOCATE 1NC,24:PRINT USING "n.OOIlAA~A";YY(I): 



'( , 

1 

, , 

4850 IF INC>=19 THEN 4860 
4855 NEX! 
4860 LOCAtE 21,1:GET 1,186:GOSUB 5240:PRINT COMMT40$; 
4865 :Fr (D=N), THEN 4875 ELSE 4870 
4870 LOCATE 22,1:GET l,187:GOSUB 5240:PRINT COMMT40$; 
4875 LOCATE 23.1:GET 1,188:GOSUB 5240:PRINT COMMT40$; 
4880 ' 
4885 ' error checking subroutine for X/Y/P + printing table to printer 
4890 ANSWERY$=INPUT$( 1) 
4895 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=O:GOTO 4920 
4900 IF(I>=N) THEN 4905 ELSE 4910 
4905 IF(ANSWERY$="Y") OR (ANSWERY$="Y") THEN IfLAG=-l:GOrO 4920 
4910 IF(ANSWERY$='IY") OR (ANSWERY$="y") THEN IFl.AG=l:GOTO 4920 
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4915 IF(ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=-l:GOTO 9920 
4920 IF IFLAG=-1 THEN BEEP:LOCATE 24,1:IF DU THEN, GOTO 4940:ELSE GET l,257:GOS 
UB 5240:PRI~T COMMT40$; :GOTO 4890 
~925 IF IFLAG=2 THEN CLS:GOTO 4955 
4930 IF IFLAG=O,THEN 3795 
~935 IF IFLAG:l THEN FOR 11=5 TO 24:NROW=II:GOSUB 5220:NEXT:IF(I>N) THEN 4940 E 
LSE INC=5:NVAR=I:GOTO 4835 
4940 NROW=22:GOSUB 5220:LOCATE 24,1 :GET 1 ,258:GOSUB 5240:BEEP:PRINT COMNT40$j:G 
OTa 4890 
4945 • 
4950, ' 
4955 ' printlng a table for lethality and nutrient fractlon results 
4960 OPEN "lptl:" AS nl0 
4965 WIDTH 1J10, 100 
4970 CLS: LOCATE 12,1: GET 1,198: GOSUB 5240: PRINT COMMT40$ 
4975 GET 1,227:GOSUB 5240:PRINT '10,COMM~40$:PRINT Ul0,:PRINT 010, 
4980 GET l,IRECN05:PRINT g10,COMMENT$;:PRINT 110,:PRINT 010, 
4985 fOR 1=1 TO N " 
4990 PRINT '10,USING "DOUn'O,nnOll"O.nO"jXXCI)j 
4995 PRINT 010," If; 
5000 PRINT 010,USING ",ou.nloA"'AA";yyC}) 
5005 NEXT I ..• 
5010 CLOSE 10:GOTO 3195 
SOlS ' 
5020 1 

5025 ' exit of this subprogram 
5030 CLS: SCREEN 2: SCREEN 0: OOLOR 7,1,1 : GOTO 2635 
5035 ' 
5040 1 

5045 Isubroutlne' that print parameter and comment in the process parameter tabl 
e 
5050 LOCATE NROW,l:PRINT VAR$:LOCATE NROW,32:PRINT VAR! 
5055 NROW=NROW+l 
5060 RETURN 
5065 1 

5070 ' 
5075 1 printing value subroutine 
5080 LOGATE 9, 1 : GET " 19,2: GOSU8 5240: P RINT COMMT4 0$ ; 
5085 LOCATE 2,1 :GET 1,JRECNO:GOSUB 5240:PRINT COMMT40$; 
5090 LOCATE 6,1:GET l,168:GOSUB 5240:PRINT COMMT40$; 
5095 NROW=11:NCOLUM=5 
5100 FOR 1=1 TO NRADIUS 
5105 LOCATE NROW ,NCOLUM: PRINT I; Il)"; : print using "il .11.1''''''''''''11; RR( 1) ; :NROW=NROW+l 
: MExr 



5110 NROW=11:NCOLUM=23 
5115 FOR 1: 1 ro NZLEN 
5120 LOCATE NROW.NCOLUH:PRINT I;")";:print using ",.",_AAA";ZZ(I) 
5125 NROW=NROW.l:NEXT 
5130 RETURN 
5135 1 

5140 1 

5145 ' error checking subroutine for integers 
5150 ANSWER!$=INPUT$(l), \ 
5155 IF ASC(ANSWERI$»=49 AND ASC(ANSWERI$)<=58 THEN RETURN , 
5160 LOCAlE 2~,1:BEEP:GET 1,250:GOSUB 52~O:PRINT COMMT40$~:GQTO 5150 
5165 RETURN 
5170 1 

5175 1 

5180 1 error checking subroutine for rIz 
5185 ANSWERY$=INPUl$( 1) , 
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5190 IF (ANSWERY$=D.fl") OR (ANSWERY$="r") OR (ANSWERY$="z") OR (ANSWERY$="Z") TH 
EN RETURN 
5195 LOCATE 24,1:GET 1,259:GOSUS"S240:BEEP:PRINT COHMT40$;:GOTO 5185 
5200 RETURN 
5205 ' 
5210 ' 
5215 ' put a blank line subroutine 
5220 LOCATE NROW, 1 :PRINT" ";: RETURN 
5225 ' 
5230 ' 
5235 ' reduce record length to 39 characters 
5240 COMMT40$=LEFT$(COMMENT$,39):RETURN 
5245 ' 
5250 1 

5255 'error checking subroutine for X 
5260 ANSWERY$=INPUT$(l) 
5265 IF (ANSWERY$="X") OR (ANSWERY$="x") THEN RETURN 
527D LOCATE 24,1:GET 1,254:GOSUB 5240:BEEP:PRINT COMMT40$;:GOTO 5260 
5275 ' 
5280 ' 
5285 ' lnputing graphlcs parameters 
5290 LOGATE 23.1 :GET 1, 194:GOSUB 5240:PRINT COMMT40$; 
5295 N=NRADIUS:GOSUB 51~5:RPOSITION=VAL(ANSWERI$) 
5300 IF RPOSITION>N THEN BEEP:LOCATE 24,1 :GET 1 ,253:GOSUB 5240:PRINT COMMT40$;': 
GOTO 5290 
5305 LOCATE 23,1 :GET 1, 195:GOSUB 5240:PRINT COMMT40$; 
5310 NROW=24:GOSUB 5215 
5315 N=NZLEN:GOSUB 5145:ZPOSITION=VAL(ANSWERI$) 
5320 IF ZPOSITION>N THEN BEEP:LOCATE 24,1:GET 1,253:GOSUB 5240:PRINT COMMT40$j: 
GOTO 5315 0 

5325 RETURN 
5330 ' 
5335 1 

5340 ' plotting graph 
5345 ' draws titI es 
5350 CLS:LOCATE 1,1 , ." 
5355 GET 1 ,IRECN03:GOSUB 5240:PRINT COMMT40$; 
5360 LOCATE 2,1 :GET 1, IRECN02 :GOSUB 5240: P HINT COMMnO$;: LOCATE 21,1 
5,365 GET 1,IRECN01:GOSUB 5240:PRINT COMMT40$; 
5370 ' • 
5375 ' print x-axis number 

/ 



5380 LINESET=O' 
5385 DXX=(XXMAX/( 1 1-1» 
5390 NXXPIX=-(250/(11 .... 1» 
5395 FOR 1= l TO 11 
5400 NXXPIX= NXXPIX+ (250/ ( 11-1 ) ) 
5405 XX=INT«I-1)·(XXMAX/(11-1») 
5410 LINESET=LINESET+ 1 
5415 IF LINESET=3 THEN LINESET=1 
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5420 IF lINESET=1 THEN NROW=1g:LINE(33+NXXPIX,140)-(33+NXXPIX,145),2:NCOLUM=INT 
0+( NXXPIX/7 .96» ELSE NROW=20 :LINE(33+NXXPIX, 140)-<33+NXXPIX, 155),1 :NCOLUM=INT 
(4+ (NXXPIX/7 .96» 
5425 IF 1=1 THEN LOCATE 19,3:PRINT XX(1) 
5430 LOCATE NROW,NCOLUM:PR1NT XX 
5435 NExr 
5440 ' . 
5445 ' print ing y-axis numbers 
5450 TEMPMAX-=YY( 1) 
5455 TEMPMIN=YY( 1) 
5460 FOR 1=2 TO N 
5465 IF YY( 1) <TEMPMIN THEN TEMPMIN;; YYC 1) 
5470 IF YY( I) >TEMPMAX THEN TEMPHAX=Y!(I) 
5415 NEXT 
5480 YYMAX=TE;MPMAX 
5485 YYMIN=TEMPMIN 
5490 IF (YYMAX)YYHVAL) THEN 5495 ELSE YYMAX=YYHVAL 
5495 IF (HMIN<YYLVAL) THEN 5500 ELSE '(YMIN=Y'{LVAL 
5500 NYYSET= 6 
5505 YYSPACE=(YYMAX-YYMIN)/(NYYSET-l) 
5510 YYMIN2=YYMIN 
5515 NYYPIX=- ( 124/ ( NHSET-l» 
5520 FOR 1= 1 TO NYYSET 
5525 NYYPIX= NYYPIX+ ( 12"/ ( NYYSET-1 ) ) 
5530 NROW=INT( 18-( NYYP1XI1.96» 
5535 IYYMIN$=STR$ (YYMIN2) 
5540 NCtlAR=LEN(IYYMIN$) 

, .. 

5545 IF ASC(MID$(IY'ïMIN$,1,l»=32 THEN IYYMIN$=MID$(IïYMIN$,2,NCHAR-1):IHMIN=V 
AL(IYYMIN$) 
5550 IF NCHAR>4 THEN IYYMIN$=MID$(IïYM1N$,',4):IYYM1N=VAL(IYYMIN$) 
5555 LOCATE N ROW, , 
5560 PRINT IYYM1N$ 
5565 ïYMIN2= YYMIN2+ YYSPACE 
5570 LINE( 26. 140-NYYPIX) -( 32, 140-NYYPIX), 1 
5575 NEXT . 
5580 ' 
5585 ' draw axis lines 
5590 LINE03, 140)-(283,140),1 
5595 LINE(J3,140)-(33,16),1 
5600 ' 
5605 ' 
5610 ' drawing the curve 
5615 FOR 1: 1 TO N 
5620 XXCI)=33+«XX(I)/XXMAX)'250) 
5625 YY( 1) = ~ 4 0-( « YY( 1)-YïMIN) / (YYHAX-HMI H»* 124) 
5630 NEXT. 
5635 FOR 1=2 TO N 
5640 LINE (XX( 1-1) , YY( 1-1) )-(Xx'C 1) • YY( 1).3: NEXT 
5645 FOR I= 1 TO N 



5650 LINE(XX(I)-2,YY(I)-2)-(XX(I)+2,YY(I)+2),2 
5655 LINE(XX(I)+2,YY(I)-2)-(XX(I)-2,YY(I)+2),2 
5660'NEXT -
5665 COOLXX=33+«COOLT1~XXM1N)/(XXMAX-XXHIN)'250 
5670 YYLINE=1401 
5615 FOR 1=1 Ta 13 
5680 LINE(COOLXX,YYLINE)-(COOLXX,YYLINE-5),1 :YYLINE=YYLINE-10:NEXT 
5685 GET 1,161 : LOCATE 22,1:GOSUB 5240:PRINT COMMT40$j 
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5690 GET 1,162:LOCATE 23,1:GQSUB 5240:PRINT COHMT40$;:LOCATE 23.'3:PRINT CHR$(2 
4) j 

~~~~ g~gB3~~~o ~ 
5105 ' 
5110 , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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ALPHAD 

* * * * * MEN U 1 * * 1 1 

2 1 Do process calculations for a can 

3 2 Exit to MAIN selection menu (with can/pouch choices) 

4 Select an ltem' from the menu (enter 1 or 2 and RETURN) 

5 You did not enter either 1 or 2 

6 Cooling Water Temperature (deg C) 

7 Enter 1 to let h=infinite, 2 to specify h 

8 The number must be 1 or 2 

9 Number: 

10 Initial Food Temperature (deg C) 

11 Retort Temperature (deg C) 

12 PRESS ANY KEY TO CONTINUE 

13 The Initlal and Coollng Water Temp must be <= Retort Temp 

14 1nH1al Temp: Retort Temp: Water Temp: 

15 Total Processing Time (heat + cool) «10000 sec) 

16 rime at Which Cooling Starts (sec) 

17 Total Time and Cooling Time must be>O, Total>=Cooling, & Total<=10000 

18 Total rime: Coollng Time: 

19 Number of Tlme Increments (>=2, <=21) 

20 You dld not enter a number between 2 and 21 

21 Number of T1me Values: 

22 Thermal D1ffusiVlty (mH 2/sec) 

23 The Thermal DiffuS1vlty must be > 0 

24 You entered the followlng value(s): 

25 Food Density (kg/m I1 3) 

26 The Food Densi ty must be > 0 

27 Food Denslty: 

28 Speclflc Heat of Food (kJ/kg-deg C) 

29 Th~ ?peCiflC Heat must be > 0 
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.30 Specifie Heat: 

'31 Can Radius (m) 

32 Can Half -Length (m) 

33 Thermal Diffusivity must be between 1.0e-07 and 9.9ge-07 

34 The Can Radius and Half -length must be > 0 

35 Radius: Hal f -Length : 

36 The Number of Radial Values (2<=nr<=10) 

37 The Number of Axial Values (2<=nz<=10) 

38 

39 The Number of Radial and Axial values must both be between 2 and 10 

40 NR: NZ: 

41 Convecti ve Heat Transfer Coeff (W/~**2-deg C) 

42 The surface convective heat transfer coefflcient must be > 0 

43 H: 

44 Thermal Diffusi vit y : 

45' What is the f-value for the contaminant at Tref= 121 de~ C) - in minutes? 

46 The F -val ue c.annot equal 0 

47 A F-value greater than 20 minu"'tes is unusu1ü 

48 Do you want to reenter the value (y or N and RETURN)? 

49 What Is the z-value for the contaminant (at Tref~121 deg C) - ln deg C? 

50 The z-val ue cannot equal 0 

51 A z-value greater than 30 deg C is unusual 

52 What is the f-value for the nutrient (at Tref=121 deg C) - in mInutes? 

53 A F-value greater than 100 mlnutes is unusual 

54 What is the z-value for the nutrient (at Tref=121 deg C) - in deg C? 

55 ARGUMENT LISTING FOR SUBROUTINE 

56 Enter the new value and press RETURN 

57 Press RETURN alone If you want to keep the old value 

~J 
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,;:F 

(. 

.. 

58 

59 ARGUMENT OJ..,D 

·60 A ,z-value greater than 50 deg C il!J unusual 

61 Do you want to redo the CAN calculations (y or N and RETURN)? 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

14 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

, . 

-..~ 

\ 
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NEW 
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1 87 
\ 

88 

89 

90 . 

91 

" 
92 

,93 

94 

95 

96 
'C 

97' 

98 

99 

lOO 

101 

. 102 

103 
l~ 

104 

105 
, , 

106 

107 

108 

109 

1'0 

111 
, 

112 

( '113 

114 
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( 

" . , 

\ 

, . 

115 

116 

111 

118 

11,i. 

120 

-121 

122 

1:23. 

124 

125 

126 

1.27 

128 

129 

130 

131 

, 132 

1-33 

134 

1'35 

, 36 

137 

138 

139 

no 

141 

142 

143 
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Pl~ 

145 

146 

147 

146 

149 

150 RESUCrS DISPl.A y MENU 

151 1) t .. p-TilDe Graph 

152 2) Lethality-Time Graph 

153 3) Nutr ient Fraction-Time Grapllr 

154 Enter l , 2, ... 8 

155 GRAPHIe DISPLAY HENU 

156 X(m) Y(m) Z(m} 

157 At wh~ch X do you want. Temp-Time Graph 

158 At which Y do you want Temp-Time Graph 

159 At which Z do you want Temp-Time Graph 
b , 

160 Select the Z pos l t ~ 0 n ('. 2 or ... ) 
16' Press "X" to exit te results menu or 

162 Press -PrtSc to pnnt graph 

163 PRINTING MENU 

164 Choose the printIng optIons dlrpension 

165 1) Pr:lnt all the data \ 
166 2) Pr1nt speclfic data 

167 
.. 

168 Here 15 a list of var lOUS -values 

169 X{m) Hm) Z (m) 

) - 110 yem) X(m) Z (m) 

111 Z(m) lem) x (m) 
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172 x 

173 y 

174 Z 

) 115 Whlch X are you startlng at(l,2 or · .. ) 
176 Whlch Y are you starting at(l,2or · .. ) 
117 Which Z are you starting at( 1,2 or · .. ) 
118 Whlch X do you want to stop( 1 ,2 or · .. ) 
179 Which Y da you want ta stop( 1,2 or · .. ) 
180 Whlch Z da you want ta stop( 1,2 or · .. ) 
181 ENTER "X", "Y" OR "Z" 

\ 

'82 RESULTS 

183 TIHE(s) X(m) Y(m) Z(m) TEHP(degC) 

184 185 

185 Z(m) Y(m) lem) Temp(deg C) 

186 Press "X" to exit to results menu 

187 Press "Y" to CQntlnue 

188 Press "P" to print specifled data 

189 TIME( sec) X(m) Y(m) Z(m) TEMP( deg C) 

190 TIHE(s) RADIUS(m) Z-VALUES (m) TEHPERATURE(deg C) 

19 , 

192 Radll(m) Z-values(m) 

193 Select the axis to be-plotted: R or Z 

194 Select the R posltlon (1, 2, or ••. ) 

195 Select the Z posi tion (1, 2, or ••• ~ 

196 TEMPERATURE(deg C) 

197 TEMP VS TIHE 

198 • • • P L E A S E W AIT • • • 

199 

200 
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~ 

201 

• 202 1) R, z 

203 2) z, R 

204 Z-value Radius 

205 Which R are you startlng at(1,2, or ••• ) 

206 Which Z are you starting at (1,2, or ••• ) . 
207 Wh1ch R do you want to stop( 1,2, or ••• ) 

200 Wh1ch Z do you want to stop(1,2, or ••• > 

209 TIME (s) R(m) 'Z(m) TEMP( deg C) 

210 Z RADIUS TEMPERATURE 

211 LETHAUTY 

212 LETHALITY vs TI HE , 

213 , ENTER 1 • 2 OR 3 

214 ENTER OR 2 

215 TI ME (sec) 

216 NUTRIENT FRACTION vS TI ME 

217 FRACTION 

218 4) Temp-Tlme Tabi e 

219 5) Lethality-Tlme Table 

220 6) Nutrient Fraction-Time Table 

221 8) Exit 

222 TI ME (sec) LETHALITY 

223 TI ME (sec) NUTRIENT FRACTION 

224 TI HE (sec)' NUTRIENT FRACTION 

225 TI ME (sec) LETHALITY 

226 7} Process Parame ter Table 

227 RESULTS 
f ' , 

228 RESULTS (, 



., 

" 
229 

230 

231 

Process Parameter Table 

-------~-------------

232 Initial Temperature(deg C) 

233 Retort Temperature(deg C) 

234 Water Temperature(deg C) 

235 Fh-l/Slope of Heating Curve(sec) 

236 Fc-l/Slope of Heating Curve(sec) 

237 Heat1ng Curve Lag Factor 

- 238 Cool1ng' Curve Lag Factor 

0. 239 Total Processing T1me(sec) 

240 Time When Caoling -Starts(sec) 

241 Humber of Time Increments 

,21l2 Half X-Length (m) 

243 Half Y-Length(m) 

244 Half Z-Length(m) 

245 1) Proceas parameter Table 

2116 Number of R-values 

-247 N~rnber of Y-values 

21la Food Density(kg/m··3l 

2119 Food Specifie Heat(kJ/kg-degC) 

250 You d1d not enter an integer, try 

251 You did not enter 1,2, ••• ,8 .:.try 

252 You did not enter X. Y or Z -try 

aga1n 

again 

aga!n 

253 The value lias too big - try again 

254 You did n'ot enter !lX" 

255 Value lS tao big, try again 

256 End value can not be < then start value 

2571 You did not enter X, Y or P 
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. \ 258 There 1s no IlPre data,enter P or X 

259 You did not enter R or Z - try again 

260 You did not enter or 2 - try again 

261 You did not enter 1,2 or 3 - try aga1n 

.' 262 Can Radius (m) 

263 

264 Number of Z-values 

265 H(W/m··2-degC) 

266 Thermal D1ffus1vity{m··2/sec) 

267 You did not enter X or P 
(:, 

/ 
" 

\ l' 

( . 
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APPENDIX 3.7 

Program Listing of MAINE 

( 



10. f 

. 20 ' 
30 f 

40 f 

50 ' 

•••••••••• MAI NE··.··· •• ·· 

60 'Initialization and Dimens1on1ng 
70 DIM TEMP(51),TIME(5f),TAVG(50) 
80 DIM TEMPOBJ(' 1) , TIMCOOL( , 1) . 
90 DIH FXNUT(,4) ,ZNUT( 4) ,WTFACT( 4) 
100 DIM FRANUT(4,11), OBJFN(11), FRAOPT(4) 
110 DIM XX(11),YY(11), XCURVE(21),YCURVE(21) 
120 'curve-f1tt1ng 
'30 DIM ZCCF(4) ,ACCF(4,4) ,C1CCF(4) ;YCCF(35) ,UCCF05,4) 
140 DIM WCCF(4,l),BCCF(4,4), 12CCF%(4,3), XCCF(3S), Y1CCF(35). 
150 DIH Y2CCF(35), R3CCF(35), E2CCF(4) 
160 DIH XXCURVE(401),YYCURVE(401) 
170 ' 
180 ' 
190 ' 
200 'Setting up the text screen 
210 KEY OFF 
22q SCREEN 0,0,0,0 
230 WIDTH 80 
240 COLOR 7,1,1 
250 CLS 
260 ' 
270 1 

280 'Initial1zing the temp range TEMPOBJ 
290 TEMPOBJ(1)=1101: FOR IME=2 TO 11 
300 TEMPOBJ(IME)=TEMPOBJ(IME-1) + 21: HEX! lME 
310 ' 
320" opening and readying the associated files 
330 OPEN "c:alphae~ AS 1 
340 FIELp 1,80 AS COMMENT$ 
350 ' 
360 OPEN nb: comme" AS 2 
370 FIELD 2,80 AS COMMC$ 
380 ' 
390 ' 
400 ' sett1ng the pointer to current record number of comme 
410 GET 2,1: NRECCOUNT=VAL(COMMC$) 
420 BLANK$=" n: LSET COMMC$=BLANK$: PUT 2,NRECCOUNT+1 
430 ' 
440 ' 
450 1 Checking if control has come from MAIN or from SUBs 
460-0PEN "b:store2" FOR INPUT AS 3 
470 INPUTI3,NOPCODE 
480 CLOSE 3 
490 ' 
500 1 Not coming from MAIN: 
510 IF NOPCODE=O THEN GarO 570 
520 IF NOPCODE=1 THEN Goro 2390 
530 IF NOPCODE=2 THEN Goro 3180 
540 IF NOPCODE=3 OR NOPGODE=4 THEN GOTO 6540 
550 1 

560 1 

570 1 Goming from MAIN: 

350 



580 OPEN "b:comma" FOR INPUT AS 4 
590 ' 
600 ' 
610 ' 

•• read inCo from comma" 

620 CLOSE 4 
630 ' 
640 ' 
650 'lf want to go to BALLSr 

>, 

6'60 'getting the arguments used for the SUB: 
670 N1ST1'HRU=0 
680 ' 
690 'determlning MODEL wanted 
700 IF HODEL=O THEN NOLD=1 ELSE NOLD = MODEL 
710 JRECNO=40: NMARKSUB=O: GOSUS 8280 
720 NEW1=VAL(NEWVALUE$) 
730 IF (NEW1>=1) AND (NEW1<=3) THEN GOTO 760 
740 JRECNO=41: JRECN02=42: NHARKSET=l: casus 8620 
750 GOTO 700 
760 MODEL.NEWl 
770 ' 
780 'determining temperatures 
790 IF TINIT=OI THEN OLD=451 ELSE OLD=TINIT 
800 JRECNO=8:NMARKSUB=1: GOSUB 8280 
810 XNEW1=VAL(NEWVALUE$) 
820 IF TWATER=O! THEN OLD=60! ~LSE OLD=TWATER 
83d JRECNO=9:NMARKSUB=1: GOSUB 8280 
840 XNEW2=VAL(NEWVALUE$) 
850 IF (XNEW1>OI) AND (XNEW2)0~) AND (XNEW2<=901) THEN GOTO 880 
860 JRECNO=10: JRECN02=11: NMARKSET=2: GOSUS 8620 
870 GOTO 790 
880 TINIT=XNEW1: TWATER=XNEW2 
890 1 

900 'determlnlng time values 
910 IF TOTIME=O! THEN OLD=4500 ELSE OLD=TOTIME 
920 J RECNO= 1 ~: NHA RKSU B= 1: GQSU B 8280 
930 XNEWl=VAL( NEWVALUE$) 
940 IF (XNEW1=>18001) AND (XNEW1<=9000!) THEN GOTO 970 
'950 JRECNO=l~: JRECN02=15: NMARKSEr=l: GaSUS 8620 
960 GOTO 910 
970 TOTIME=XNEW1 
980 ' 
990 'determinlng number of tlme values 
1000 NBA=51 
1010 1 

1020 'determlning (l/slopes) of heatlng and coolin8 curves 
î030 If FH=O! THEN OLD=10QO! ELSE OLD=FH 
,1040 JRECNO= 16: NMARKSUB= 1: GOSUB 8280 
1050 XNEW1=VAL(NEWVALUE$) 
1060 IF FC=O! THEN OLD=1000! ELSE OLD=FC 
1070 JREèNO=17: NMARKSUB=l: GOSUB 8280 
1080 XNEW2=VAL(NEWVALUE$) 
1090 IF (XNEW1>700) AND (XNEW2>700) THEN GOTO 1120 
1100 JRECNO=18: JRECN02=19: NHARKSET=2: GOSUB 8620 

~ 1110 GOTO 1030 
1120 FH=XNEW1: FC=XNEW2 
1130 1 

1140 'determlnlng lag factor of heatlng curve 
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\ 
1150 IF JH!=O! THEN OLD=1.5 ELSE OLD=JH! 
1160 IF MODEL= 1 THEN JRECNO=20 ELSE JRECNO=21 / 
1 170 NHARKSUB= 1: GOSUB 8280 
1180 XNEW1=VAL(NEWVAL'UE$) 
'190 IF (XNEW1>0) THEN GOTO 1230 
1200 IF (HODEL<>l) AND (XNEW1=0) THEN GOTO'1210 ELSE GOT a 1230 
1210 JRECNO=22: JRECN02=23: NMARKSET=l: GOSUB 8620 
, 220 GOTO 1150 
1230 IF MODEL= 1 THEN JH! =XNEW1: Gor.() 1280 
1240 IF ABS(XNEW1-1.866».01 THEN JH!=XNEW1: GOTO 1280 
1250 JRECNO=25: JRECN02=23: NHARKSET=1: GOSUS 8620 
1 ~60 GOTO 1150 
1270 ' , 
1280 'deter~ihlng lag factor of cooling curve 
1290 IF MODEL<>3 THEN GOrO 1400 
1300 IF JCI=or THEN OLD=21 ELSE OLD=JC! 

J 310 JRECNO=26: NMA'RKSU8= 1: GOSUB 8280 
1320' XNEW1=VAL(NEWVALUE$) 
1330 IF XNEW1 >0 THEN GOTO 1360 
1340 JRECNO=27: JRECN02=28: GOSU8 8620 
1350 Goro 1300 , 
1360 IF ABS(XNEWl-1.866).01 __ THEN JC!=XNEW1: GOTO 1400 
1370 JRECNO=29: JRECN02=28: NMARKSET=1: GOSUB 8620 
1380 GOTO 1290' 
1390 ' 
1400 'gettlng the target process lethallty (userleth) from the u~er 
1410 IF USERLETH=O! THEN OLD=-1.1 ELSE OLD=USERLETH 
1420 JRECNO=30: NMARKSUB=l: GOSUB 8280 
·1430 XNEW1=VALC NEWV ALUE$) 
144,0 IF (XNEW1>= 1!) AND (XNEW1<=2.5) THEN GOTO 1-470 
1450 JRECNO=31: JRECN02=32: ~MARKSET=1: GOSUB 8620 
1460 GOTO 141.0 
1470 USERLETH=XNEW1 
1480 ' 
t490 ' 
1500 'Gettlng the FLETH value 
1510 CLS: JRECNO=33: GOSUB 7700 
1520 IF JOK<)~l THEN GOTO 1510 ELSE FLETH=VAL(ANSR$) 
1530 IF (FLETH>O!) AND (FLETH<=20!) GOTO 1640 
1540 tF FLETH>20! THEN GOTO 1580 
1550 GET 1,34: PRINT COMMENT$ , , 
1560 GET 1,12: PRINT: PRINT COMMENT$ 
1570 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1570 ELSE GOTO 1510 
1580 CLS: GET 1,35: PRINT COMMENT$ 
'1590 GEr 1 ,24: PR INT COMMENT$; FLETH 
1600 JRECNO=36: GOSUB 7460, -
1610 IF JOK<>,,:".l GOTO 1580 
1620 IF (DY$="n") OR (DY$="N h

) GOTO 1640 ELSE GOTO 1510 

1630 ' 
1640 'G.etting the ZLETH value 
1650 CLS: JRECNO=37: GOSUS 7700 
1660 IF JOK<>-l THEN GOTO 1650 ELSE ZLETH=VAL(ANSR$) 
1670 IF ,(ZLETH>O!) AND (ZLETH<=30!) GOTO 1780 9 

1680 IF ZLETH>30! THEN GOTO 1720 
1690 GET 1,38: PRINT COMMENT$ 
1700 GET 1,12: PRINT: PRINT COMMENT$ 
1710 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1710 ELSE GOrO 1650 
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1720 CLS: GET 1,39: PRINT COMMENT$ 
1730 GET 1,24: PRINT COMMENT$;ZLETH 
1740 JRECNO=36: GOSUB 7460 
1750 IF JOK<>-1 GOTO 17.20 
1760 IF (DY$="n") OR (DY$="N") GOTO 1780 ELSE GOTO 1650 
1770 r 

1780 NOPCODE=1 
-1790 ' 
1800 'getting the FXNUT value for each nutrient 
1810 KME=1: KREC=46: GOSUB 9550 
1820 KME=2: KREC=47: GOSUB 9550 
1830 KME=3: KREC=48: GOSUB 9550 
1840 KME=4: KREC=49: GOSUB 9550 
1850 ' 
1860 'getting the ZNUT value for each nutrient . 
1870 KHE= 1: HREC=51: GOSUB 9720 
1880 KME=2: HREC=52: GOSUB 9720 
1890 KME=3: MREC=53: GOSUB 9720 
1900 KME=4: MREC=54: GOSUB 9720 
1910 ' 
1920 'getting the 'w~ighting factor WTFACT for each nutrlent 
1930 KME=1: NREC=61: ~OSUB 9890 
1940 KME=2: NREC=62: bbsUB 9890 
1950 KME=3: NREC=63: GOSUB 9890 
1960 KME=4: NREC=64: GOSUB 9890 
1970 ' 
1980 ' 
1990 'set TIMCOOL(1)=TOTIME at flrst TEMPOBJ ta check that TOTIME 15 ok! 
2000 TIMCOQL( 1) =TOTIME 
2010 ' 
2020 ' .~ 

2030 ' capying argÙ1!!e-n.ts into COMMI ta run the SUB chosen 
2040 n'PEN "c :comm1" FOR OUTPUT AS 6 
2050 NSUBMAIN=5 
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2060 P RINTfl6, MODEL; TI NIT ; TEMPOBJ CI) ; TWATER ; NBA; TOTIME; TIMCOOLC 1 ) ; FH; FC; JH! ; J'C! ; 
NSUBMAIN 
2070 CLOSE 6 
2080 ' 
2090 ' 
2100 'putting info into STORE2 ta tell MAINË what SUB it chalned to 
21,10 OPEN "b:store2" FOR OUTPUT AS 3 
21~0 PRINTD3,NOPCODE 
2130 PRINTfl3,MODEL;TINIT;TEMPOBJ( 1);TWATER;NBA;TOTIME;TIMCOOLC1);FH;FC;JH!;JC! 
2140 PRINTU3.USERLETH;FLETH;ZLETH;NSUBMAIN 
2150 PRINTfl3,FXNUT(1);FXNUT(2);FXNUTC3);FXNUT(4) 
2160 PRINTD3,ZNUT(1);ZNUTC2);ZNUT(3>;ZNUTC4) 
2170 PRINTfl3,WTFACT(1);WTFACT(2);WTFACT(3);WTFACT(4) 
2180 CLOSE 3 
2190 ' 
2200 ' 
2210 ' 
2220 ' chalning to BALLST 
2230 'storing the current record number of COMMC into the first rec no of COMMe 

2240 NRECCOUNT=LOC (2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 
2250 ' 
2260 CLOSE 1.2 



, 

2270 ' 
2280 'Displaying "Please Wait" symbol 
2290 CLS.:SCREEN 1,0,0,0 , 
2300 COLOR 5,1 
2310 DEF SEG = &HB800 
2320 BLOAD "b:clock.scr",O 
2330 ON ERROR GOTO 2340 
2340 IF INKEY$<>"" THEN BEEP 
2350 CHAIN "BALLST" 
2360 ' 
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2370 ' ,~ If 

2380 '***************** nopcode=1 ********************}*****************~**** 
2390 'Coming back from BALLST first time 
2400 'Calcu1.ating lethali ty ta see if TOTIME is big enough 
2410 OPEN "b:stare2" FOR INPUT AS 3 
2420 INPUT'3,NOPCODE ' 1 
2430 INPUT'3,MODEL,TINIT,TEMPOBJ(1),TWATER,NBA,TOTlME,TIMCOOL(l),FH,FC,JH ,Jel 
2440. INPUTI13,USERLETH,FLETH,ZLETH,NSUBMAIN , 

• 2450 INPUTD3,FXNUT( 1) ,FXNUT(2) ,FXNUT(3) ,FXNUT( 4) , 
2460 INPUTU3,ZNUT(1),ZNUT(2),ZNUT(3),ZNUT(4) 
2470INPUTU3,WTFACT(1),WTFACT(2),WTFACT(3),WTFACTC4) 

\2480 CLOSE 3 
2490 ' 
2500 'Getting TEMP results fram COMM2 with user TOTIME 
2510 OPEN "c:comm2" FOR INPUT AS 7 
2520 FO R ITIME = 1 TO NBA 
2530INPUT#7,TIME(ITIME),TEMP(ITIME) 
2540 NEXT ITIME • 
2550 CLOSE 7 
2560 ' 
2570 'Calculating lethality with user. TOTIME 
2580 DTIME=TOTIME/(NBA-1 )/60! 
2590 FOR KME= 1 TO (NBA-1) .., 
2600 TJWG(KME)= (TEMPCKME) + TEMP(KME+1» 1 21 ~ 
2610 IF (-121! + TAVG(KME»/ZLETH <-35!0 THEN RATEL=OI : GOTO 2630 
2620 RATEL=1/FLETH * ( 101"«-1211+TAVG(KME»IZLETH) ) 
2630' IF KME= 1 THEN XLETH= RATEL*DTIME ELSE XLETH=XLETH + RATEL*DTIME 
2640 NEXT KME 
2650 ' 
2660 'Checking process adequacy 
2670 IF XLETH>=USERLETH THEN GOTO 2760 'when TOTIME i5 ok 
2680 IF XLETH/USERLETH<.5 THEN TOTIME=TOTIME+TOTIME*.5 ELSE TOTIME=TOTIME+TOTIM 
E*' !/3! . 
2690 CLS: GET 1,43: PRINT COMMENT$:PRINT 
2700 GET 1,44: PRINT COMMENT$ 
2710 PRINT TOTIME:PRINT 
2720 GET 1,12: P RINT COMMENT$ 
2730 DUMME$=INKEY$: IF DUMME$="" THEN GOTO 2730 
2740 GOTO 1990 
2750 ' 
2760 ITEMP= 1 
2770 ' 
2780 ' 
2790 'Once TOTIMt 1S ok, now gett1ng cooling times for each TEMPOBJ 
2800 ' 
2810 'getting the temp-time array using timcool=totime 
2820 TI MCi0L{ ITEMP)=TOTIME 



! 

o 

\ 

( 

2830 1 

2840 NOPCODE=Z 
2850 DCOOL=TOTIME/4! 
2860 1 

2870 OPEN "e :eomm1" FOR OUTPUT AS 6 
2880 ,NSUBMA! N=5 
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2890 PRINTl6, MODEL; TINITiTEMPOBJC ITEMP) i'TWA"rER; NBA; TOTIME; TIMCOOLC ITEMP) ; FM iFC; 
JH,I j JC! ; NSUBMAIN ' 
2900 CLOSE '6 
2910 1 

2920 1 

2930 1 putting info into STORE2 to tell MAINE what sua it ehained to 
2940 OPEN "b:store2" FOR OUTPUT AS 3 
2950 PRINU3,NOPCODE 
2960 P RI NTI3 , l TEMP., DCOO L 
2970 PRIN~3,MODEL;TINITiTEMPOBJ(IT.EMP)iTWATERiNBA;~OTlHE;TIHCOOL(ITEHP);FH;FC; 
JHI ;JC! 
2980 PRINTfJ3, USERLETH; FLETH; ZLETH; NSUBMAIN T 

2990 PRINTU3,FXNUT(1);FXNUT(2)jFXNUT(3)jfXNUT{4) 
3000 PRINTO 3, ZNUTC 1) ; ZNUTC 2) j ZNUT(3) ; ZNUT( 4)' 
3010 PRINTI3,WTFACT(1);WrFACT(2)jWTFACT(3);WTFACT(4) 
3020 PRINTIJ3,OLDLETH • \ ' 

3030 FOR JME=l TO ITEMP 
3040 PRINTIJ3, TIMCOOLJ JME) jTEMPOBJ( JME) jFRANUT( 1 ,JME) jFRANUT(2,JME) ;FRANUT(3,JM'E 
) jFRANUT( 4, JME) iOBJFN C J ME) 
3050 NEXT JME 
3060 CLOSE 3 
3070 ' 
308d ' 
3090 'ehaining to BALLST 
3100 'print sereen messa&e to wait 
31'0 CLS: LOCATE 12,30: GET 1,45: PRINT COMMENT$ 
3'20 ' stonng the current record number of COMMC into the fir'st rec no of COMMe 

. 
3130 NRECCOUNT=LOC( 2): LSET COMMC$=STR$(NRECCOUNT)": PUT 2,1 • 
3140 CLOSE 1,2 

'3 169 ' JI 3150 CHAIN J'B LST"-

3170' \ 
3180 ' •••••• - •••• --.-- nopcode=2 •••••••••••••••••••••••••••••••••••• 
3190 'read info from STORE2 
3200 OPEN "b: store2" FOR INPUT AS 3 
3210 INPUTr13, NOPCODE 
3220 INPUTU3,ITEMP.DCOOL 

, \ 

3230 INPUTH3,MODEL.TINIT,TEMPOBJCITEMP),TWATER,NBA,TOTlME,TIMOOOL(ITEMP) ,FH,FC, 
JH! ,JC! 
~240 INPUTII3, USERLETH, FLETH, ZLETH, NSUBMAI N 
3250 INPUTU3,FXNUT(1),FXNUTC2),FXNUTC3),FXNUT(4) 
3260 INPUTH3,ZNUTC 1) ,ZNUT(2) ,ZNUT(3) ,ZNUT(4) 
3270 INPUT/13, WTF AC Te 1) , WTF ACTC 2) , WTF ACTO) , WTF ACTe 4) 
3280 INPUTH3,OLDLETH 
3290 FOR JME= 1 rD ITEMP 
3300 INPUTfl3, TIMCOOL( JME) , TEMPOBJ e JME) ,FRANUTC , , JME) ,FRANUT( 2. JME) ,FRAN ur (3 ,JME 
) ,FRANUT(4 ,JME) .0BJFNeJME) , 
3310 NExr JME 
3320 CLOSE 3 
3330 1 

, \ 

-_"'_-"-~':-__ """.,.,t __ 
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3340 ' 
3350 'Read temp-time lnfo from COMM2 
3360 OPEN "c: c01lllll2" FOR IN PUT AS 7 
3370 FOR ITIME = 1 TO NBA 
3380 INPUTI7, TIHECITIMEl, TEMP( ITlME) 
3390 NEXT ITIME 
3400 CLOSE 7 
3410 ' 
3420 'Salculatlng letnall ty Wl th TI MCOOL( l,:emp) 
3430 DTI ME;: TOT l MEl ( NBA- 1-)/61:! 
3440 FOR K~:;; TO (NBA-1) 
3450 TAVG(KME)= (TEMP(KME) • TEMP(KME+1») 1 2! 

, • < , " 

3460 If (-121! • TAVG(KKE»)IZLETH <-35! THEN RATEl..=O! : GOTO 3480 
3470 RATEL=l/FLETH· C 10!A( (-121!.TAVG{KME) )!ZLETHl ) 
3480 If KME= 1 THEH XLETH=RATEL·DTIME ELSt XLETH=XLETH. RATEL·OTIHE 
3490 HEX! KME 
3500 ' 
3510 • 
3520 'Asslgnl!1g lethalltles ':..0 vanables 
3530 XNEWLETH=XLETH 
3540 IF TIMCOOL(ITEMP)=TOTIME THEN JLDLETH=XLEiH 
3550 ' 
3560 ' 
3570 ' compare t .. o ::'e~hall tl<:S 

3580 :::- ABS(f.l>tEWLETH-JSERLE:-'-:/<',)S :-:iEN V)YS 365':' 

356' 

3590 :F (XNEWLE:-ii>USERLETHi ;"N::; (:' .. JLE111> 'JSERLEHL THEN JCOOL: .g*JCQOL: TIMeoo:. 
(ITEr1P/:T:W:OSL,I;'E!','?-û:O(L: SLDL~!1=XNE""'L::::-..J: G:7~ 237: 
3600 :F (XNt;ioiLETH<USERi...EtH) Â."i:' (OULETH<USERLETH, THEIi !KJOL=i. ilt"DCOOL: TIMeo'::; 
LCITEMP):TIMCOOL(ITEMP).DCOO:": OLDLETH=XNEWLETH: ~OTO 287C 
3610 IF (XNEWl.ETH>USERLETH) kJl:) (Ol.::>LETHCJSERLETH) THEN DCOOL=DCOOL/l.9: TIMCOO 
L( ITEMP):TIMCOOL( ITEMP)-DCOOL: GLDLETH=XNEWLETH: ':;OTO 287'J 
3620 IF (XNEWLETH<USERLETH) AND (OLDLETH>:JSERLETH) THEN DCOOL=DCOOL/2.1: TIMCaO 
L( ITEMP):TIMCOOL( ITEMP)+DCOOL: OLDLETH=XNE" .. LETH: ,:;oro 2818 
3630 1 ~\ 

3640 ' 
3650 ',no .... that TIMeOOL(ltemp, 15 found, do nutnent retentlon calculatlons 
3660 ' 
3670 CLS: LOCATE,12,30: GET 1,45: PRINT COMMENT$ 

3680 • 
3690 'calculatlng nutrlent fractlon retalned, for each nutr lent. at TEMPOP J( lte 
mp) 
3700 DTIME=TOTIME/50 !,160! 
3710 FOR KME= 1 TO 4 
3720 FOR NME= 1 TO 50 
3730 IF (-121!+TAVG(NME) )/ZNUT(KME>(-35 THEN RATEN=O!: GOIO 3750 ' 
3740 RATEN= l/FXNUT(KME) 0* Cl0!A( (-121!+TAVÇi(NME)/ZNUT(KME») 
3750 IF NME=1 THEN XNUTOT=l!* lO!A(-12!*RATEN*DTIHE) ELSE XNUTOT=XNUTOTI 

101 A (-1211 RATEN*DTIME)"' 
3760 NEXT NME 
3770 FRAN UT ( KME, ITEMP) : XNUTOT Il! 
3780 NEXT KME 
3790 1 

3800 ' 
3810 'Calculating the value of the objective Îunction for TEMPOBJ( itemp) 
3820 ' 
3830 'Doing the calculation 
3840 XNUt1ERATOR= WTFACT( l)*FRANUT( 1, ITEMP) + WTFACT(2)*FRANUT(2, ITEMP) + WTFACT 



(3).FRANUTO,ITEMP) ... W"TFACT(4)'FRAtlUT{1l,ITEMP) 
3850 DENOMINAT0f!::WTFACT( 1) ... W"TFACT(2) ... WTFACTC)) ... WTFACTC 4) 
3860 OBJFN( ITEH?"; = XNUMERATOR / DENOHINATOR 

'LPRINT"i temp. timcool ,obJfn=" • ITEMP; TIMCOOL( ITEMP) ; OBJFN (ITEMP) , 
, 
'Decldlng control pathway: do another TEMPOBJ, or do curlle-flttlng 
IF ITEMP=11 THEN GOïO 3950 ELSE ITEMP:ITEMP.l: GOTQ 2790 , 
, 
, 
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3870 
3880 
3890 
3900 
3910 
3920 
3930 
3940 
3950 
3960 
3970 
3980 
3990 
4000 
4010 
4020 
4030 
4040 
4050 
4060 

' ••••••••••••••• Flndlng equatlon of objective functlOn ••••••••••••••••• , 
'Curve-fitting the Objectllle functlon values , 
ACCF$=" ," Il.1 ", .","--- '" .#lr-"" '" ~I#,..AA_" 
CCCf$=" Il.IIII,.A-- Il.''#''''''''" 
Ml CCfS= 35 , 
'lPRI NT 
'lPR::NT "Parabollc leàst-squares fit by"; 
'lPRINT "Gauss-Jordan ellmlnation" 
GOSUE 4150 

407'] , 
4::180 GOSUE 4'25C 
4090 GOSUB 471C 
4100 GOSLl E 489C 
4110 GOSIJE 4350 
4120 ' 

'set up tne rnaë.rlX 
'square up tne "'latrlX 
• 3auss-Jordan sol utlOn 
• pnnt results 

4130 GOTO 5890 'getting :naXlmum of t~ objective functlon equation 
4140 ' 
11150 'get the data 
4160 N1CCFl=ITEMP 
41 -1 J N2CCfl =4 
4180 FOR :::CCFl= 1 TO N1CCfl 
4190 XCCF(ICCF~)=TEMPOBJ(ICCFS) 
4200 Y1 CCF( ICCF1) :OBJFN (ICCFl) 
4210 'lPRINT XCCF( ICCfl), Y1CCF( ICCH) 
4220 HEXT ICCF% 
4230 L3CCF~=(N1CCFl-1) • 2 .1 
4240 RETURN 
4250 ' 
'4260 FOR ICCF%=l TO N1CCFl 
4270 UCCFCICCFS .1) : 1 
4280 FOR JCCF1=2 TO N2CCFl 
4290 UGCF(ICCFS.JCCF~)=UCCF(ICCF",JCCF1-1)· XCCF(ICCF1) 
4300 NEXT JCCf~ 
4310 YCCF(ICCFS)=Y1CCF<ICCF%) 
4320 NEXT ICCFl ~ 

4330 RETURN 
4340 ' 
4350 'calculate the residuals and print results 
4360 S7CCF=O 
4370 SaCCF=O 
4380 T6CCF=0 
4390 FOR IGCF%=1 TO N1CCF% 
4400 Y2CCF=0 



4410 FOR JCCFS= 1 T:' N2CCFI 
41J20 Y2CCF=Y2CCF .. C1CCF(JCCFS) , 'JCCF(ICCF~,JCCn) 

4430 HEXT JCCF~ 
4440 R3CCF(ICCF~): Y2CCF-YCCF{ ':CCFI) 
4458 Y2CCF(ICCFS)= Y2CCF, 
4460 TéCCf =T6CSF .. R3CCf( ICCF~', 'R3CCf( ICCF~, 
4470 S7CCF =S7CCF .. YCeF( ICCFS; 
4480 S8CCF =S8CCF '1" YCCF( ICCFS} ·YCCF (ICCFS) 
4490 NEXT ICCF~ 

4500 C3CC:F =SQR ( ~-T6CCfI', S8 CCF-S7 C:Sf'S7 S Cf IN1 CCH» 
4510 IF (N1CCF~=N2CCH) THEN E5CCF=SQR{T6CCF) 
11520 IF : N'CCF~<>N2CCFS; THEN E5CCF:SQR<T6CCF/( N1CCFS-N2CCF$» 
4530 FOR JCCF'I= i TO N2ccn 
4540 E2CCf( JCCF~) =E5CCr-SQRCABS( BCCF( JCCFS. J CCF1) ) ) 
4550 NExr JCCH 
4560 'IPRINT Il x y ycalc resid" 
45 7 0 fOR :::CCFS=' ~" Nlccn 
458e; '~p P INT 'JS:: ~JG AceFS; :::CCF~ ; XCCF (I Ccn) , YCeF (ICCFS) , Y2CCF (ICCfS)" , R3CCF( l CCF 
S) 
4590 NEXI :::CCfS 
4600 'lPR:::1H 
461'] 'IPRINT "coefflclents errors" 
1l62C 'lPR:NT USING CCCFS;C1CCF(1),E2CCF(1)j 
463 c: 'lPP.: "lT" C:onstan': terrn" 
46 .. : FOR :C:CF~=2 :-J !12CCn 
465::; ':"PP:!f:' .JS:::'IG cccn;:1CCF~ICCF~),E2CCF(ICCFS) 
46t-0 NEX: :c;;r: . . 
467'; 'lPR: 'IT 
468C 'lPR::NT "correlatlOn coefflClent ls";C3CCF 
4690 RETURN 'from pnntout 
4700 ' 
4710 'Uccf and Yccf converted to accf and zccf 
472S ' n lccf~ nr~wccf: number of rows 
473C 'n2-::ca '1colccf1 nurnber of columns 
4740' FOR KCCF~= 1 TO N2CCF1 . 
1l75C 
476C 
4770 
4780 
CCF~) 

4790 
4800 
4810 
4820 
4830 
4840 
4850 
4860 
4870 
4880 
4890 
4900 
4910 
4920 

4930 
49Il 0 
4950 

FOR LCCF%= ~ TO KCCF1 
ACCF(KCCF~ ,LCCF~) =0 
FOR ICCF1= 1 TO ri 1 CCF1.. $ 

ACCF(KCCn,LCCf1):ACCFCKCCF1,LCCF1) + UCCF( ICCf1,LCCF1)'UCCF(ICCF~ ,K 

IF (KCCf10LCCF1) THEN ACCn LeCF1 ,KCCH) ::: ACeF(KCCH ,LCCF1) 
NEXT ICCF1 

NEXT LCCF% 
ZCCf(KCCF1) =0 
FOR ICCF%=l TO N1CCf1 

ZCCF(KCCF1) =ZCCF(KCCF1) ... YCCF( IeCF1) 'ueeF( ICCF1 ,KCCF1) 
NEXT ICCF1 
NEXT KCCF~ 

RETURN 

, Gauss-Jordan matrix lnversion and solution 
E1CCf1=O 'becomes 1 for singular matrix 
I5CCF%= 1 'print :inverse matrix if zero 
N3CCF%= 1 'number of constant vectors 
FOR ICCF%= 1 Ta N2CCF% 

FOR JCCF%= 1 TO N2CCF% 
BCCF(ICCF% ,JCCF$) =ACCF(ICCF%,JCeF%) 



4960 NEXT JCCFI 
4970 WCCF<ICCFI.l )=ZCCF( ICCFI) 
4980 I2CCFS( ICCFI.3'):O 
4990 .NEXT IGCFI 
5000 D3GGF=1 
5010 FO,R ICCF~= 1 Ta N2eCFI 
5020 ' 

'5030 ' search for largest (pi vot) element-
5040 B1CCF=O 
5050 FOR JCCF~=l Ta N2eCFI 
5060 IF (I2CCFICJCCFS,3)=1) THEN 5150 
5070 FOR KCCFS= l TO N2ccn 
5080 IF (I2CCFI(KCCfS~3»l) THEN 5820 
5090 IF (I2CCFS (KGCFS, 3) = 1) THE~ 5140 
5100 IF (B1CCF>=ABS(BGGF(JCCFS,KCCFS») THEN 5140~ 
5110 I3CCFS=JGCFI 
5120 14CCFS=KCCFI 
5130 B1CCF=ABS(BCCF(JCCFS,KeCFI» 
5140 NEXT KCCFS 
5150 NEXT J ceFI ,/'--., 
5160 I2CCFS(I4CGFS,3)=I2CCFSCI4CCFS,3)+1 
5170 I2CCn(ICCFS,1)=!3CCF% '" 
5180 I2CCFS(ICCFS,2)=I4CCFS 
5190 ' 
5200 'lnterchange rows to put pl vot on diagonal 
5210 IF (I3CCFS=I4CCFS) THEN 5360 
5~0 D3eeF=-D3CCF 
5230 FOR LeeFS= 1 Ta N2CCFS 
5240 H1CCF=BCCFCI3eCFS,LCCF~) 

5250 BCCFCI3CCFS,LeCFS)=BCCFCI4CCFS,LCCFS) 
5260 BCCF(I4CCFS ,LeCFS) =H1CCF 
5270 NEXT LCCFS 
5280 IF (N3CCFS<1) THEN 5360 
5290 FOR LCCFS= 1 T~, N3CCFS 
5300 H1CCF:WCCF(I3CCFS,LCCFS) 
5310 WCCFCI3CCFS,LCCFS)=WCCF(I4CCFS,LCCFS) 
5320 WCCFCI4CCFS,LCCFI)=H1CCF 
5330 NEXT LCCFS 
5340 ' 
5350 'dlvide plvot row by Plvot element 
5360 Pl CCF=BCCF( 14CCFS, 14CCFS) 
5370 D3CCF:Q3CCF-P1CCF 
5380 BCCF(I4CCFS,I4CCFS)=1 
5390 FOR LCCFS: 1 TO ~12CCFS 
5400 BCCFCI4CCFS,LCCFS)=BCCFCI4CCF~,LCCFS)/P1CCF 
5410 NEXT LCCFS " -
5420 IF (N3CCFS<1) THEN 5480 
5430 'FOR LCCFS= 1 TO N3CCf% 
5440 WCCF(I4CCFS.LCCFS)=WCCFCI4CCFS,LCCF~)/P1CCF 
5450 NEXT LCCF% 
5460 
5470 'reduce nonpivot rows 
5480 FOR L1CCFS=1 Ta N2CCF% 
5490 IF (L1CCF%=I4CCF%) THEN 5590 
5500 TCCF=BCCF(L1CCFS,I4CCFS) 
5510 BCCFCL1CCF%,I4CCFS)=0 
5520 FOR LCCFS= 1 Ta N2CCFS 

359 
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5530 BCCF(L1CCF~,LCCF~)=BCCFCL1CCFI,LCCfS)-BCCF(I4CCF~,LCCF%)*TCCF 
5540 HEXT LCerS 
5550 IF <H3CCFS< 1) THEN 5590 
5560 FOR LeCF~: 1 Ta N3CCFJ 1 
5570 WCef(L1CCFS,LCCFJ):WCCf(L1CCFJ,LCCFS)-WCCf(I4CCFS,LCCFJ)*TceF 
5580 HEXT LCCFS 
5590 HEXT L1CCFS 
5600 NEXT ICCH 
5610 ' 
5620 'lnterchange columns 
5630 FOR ICCFS=l Ta N2CCF~ 
5640 LCCFS=N2CCF~-!CCFS+l 

5650 IF CI2CCFS(LCCFS,1)=I2CCFSCLCCFJ,2» THEN 5730 
5660 I3CCFS=I2CCFS(LCCFS,1) 
5670 I4CCFS=I2CCFJ(LCCFS,2) 
5680 FOR KCCFS= 1 Ta N2CCFJ 
5690 Hl CCF:BCCf(KCCFJ, I3Ccn) 
5700 BC~F(KCCFS,I3CCFS)=BCCF(KCCFJ,I4CCFS) 

5710 BCCF(KCCFS,I4CCFS)=H1CCF 
5720 NExr KCCFS 
5730 NEXT ICCH 
5740 FOR KCCFS= 1 Ta N2CCFS 
5750 IF (I2CCF~(KCCF1,3)<)1) THEN 5820 
5760 NEXT KCCF'-' 
5770 E1CCFS=0 
5780 FOR ICCF$= 1 TO N2CCF~ 

5790 C1CCF(ICCF$)=WCCF(ICCF~,1) 

5800 NEXT ICCF$ 
5810 IF (I5CCFS=1) THEN 5860 
5820 E1CCFS=1 
5830 'IPRINT "ERROR - matrix lS singular or inverse matrix 1s zero n 

5840 'IPRINT "Curve-fitting cannot be done here" 
5850 IERRFLAG= 1 
5860 RETURN 
5870 ' 
5880 ' 
5890 IF IERRFLAG=l THEN GOTO 5900 ELSE GOTO 5940 
59000BJOPT=OBJFN(1): 
5910 FOR INOT=2 TO 11: IF OBJFN(INOT»OBJOPT THEN OBJOPT=OBJFN(INOT) :IOPT=INOT 
5920 NEXT INOT 
5930 TEMPOPT=TEMPOBJ(IOPT):COOLOPT=TIMCOOL(IOPT) :FOR KME=l Ta 4: FHAOPT(KME)=FR 
ANUT(4,IOPT):NEXT KME: GOTO 10020 
5940 'getting the maX1mum of the objective funct10n equatlon, in range 110-130 
C 
5950' first get x ,y values of the curve 
5960 FOR ICCF:1 Ta 401 
5970 IF IceF: 1 ,THEN XXeURVE( 1) = 1 10! ELSE XXCURVE(ICCF).=XXCURVECICCF-1) +.05 
5980 YYCURVECICCF)= C1CCFC1~ + C1CCF(2)*XXCURVECICCF) + C1CCF(3)*CXXCURVECIC 
CF)A2) + C1CeF(4)*CXXCURVE(ICÇF)A3) 
5990 NEXT ICCF 
6000 ' 
6010 'find the minimum and maximum y values of the curve equation 

-6020 YCURMAX=YYCURVE(1) 
6030 YCURMIN=YYCURVE(1) 
6040 FOR JMAX=2 Ta 401 
6050 IF YYCURVE(JMAX»YCURMAX THEN YCURHAX=YYCURVE(JMAX) :IIMAX=JMAX 
6060 IF YYCURVECJMAX)<YCURMIN THEN YC~RHIN=YYeURVE(JMAX) 

o 



6070' HEXT JHAX 
6080 1 

6090 1 

6100 1 

6110 'find COOLOPT corre:sponding to TEMPOPT 
6120 'gettlng the temp-time array using COOLOP1:TQTIME 
6130 COOLOPT:TOTlME 
6140 TEHPOPT:XXCURVE( IIMAX) 
6150 1 

6160 tIOPCODE=3 : OLDLETIi=Or 
6170 DCaOL:TOTIHE/4! 
6 '80 ' 
6190 OPEN "c:comml" FOR OUTPUT AS 6 
6200 NSUBMAIH:5 

36'1 

'\ 

6210 PRINTI6,HODEL;TIHIT;TEHPOPT;TWATER;NBA;TOTlHE;COOLOPT;FH:FC;JHI;JCI:NSUBHA 
.IH 
6220 CLOSE 6 
6230 ' 
6240 ' 
6250 'puttlng 1nfo into STORE2 to tell HAINE what SUS it chained to 
6260 OPEN "b:store2" fOR OUTPUT AS 3 
6270 PRINTl3,HOPCODE 
6280 PRIUTl3,DCOOL 
6290 PHI NTf} 3 ,MODEl; TIN!T ;TEMPOP T; !WAHR ; N8A; TOTIME ; COOLOPT: fH : Fe; J H! ;JC! 
6300 P RI NTO 3, USERLETH; FLETH; ZLETH; NSUBMAIN 
6310 PRI .. TfIj ,FXllUT( 1) ; fXNUT( 2) ; FXNlIT( 3) ; fXNUTC 4) 
6320 PRI NTf} 3, ZUUT( 1); lt10T( 2) ; ZI/UT( 3) ; lflUT( 4) 
6330 PRI tlTI3 t WTF ACT( 1) ; rlTFACT( 2 ) ; WTFA CTO) ; WTF ACT( 4) 
6340 PRINT'3,OLDLETH 
6350 FOR JHE: 1 Ta 11 
6360 PRI NTI 3. TIMCOOL( J ME) ; TEMPOBJ(JME) ; fRANUT( l ,JME) ; FRAHUT( 2 .JHE) ; FRA1WT( 3,JME 
) ;FRANUT( 4 ,JME) ;OBJFN( JHE) 
6370 NEXT JME 
6380 PRINTn3,YCURMAXjYCURMIN 
q390 FOR LME:l TO 401 STEP 20 
6400 PRINTI13,XXCURVECLME) jrYCURVE(LME) 
6410 NEXT LME 
6420 CLOSE 3 
6430 ' 
6440 ' 
6450 'chalning ta BALLST 
6460 'print screen message ta wait 
6470 CLS: LOCATE 12,30: GET 1,45: PRINT COHMENT$ '" 
6460 'storlng the current record number of COMMC into the first rec no of COMMC 

6490 NRECCOUNT=LOC(2): LSET COMMC$:STR$(NRECCOUNT): PUT 2,1 
6500 CLOSE 1,2 
6510 CHAIN "BALLST" 
6520 1 

6530 ' 
6540 '************11** nopcode=3 or 4 ••• 11.* •••••• * •••••••••••••••••••••• 
6550 1 read info from STORE2 

6560 OPEN "b:store2" FOR INPUT AS 3 
6570 INPUTD3,NOPCODE 
6580 INPUTII3,DCOOL 
6590 INPUTII3 ,MODEL, TINIT , TEMPOP T, TWATER, NBA, TOTIME ,COOLoPT , fH , Fe ,JH! , JC! 
6600 INPUTD3,USERLETH,FLETH,ZLETH,NSUSMAIN •. ' 



, \. 

661\0 INPUT'3, FXNUT( 1), FXtlUT( 2), FXNUT( 3) ,FXNUT( 4) 
66~0 INPUT'3 ,ZNUT( 1) ,ZNU! (2) ,Z.NUT (3) .ZNUT( Il) 
6630 INPUT' 3. WTF ACT( 1) • WTF ACT( 2) • WTFACT( 3), WTFACT( 4) 
6640 INPUT'3,OLDLETH 
6650 FOR JME:: 1 TO 11 , 
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6660 INPUTI 3, TI MeOOL( JHE) , TEMPOBJ ( JME) , FRANUT( , ,JHE) , F RANUTC 2, JHE) • F RANUTC 3, JME 
} ,FRANUT( 4 ,JME) ,OBJFN(JME) 
6670 NEXT JHE 
6680 INPUT!13.YCURHAX,YCURMIN 
6690 FOR LHE:: 1 TO 401 STEP 20 
6700 INPUTI3,XXCURVE( LHE) ,nCURVE( LHE) 
6710 HEXT LHE 
6720 CLOSE 3 
6730 ' 
6740 ' 1 

6750 'Read temp--time info from COHH2 
6760 OPEN "c:comm2" FOR INPUT AS 7 
6770 FOR ITIME = 1 TO NBA 
6780 INPUTl7, TIHE( ITIME) , TEMP( ITIME) 
6790 NEXT ITlHE 
6800 CLOSe: 7 
6810 ' 
682Q 'Calculating lethall ty with COOLOPT temp values 
6830 DTIHE=TOTIHE/(IIBA-l )/601 
6840 fOR KME= 1 TO (tIBA-1) 
6850 TAVG(KME)= (TEMP(KME) ... TEMP(KME+1) 1 2! 
686Q IF (-121! ... TAVG(KMEl llZLETH <-35! THEN RATEL::O! : GOTO 6880 
6870 RATEL=l/FLETH' ( lJ\"((-121!+TAVG(KME»/ZLETH) ) 
6880 IF KME= 1 THEN XLETH=fIATEL*DTIHE ELSE XLETH=XLETH + RATEL'OTIME 
6890 NEXT KME 
6900 ' 
6910 1 

6920 1 Asslgmng lethali ties to variables 
6930 XNEWLETH::XLETH 
6940 IF NOP COOE= 3 THEil OLDLETH=XLETH 
6950 1 

6960 1 

6970 NOPCO DE :: 4 
6980 t compare two lethall ties 
6990 IF ABS( XNEWLETH-USERLETH) < .05 THEN GOTO 7060 
7000 IF (XNEWLETH>USERLETH) AND (OLDLETH>USERLETH) THEN OCOOL= .9'OCOOL: COOLOPT 
=COOLOPT-DCOOL: OLDLETH=XNEWLETH: GOTO 6190 
7010 IF (XNEWLETH<USERLETH) AND (OLDLETH<USERLETH) THEN DCOOL= l.l'DCOOL: COOLOP 
T=COOLOPT+DCOOL: OLDLETH=XNEWLETH: GOTO 6190 
7020 IF (XNEWLETH>USERLETH) AND (OLDLETH<USERLETH) THEN OCOOL=DCOOL/1 .9: COOLOP 
T=COOLOPT-DCOOL: OLDLETH=XNEWLETH: Goro 6190 
7030 IF (XNEWLETH<USERLETH) AND (OLDLETH>USERLETH) THEN DCOOL=DCOOL/2.l: COOLOP 
T= COOLOPT+DCOOL: OLDLETH=XNEWLETH: GOTO 6~90 

7040 ' 
7050 1 

7060 'calculating nutrient fraction reta ined. for each nutrient, at TEMPOPT 
7070 DTIME=TOTIHE/501/60! 
7080 FOR KME= 1 TO 4 
7090 FOR NME= 1 TO 50 
7100 IF (-1211+TAVG(NME»/ZNUT(KME)(-35 THEN RATEN=OI: GOTO 7120 
7110 RATEN= l/FXNUT(KME) * (10'''( (-121!+TAVG(NME)/ZNUT(KME)') ) 
7120 IF NME=1 THEN XNUTOT=l!* 10!~(-12!*RATEN'DTlME) ELSE XNUTOT=XNUTOT' 



10!'" (- 1 2'·RATEN*OTIME) 
HEXT NME 
FRAOPT(KHE ):XNUTOT 1 tl 

NEXT KME 
1 
, 
GOTO 10020 'results dlsplay section , 
, 
'Asl< if want to go to MAIN or back to BALLST 
CLS: JRECNO::66: GOSUB 7460 
IF JOKO-1 THEN GOTO 7220 
IF (OY$=".y") OR (OY$="Y") THEN GOTO 650, , 
, when want to go to MAI N 
OPEN "b:commb" FOR OUTPUT AS 7 , 
,." wr i te ln fo to commb ... 
CLOSE 7 
1 
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7130 
7140 
7150 
7160 
7170 
7180 
7190 
7200 
7210 
7220 
7230 
7240 
7250 
7260 
7270 
7280 
7290 
7300 
7310 
7320 1 storing the current record number of COMMC lnto the first rec no of ÇOMMC 

7330 NRECCOUNT±LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 
7340 CLOSE 1.2 
7350 ' 
7360 CLS~ SCREEN 1! COLOR 1,1 
7370 DEF SEG = &HB800 
7380 BLOAD "b:sandcl.scr",O 
7390 ON ERROA GOTO 7400 
71100 If INKEY$<>"" THEN BEEP 
71110 t 

711~0 CHAIN "MAINil 
71130 1 

7440 ' 
7450 ' 
7460 'gettlng and checking YIN SUBROUTINE 
7470 JOK=O 
7480 GET 1,JRECNO 
7490 COMMENT H$="You dld not enter Y or N -
7500 COMMENT2Y$="You did not enter a value" 
7510 PRINT COMMENT$; 
7520 LINE INPUT "",ANSY$ 
7530 JY=O 
7540 JY = JY+ 1 
7550 DY$=MID$(ANSY$ ,JY, 1) 
7560 IF OY$="" THEN GOTO 7630' 

You entered: Il 

7570 IF OY$=" " THEN GOTO 75110 / 
7580 IF (OY$="Y") OR (OY$="y") OR (OY$="N") OR (D1$="n") "THEN JOK=-1: RETURN 
7590 PRINT COMMENT1Y$,ANSY$ 
7600 GET 1,12: PRINT:_PRINT COMMENT$ 
7610 DUMMY$=INKEY$: IF,OUMMY$=IIII THEN GOTO 7610 
7620 RETURN ::: 
7630 PRINT COMMENT2Y$ 
7646 GET 1,12: PRJN:r: PRINT COMMENT$ ", 

t8s8', ~~~~~~::INKEY$': IF OUMMY$=IIII THEN GOTO 7650, 

7670 ' 



7680 ' 
7690 ' 
7700 ' getti-ng and CHECKING FOR REAL HUMBERS 
7710 JOK;O 
7720 GET 1.JRECNO 
1730 COMMENT 1 R$="You dld nct enter- a REAL number - You entered: ., 
7740 COMMENT2R$="you did not enter a value" 
7150 PRINT COMMENT$; 
1160 LINE INPUT"",ANSR$ 
7110 JFLAGR;Q 
7780 IFLAGR=O 
7790 JR::1 
7800 KR=LEN( ANSR$) 
7810 IF KR=O THEN GarO 7950 
~820 WHILE JR<=~R 
7830 DR$;MID$(ANSR$.JR,n 
1840 IF DR$=" " THEN GOTO'7920 

'flag to check that number exists 
'flag to che,ck for decimal points 

7850 IF (ASC(DR$»47)·AND (ASC(DR$)<58) THEN JFLAGR::-l: GOT07920 
7860 IF DR$="." THEN IFLAGR=IFLAGR+1: GOro 7910 
7870 PRINT COMMENTl R$ ,ANSR$ 
7880 GET 1.12: PRINT: PRINT COMMENT$ 
7890 DUHMR$=INKEY$: IF DUMMR$=I!I! THEN GOT a 7890 
1900 RETURN 
1910 IF IFLAGR> l' GOTO 7870 
7920 J R;J R+ 1 
7930 Y/END 
"7940 'IF (DR$O" ") OR (JFLAGR=-l) THEN JOK=-l: ijETURN 
7950 PRUT COI-1MENT2R$ 
7960 GET 1,12: PRINT: PRINT COMMENT$ 
7970 DUMMR$= INKEY$: IF DUMMR$="" THEN GOrD 7910 
7.980 RETU RN 
7990 ' 
8000 ' 
8010 ' 
8020 r gett1ng and CHECKlNG FOR - INTEGER NUMBERS 
8030 -JOK=O 
8040 IFLAGI::O 
8050 GET l,JRECNO 
8060 CO MME NT1 I$="You did not enter an INTEGER valù"je - You entered: " 
8070 COMMENT2I$::"you did not enter a value" 
8080 PRINT COMMENT$; 
8090 LINE INPUT "",ANSI$ 
8100 NI=LEN(ANSI$) 
8110 IF Nl=Q THEN GOTO 8240 
8120 JI=1 
8130 WHILE JI<=NI 
8140 DI$::MID$(ANSI$.JI,n 
8150 IF DI$=" If THEN GOTO 8210 \ 
8160 IF (ASC(DI$»47) AND (ASC(DI$)<58) THEN IFLAGI:-l: GOTO 8210 
8170 PRINT COMMENTlI$ ,ANSI$ 
8180 GET 1,12: PRINT: PRINT COMMENT$ 
8190 DUMMl$=INKEY$: IF DUMMI$='"' THEN GOTO 8190 
8200 RETURN 
8210 J I=JI+1 
8220 WEND 
8230 IF (DI$<>n ") OR (IFLAGI=-1) THEN JOK=-l: RE11JRN 
8240 PRINT COMMENT2I$ 
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8250 GET" 1,12: PRINT: PRINT COHMENT$ 
8260 DUMMI$=INKEY$: IF DUHMI$="" THEN GOTO 8260 

8270 RETURN .~ 
8280 1 

8290 1 

8300 ' 
8310 ' 
8320 ' Table Creatlon subrout lne 
8330 IF N1STTHRU:l GOTO 8430 
8340 NROW=7:NCOLUMN: l' 
8350 SCREEN 0,0, l ,1 
8360 CLS 
8370 'printing table heading 
8380 GET 1,55:PRINT COHMENT$ 
8390 GET 1.56: PRINT GOHMENT$; 
8400 GET 1,57: PRINT GOHMENT$ 
8410 GET 1,59:PRINT GOMMENT$ 
8420 N 1 STTHRU= 1 
8430 LOCATE NROW, NCO LUMtI 
~440 GET l,JRECNO 
8450 BLANK$:" " 
8460 NBLANK=INSTR(COHMENT$,BLANK$) 
8470 FI NAL$:LEFT$( COMMENT$, NBLANK-n 
'8480 If IDIff=l THEN DIfF$=STR$(OLD)": PRINT FINAL$;TAB(53);VALCDI FFS);TAB(67);: 

GOTa 8500 
, 8490 'IF NMARKSU8=.' THEN PRINT FINAL$;TAB(53);OLD;TAB(67l; ELSE PRINT fINAL$;TAo-

(53) ; N9LD; TAB( 67); 
8500 LI NE INPUT NEWV ALUE$ 
8510 NRTEMP=CSRLIN: NcTEMP=POS(O) 
8520 IF LEN{NEWVALUE$)=O THEN GOTO 8570 
8530 IF NMARKSUB= 1 THEN GOSU B 8890 ELSE GOSUB 9110 
8540 IF (NOK:-l) THEN NROW=CSRLIN: NCOLUMN=POS(O): RETURN. 
8550 LOCATE NRTEMP-l,NCTEMP:PRINT " 

":LOCATE NRTEMP-l,NCTEMP 

8560 GOrO 8480 
8570 L'OCATE NRTEMP-l,NCTEMP:PRINT" 

":LOCATE NRTEMP-l,NCTEMP 
85'80 IF IDIFF= 1 THEN NEWVALUE$=STR$(OLD): PRINT FINAL$;TABC 53) ;VALC DIF'F'$); TAB( 6 
7) ;VAL( NEWVALUE$) :GOTO 8600 
8590 IF NMARKSUB=, THEN NEWVALUE$=STR$(OLD) :PRINT FINAL$;TAB(53)jOLDjTAB(67)jVA 
L C NEWV ALU E$) ELSE NEWV ALUE$=STR$ (NOLD) : PRINT FINAL$; TAB( 53) ; NOLD; T ABC 67) ; V AL( NE 
WVALUE$) , 
8600 NROW=CSRLIN: NCOLUMN=POS(O) 
8610 RETURN 
8620 ' 
8630 t 

86110 t 

8650 ' 
8660 ' Erase' Lines ln table and show error page subroutine 
8670 SCREEN ,,2,2 \ 
8680 GLS 
8690 GET I,JRECNO: PRINT COMMENT$; 

'8700 GET 1,24: P RINT COMMENT$; 
8710 GET I,JRECN02: PRINT COMMENT$; 
8720 IF NMARKSET<>3 THE.N Goro 8740 
8730 IF NMARKSUB=l THEN PRINT XNEW1,XNEW2,XNEW3:GOTO 8770 ELSE PRINT NEW1)NEW2, 
NEW3:GOTO' 8770 " 
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81~0 IF NMARKSET<>2 THEN GOTO 8760 
8750 IF NMARKSUB=l THEN PRINT XNEW1.XNEW2:GOTO 8770 ELSE PRINT NEW1,NEW2: GOTO 
8770 
8760 IF NMARKSUB=l THEN PRINT XNEWl ELSE PRINT ~EWl 
8770 GET 1,12 
8780 PRINT: PRINT COMMENT$ 
8790 DUMMEL$::INKEY$: 'IF DUMMEL$::'"' THEN GOTO 8790 
8800 SCREEN ,,1,1 
8810 LOCATE NROW,NCOLUMN 
8820 LOCATE NROW-l, NCOLUMN: PRINT Il 

". LOc'ATE NROW-l. NCOLUMN 
8830 IF NMARKSET=l THEN_GOTO 8870 
8840 LOCATE NROW-2.NCOLUMN:PRINT " 

Il :LOCATE NROW-2. NCOLUMN 
8850 IF NMARKSET=2 THEN GOTO 8870 
8860 LOCATE NROW-3.NCOLUMN:PRINT " 

". LOCATE NROW-3, NCOLUHN 
8870 NROW=CSRLIN: NCOLUMN=POS(O) 
8880 RETURN 

, 8890 ' 

8900 • 
8910 ' 
8920 ' 
8930 'checkl.ng Rea12 !1umbers (irF table) ~ 

\ 8940 NOK=O 
8950 JFLAGR2=O 
8960 IFLAGR2=0 
8970 JR2~1 
8980 NR2=LENCNEWVALUE$) 
8990\ WHILE JR2=<NR2 
9000 DR2$=MID$(NEWVALUE$,JR2,l) 
9010 IF DR2$=" " THEN GOTO 9060 
9020 IF DR2$="." THEN IFLAGR2=IFLAGR2+ 1: GOTO 9060 
9030 IF (ASC(DR2$»47) AND (ASC(DR2$)<58) THEN JFLAGR2::-1: GOTO 9060 , 
9040 NOK=O 
9050 RETURN 
9060 IF IFLAGR2> 1 THEM NOK=O: RETU RN 
9070 JR2=JR2+1 
9080 WEND 
9090 IF JFLAGR2::0 THEN NOK=O ELSE NOK=-l 
9100 RETURN 
9110 ' 
9120 ' 
9130 ' 
91~0 ' ~ 
9150 ' checking Integer2 numbers (in table) 
9160 NOK=O 
9170 IFLAGI2=0 
9180 NI2=LEN(NEWVALUE$) 
9190 JI2=1 
9200 WHILE JI2<=NI2 
9210 DI2$=MID$(NEWVALUE$,JI2.1) 
9220 IF DI2$::"'" THEN Goro 9250 

"" 

9230 IF (ASC(DI2$»47) AND (ASC(DI2$)<58) THEN IFLAGI2=-1: Goro 9250 

9240 NOK=O: RETURN. 
9250 JI2=JI2+1 
9260 WEND 



, , 

, " 

9210 IF IFLAGI2=O THEN ~lOK=O EL$E NOK:- 1 
9280 RETURN 
9290 ' 
9300 ' 
9310 ' 
9320 ' 
9330 ' the "goto MAIN preparation" subroutine 
9340 OPEN "b:commb" FOR OUTPUT AS 7 

9350 ' 
9360 ' •• write info into b:commb .. 
9370 ' 
9380 CLOSE 7 
9390 ' 
9400 CLOSE 1,2. 
9410 ' 
9420 CLS: SCREEN 
9430 COLOR 4,1 
9440 DEF SEG = &HB800 
9450 BLOAD "b:sandcl.scr",O 
9460 ON ERROR GOTO 9470 ,-, 
9470 IF INKEY$<>" ,i THEN BEEP 

'9480 RETURN 
9490 ' 
9500 ' 
9510 ' 
%20 ' 
9530 ' 
9540 ' 
9550 'Gettlng the FXNUT value subroutl.ne 
9560 CLS: JRECNO=KREC: GOSUB 7700,' 
9570 IF JOK<>~l THEN GOTO 9560 ELSE FXNUTCKME>=VALCÂNSR$) 
9580 IF (FXNUT(KME»OI) AND (FXNUT(KME)<=20001) THEN RETURN 
9590 IF FXNUTCKME»20001 T'HEN GOTO 9630 • 
9600 GET 1,34: P RINT COMMEIlT$ 
9610 GET 1,12: PRINT: PRINT COMMENT$ " 
9620 DUMMMA$=INI<EY$: tF DUMMMA$="" THEN GOTO 9620 ELSE GOTO 9560 
9630 CLS: GEr 1,50: PRINT COMMENT$ 
9640 GU 1,24: PRINr COMMEIlT$;FXNUT(KME) 
9650 JRECNO=36: GOSUB 7460 
9660 IF JOK<>-1 Goro 9630 
9610 IF (DY$="n tl ) OR (OY$="Il") THEN RETURN ELSE GOrD 9560 
9680 ' 
9'690 ' 
9700 ' 
9710 ' 

" 9720 'Gettwg the ZNUT value subroutine 
9730 CLS: JRECNO=MREC: GOSUB 7700 
9740 IF JOK<>-l THEN GOTO 9730 ELSE ZNUT(KME)=VAL(ANSR$) 
9750 IF (ZNUT(KME»O!) AND (ZNUTCKME) <=501) THEN RETURN 

. 9760 IF_ ZNUT(KME»501 THE'N GOTO 9800 -
9770 GET 1,38: P RINT COMMENT$ , 
9780 GET 1,12: PRINT: PRINT COMMENT$ 
9790 DUMMM'A$=INKEY$: IF DUMMMA$="" THEN GOTO 9790 ELSE GOrD 9730 
9800 CLS: GET 1,60: PRINT COMMENT$ \ 
9810 GET 1)/4: PRINT COMMENT$;ZNUT(KME) , 
9820 JRECNu~36: GOSUB 7460 
9830 Ir JOK<>-1 GOTO 9800 
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98110 IF (DY$="n") OR (DY$="N") THEN RETURN ELSE GOTO 9730 

9850 ' 
9860 ' 
9870 ' 
9880 ' 
9890 ' Getting -the weighting factor subroutine 
9900 CLS: JRECNO=NREC: GOSUB 7700 
9910 IF JOK<>-l THEN GOTO 9900 ELSE WTFACT(KME)=VAL(ANSR$) 
9920 IF (WTFACT(KME)=>OI) AND (WTFACT(KME)<=ll) THEN RETURN I.... 
9930 CLS: GET 1,65: PRINT COMMENT$ 
99110 PRINT:GET 1,24: PRINT COMMENT$;WTFACT(KME) 
9950 PRINT:GET 1,12: PRINT COMMENT$ 
9960 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 9960 ELSE GOTO; 9900 
9970 ' 
9980 ' 
9990 ' 
10000 ' 
10010 ' 
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10020 11**** ********************* ****** * **"Ulfif *"", *.,'u*.* lU.U*.******. 
10030 ' 
10040 ' 
10050 ' 
10060 ' 
10070 ' 
10080 NPOINTS = 11 

RESULTS DISPLAY SECTION 

10090 IF IERRFLAG=O THEN GBJOPT= YCURMAX 
10100 ' 
10110 ' initializing the values 
10120 FOR 1=1 TO NPOINTS:XX(I)=TE~POBJ(I) :NEXT 
10130 FOR 1=1 TO NPOINTS:YY(I)=OBJFN(I) :NEXT 
10140 ' 
10150 ' 
10160 ' this is the results display 
10170 CLS:SCREEN I:COLOR 9,1,1:KEY OFF . 
10180 LOCATE 2,1:GET 1,150:GOSUB 11840:PFiINT COMMT40$; 
10190 LOCATE 5,1:GET 1,151:GOSUB 11840:PRINT COMMT40$; 
10200 LOCATE 7,'1 :GET 1, 152:GOSUB 11840:PRINT COMMT40$; 
10210 LOCATE'9,1:GET 1,190:GOSUB 11840:PRINT COMMT40$; 
10220 LOCATE 11,1 :GET 1,191 :GOSUB 11840: PRINT COMHT40$; 
10230 LOCATE 13,l:GET 1,153:GOSUB 118'4o:PRINT COMMT40$; 
10240 LOCATE 23,1:GET l,154:GOSUB 11840:PRINT COMHT40$i 
10250 GOSUS 11710 
10260 IF(VAL(ANSWERI$»=1) AND (VAL(ANSWERI$)<=5) THEN ICHOICE=VAL(ANSWERi$) :GO 
TO 10280 
10270 LOCATE 24,1 :BEEP:GET 1, 156:GOSUB 11840:PR1NT COHMT40$j :GOTO 10250 
10280 IF ICHOICE= 1 GOTO 10630 'objective fnc graph 
10290 If ICHOICE=2 GOTO 10750,'objective fne table 
10300 IF ICHOICE=3 GOTO 11170 'nutnent retention table 
1~310 IF ICHOICÉ=# GOTO 10330 'proeess parameter table 
10320 IF ICHOICE=5 GOTOl,11630 'exit 
10330 ' 
10340 ' Process para,meter table 
10350 SCREEN 1 :COLOR 9,1, 1 :CLS:NROW=3 
10360 LOCATE 1,1 :GET l,157:GOSUB 11830:PRINT COMMT40$; 
10370 GET 1,159 :GOSU B 11830: VAR$ =COMMT40$: VAR! =TINIT 1 : GOSUB 11660 
10380 GET 1,161:GOSUB 11830:VAR$=COMMT40$:VAR!=TWATERI:GOSUB 11660 
10390 GET 1,162:GOSUB 11830:VAR$=COMMT40$:VAR!=FH!:GOSUB 1'1660 

(/ , 



10400 GET 1,163:GOSUB 11830:VAR$=COMMT40$:VARI=FCI:GOSUB 11660 
101110 GET 1,164:GOSUB 11830:VAR$=COMMT40$:VARI=JHI:GOSUB 11660 
10420 GET 1,165:GOSUB 11830:VAR$=COMMT40$:VARI=JCl :GOSUB 11660 
10430 GET 1.166:GOSUB 11830:VAR~=COMMT40$:VARI=TOTIMEI:GOSUB 11660 
101140 GET 1,171:GOSUB 11830:VAR$=COMMT40$:VARI=FLETHI:GOSUB 11660 
10450 GET 1,172:GOSUB 11830:VAR$=COMMT40$:VARI=ZLETHI:GOSUB 11660 
10460 GET 1, 169:GOSUB 1 1830:VAR$=COMMT40$:VARl=FXNUT( 1) :GOSUB 11660 
10470 GET 1,201 :GOSUB, 11830 :VAR$=COMMT40$:VARI=FXNUT(2) :GOSUB 11660 
1'0480 GET 1,202 :GOSUB 11830: VAR$=COMMT40$: VARI =FXNUTO) :GOSUB 11660 
10490 GET 1,203:GOSUB 11830:VAR$=COMMT40$:VARI=FXNUT(4):GOSUB 11660 
10500 GEt 1,170:GOSUB 11830:VAR$=COMMT40$:VARI=ZNUT(1):GOSUB 11660 
10510 GET 1,204:GOSUB 11830:VAR$=COMMT40$:VAR1=ZNUT(2):GOSUB 11660 
10520 GET 1.205:GOSUB 11830:VAR$=COMMT40$:VARI:ZNUTO):GOSUB 11660 
10530 GET 1,206:GOSUB 11830:VAR$=COMMT40$:VARI=ZNUT(4):GOSUB 11660 
10540 GET 1,185:GOSUB 11830:VAR$=COHMT40$:VARI=WTFACT(1):GOSUB 11660 
10550 GET 1,186:GOSUB 11830:VAR$=COMMT40$:VARI=WTFACT(2):GOSUB 11660 
10560 GET 1,167:GOSUB 11830:VAR$=COHHT40$:VARl=WTFACT(3):GOSUB 11660 
10570 GET 1.188:GOSUB 11830:VAR$=COMMT40$:VAR!=WTFACT(4):GOSUB 11660 
10580 GET 1, 173:LOCATE 211,1 :GOSUB 11830:PRINT COHMT40$: 
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10590 GET 1,174:LOCATE 25,I:GOSUB 11830:PRINT COMMT40$j:LOCATE 25.13:PRINT CHR$ 
(24): 
10600 GOSUB 1'870 
10610 IF IFLAG::-l THEN GET 1.181:GOSUB 11830:BEEP:LOCATE 25.1:PRINT COMMT40$;:G 
OTO 10600 
10620 Goro 10 160 
10630 ' 
106110 ' 
1\0650 ' pre)Jaring objective function temperature, graph 
10660 N=11 
10670 FOR I= 1 TO N t 

10680 XX(I)=TEMPOBJ(I) :YY(I)=OBJFN(I) :NEXT 
10690 ' setting the x-axis, y-axis minimums and maximums 
10700 r 

10710 XXMAX=1301 
10720 XXMIN=1101 
10730 YYLV AL:O! 
10740 GOSUB 11930 
10750 ' 
1076a1 t 

10770 ' table for Objective function vs t.emp 
10780 CLS:SCREEN l:COLOR 9.1,1 
10790 LOCATE 2,1:GET 1,175:GOSUB 11830:PRINT COMMT40$: 
10800 LOCATE 4,1:GET 1,176:GOSUB 11830:PRINT COMMT40$::LOCATE 5,1:GET 1,189:GOS 
UB '1S30:PRINT eOMMT40$; 
10810 N=NPOINTS:INC=6:NVAR=1: J=1 
10820 FOR I=NVAR TO N 
10830 INC=INC+ 1 
10840 LOCATE INe,1 :PRINT TEMPOBJ( I); :LOCATE INC, 1 3: PRINT TIHCOOL( 1); :LOCATE INC 
.28:PRINT USING "1.~,nDAAA·";YYCURVE(J):J=J+40 
10850 NEXT 
10860 LOCATE 20,1: PRINT TEMPOPT;: LOCATE 20,13: PRINT COOLO?Tj: LOCATE 20.28: 
PRINT USIHG "U.I,QIAAAA":OBJOPT 
10870 LOCATE 22,1:GET l,173:GOSUB 11830:PRINT COMMT40$; 
'0880 LOCATE 23.' :GET 1.178:GOSUB 11830:PRINT COMMT40$; 
10890 J=O ~ 
10900 ' . 
10910 ' error checking subroutlne for X/Y/P + printlng table t.o pr~nter 
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10920 ANSWERY$=INPUT$(1) 
10930 IF(ANSWERY$=ttX"~ OR (ANSWERY$="x tl

) T,HEN IFLAG=O:GOTO 10950 
10940 IF(ANSWERY$=ttp") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=-1:GOTO 10950 
10950 IF IFLAG=-l THEN, BEEP:LOCATE 24,1: ({ET 1,179:GOSUB 11830:PRINToCOMHT40$,j: 
GOTO 10920 
10960 IF IFLAG=2 THEN CLS:GOTO 11000 
10970 IF IFLAG=O THEN 10160 
10980 ' ' v 

10990 ' ' f 

11000 ' printing a table for objective function results \ 1\. 

11010 OPEN "lpt 1 : Il AS n 1 0 
11020 WIDTH OlO,100:CLS:LOCATE 12,1:GET 1,200:GOSUB 11830:PRINT COMMT40$; 
11030 GET l,197:PRINT l'O,COHMENT$:PRINT !710,:PRINT 110, , 
11040 GET 1,198:PRINT 1I10,COMMENT$:GET 1,199:PRINT iJl0,COMMENT$:PRINT DIO, 
11050 J=1 
11060 FOR 1=1 TO N 
'11070 PRINT '10, USING " QQ!7!711J .#U "; TEMPOBJ( 1) ; TI MCOOL(I) ; 
11080 PRINT 110,USING fi #.,,#OAA""";YYCURVE(J) 
11090 J=J+4Q 
11100 NEXT 1 
11110 J=O 
11120 PRINT "10,USING " 6IJDDlI1.Q(JD ";TEHPOPT;'COOLOPT; 
11130 PRINT "10,USING" #.#OI1/J"'AAA";OBJOPT 
11140 CLOSE 10:GOTO 10160 
11150 ' 
11160 ' 
11170 'screen for nutrlènt retention fraction 
11180 SCREEN 2:SCREEN O:COLOR 11,1,1:CLS 
11190 LOCATE 3,1:GET 1,193:GOSUB 11830:PRINT COMMENT$; 
11200 LOCATE 5,l:GET 1, 194:GOSUB 11830:PRINT COMHENT$; 

,11210 LOCATE 7,1:GET 1,195:GOSUB 11830:PRIN! COMMENT$; 
11220 LOCATE 8,1 :GET 1,196 :GOSUB 11830: PRINT COMMENT$; 
1 12~0 N=NPOINTS:INC=8:NVAR,:-1 
11240' FOR I=NVAR TO N 
1 1250' I NC=INC+ 1 

"f1260'·LOCATE INC,l:PRINT TEMPOBJ(I)j:LOCATE INC,13:PRINT TIMCOOL(I); :LOCATE IHé ~ 
,28 , 
1127.o'PRINT USING "1.fll1""M";,fRANUT(l,I); :LOCATE INC,43:P"RINT USINÇi J'(I.Dr"'''''''' 
'; FRANUT(2,I);:LOCATE INC,58:P~INT USING "D.Or ...... ""; FRANUT<3.I)j:LOCATE INC,73 
:PRINT USING "fI.no""''''''''; FRANUT(4,I); 
11280' NEXT ~ . 
11290'COLOR 12,1,1 \ 
11300 LOCATE 14,1:PRINT TEMPOPT;:LOCATE 14,13:PRINT COOLOPT;:LOCATE 14,28 
1'310 PRINT USING "D.I1''''' ...... II;FRAOPT(1); :LOCATE 14,43:PRINT USING "(J.fJII M 

...... "; F 
RAOPT(2) ; :LOCATE 14,58: PRINT USING "LOD" ...... "''';- FRAOPT(3) ~ :LOCATE 14.73 :PRINT US ' 
ING "n.DO ......... "'''; FRAOPT(4); 
11320 COLOR 11,1,1 
11330 GET 1,173 :LOCATE 21,20:GOSUB 11830:PRINT COMMT40$; 
'11340 GET 1,178:LOCATE 22,20:GOSUB 11830::PRINT COMHT40$; 
11 350 ' 
11360 ' error checking subroutine for X/Y/P + printing table to printer 
11370 ANSWERY$=INPUT$(1) 
11380 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=O :GOTO 11400 
11390 IF(ANSWERY$="P") OR (ANSWERY$="pfl) THEN IFLAG=2:ELSE IFLAG=-l:GOTq 11400 
11400 IF IFLAG=-l THEN.BEEP: GET 1,179:LOCATE 24,20:GOSUB 11830:PRINT COMHT40$; 
:GOTO 11370 
11410 IF IFLAG:2 THEN CLS:GOTO 11450 



, 

1 1 ~20 IF IFLAG=O THEN 101 60 
11430 ' 
11440 ' 
11450 ' printing a screen for '3utrient fraction- results 
1,1460 OPEN "lpt 1 :" AS fll0 
11410 WIDTH P10,100:GET ',45:LOCATE 12,1:PRINT COMMENT$ 
11480 GET ','97:PRINT fJl0,COMMENT$:PRINT 1J10,:PRINT IJ'O, 
11490 GET '.195:P~INT 010.eOMMENT$:PRINT 010, 
11500 GET l,196:PRINT ,10,COMMENT$;:PRINT n10,:PRINT #10, 
11510' FO R 1= 1 TO N 
11520'PRINT Dl0,USING "DflnD.DD, "~TEMPOBJ(I); 
11530'PRINT '10,USING Il (J(}/J##flfJ./JfJ Il;TIMCOOL(I); 
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·11540' PRINT , 1 0, USING " (J .U ........ ,..,.. "; FRANUT( 1 , I) ; FRANUT(2, 1) ; FRANUTC3, I) ; FRAN 
UT('4,I) 
11550'NEXT l 

"11560 PRINT 110,USING "",O.U ";TEMPOPT; 
11570 PR INT #10, USING' " IUJflUIJII • (JfJ " ; eCOLOPT; • 
11580 PRINT IHO,USING Il /J.lJn A

,..,.." ";FRAOPT(1) jFRAOPT(2)jFRAOPTC3) jFRAOPT(4) 
11590 CLOSE 10:GOTO 10160 ~ 

.. ~ 116'0 .. 0 ' 
11610 ' 
11620 ' exit from this subprogram 
11630 CLS: SCREEN 2: SCREEN 0: COLOR 7,1,1: GOTO 7210 
11640 ' 
11650 ' 
11660 'subrouti'ne 'that prints parameters and comments ih the process parameter 
table ... 
11670 LOCATE NROH,1 :PRINT VAR$:LOCAT~' NROW,31 :PRINl'I'vARr 
11680 NROWJNROW+1 
11690 'RETURN 
11700 ' 
11710 ' 
11720 1 error checking subroutine for integers 
11.30 ANSWERI$,=INPUT$(1) • 
11740 IF ASCCANSWERI$»=49 AND-ASC(ANSWERI$)(=58 THEN RETURN 
11750 LOCATE 24,1:BEEP:GET 1,155:GOSUB 11840:PRINT COMMT40$j:GOTO 11730 
11760 RETURN 
11770 ' 
11780 
11190 ' put a blank line subroutine 
11800 LOCATE NROW,l:PRINT" "j:RETURN 
11810 ' 
11820 ' 
11830 ' reduce record length to 39 char.acters 
11840 COMMT40$=LEFT$(COHMENT$,39) :RETURN 
11850 1 

11860 ' 
11870 'error checking subroutine for X 
11880 ANSWERY$=INPUT$( 1) 
11890 IF (ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=O:RETURN 
11900 IFLAG=-1 :RETURN 
11910 1 

11920 ' 
11930 ' plottlng graph 
11940 ' draws titles 
11950 SCREEN 2 
11960 CLS:LOCATE 1,1 



\' 

11970 GE! 1,182:GOSUB '11830:PRINT COMMT40$; 
11980 LOCATE 2,1:GET 1,183::PRINT COMMENT$;:LOCATE, 21,12 
11990 GET ',184~GOSUB 11830:PRINT COMMT40$; 
12000 ' 
12010 ' print ",-a?Cls number 
12020 LINESET=O 
12030' DXX= ( (XXHAX- XHIN) / ( 11-1) ) 
12040 NXXPIX=-(350/( 1 1-1) 
12050 FOR 1=1 TO 11 
12060 NXXPIX=NXXPIX+(350/(11-1» 
12070 XX=XXHIN+ (INT( (1- 1) * « XXMAX-XXMIN) 1 ( 11- 1» ) ) 
12080 LINESET=LINESET+1 
12090 IF LINESET=3 THEN LINESET=l 
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12100 IF LINESET= 1 THEN NROW= 19 :LINE(83+NXXPIX, 140)-(83+NXXPIX, 145),1 :NCOLUM:IN 
T(9+(NXXP1X/7.96» ELSE NROW=20:LINE(83+NXXPIX,140)-(83~NXXPIX,155),1:NCOLUM:IN 
T( 10+( NXXPIXI7 .96» 
12110 LOCATE NROW,NCOLUM:PRINT XX 
12 t20' NS;XT 
12130 ' 
12140 ' printing y-axis numbers 
12150 TEMPMAX=YY(1) 
12160 TEHPHIN=YY( 1) 
12170 fOR 1:2 TO N 
12180 IF YY(I)<TEMPMIN THEN TEMPMIN=YY(I) 
12190 IF YY(I»TEMPMAX THEN TEMPMAX=YY(I) 
12200 NEX! 
12210 YYMAX=TEMPMAX 
12220 YYMIN=TEMP~IN . . 
12230 'IF <YYMAX>YYHVAL) THEN 26105 ELSE YYHAX=YYHVAL 
12240 IF (YYHIN<YYLVAL) THEN 12250 ELSE YYMIN=YYLVAL 
12250 IF (YYMAX<YCURHAX) THEN Y~MA~=YCURHAX 

. 12260 IF (YYMIN>YCUflHIN) THtN YYMIN=YCURMIN 
12270 NYYSET=6 
12280 YYSPACE= (YYHAX- YYH1NJ / ( NnSET- 1) 
12290 YYAXNUMBER=YYHIN 
12300 NYYPIX=-(115/(NYYSET-l» 
12310 FOR 1=1 TO NYYSET 
12320 NYYPIX='NYYPIX+( 115/( NYYSET-1) ) 
12330 NROW=INT(18-(NYYPIX/7.96» 
12340 LOCATE NROW, 1 
1,2350 PRINT USING nI.""'''''''''''' ;YYAXNUMBER 
1236G YYAXNUMBER=YYAXNUMBER+YYSPACE 
12370 LINE(78,140-NYYPIX)-(83,140-NYYP1X),1 
12380 NEXT 
12390 ' 
12400 ' draw axis lines 
12410 LINE(83,1~0)-(433,1~0),1 
12420 LINE(83,'~0)-(83,25)t1 
12430 ' 
12440 ' 
12~50 ' draw1ng the symbols 
12460 FOR 1= 1 TO N 
1247'0 XX,( I) =83+ ( ( (XX( 1) -XXMIN) 1 (XXMAX-XXMlN) ) *350) 
12480 YY(I)=140-«(YY(I)-YYMIN)/(YYMAX-YYHIN»*115) 

" 

12498 XPOSITION=XX(I):YPOSITION=YY(I) , 
1250 ON l GOSUB 12820,12850,12890,12920,12950,12990,13040,13080,131 10,13150,13 

230 



" 

12510 NEXT • 
12520 ' 
12539 'drawing the index table 
12540 XPOS1T10N=50QI:YPOS1T10N=19 
12550 FOR 1= 1 TO N 
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12560 ON 1 GOSUB 12820,12850,12890,12920,12950,12990,13040,13080,13 10,13150,13 
230 
12570 YPOSITION=YPOSITION+16 
12580 NEXT " 
12590' NROW=l :LINE(480, 1 )-(639, 185),1,B 
12600' FOR 1=1 TO N . 
12610 N~OW=NROW+2:LOCATE NROW,70:PRINl TIMCOOL(I);:NEXT 
12620 ' , 
12630 ' plott1ng the curve fit 
12640 IF 1ERRFLAG:1 GOTO 12750 
12650 IP01NTS=O . 
12660 FOR 1:1 TO 401 STEP 20 
'F610 IPOINTS=IPOINTS + 1 .-
1 ~680 XCURVE( IPOINTS) :83+ « (XXCURVE( I) -XXMIN) 1 (XXMAX-XXMI'N) ) *350) 
12690 YCURVEeIP01NTS):140-«(YYCURVE(I)-YYMIN)/(YYMAX-YYMIN»'115) 
12700 NEX! 1 
127~0 FOR 1:2 TO" 21 
12720 LINE (XCURVE(I-l), Y~URVE(I-1) )-( XCURVE( I) , YeU.RVE(I) ) , 1 
12730 NEXT , , 

" 12740 ' ~ 
'2750 ' getting the user ts choice 
127~0.GET 1,173:LOCATE 22,10:GOSUB 11830:PRINT COMMT40$i 
12770 GET 1,174:LOCATE 23,10:GOSUB 11830:PRINT COMMT40$i:LOCATE 23,22:PRINT CHR 
$(24); , -
12780 GOSUB 11870 
12790 IF IFLAG=-l TijEN GET 1,181:GOSUB 11830:BEEP:LOCATE 24,10:P~INT COMMTUO$j: 
GOTO 12780 
12800 GOTO 1016q 
12810 1 

, 12820 ' circle 
12830 CIRCLE(XPOSITION,YPOSITION),5,1 
12840 RETURN 
12850 'point 
12860 CIRCLE(XPOSITION. YPOSITION) •. 5,1 
12810 PAINT (XPOSITION,YPOSITION).1,1 
12880 RETURN 
12890 ' box 
12900 LINEeXPOSITION-3,YPOSITION-3)-(XPOSITION+3,YPOSITION+3),1.B 
12910 RETURN 
12920 ' box full 
129 30 LINEeXPOSITION-3, YPOSITION-3)-(XPOSITION+3, YPOSITION+3) .1,BF 
12940 RE~N 
12950 ' x _ 
12960 LINE(XPOSITION-3,YPOS1TION-3)-(X~OSITION+3,YPOSITION+3),1 
12970 ~INE(XPOSITION-3,YPOS1TION+3)-(XPOSITION+3.YPOSITION-3),1 
12980 RETURN 
12990 'star 
13000 LINE(XPOSI!ION-3,YPOSITION-3)-(XPOS1TION+3,YPOSITION+3),1 
13010 LINE(XPOSITION-3. YPOSITION+3)-(XPOS1TION+'3, YPOS1TION-3) ~,l 
13020 LINE(XPOSITION+4,YPOSITION)-(XPOSITION-4 .YPOSITION).l 
13030 RETURN ' 
13040 ' plus+ 

" 

". 

\ 



l ' 

13050 LINE(XPOSITION-3,YPOSITION)-(XPOSITION+3,YPOSITION),1 
13060 LINE(XPOSITION, YPOSITION-3) -(XPOSITION, YPOSITION+3), 1 
13070 RETURN .0 

t 3080 'ellipse "" 
13090 CIRCLE(XPOSITION, YPOSITION) ,4~'1, • ,3/2 

• , 3100 RETURN 
13110 'full ellipse , 
13120 CIRCLE(XPOSITION, YPOSITION) ;4,1, •• 3/2 
13130 PAINT (XPOSITION,YPOSITION) ,1,1 
13140 RETURN 
13150 'hexagon 
13160 LINE(XPOSITION-4,YPOSITION-2)-(XPOSITION+4,YPOSITION-2),1 
13170 LINE( XPOSITION-4, YP.oSITION+2)-(XPOSITION.lJ, YPp8ITlON+2) ,1 
13180 LINE(XPOSITIO~-4,YPOSITION-2)-(XPOSITION-12,YPOSITION),1 
l3190 I.INE(XPOSITIO\'f+4, YPOSITION-2)-(XPOSITIoM. 12,YPOSITION) , l 
13200 I.INE(XPOSITION-4,YPOSITION+2)-(XPOSITION-12.YPOSITION),1 
13210 I.INE{XPOSITION+4.YPOSITION+2)-(XPOSITION.,2,YPOSITI0N), l' 
13220 RETURN . 
13230 'hexagon 
132'10 I.INE(XPOSITIO'N-4,'YPOSITION-2)-(XPOSITION.4, YPOSITION-2), 1 
, 3250 LINE(XPOSITION-4,YPOSITION+2)-(XPOSITION+4,YPOSITION+2) ,1 
13260 I.INE(XPOSITIGN-4,YPOSITION-2)-(XPOSITION-12,YPOSITION) ,l 
13210 I.INE(XPOSITION+4,YPOSITION-2)-(XPOsITION+12,YPOSITION),1 
13280 I.INE (XPOSITION-4, YPOSITION+2 ),-(XPOSITION-12, YPOSITION) , 1 
13290 I.INE(XPOSITION+4, YPOSITION+2)-(XPOSITION+ 12, YPOSITION) , 1 
13300 PAINT(XPOSITIO'N;YPOSITIOtO,',' 
13310 RETURN 
13320 t 

13330 1 
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2 

3 

4 

5 

6 

7 

ALPHAE 

8 Initial Food Temperature (deg C) 

9 Cool1ng Water Temperature (deg C) 

,375 

/ 
10 The Initial and Cooling Wster Temp. must be >0 and Water Temp. <90 des C 

11 Initial Temp: Water Temp: 

12 PRESS ANY KEY TO CONTINUE 

13 Total Procetlsing rime (heating + coo11ng) (sec) ~ 

14 The total time must be between 1800 and 9000 sec 

15 Total Process1ng rime: 

16 Heating Curve fh ( 1/s1ope) (>700 sec) 

17 Cool1ng Curve fc ( 1/s1ope j (>700 sec) 

18 The rh and fc values (1/s1ope) must be > 700 sec 
",,-

19 fh: fc: 

20 Heating Curve Lag Factor (must be>=Op1:J:ag,<1=jump) 

21 Heating Curve Lag Factor (must be>O;>1=lag,<1=jump) 

22 You entered Jh (lag factor) =0; for the model you've chosen Jh can 't = 0 

23 Lag Factor (heat1ng curve): 

24 YOU' entered the follow1ng value(s): 

25 The Heating Curve Lag Factor can 't be between 1.856 and 1.876 in~lusively 

26 Cool1ng Curve Lag Factor (must>O) (>1'=lag,<1 =jump) 

27 You entered Jc=O; fOI' the model you've chosen Jc can 't = 0 
/ 

28 Lag Factor (coo11ng curve): 

29 The co011ng curve lag factor can 't be between 1.856 and 1.8.76 inclus1vely 



" 

30 PrOC8S11 Lethality (1.0<:lethality<=2.5) 

11 The process lethality must be between 1.0 and 2.5 
f . 
32 l.ethal1 ty: 

376 

33 What 15 the F-value f~r the contaminant (at 1ref=121 deg C) - ln minutes? 

34 The F-val ue cannot equal 0 

35 A F-value greater than ,20 minutes 15 unusual 

ttr 
36 00 you want to reenter the value (y or N and RETURN)? 

37 What 13 the z-value for the contaminant (at Tref=121 deg C) - ln deg C? 

38 The z-val ue oannot equal 0 

39 A z-value greater than 30 deg C 15 unusual 

40 Hodel (1-ba51c,2-bas1c modif1ed,3-general) 

41 The model number must be between 1 and 3 

42 Hodel: 

43 The total processing Ume you supplied was too short for the lethal1 ty 
red 

44 The processlng tlme was automatlcally increased to: (sec) 

45 • • • • P L E A S E W'" AIT • • • • 

" ( at Trel'.121 de. C)} ln 46 What 15 the F-value for Nutrient minutes? 

/47 What 111 the F-value for Nutrlent iJ2 (at Tref=121 deg C) - in minutes? 

48 What 13 the F-vslue for Nutrient 13 (at Tref: 121 deg C) - in minutes? 

49 What i5 the F-value for Nutrlent '4 (st Tref:121 deg C) - ln minutes? 

50 A F-value greater than 2000 minutes 15 unusual 

51 What i5 the z-value for Nutrient 111 (at Tref:121 deg C) - ln deg C? 

52 What 15 the z-value for Nutrient fJ2 (at Tref: 121 deg C) - in deg C? 

53 ,what is the z-value for Nutrient #3 (at'Tref=121 deg C) - ln deg C? 
~~ 

54 What i5 the z-value for Nutrient 14 (st Tref: 121 deg C) - in deg C? 

55 ARGUMENT l.ISTING FOR SUBROUTINE 
i 

56 Enter the new value and press RETURN 

57 Hit RETURN alone if you want ta keep the old value. 

desJ. 



1 

58 

59 ARGUMENT OLD NEW 

60 A z-valuè gr~ater than 50 deg C 1 s unusual 

61 What 15 the welghting factor for Nutrient 111 (be'tween 0 and 1) ? 

62 What 15 the welghtlng factor for Nutrient 12 ( between 0 and , ) ? 

63 What 15 the welghting factor for Nutr lent 113 (between 0 and 1) ? 1 

64 What 15 the weighting factor for Nutrient 14 (between 0 and 1 ) ? 
'> 

65 You did not enter a we1ghtlng factor value between o and 

66 Do you want to redo the prooess calculat10ns (y or N and RETURN) ? 

67 

68 

69 

70 

71 

72 

73 

14 " 

75 

76 

77 

78 

19 
,} 

80 

8;~ ." 

82 

83 

84 

85 

86 
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81 

88 

89 

90 

\91 

92 

93 

94 

95 

96, 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 
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119 

120 

121 

122 

123 

124 

125 

126 

127 
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129 
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132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 
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144 

145 

146 

1 141 

148 

149 

150 MENU 

151 1) Objecti ve Functlon vs Temp Graph 

152 2) Objective Functlon vs Temp Table 

153 5) EXIT The Result Display Section 

154' Enter 1, 2 ••• j 
155 you did not enter an integer. try again 

156 You did not: enter 1. 2 ••• 5 - try again 

157 

158 

Process Parameter Table 

159 Initial Temperature( deg C) 

160 Retort Temperature(deg C) 

161 Water Temperature(deg C) 

162 Slope of Heating Curve(sec) 

163 Slope of Cool1ng Curve(sec) 

164 Heating Curve Lag Fact.or 

165 Cooling Curve Lag Factor 

166 Total Processing Time(sec) 

167 Time When Cool1ng Starts (sec) 

168 Number of Time Increments 

169 F-Value of Nutrient Il (min) 

170 z-Value of Nutrient Il (deg C) 

171 F-Value of Mlcroorganism(min) 

380 

/ 
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172' z-Value of Miùoorganism(min) 

173 Press "X" to exi t to menu or 

174 Pre~ -PrtSc to pr int graph 

175 RESULTS 

176 Retort, CooUng Objective 

177 Press Y to continue 

178 Press P to print spec1fied data 

179 You d1d not enter X or P 

180 There 15 no more odata. enter P or X 

181 YOU DID NOT ENTER "X" 

183 Function Obj. ~unction vs Retort Temp. 
(s') 

18~ Retort Temp (deg Cl. 

185 v/~ ighting Factor fil 

186 Weighting Factor ;2, 

1~87 Weighting Factor #3 

188 Weighting Factor #4 

189 Temp(C) starts at(s) Func. Value 

190 3) Optimal Nutrient Retention 

191 4) Process ~ar ameter Table 

192 Weighting Factor 114 

193 OPTIMAL NUTRIENT 

194 

195 Retort 
rient 

196 Temp(C) 
114 

197 

198 Retort 

199 Temp(Ç) 

C60ling 
\ 

starts at(s) 

RETENTION FRACTION 

Nutrient Nutrient 

111 112 

Results 

CoaUng 

starts at (s) 
1 

200 • f • P L E A S E W A 1 T If If • 
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\ , 201 F-Value of Nutr ient 1J2(min) 

" 202 F-Value of Nutrient il3(min) 

203 F-Value of Nutr ient IJ4(min) 
4 

204 z-Value of Nu~rient Dl!? ( deg C) 

205 z-Value of Nutrient fJ3(deg C) 

206 z-Value of Nutrient il4(deg C) 

. 

Ô' 
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APPENDIX 3.8 

Program Listing of SUB1 (BALLST) 
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1000 ' 
1005 ' 
1010 ' 

384 

1015 ' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1020 ' BALLST 
1025 ' SUBROUTINE BALLST PRODUCES VECTORS OF TIME Atm TEMPERATURE VALUES 
1030 ' ACCORDING TO BALL'S MODEL (BASIC, MODIFIED AND GENERAL - DEPENDING 
1035 ' ON WHETHER THE VALUE OF THE PARAMETER 'MODEL' 13 1,2 OR 3). 
1040 1 Ir ALSO OUTPUTS N p{LUES OF GlAND MI • ' 
1045 ' THE CONTAINER OF FOOD IS INITIALLY AT UNIFORM TEMPERATURE TINIT!, 
1050 ' SUBJECTED TO TEMPERATURE TRETRTI IN A RETOHT fOR THE FIRST COOLTI! SECS, 

1055 1 THEN DUMPED IN WATER AT TEMPERATURE !WATERI AND LEFT THERE FOR THE REST 
1060 ' OF THE TOTAL MODELLING TIME, TOTIMEI. 
1065 ' •• ~ ••••••••••••••••••••••••••••••• * ••••••••••••••••••••••••••••••••••• 
1070 ' PARAMETERS: 
1075 ' t1nitl ="INITIAL TEMPERATURE - DEG C - INPUT 
1080 ' tretrt! ="RETORT TEMPERATURE - DEG C - INPUT 
1085 1 twaterl ="WATER TEMPERATURE - DEG C - INPUT 
1090 ' fh! ="SLOPE OF HEATING CURVE - SEC - INPUT 
1095 ' jh! ="HEATING CURVE LAG FACTOR - INPUT 
1100 1 fe! ="SLOPE OF COOLING CURVE - SEC - INPUT 
1105 ' jel ="COOLING CURVE LAG FACTOR - INPUT 
"10 ' totime! ="TOTAL MODELLING TIME - ,SEC - INPUT 
1115 ' coolti! ="TIME AT ~HICH COOLING STARTS - INPUT 
1120 1 time! =~ARRAY OF TIME VALUES - SEC - OUTPUT 
1125 ' temp! =~ARRAI OF TEMPERATURE VALUES - DEG C - OUTPUT 
1130 ' gl ="tretrt!-temaxba - DEG f - OUTPUT 
1135 ' ml ="tcmaxba-twater! - DEG, C - OUTPUT 
1140 ' Nba ="NUMBER OF Umel AND TEMPERATURE VALLIES WANTED - INPUT 

---1-14-5--!-_M~ ="HODEL NUMBER TO BE USED - INPUT . 
1150 ' •••••••• ~~ ••• ~~.~~ •••••••• * ••••••••••• * ••••••••••••••••••••••• 
1155 ' besqba ="COOLING HYPERBOLA CONSTANT - SEC 
1160 ' bhsqba ="HEATING HYPERBOLA CONSTANT - SEC 
1165 1 dtimeba ="timel INTERVAL FOR EVALUATING TIME AND TEHPERATURE - SEC 
1170' dummxba ="DUMMY VARIABLE 
1175 ' rba E "DUMMY VARIABLE FOR COOLING HYPERBOLA 
1180 ' sba = "DUHMY VARIABLE FOR HEATING HYPERBOLA 
1185 ' temaxba' = "MAXIMUM TEMPERATURE ATTAINED AT CONTAINER CENTRE - DEG C 
1190 ' testarba ="HYPERBOLIC/LOGARITHMIC CURVES SWITCHOVER TEMPERATURE - DEG C 
1195 ' tistarba ="HYPERBOLIC/LOGARITHMIC CURVES SWITCHOVER TIME - SEC 
1200 ' Y jcbll ="DUMMY VARIABLE FOR Je! 
1205 1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1210 1 OTHER VARIABLES, INTEGER: 
1215 f Iba ="DUMMY 
1220 ' Jba ="oUMMY 
1225 ' Mba = "DUMMY VARIABLE FOR MODEL 
1230 1 ncoolba =t'NUMBER OF 'VALUES CALCULATED FOR TOTAL COOLING CURVE, 
1235 ' ncoolhba ="NUMBER OF VALUES CALCULATED FOR HYPERBOLIC COOLING CURVE 
1240 ' neoollba ="NUMBER OF VALUES CALCULATED FOR LOGARITHMIC COOLING CURVE 
1245 ' nheatba ="NUMBER OF VALUES CALCULATED FOR TOTAL HEATING CURVE 
1250 1 nheathba =IINUMBER OF VALUES CALCULATED FOR HYPERBOLIÇ HEATItlG CURVE 
1255 ' nheatlba ="NUMBER OF VALUES CALCULATED FOR LOGARITHMIC HEATING CURVE 
1260 ' ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , •••••• 
1265 1 

1270 'INITIALIZATION AND DIMENSIONING 
1275 DEFI NT l'-U 
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1280 DIM TIME( 1001). TEMP( lû01) 
1285 ' , , 
1290 ' GETTING ARGUMENTS THAT WERE STOREO IN COMMl BY THE CALLING PROGRAM 
1295 OPEN "e :comm1" FOR INPUT AS 1 
1305 INPUT IJ 1 ,MODEL. TI NIT l , TRETRT 1 • TWATER l ,NSA, TOTIME 1 • COOLTI! • FH! ,FC l ,JH l, JCI , 
nsubmain 
1310 close 1 . 
1315 ' 
1320 ' INPUT PARAMETER CHECKING SECTION AND ERROR MESSAGE WRITING 
1325 IF«TINITI<=TRETRTI) AND (~WATERI<=TRETRTI» THEN GOTO 1345 
1330 PRIN1' "THERE IS A PROBLEM WITH INPUT DATA TINITI,TRETRTI OR TWATER! Il 

1335 PRINT ~'THE PROGRAH WAS STOPPED" 
1340 STOP . 
1345 IF (FHf>OI) AND (FC1>OI) THEM GOTO 1365 
1350 PRINT "THERE IS AN ERROR IN FH! OR Fe! INPUT DATA" 
1355 PRINT "THE PROGRAM WAS STOP PED" 
1360 STOP 
1365 IF «JH1>O!) OR (MODEL=l» AND «JCf=>O!) OR (MODEL<>3» THEN GOTO 1385 
1370 PRINT "THERE 1S AN ERROR IN JH! OR JC!" 
1375 PRINT "THE fROGRAM WAS STOPPED!' 
1380 STOP . 
1385 IF(TOTIMEI>OI) AND (COOLTII>OI) AND (TOTIMEI>=COOLTII) THEN GOTO 1405 
1390 PRINT "1'HERE IS AN ERROR IN TOTIME! OR COOLTI 1" 
1395 PRINT "THE PROGRAM WAS STOPPED" 
1400 STOP 
1405 IF «ABS(JHI-1.866».01) OR (MODEL=1) AND «ABSCJCI-1.866».01) OR (M 

ODEL<>3» THEN GOTO 1425 
1410 PRINT "THERE IS AN ERROR IN JH! OR JC!" 
1415 PRINT "THE PROGRAM WAS STOPPED" 
1420 STOP , 
1425 IF (NBA>2) THEN GOTO 1445 
1430 PRINT "THERE IS AN ERROR IN THE NUMBER OF TIME OR TEMP VALUES GIVEN, NB A" 
1435 PRINT "THE PROGR'Jî'M WAS STOPPED" 
144Q STOP 
1445 IF (MODEL>=1) AND (MODEL<=3) THEN GOT a 1470 
1450 PRINT "THERE IS AN ERROR IN THE MODEL NUMBER SPECIFIED, MODEL" 
1455 PRINT "THE PROGRAM l-IAS STOPPED" 
1460 STOP 
1465 ' 
1470 DEF fNZ(X):()I-.453461/X+.0514065/X/X)/C.453461/X/X/X-1!/XIX) 
1475 ' 
1480 ' FINDING tcmaxba, g! AND m! 
1485 TCMAXBA=-TRETRT !-( TRETRT l-TINIT!) *JH! * 1 0 1 A (-COOLTI ! IFHI) 
1490 G!=TRETRTI-TCMAXBA 
1495 MI=TCMAXBA-TWATER! 
1500 ' CAtCULATING time! VALUES 
1505 DTIMEBA=TOTIME1/CSNG(NBA-1) 
1510 FOR lBA= 1 TO NBA 
1515 TIMEI(IBA):CSNG«IBA-l )*DTIMEBA) 
1520 NEXT 
1525 ' DETERMINE NUMBER OF VALUES ON HEAT~NG AND COOLING CURVES 
1530 NHEATBA=INT( COOLTI 1 /DTIMEBA)+ 1 
15ï5 NCOOLBA=NSA-NHEATBA 
1540 'DETERMINE NUMBERS OF VALUES ON HYPERBOLIC & LOGAR1THMIC HEATING CURVES 

1545 IF MODEL>1 THEM GOTO 1575 '.' 
1550 ' LOGARITHMIC HEATING ONLY 
1555 NHEATLBA= NHEA TBA 



\ 

1560 NHEATHBA=O 
1565 GOTO 1655 
1570 'HYPERBOLIC/~OGARITHMIC HEATING 
1515 TCSTARBA=TINITl+.343*(TRETRTI-TINITI) 
1580 IF TCSTARBA(TCHAXBA THEN GOTO 1600 
1585' PRINT " HYPERBOLIC MaDEL NOT POSSIBLE FOR HEATING CURVE" 
1590 'PRINT " LOGARITHMIC MaDEL ONLY USED" 
1595 GOTO 1555 
1600 SBA=.4342944S2U 1 LOG(JH!/.651) 
1605 TISTARBA=FHI*SBA 
1610 NHEATHBA=INT(TISTARBA/DTIMEBA)+l 
1615 NHEATLBA=NHEATBA-NHEATHBÀ 
1620 AHBA=( .343*( SBA- .22673» 1 C .45346-SBA') I( TRETRTI-TINIT 1 ) 
1625 BHSQBA=FNZ(SBA)*FHI A 2 
1630 ' HYPERBOLIC HEATING CURVE CALCULATION 
1635 FCR IBA=1 TO NHEATHBA 
1640 TEMPI(IBA)=TINITI+AHBA*(SQR(11+TIHEICIBA)A2/BHSQBA)-11) 
1645 NEXT 
1650 ' LOGARITHMIC HEATING CURVE CALCULATION 
1655 IF NHEATLBA<=O THEN GOTO 1690 
1660 DUMMXBA=CTRETRTI-TINIT!)*JHI 
1665 JBA=NHEATHBA+l 
1670 FOR IBA:JBA TO NHEATBA 
1675 TEMPI(IBA)=IRETRTI-DUMMXBA*10I A (-TIMEI(IBA)/FHI) 
1680 UEXT 
1685 ' COOLING CURVE CALCULATIONS 
1690 IF NGOOLBA=O rHEN Garo 1850 
1695 'FINDING CQOLING CURVE c0tlSTANTS 
1700 YJCBA=1.41 
1705 BCSQBA=C.173'FCI)A2 
1710 ACBA=.3'(TCMAXBA-TWATERI) 
1715 RBA=.4342944821*LOG(YJCBA/.657) 
1720 IF MODEL<>3 THEN GOTO 1745 
1725 Y JCBA=JC 1 
1730 RBA=.434294482'*LOG(YJCBA/.657) 
1735 BGSQBA=FNZ(RBA)*FCI A 2 
1740 ACBA=(.343·(RBA-.22673»/(.45346-RBA)*(TCMAXBA-TWATERI) 
1745 TISTARBA=FCI'RBA 
1750 IF TISTARBA«TOTIMd-COOLTII) THEN GOTO 1770 
1755 NCOOLLBA=O 
1760 KBA=NBA 
1765 GOTO 1790 
1770 NCOOLHBA=INT«COOLTII+TISTARBA)/DTIMEBA)+l-NHEATBA 
1775 NCOOLLBA=NBA-'NHEATBA-NCOOLHBA 
1780 IF NCOOLHBA<=O THEN GOTO .1810 
1785 KBA=NHEATBA+NCOOLHBA 
1790 JBA=NHEATBA+1 
1795 FOR IBA=JBA TO KBA 
1800 TEMPI(IBA)=TCMAXBA-ACBA*(SQR(11+(TIMEI(IBA)-COOLTI!)A2IBCSQBA)-1!) 
1805 NEXT 
1810 IF NCOOLLBA<=O THEN GOlO 1850 
1815 JBA=NHEATBA+l.NCOOLHBA 
1820 DUMMXBA=(TCMAXBA-TWATERI)*YJCBA 
1825 FOR IBA=JBA Ta NBA 
1830 TEMP!CIBA)=TWATER!+DUMHXBA*10!A(-11/FCI*(TIMEI(IBA)-CQOLTII» 
1835 NEXT . 
1840 ' 

386 
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1845 • () 
1B50 'PRINTING THE TIME,TEMP I~FO(iNTo' COMM2 FILE 
1855 OPEN "c:comm2" FOR OUTPUT;' AS 2 
1860oFOR IBA=l TO NBA,A' 1 
1865 PRINT'2,TIMEI(IBA);TEMPI~IBA) 
1870 NEXT IBA \ 
1875 CLOSE 2' 1 

1880 ' 
1885 ' CHAINING BACK TO THE SUBMAIN PROGRAM THAT CALLED BALLST 
1890 IF NSUBMAIN=l THEN CHAIN "maina" 
1895 IF NSUBMAIN=2 THEN CHAIN "mainb" 
1900 IF NSUBHAIN=3 THEN CHAIN "maine" 
1905 if nsubmain=4 then ohain "maind" 
1910 if nsubmain:5 then chain "~aine" 
1915 print "Unreasonable nsubmain value" 
1920 print "Can't chain back to a submain" 
1925 prlnt "Program SUS1 was terminated" 
1930 stop 

" 

• 

387 
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APPENDIX 3.9 

ProgranÎ Listing of SUB2 (CAN1) \ 

" 



1000 ' 
1005 1 

1010 ' 
1015 ' 

\ 389 

1020 1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1025 1 SUBROUTINE GAN1 CALCULATES A MATRIX OF TEMPERATURE VALUES 1NSIDE A 
1030 1 FINITE CYLINDR1CAL CONTAINER OF FOOD. THE CONTAINER 1S INITIALLY AT A 
1035 'f UNIFORM TEMPERATURE AND 'FROM TIME=O IS SUBJECTED AT ALL ITS FACES TO 
1040 1 A NEW TEMPERATURt. THE HEAT TRANSFER COEFFICIENT IS ASSUMED TO BE 
1045 f INFINITE. SUBROUTINE CAN1 REQUIRES FUNCTION SUBPROGRAMS XJO AND XJ1 
1050 1 

1055 ' CAUTION 1 •••••• CAN1 OPERATES ENTIRELY IN DOUBLE PRECISION, EXCEPT 
1060 1 

1065 f FOR ARGUMENTS WHICH ARE INPUT AND OUTPUT IN REAL'4 
1070 1 

1075 ' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1080 1 SUBROUTINE PARAMETERS: 
1085 f tbathl ="TEMPERATURE TO WHICH SURFACE IS SUBJECTED - DEG C - INPUT 
1090 1 tinitl ="INITlAL TEMPERATURE OF CONTAINER CONTENTS -'DEG C - INPUT 
1095 1 alphal ="THERMAL DIFFUSIVITY OF CONTENTS - M"2/SEC - INPUT 
1100 "halrll ="HALF OF TOTAL LENTH OF FINITE CYLINDER - M - INPUT 
1105 1 radiusl :"radius OF FINITE CYLINDER - H - INPUT 
1110 ' NZ ="1 OF zl VALUES AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT 
1115 ' NR =", OF RADII AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT 
1120 ' NTIME ="11 OF time! VALUES AT WHICH TEMP IS TO BE EVALUATED - INPUT 
1125 ' zl ="VECTOR OF z! VALUES FOR TEMPERATURE EVALUATION - M - INPUT 
113<l ' RI :"VECTOR OF radius 1 VALUES FOR TEMPERATURE EVALUATION - fi - INPUT 
1135 ' tirnef :"VECTOR OF TIME ~fLUES FOR TEMP EVALUATION - DEG C - INPUT 
1155 ' resultc1! ="THREE DIHENSIONAL result ARRAY - DEG C - OUTPUT 
11lo ' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1165 ' INTERNAL PROGRAM VARIABLES USEDj ARRAYS 
1170 ' ZFlcl,ZF2el,z11cl%el ) , FUNCTIONS OUTLINED l 
N 

,1175 ! RFlcl,RF2cl,RL2cl ) P~RAH DESCRIPTdON 
1180 ' ROOTel, ROOTSe1 ) 
1185 ' •••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 ••••••••••••••• 

1190 ' INTERNAL PROGRAM VARIABLES USED; REAL 
1195 'DUHM1e1,DUMM2e1,SUM1c1,SUM1Xel,SUH2cl,SUM2Xc1 ) FUNCTIONS ourLINED IN 
1200 ' TERMcl,TERMHc1,TERMNc1 ) PROGRAM DESCRIPTION 
1205 1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1210 ' INTERNAL PROGRAM VARIABLES USED: INTEGER 
1215 'Icl,Jcl,IRcl,ISUH1Xel,ISUH2Xc1,ITIIMEcl,IZcl ) FUNCTIONS OUTLINED IN 
1220 ' Mcl,Ncl ) PROGRAM DESCRIPTION 
1225 ' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1230 ' INTERNAL PROGRAM VARIABLES USED; LOGICAL 
1231 f IFLAGclS= UNDERFLOW MEHORY FLAG 
123~ , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1233 1 DECLARATION SÉCTION 
1234 DEFDBL A-H,O-Z 
1235 DEFINT I-N 
1236 OPTION BASE 1 
1237 DIM ZF1 C 1( 1 OO} ,ZF2C H 1 00) ,ZF3C 1C 1 00) 'subroutine CAN 1 
1238 DIM RF1Cl(100),RF2C1(100) 

"1239 DIM ZL1C1S(100),RL1Cl%(100) 
1240 DIM ROOTSC1(30),ROOTC1(100),UZC1(100>,URC1(100) 
1241 DIH Z 1 ( 1 0) ,R 1 ( 1 0) • TIHE 1( 21) • R ESU LTC 1! ( 10. 1 0,21) 
1242 DIM A1XO(6),A2XO(7),A3XO(1) 'subroutine XJO 



1243 DIM B1XH6),B2Xl(7),B3X1(1) 
1250 1 

1255 RESTORE 1272 
1260 FOR IC1=1 TO 30, 
1265 READ ROOTSC1(IC1) 
1270 NE:l(T 

15ubroutine XJ 1 

1272 DATA 2.4048256,5.5200781,8.6537279,11.7915344,14.9309117 
1274 DATA 18.0710640,21.2116366,24.3524715,27.4934791,30.6346065 
1276 DATA 33.7758202 ,36.9170984,40.0584258,43.1997917 ,4'6.3411884 <J 

1278 DATA 49.4826099,52.6240518,55.7655108,58.9069839,62.0484692 
1280 DATA 65.1899648,68.3314693,71.4729816,74.6145006,77.7560256 
1282 DATA 80.8975559.84.0390908,~-~1806298,90.3221726,93.4637188 
1284 1 1 

1286 PI=3.1415926541 
1288 1 

1289 ' 
1290 ,'Getting argument; that we,re stored in COMM1 by calling pro gram 
1292 OPEN "c:comml" FOR INPUT AS 1 

400 

1293 INPUU 1, TBATHI • TINIT l,ALPHA! • HALFL!. RADIUS 1. HZ 1 NR 1 NTIME, TOTIMEI ,NSUBl1AIN 
1294 CLOSE 1 
1295 1 

1296 1 

1291 'Calculating Z!,R!,TIME! arrays 
1298 IF (l<NZ) AND (l<NR) GOTO 1299 ELSE 1300 
1299 IF (NZ<=10) AND (NR<=10) THEN GOTO 1301 
1300 PRINT"Problem with NZ or NR or NTIME in CAN!- program was stoppedif:STOP 
1301 ' 
1302 DZ=HALFLI/CSNG(NZ-1) 
1303 FOR IZC1=1 Ta NZ 
130~ Zf(IZC1)=CSNG({ZC1-n·DZ 
1305 NEXT IZC 1 ) 

1306 ' _ ~ 1307 DR=RADIUSI/CSNq< R~1) 
1308 FOR IRC1=1 Ta NR • 
1309 RI(IRC1);.ÇWq$ C1-n·DR 
1 310 NEXJ.Yf'RC 1 
1311 t j 
1312 DTIME=TOTIMEI/CSNG(NTIME-1) 
1313 FOR LC1=1 TO NTIME 
1314 TIMEf(LC1)=CSNG(LC1-1)·DTIME) 
1 315 NEXT Le 1 
1316 ' 
1318 ' 
1320 ' PARAMETER CHEGKING SECTION 
1325 IF ALPHA!>O! GOTO 1350 
1330 PRINT "PROBLç:M DETEÇTED WITH NON-VECTOR INPUT DATA Ta SUBROUTINE CAN1:" 
1335 PRIKT "alpha!, halfll, radius! , NR, MZ , NTIME" 
1340 PRINT "PROGRAM WAS STOPPEDII 
1345 STOP 
1350 IF (HALFLf>OI) AND '(RADIUSf>Of)GOTO 1515 
1355 GOTO 1330 ' \ 
1510 r 

1515 ' INITIALIZING GOUNTERS AND LOGIC ARRAYS 
1520 FOR rCl=l TO 100 
1525 ZL1Cl%(IC1)=0 
1530 RL1C1~(IC1)=O 
1535 NEXT 

l 



" 

l' 
,/ . \ 

" J , ) 

/' 

1540 FOR Je1:1 TO 30 
1545 ROOT 1)=ROOTSC1(JC1) 
1 = RO TC1(JC1) 
555 GOSUB 6000 'subroutine XJl 

1560 RF1Cl(JC1)=21/RQÇTC1(JC1)/XJl 
1565 NEX.! ,. 
1570 1 START OF TIME LOOP 
1575 FOR ITIMEC1=1 TO NTIME 
1580 IF TIMEI(ITIMEC1»01 GOrD 1620 
1585 FOR IRCl =1 TO NR ' 
1590 URC1(IRC1) =SQR(PI/41) 
1595 NEXT 
1600 FOR IZC1:1 TO NZ 
1605 UZC1(IZC1) :SQR(PI/4f) 
1610 NEXT 
1615 GOTO 2005 
1620 DUHM1C1 ~ CDBL(-ALPHAI*TIMEI(ITIMEC1» 
1622 ' 
1625 1 Z-LOOP 
1630 FOR IZC1=1 TO NZ 
1635 NC1=0 
1640 SUM1Cl : Oi 
1645 IFLAGC lS=O -, 
1650 SUM1XC1=011 ---
1655 FOR ISUM1XC1=1 TO 2 
1660 NCl =NC1+1 
1665 IF N<=100THEN GOTO 1690 
1670 PRINT "NUMBER OF ROQTS REQUIRED IN Z LOOP GREATER THAN 100" 
1675 PRINT "ITIMEC1 was";ITIMEC1," NCl was ll ;NC1 
1680 PHINT "PROGHAM WAS STOPPEDtl 
1685 STOP 
1690 DUMM2Cl = CDBL(2*NC1-1) 
1695 IF (ZL1Cl~(NC1)<>0) THEN GOTO 1710 
1700 ZF2CHNCn': «-1I)"'(NC1+1»/DUHM2C1 
1705 ZL1C1%(NC1) = -1 
1710 TERMC1=«DUMM2Cl*PI/21/CDBL(HALFLI»~2) • DUMM1C1 
1715 IF (TERMC1>-88fJ) THEN GOTO '1730 
1720 TERMC1=-88# 
1725 IFLAGCa=-1 
1730 ZF1C1(NC1) = COS(DUMM2Cl*PI/21* CDBLCZI(IZC1)/HALFLI» 
1735 TERMNC1=ZF2C1(NC1) • ZF1C1(NC1) 1 EXP(TERMC1) 
1740 SUM1XC1=SUM1XC1.ABS(TERMNC1) 
1745 SUM1Cl=SUH1Cl.TERMNCl 
1750 NEXT ISUM1XCl 

401 

1755 IF (ABS(SUM1XC1/SUM1Cl».OOOlU) AND (SUM1XC1>.00000000010) AND (IFLAGC1%?û 
) THEN GOTO 1650 
1760 IF (ABS(SUH1Cl)<.OOOOOOOOOll) THEN SUM1Cl=OO 
1765 UZC1(IZC1)=SUM1Cl 
1770 NEXT Ize 1 
1772 ' 
1775 f R-LOOP 
1780 FOR IRC1=1 TO NR 
1785 HC1=O 
1790 SUM2Cl =011 
1195 IF LAGe 1% =0 
1800 SUM2XC 1=00 
1805 FOR !SUM1RC1=1 Ta 2 



( 

1810 HC1=HC1+1 
1815 IF (MC1<=100) THEN GOTO 1840 
1820 PRINT " MORE THAN 100 VALUES REQUIRED IN R LOOP" 
1825 PRINT ~ITIMECl IS";ITIHEC1." MCl is";MCl 
l~PRINT "THE PROGRAM WAS STOPPED" 
1835 STOP 
1840 IF (MC1<=30) THEN GOTO 1930 
1845 IF (RL1C1J(MC1)<>0) THEN GOTO 1930 
1850 RoorcH MCl) = ROOTC1( MCl) + PI , 
1855 DRoorCl = -.00010 
1860 XO=ROOTC1(MC1) 
1865 GOSUB 5000 
1870 Y2C1 : XJO 
1875 Y1C1 = Y2Cl 

'subroutine XJO 

1880 ROOTC1(MC1) : ROOTC1(MC1) • DROOTC1 
1885 XO=ROOTC1(MC1) 
1890 GOSUB 5000 
1895 Y2C 1 : XJO, 

'subroutine XJO 

1900 DROOTCl = -DROOTC1* Y2C1/(Y2C1-Y1Cl) 
1905 IF (ABS(DROOTC1».OOOOOOOOOll) THEN GOTO 1675 
1910 Xl=ROOTC1(HC1) 
1915 GOSUS 6000 'subroutine XJl ' 
1920 RF 1 C 1 (MCl) =, 21/Roorc 1( HCl) IXJ 1 
1925 RL1Cl%(HC1) : -1 
1930 XO=RQOTCHMC1J"'~ CDBL(R!(IRC1)/RADIUS!) 
1935 GOSUS 5000 '5ubroutine XJO -
19~0 RF2C1(MC1) = XJO' 
1945 rERHC1=(CROOTC1(MC1)/CDBL(RADIUS!»~2) * DUMM1Cl 
1950 IF (TERMC1>-881) THEN GOTO 1965 

o 1955 TERMC1=-.881 
1960 IFtÂGC1~=-1 , 
1965 TERMMC1=RF1C1(MC1) • RF2Cl(MC1) • EXPCTERMC1) 
1970 SUM2XC1=SUM2Xt,.ABS(TERMMC1) 
1975 SUM2Cl=SUM2Cl+TERMMC1 ~ 
1980 NEXT ISUM1RCl 

402 

1985 IF (ABS(SUM2XC1/SUM2Cl».OOOll) AND (SUM2XC1).OOOOOOOOOlD) AND (IFLAGC1~~O 

) THEN GOTO 1800 
1990 IF (ABS(SUM2Cl)<.OOOOOOOOOl') THEN SUM2C1=OD 
1995 URe1 (IRC1)= SUH2C1 

1 2000 NEXT IRe1 
'2002 ' 
2005 FOR IZC1=1 Ta NZ 
2010 FOR IRC1:1 TO NR 
2015 RESULTC11(IZC1,IRC1,ITIHEC1)=TBATHI- CTBATH!-TINIT!) 54!/CSNG(PI)*CSNG<UZC1 
(IZC1). URC1(IRC1» 
2020 NEXT IRC 1 
2025 NEXT Izel 
2030 NEXT ITIMEC1 
2035 ' 
2040 ' 
2050 'Printing-, rime, Position and Temp data into COMM2 file 
2055 OPEN "c:cq0jÎit2" FOR OUTPUT AS 2 
2060 FOR Le1=' TO NTIME 
2065 'FOR IC1:l TO NZ 
2070 FOR JC1=1 TO NR 
2075 PRINT#2,ZI(IC1),Rl(JC1),TIMEI(LC1),RESULTC1ICIC1,JC1,LCl) 
2080 NEXT JC1,IC1,LCl 

o 

',. 



2085 CLOSE 2 
2090 1 

2095 1 

2100 ,1 Chaining back to the submain program that called CAN 1 
2105 IF NSUBMAIN:1 THEN CHAIN "MAINA" 
2110 IF NSUBMAIN:2 THEN CHAIN "MAINB" 
2115 IF NSUBMAIN:3 THEN CHAIN "MAINe" 
2120 IF NSUBMAIN:4 THEN CHAIN "MAIND" 
2125 IF NSUBMAIN:5 THEN CHAIN "MAINE" 

403 

2130 PHI NT' "unreasonable nsubmain value in CAN 1- can' t chain back to subr1AIN" 
2135 PRINT "prograro was stoppedu:STOP 
5000 ' 
5010 1 

5020 ' . 
5030 Isubroutine XJO 
5040 IF ICOUNTXO:l GarO 5200 
5050 RESTORE 5090 
5060 FOR IXO : 1 TO 6 
5010 READ A1XO(IXO) 
5080 NEXT 
5090 DATA -2.2499997,1.2656208,-.3163866,.0444479,-.0039444 ,.0002100 
5100 FOR IXO : 1 TO 1 
5110 RE AD A2XO(IXO) 
5120 NEXT 
5130 DATA .79788456,-.00000077.-.00552740,-.00009512,.00137237,-.00072805 
5140 DATA .00014476 
5150 FOR IXO : 1 TO 7 
5160 READ A3XO(IXO) 
5170 NEXT 
5180 DATA -.78539816,-.04166397,-.00903954,.00262573,-.000541251-.00029333 
5190 DATA .00013558 
5200 ' Testing for negative or zero xO 
5210 o XJO : 1# 
5220 ON SGN(XO)+2 GOTO 5230,5270,5290 
5230 CLS 

, 
." 

5240 PRINT "Message from subroutine xjO:" 
5250 PRIN! "argument was __ veit 
5260 STOP 
5210 Ica UtlTXa: 1 J 
5280 RETURN 
5290 ' Choosing method of calculation 
5300 IF XO '/ 3! GOTO 5400 
5310 ' Method of calculating xjO for xO < or = 3. 
5320 XXO = XO·XO/91 
5330 YXO : 11 
5340 FOR rxo = 1 TO 6 
5350 YXO = YXO • XXO 
5360 XJO = XJO + A1XO(rXO)*YXo 
5370 NEXT' 
5380 ICOUNTXO = 1 
5390 REtURN 
5QOO ' Method of calculating xjO for xO > 3. 
5410 XXO = 3i1/XO 
5420 YXO = 1Ii 
5430 FOXO = A2XO ( 1 ) 
5440 THETAOXO = XO + A3XO(1) 
5450 FOR JXa : 2 Ta 7 

\ 



. 5460 YXO : YXO·XXO 
5470 FOXO : FOXO + A2XO{JXO) ·YXO 
5480 THETAQXO = THETAOXO + A3XO(JXO) ·YXO 
5490 NEXT 
5500 XJO': FOXO· COSCTHETAOXO)/SQR(XO) 
5510 ICOUN,TXO=1 . 
5520 RETURN 
6000 ' 
6010 ' 
6020 ' 
6030 'subroutine XJ 1 
6040 IF ICOUNTX1=1 Garo 6200 
6050 RESTORE 6090 
6060 FOR IXl = 1 TO 6 
6070 READ B1X 1(IX1) 
6080 NEXT 
6090 DATA -.56249985,.21,093573,-.03954289,. 00443319,-.00031761, .00001109 
6100 FOR IX1 = 1 TO 7 
6110 R'EAD B2X te IX 1) 
6120 NEXT . 
6130 DATA .79788456, .00000156, .01659667, .00017105,-.00249511, .00113653 
6140 DATA -.00020033 
6150 FOR IXl = 1 TO 7 
6160 READ B3X1 (IX1) 
6170 NEXT 
6180 DATA ":'2.35619449, .,12499612, .00005650,-.00637879, .00074384,.00079824 
6190 DATA -.00029166 
6200 ' Testing for negati ve or zero x 1 
6210 XJl=lI 
6220 ON SGN(Xl }+2 GOTO 6230,6270,6300 
6230 CLS 
6240 PRINT "Message' from subroutine xj 1 : " 
6250 PRINT "argument was _ven 
6260 STOP 
6270 ICOUNTX 1 = 1 
6280 RETURN 
6290 ' 
6300 ' Choosing method of calculation 
6310 IF Xl > 3! GOTO 6430 
6320 'Method of calculating xjl for xl < or = 3.0 
6330 XJ 1 = .51 
6340 WXl = Xl·Xl/911 
6350 ZXl = 11 
6360 FOR KXl = 1 TO 6 
6370 ZX1 = ZX1·WXl 
6380 XJl = XJl + B1X1(KX1)·ZXl 

390 NEXT 
6 00 XJ 1 = XJ 1 * X 1 
64 ICOUNTX 1 = 1 
6420 RETURN 
6430 Method of calculating xjl for xl > 3. 
6440 ft' = 31/X 1 
6450 ZX1 - "-
64 60 F 1 Xl: 1( 1) 

6470,THETA1Xl = 1 + B3X1(0 
6480 FOR LX1: 2 7 
6490 ZX1 = ZX1.WXl \ 

404 



6500 F1X1 = F1Xl + 82Xl (LX1)*ZXl 
6510 THETA1X1 = THETA1Xl +1B3X1(LX1)*ZXl 
6520 NEXT l' 
6530 XJl = F1X1* COS(THETA1Xl) / SQR~Xl) 
6540 ICOUNTX 1 = 1 
6550 RET.URN 

405 
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-, APPENDIX 3.10 

Program'Listing of SUB3 (CAN2) 



1000 ' 
1005 ' 
1010 ' 
1015 ' 

\ 

407 

1020 ~ •••• **.**.**.*.*.* ••• *** •• * •••••••••• *.~ .... * •••••• ,'* ••••••••••• , •••• 
1025 ' 
1030 ' 
1035 ' 
1040 ' 
1045 ' 
1050 ' 
1055 ' 
1060 ' 

CAN2 
SUBROUTINE CAN2 CALCULATES A MATRIX OF TEMPERATURE: VALUES INSID( A 
FINITE CYLINDRICAL CONTAINER OF FOOD. THE CON'TUNER 13 INITIALtY AT, A 
UNIFORM TEMPERATURE AND FROM TIME=O rs SUBJECTED A'[ ALL lTS-'FÀCE3 ,10 
A NEW TEMPERATURE. A FINITE HEAT TRANSFER COEFFICIENT H EXISTS AT ALL 
THE FACES. SUBROUTINE CAN2 REQUIRES SUBROUTINES BHART AND GAMMRT; 
IN TURN GAMMRT REQUIRES THE 3UBROUTINES XJO AND XJ 1. 

1065 ' CAUTION 1. ..... CAN2 OPERATES ENl'IRELY IN DOUBLE PRECISION, EXCEPT 
1070 ' 
1075 ' 
1080 ' 

FOR ARGUMENl'S WHICH ARE INPUT AND OUTPUT IN REAL*4 

10B5 ' •••••••••••••• ** •••••• ** ••••••• ,* ••••••••••••••••• *** •••••• ** •••••••• * 
1090 ' 
1095 ' 
1100 ' 
1105 ' 
1110 ' 
1115 ' 
1120 ' 
1 ~25 ' 
1130 ' 
1135 ' 
1140 ' 
1145 ' 
1147 ' 
1150 ' 
1155 ' 
1160 ' 
1180 ' 

SUBROUTINE PARAMETERS: 
tbathl ="TEMPERATURE TO WHICH SURFACE 13 SUBJECTED - DEG C -
Unitl ="INITIAL TEMPERATURE OF CONTAINER CONTENTS - DEG C -
alphal ="THERMAL DIFFUSIVITY OF CONTENTS - M**2/SEC - INPUT 
rho! ="DENSITX. OF CONTENTS - KG/Mu 3 - INPUT 
cp! ="SPECIFIC HEAT OF CONTENTS - J/KG-DEG C - INPUT 
halfl! ="HALF OF TOTAL LENTH OF FINITE CYLINDER - M - INPUT 
radlUS! ="radius$OF FINITE CYLINDER - M - INPUT 

INPUT 
INPUT 

H! ="HEAT TRANSFER COEFF lCIENT ON SURFACE - J/M**2-SEC-DEG C - INPUT 
NZ ="# OF Z VALUES AT WHICH TEMPERATURE 1S TO BE EVALUATED - INPUT 
NR ="U OF RADII AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT 
NT IHE = "II OF TIME VALUES AT WH IC.H TEHP IS 'TO BE EVAL UATED - IN PÛT 
TOTIMEI ::: "TOTAL PROCESSING TIME -, SEC - INPUT 
zl ="VEcTOR OF Z VALUES FOR TEMP-ERATURE EVALUATIOII - M - INPUT 
RI ="VECTOR OF RADIUS VALUES FOR TEMPERATURE EVALUATION - M - INPUT 
time! ="VECTOR OF TIME VALUES FOR TEMP EVALUATION - DEG C - INPUT 
resultc2! ="THREE DIMENSIONAL resultc2! ARRAY - DEG C - OUTPUT 

11 B5 ' •••••••• li ••• * ••• *.** ...... **** ••••• ***.* •• *** ••• ** ••••••••••••••••••••• 
1190 ' INTERNAL PROGRAM VARIABLES USEDj$ARRAYS 
1195 ' BETA,BETAF1c2,BETAF2c2,BETAQc2.betallc2%,beta12c2% )FUNCTIONS OUTLINED 
IN 
1200 ' GAMM,GAMMF1c2,GAMMF2c2,GAMMF3c2,samm11c2%,gamm12c2% ) PROGRAM DESCRIPTIO 
N 

0 ___ _ 

1205 ' .1.'.'" •••••••••••• u.* ..................... * •• 11 •• * ••••••• ,' •• u •••• 
1210 ' INTERNAL PROGRAM VARIABLES USED;$REAL 
1215 ' BC ="CYLINDER BIOT NUMBER ; 
1220 ' BP ="PLATE BIOT NUMBER 
1225 'DUMMlc2,DUMM2c2,SUMlc2,SUM1Xc2,SUM2c2,SUM2Xc2 ) FUNCTIONS OUTLINED IN 
1230 ' TERMc2,TERMMc2,TERMNc2 ') PROGRAM DESCRIPTION 
1233 ' DRC2,DZC2,DTIME 
1235 ' .* •••••• *** ••••••• *.* •• *~* ••• **** ••••• *** •••• ****.**** * ••• ** ••• * ••• * •• 
1240 ' INTERNAL PROGRAM VARIABLES USED; $INTEGER 
1245 ' Ic2, IRc2, ISUM1Xc2, ISUM2Xc2 ,l'TIIMEc2, IZc2 ) F UNCTIONS OUTLI NED IN 
1250 ' nb,Ng,NBETA2c2,NGAMM2c2 . ) PROGRAM DESCRIPTION 
1255 ' ••• * '!l'' *,* •••• *It* •• ,*.***, •• *.*** •• ,,**** •• ,_* ** •••• * lII.** •• ,**,.,,** ** 
1260 ' l NTERNAL PROGRAM VARIABLES USED; $LOGICAL 
1265 ' i flagc2% = UNDERFLOW MEMORY FLAG 
1270 ' .**.,****************************************************'***J**'***** 
1 Zl2 ' 



1273 'Initialization and Dimensioning 
1275 DEFD8L A-H,O-Z 
1280 DEFINT I-N 
1285 OPTION BASE 1 
1290 DIM 8ETJ\F1C2(100),8ETAF2C2(100),BETAF3C2(100) 'subroutine CAN2 
1295 DIM GAMMF1C2(100) ,GAMMF2C2(100) ,GAMMF3C2(100) 
1300 DIM BETAL 1 C2% C1 00) , BETAL2C 2% ( 1 00) , GAMML 1 C2% ( 100) • GAMML2C2S (100) 
1305 DIM RESULTC2! (10, 10,21) 
1310 DIM Z! ( 10) tRI ( 10) , T IME 1 (21 ) 
1315 DIM UZC2(100),URC2(100) 
1320 DIM XB(40),ROOrSB(40),BETAC100) 'subroutine 8ETART 

1325 DIM XG(36),ROOTSG(36),GAMM(100) 'subroutine GAMMRT 

1330 DIM A 1XO(6) ,A2XO(7) ,A3XO(7) 'subroutine XJO 
1335 DIM 81X1(6),82X1(7),B3X1(7) 'subroutine XJ1 
1340 ' 
1345 ' 
1350 'Getting arguments that were stored in COMMl by the calling submain 
1355 OPEN"c :commf" FOR INPUT AS 1 

408 

1360 INPUTU 1, TBATHI , TINIT l,ALPHA l, HALFL 1, RADIUS' ,NZ, NR, NTIME, TOTIME! • RHOI ,CP l, H 
1. NSUBMAIN 
1365 CLOSE 1 

.. 1370 ' 
1375 l , 

1530 'SETTING UP INPUT ARRAYS 
15~0 DZC2=HALFL!/CSNGCNZ-l) 
1550 FOR rZC2=1 Ta NZ 
1560 ZI(IZC2)=CSNG«IZC2-1)*DZC2) 
1570 NEXT IZC2 
1580 DRC2=RADIUSI/CSNG(NR-1) 
1590 FOR IRC2=1 TO NR 
1600 RI (IRC2)=CSNG( CIRC2-1 )*DRC2) 
1610 NEXT l RC2 
1620 DTIME=TOTIMEI/CSNG(NTIf1E-1) 
1630 FOR LC2=1 Ta NTIME 
1640 TIME! (LC2)=CSNG( (LC2-1 )IDTIME) 
1650 NEXT LC2 
1660 ' 
1670 'PARAMETER CHECKING SECTION 
1680 IF (ALPHAI>OI) AND (ROOl>O!) AND (CPl>OI)GOTO 1730 
1690 PRINT " PROBLEM DETECTED WITH NON-VECTOR INPUT DATA IN CAN2: " 
1700 PRINT" ALPHAI, RHO!, CPI, HALFL!, RADIUS!, H!, NR, NZ, NTIME" 
1710 ,PRINT " PROGRAM HAS BEEN STOPPED " 
1720 STOP 
17 30 IF (HALFL 1 >0 1) AND (RADIUS DO!) AND (H!>O!) GOTO 1740 ELSE GOTO 1690 
1740 IF (NZ>O AND (NR>1) AND (NTIME>1) GOTO 1750 ELSE GOTO 1690 
1750 FOR IC2= 1 TO NZ 
1760 IF (Z!(IC2)<01) OR (ZI(IC2»HALFL!) GOTO 1780 ELSE GOTO 1820 
1770 NEXT \ 
1780 PRINT "PROBLEM WITH VECTOR DATA IN CAN2: " <l 

1790 PRINT " TIME!, ZI,OR RI" 
1800 PRINT " THE PROGRAM HAS BEEN STOPPED" 
1810 STOP 
1820 FOR IC2= 1 Ta NR 
1830 IF (Rl(IC2)<0!) OR (R!(IC2»RADIUS!) GOTO 1780 ELSE GOTO 1850 
1840 NEXT 



1850 FOR -IC2= 1 TO N'rIME '" 
1860 IF (TIME! CIC2)<01) GOTO 1780 ELSE GOTO 1880 
1870 NEXT 
1880 ' 
1930 ' 
1940 'INITIALIZING COUNTERS AND LOGIC ARRAYS 
1950 FOR IC2= 1 TO 100 
1960 BETAL1C2$(IC2)=0 
1970 BET AL2C2S ( IC2) =0 
1980 GAMML1C2~(IC2)=0 
1990 GAMML2C2$(IC2)=0 
2000 NEXT 
2010 ' 
2020 'CALCULA TING ANP CHECKING BIOT NUHBERS 
2030 BP=CDBL (H! ·HALFL Il ALPHA I/RHO 1 ICP 1 ) 
2040.IF(BP<.020) GOTO 2050 ELSE GOTO 2080 
2050 PRINT " MESSAGE FROM SUBPROGRAM CAN2 ." 
2060 PRINT " VERY SMALL PLATE BIOT NUMBER_ DETECTED:" 
2070 PRINT " BI~T Nl{MBER WA~: niBP 
2080 IF(BP>2000) GOTO 2090 ELSE GOTO 2120 

- 2090 PRINT " MESSAGE FROM SUBPROGRAM CAN2 :" 
2100 PRINT n VERY LARGE PLATE BIOT NUMBER, DETECTED:" 
2110 PRINT " BIOT NUHBER WAS: n;B~ 
2120 BC=CDBL(HI .RADI US! 1 ALPHAI /RHO! ICP!) 
2130 IF(BC<.02fJ) GOTO 2140 ELSE GOTO 2170 
~140 PRINT " MESSAGE FROM SUBPROGRAM CAN2 :" 
2150 PRINT " VERY SMALL CYLINDER BIOT NUtlBER DETECTED:" 
2160 PRINT " BIOT NUMBER liAS: ";BC 
2170 IF( BC>200g) GOTO 2180 ELSE GOTO 2220 
2180 PRINT " MESSAGE FROM SUBPROGRAM CAN2 :" 
2190 PRINT " VERY LARGE CY-LINDER BIOT NUMBER DETECTED:" 
2200 PRINT " BIOT NUMBER WAS: "jBe 
2210 ' 
2220 1 START OF TIME LOOP ~L 
2230 FOR ITIMEC2=1 Ta NTIME 
2240 IF(TIMEI (ITIMEC2»01) GOTO 2320 
2250 FOR IRC2=1 TO NR 
2260 URC2(IRC2) : .5U 
2270 NEXT IRC2 
2280 FOR IZ.C2= 1 TO NZ 
2290 UZC2(IZC2) : .5# 
2300 NEXT IZ C2 
2310 GOTO 3050 
2320 DUMM1C2 = CDBL(-ALPHAliiTIME!(ITIMEC2» 
2330 ' 
,2340 ' Z-LOOP 
2350 FOR IZC2 = 1 TO N4 
2360 NB=O 
2370 SUM1C2 = 011 
2380 IFLAGC2%=0 
2390 SUM1XC2=01l 
2400 FOR ISUM1XC2= TO 2 
2410 NB=NB+l 
2420 IF (NB<= 1 00) GOTO 2486 
2430 PRINT " NUMBER OF RociTS REQUIRED IN Z-LOOP GREATER THAN 100 " 
2440 PRINT " ITIMEc2 \-IAS :";ITIMEC2," NB WAS: "jNB 
2450 PRINT " THE PROGRAM WAS STOPPED" 

• 
409 



2460 PRINT:PRINT:PRINT:PRINT:PRINT:PRINT 
2470 STOP 
2480 IF (SETAL1C2%(NB)<>O) GOT a 2550 
2490 GOSUS 3120 1 subroutine BETART 
2500 DUMM2C2=SIN(BETA(NB» 

\ 

\ 
\ 

2510 BETAF1C2(NB)=DUMH2C2/(BETA(NB)+DUMM2C2*COS(BETA(NB») 
2520 BETAF2C2(Ni):BETA(NB)/GDBL(HALFLI) 
2530 BETAF3C2(NB)=BErAF2G2(NB)A2 i 
2540 BETAL1C2%eNB)=-1 
2550 TERMC2=DUMM1C2*BETAF3G2(NB) 
2560 IF (TERMC2>-880) Garo 2590 
2570 TERMC2=~88n 
2580 IFLAGC2S =-1 
2590 TERMNC2=BETAFl C2( NB) *COS (BETAF2C2( NB) .CDBL( ZI (IZC2) ) ) *EXP (TERHC2) 
2600 SUH1XC2=SUH1XC2+ABS(TERHNC2) 
2610 SUM1C2=SUM1C2+TERMNC2 
2620 NE~T ISUM1XC2 

410 

2630 IF, HBS( SUM1XG2/SUMl C2» .• D0011I) AND (SUM1XC2). 0000000001/1) AND (IFl.AGC2hO 
, ) GOTO 2390 

26'40 IF (ABS(SUM1C2) <.00000000010) THEN SUH1C2=OIl 
2650 UZC2(IZC2)=SUH1C2 
2660' NEXT IZC2 
2670 1 

2680 'R-LOO? 
2690 FOR IRC2=1 TO NR 
2700 NG:O 
2710 SUM2C2=0IJ 
2720 IFLAGC2%=0 
2730 SUM2XC2=OIl 
2740 FOR ISUM2YC2=1 TO 2 
2750 NG=NG+ 1 
2750 IF (NG<= 1 00) GOTO 2810 
2770 PR INT " MESSAGE FROM SUBROUTINE CAN2: Il 

2780 PRINT Il MORE THAN 100 VALUES REQUIRED IN R LOOP Il 

2790 PRINT Il ITIMEc2 1S: ";ITIMEC2," NG IS : ";NG 
2800 PRINT Il PROGRAM WAS STOPPED" 
2810 GOSUS 3590 'subroutine GAMMRT 
2820 XO = GAHMeNG)'PRINT "GAHH(NG)",GAMM(NG) 
2830 GOSUB 4180 'Sl.lbroutine XJO 
2840, IF (GAMML1C2%(NG)=-1) GOTO 2880 
2850 GAMHF1C2(NG)=(BC"2 + GAHM(NG)"2)*XJO 
2860 GAMMF3C2(NG)=(GAMM(NG)/CDBL(RADIUSI»"2 
2870 GAMHL1C2%(NG)=-1 
2880 XO = GAHH(NG)*CDBL(Rl CIRC2)/RADIUSI) 'PRINT"GAMM(NG) ,IRC2,R!, RADIUS! ", GAMMe 
NG), IRe2, RI (IRC2) , RADIUS! 
2890 GOSUS 4180 
2900 GAMMF2C2( NG) =XJO/GAMHF1C2( NG) 
2910 GAMHL2C2%(NG)=-1 
2920 TERMC2=DUMH1C2*GAMMF3C2(NG) 
2930 IF (TERMC2>-88D) GOTO 2960 
2940 TERMC2=-88n 
2950 IFLAGC2% =-1 
2960 TERMMC2=GAHHF2C2(NG)*EXP(TERMG2) 
2970 SUM2XC2=SUM2XC2+ABS(TERMMC2) 
2980 SUM2C2=SUM2C2+TERMMC2 
2990 NEXT ISUM2YC2 
3000 IF (ABS(SUN2XC2/SUM2C2».000111) AND (SUM2XG2>.OOOOOOOOOll1) AND (IFLAGC2~=cî 



) GOTO 2730 
3010 IF (ABS(SUM2C2)<.OOOOOOOOOlU) THEN SUM2C2=OQ 
3020 URC2(IRC2)=BC'SUM2C2 
3030 NEXT IRC2 
3035 ' 
3037 ' 
3040 'Calculating Temperature result 
3050 FOR IZC2:1 Ta NZ 

. 3060 FOR IRC2= 1 Ta NR 

411 

3070 RESULTC2ICIZC2,IRC2,ITIMEC2)=TBATHI- (TBATHI-TINITI)*41*CSNG(UZC2(IZC2)*UR 
C2 (IRC2)) 
3072 NEXT IRC2 
3074 NEXT IZC2 
3076 NEXT ITIMEC2 
3078 ' 
3080 ' 
3082 ' Wr1ting results into COMM2 
3084 OPEN "c:cdmm2" FOR OUTPUT AS 2 
3086 FOR LC2= 1 Ta NTIME 
3088 FOR IC2 ~ 1 TO NZ 
3090 FOR JC2 = 1 TO NR 
3092 PRINT'2,ZI(IC2),R!(JC2),TIMEI(LC2) ,RESULtC21 (IC2,JC2,L C2) 
3094 NEXT JC2,iC2,LC2 
3096 CLOSE 2 
3097 ' 
3098 IF NSUBMAIN= 1 THEN CHAIN"MAINA" 
3100 IF NSUBMAIN=2 THEN CHAIN"MAINB" 
3102 IF NSUBMAIN=3 THEN CHAI Nil MAING" 
3104 IF NSUBMAIN=4 THEN CHAIN"MAIND" 
3106 IF NSUBMAIN=5 THEN CHA1N "MAINE" 
3110 RETURN 
'3120 ' 
'3130 ' 
3140 ' 
3150 ' 
3160 ' 
3170 'BETART subroutine 
3180 PI=3.141592654n 
3190 IF ICOUNTB=1 GOTO 3360 
3200 RESTORE 3240 
3210 FOR lB = 1 TO 40 
3220 READ XBOB) 
3230 NEXT 
3240 DATA\ 0.0,0.001,0.002,0 .004,0.006,0.008,0.01,0.02,0.04,0.06 
3250 DATA 0.08,0.1,0.2,0.3,0.4,0.5,0.6,0.1,0.8,0.9 
3260 DATA 1.0, 1 .5 .2. ° ,3 • a ,4 • ° ,5 • a ;6. a ,7 .0,8.0 , 9 .0 
3270 DATA 10.0,15.0,20.0,30.0,40.0,50.0.60.0,80.0,100.0,1.0D20 
3280 RESTORE 3320 
3290 FOR lB = 1 Ta 110 
3300 READ ROOTSB(IB) 

[' 

3310 NEXT 
3320 DATA 0.0,0.0316,0.0447,0.0632,0.0774,0.0893,0.0998,0.1410,0.1987,0.2425. 
3330 DATA 0.2791,0.3111,O.4328,O.5218,0.5932.0.6533,O~7051,0.7506,0.7910,0.8274 

3340 DATA 0.8603,0.9882,1.0769,1.1925,1.2646,1.3138,1.3496,1.3766,1.3918,1.4149 

3350 DATA 1.428.9,1.4729, 1.4961,1.52Q2,1.5325,1.5400,1.5451,l.5514,l.5552, 1.5708 



,\ 

\ 

3900 ROOT1G=GAMM(NG-l )+T1 
3910 IF 8C< .37511 THEN DROOTG=-DROOTG 
3920-XO=ROOT1G' xO i5 the input value for xjO subroutine 
3930 GOSUB 4180 -
3940 Xl=ROOT1G'x1 18 the input value for xjl subroutine 
3950 GOSUB 4730 
3960 F1G=FNFUNCG(ROOT1G) 
3970 ROOT2G:ROOT1G+DROOTG 
3980 XO=ROOT2G 
3990 GOSUB 4180 
4000 Xl =ROOT2G 
4010 GOSUB 4730 
4020 F2G=FNFUNCG( ROOT2G) 
4030 SOWTNG=ROOT1G-F1G.( ROOT2G-ROOT1G)/ (F2G-F1G) 
4040 XO='SOLUTNG 
4050 GOSUB 4180 
4060 Xl =SOL UTNG 
4070 GOSUB 4730 
4080 FSOLG=FNFUNCG(SOLUTNG) 
4090 IF ABS(FSOLG)<.OOOOOli GOTO 4150 
4100 ROOT1G=ROOT2G ' 
411 0 FIG =F2G 
4120 ROOT2G=SOLUTNG 
4130 F2G=FSOLG 
4140 GarO 4030 
4150 GAMM(NG)=SOLUTNG 
4160 ICOUNTG= 1 
4170 RETURN 
4180 ' 
419,0 ' 
4200 ' 
4210 'suproutine XJO 
4220 IF ICOUNTXO: 1 GOTO 4380 
4230 RESTORE 4270 
4240 FOR IXO = 1 TO 6 r) 
4250 READ A 1XO(IXO) 
4260 NÉXT 
4270 DATA -2.2499997,1.2656208,- .3163866 •• 0444479,-.0039444 ... 0002100 
4280 FOR lXO = 1 TO 7 

'4290 REAO\1A2XO(lXO) 
4300 NEXT 

412 

4310 DATA .79788456,-.00000077,-.00552740.-.00009512,.00137237.-.00072805 
4320 DATA .00014476 
4330 FOR IXO :: 1 TO 7 
4340 READ A3XO (lXO) ... 
4350 NEXT 
11360 DATA -.78539816,-.04 t 66397,-.00003954, .00262573,~ .00054125, - .00029 333 
4370 DATA .00013558 
4380 ' Test ing for negat! ve or zero xO 
4390 XJO = 111 
4400 ON SGN(XQ)+2 GOTO 4410,4450,4490. 
11410 CLS 
4420 PRINT "Message from subroutine xjO: ft 

4430" PRINT If argument was -ve" 
4440 STOP 
4450 ICOUNTXO=1 
4460 RETURN 



3360 DEF FNFB(ROOTB)=ROOTB*TAN(ROOTB)-BP 
3370 DROOTB=-.005 
3380 IF NB<> 1 GOTO' 34110 
3390 FOR IB=1 TO 39 
3400 IF BP<XB(IB) Goro 3450 
3410 ROOT1B=ROOTSB(IB+l) 
3420 NEXT 
3430 GOTO 3450 
3440 ROOT1B=BETA{NB-l )+n 
3450 F 1B=FNFB( RaoT 1 B) 
3460 ROOT2B= ROOT1 B+DROOTB 
3470' F2B=FNFB( ROOT2B) 
3480 SOLUTNB=ROOT ,a-:.F lBI( ROOT2B-ROOT1B)/ (F2B-F1B) 
3490 FSOLB=FNFB(SOLuTNB) 
3500 IF ABS( FSOLB) < .00000 11 GOTO 3560 
3510 ROOT1B=ROOT2B . 
3520 F lB=F2B 
3530 ROOT2B=SOLUTNB 
3540 F2B=FSOLB 
3550 Garo 3480 
3560 BETA(NB):SOLUTNB 
3570 ICOUNTB= 1 
3580 RETURN 
3590 1 

3600 ' 
3610 1 

3620 1 

3630 1 

3640 'GAMHRT subroutine 
3650 PI=3.141592654# 
3660 IF lCOUNTG= 1 GOTO 3830 
3670 RESTORE 3710 
3'680 FOR IG = 1 TO 36 
3690 READ XG (IG) , 
3700 NEXT 
3710 DATA 0.0,0.01,0.02,0.04,0.06,0.08,0.1,0.15,0.2,0.3 
3720 DATA 0.4,0.5,0.6,0.7,0.8,0.9,1.0,1.5,2.0',3.0 
3730 DA TA \4.0 ,5.0 ,6 .0 , 7 .0, 8 .0 , 9.0 , 1 0 • 0 , 15 • 0 ,20: 0 , 30 .0 
3740 DATA 40.0,50.0,60.0,80.0,100.0,1.0D+2O 
3750 FOR JG = 1 TO 36 
3760, HEAD ROOTSG( JG) 
3770 MEXT 

413 

3780 DATA 0.0,0.1412,0.1995,0.2814,0.3438,0.3960,0.4417,0.5376,0.6170,0.7465 
3790 DATA 0.8516,0.94 08,1. ° 184,1.0873,1.1490,1.2048,1.2558,1. 4569.1.5994,1.7887 

3800 DATA 1.9081,1.9898,2.0490,2.0931,2.1286,2.1566,2.1795 ,2 .2509.2.2880,2.3261 
" 

3810 DATA 2.3455,2.3572,2.3651,2.3150,2.3809,2.4048 
• 3820 DEF FNFUNCG(ROOTG)=ROOTG*XJ1-BC*XJO 'actûally xj1(root) and xjO(root) 

3830 DROOTG =- • 005 
3840 IF NG<>l GOT a 3900 
3850 FOR IG = 1 TO 35 
3860 IF BC<XG( lG) .-GOTO 3920 
3870 Roor lG=ROOTSG (IG+ 1) 
3880 NEXT 
3890 Goro 3920 



4490 ' Choosing method of éalculation 
4500 IF XO > 31 GOTO 4600 ''t 

4510 1 Method of calculating xjO for xO < or = 3. 
4520 XXO = XO·XO/9# 
4530 YXO = 1# 
4540 FOR IXO = 1 rD 6 
4550 YXO = YXO • XXO 
4560 XJO = XJO • Al XO (IXO) ·YXO 
4570 NEXT 
4580 ICOUNTXO= 1 
4590 RETURN 
4600 ' Method of calculating xjO for xO > 3. 
4610 XXO = 31/XO 
4620 YXO = 1# 
4630 Faxa = A2XO(l) 
4640 THETAOXO = XO • A3XO( 1) 
4650 FOR JXO = 2 TO 7 
4660 YXO = YXo*xxo 
4670 FaXa = FOXO + A2XO(JXO) ·YXO 
4680 THETAOXO = THETAOXO + A3XO(JXO) ·YXO 
4690 NEXT 
4700 XJO = FOXO. COS(THETAOXO)/SQR(XO) 
4710 ICOUNTXO=l 
4720 RETURN 
4730 " 
4740 ' 
4750 1 

414 

4760 'subroutine XJl 
4770 IF ICOUNTX1=1 GOTO 4930 
4780 RESTORE 4820 . 
4790 FOR IXI = 1 TO 6 
4800 READ B IX 1( IX1) 
4810 NEXT 
4820 DATA -i56249985, .21093573.-.03954289, .00443319 ,-.00031761, .00001109 
4830 FOR IX1 = 1 TO 7 
4840 RE AD B2Xl(IX1). 
4850 NEXT 
4860 DATA .79788456,.00000156,.01659667,.00017105,-.00249511,.00113653 
4870 DATA -.00020033 
4880 FOR IX1 = 1 TO 7 
4890 READ B3Xl (IXI) 
4900 NEXT 
4910 DATA -2.35619449 •• 12499612, .00005650, -.00637879, .00074384,.00079824 
4920 DATA -.000291"66 
4930 ' Testing for negative or zero xl 
4935 XJ 1 =11 
4940 ON SGN(X1).2 GOTO 4950,4990,5030 
4950 CLS 
4960 PRINT "Message from subroutine xj 1 : " 
4970 PRIN! "argument was -ven 
4980 STOP 
4990 ICOUNTXl = 1 
5000 \ RETURN 
5020 ' 
5030 ' Choosing method of calculation 
5040 IF Xl> 3! GOTO 5160 
5050 1 Method of calculating xj 1 for xl < or = 3.0 



. , 

5060 XJ 1 :: .5' 
5010 WXl : X1*Xl/91J 
5080 ZX 1 : li 
5090 FOR KXl = 1 TO 6 
5100 ZX1 = ZX1.WXl 
5110 XJl : XJl + B1X1(KX1)*ZX1 
5120 NEXT 
5130 XJ 1 = XJ '.X, 
5140 ICOUNTXl = T 
5150 RETURN 
5160 'Method of calculating xjl for xl > 3. 
5 110 WX 1 : 3#/X 1 
5180 ZX1 = 11 
5190 F1X1 = B2X1(1) 
5200 THETA1Xl = Xl + B3Xl(1) 
5210 FOR LX1: 2 TO 7 
5220 ZX1 = ZX1.WXl 
5230 F1Xl : F1Xl + 82Xl (LXl ).ZXl 
5240 THETA1Xl = THETA1Xl + B3Xl(LX1)*ZXl 
5250 NEXT 
5260 XJ1 = F1Xl· COS(THETA1X1) / SQR(Xl) 
5270 ICOUNTX1: 1 
5280 RETURN 

\ 
\ 
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APPENDIX 3.11 

,Program Listing of SUB4 (POUCH1) 

/ 

o 



1000 ' 
1010 ' 
1020 1 

1030 ' 
1040 ' 

417 

1050 1 •••••••••••••••••••••••••••••••••••••••••••••••••••• * •••• ,** ••• **** •• * 
1060 'SUBROUTINE POUCH1 CALCULATES THE TEMPERATURE-~IME CURVES AT A 3-D GRID 
1070 r OF X,Y,Z LOCATIONS FOR A NUMBER OF TIME VALUES IN A PAHALLELLOPIPED-
1080 ' SHAPED BLOCK OF CONDUCTION-HEATING FOOD. THE FOOD IS ASSUMED TO 
1090 1 INITIALLY BE AT A UNIFORM TEMPERATURE,THROUGHOUT AND IS SUBJECTED TO 
1100 ' A SUDDEN AND SUSTAINED TEMPERATURE CHANGE AT Ils SURFACE. J 

1110 1 IN POUéHN THE HEU TRANSFER COEFFICIENT AT"THE-BLOCK'S SURFACE 1S 
1120 ' ASSUMED ro BE INFINITE FOR THE CALCULATIONS. 
1130 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ** ••••••••••• 
1140 ' SUBROUTINE PARAMETERS: 
1150 ' tbathl :"TEtiPERATURE APPLIED AT SURFACE - DEG C - INPUT 
1160 ' tinitl :"INITIAL TEMPERATURE OF BLOCK - DEG C - INPUT 
1170 1 alpha! ="THERMAL DIFFUSIVITY OF MATER1AL - DEG C -INPUT 
1180 ' halfx! ="HALF THE BLOCK DIMENSION IN THE X-DIRECTION - H - INPUT 
1190 1 h~lfy! ="HELF THE BtOCK DIMENSION IN THE Y-DIRECTION - M - INPUT 
1200 1 halfz! :"HALF THE BLOCK DIMENSION IN THE Z-D1RECTION - M - INPUT 
1210 1 NX ,="NUMBER OF X-COORDINATE VALUES IN LOCATION MATRIX • - INPUT 
1220 ' NY ="NUMBER OF Y-COORDINATE VALUES IN LOCATION MA TRIX '1 - INPUT 
1230 ' NZ :"NUMBER OF Z-COORDINATE VALUES IN LOCATION MATRIX - INPUT 
1240 ' x! ="VECTOR OF X-COORDINATE VALUES FOR CALCULATIONS - H - I~PUT 
1250 ' y! ="VECTOR OF Y-COORDINATE VALUES FOR CALCULATIOUS - M - ~INPUT 
1260 ' z! ="VECTOR OF Z-COORDINATE VALUES FOR CALCULATIONS - M -INPUT 
1270 ' NTIME ="NUMBER OF TIME VALUES FOR resultp1! CALCULATION - INPUT 
1280 ' TOTIMEI = "TOTAL' PROCESSING TIME - S - INPUT 
1290 ' time! ="VECTOR bF TIME VALUES FOR resultp1! CALCULATIONS - INPUT 
1300 ' ~esultp1! ="FOUR-DIMENSIONAL resultp1! ARRAY - OUTPUT 
1310 ' •••••••••••••••••••••••••••••••••••••••••••••• *., •••••••• ** .... * •••••• 
1320 1 INTERNAL ARRAYS: 
1330 ' xl, y!, zl, time! ) 
1340 ' xl1pa, yl1pa, zllpa ) 
1350 1 xf1p1, xf2p1, xf3pl ) AS OUTLINED IN PROGRAM 
1360 1 yflp1, yf2plpl, yf3pl ) DESCRIPTION 
1370 ' zf1pl, zf2pl, zf3pl ) 
1380 1 uxpl,uyp1,uzp1 ) 
1390 ' •••••••••••••••••••••••• * ••••••••••••••••••• * •••••• ,.* •• f****f**** •• ** 
1400 1 INTERNAL REAL VARIABLES: 
1410 ' DUMMlpl,DUMM2pl,DUMM3pl,DUMM4p1 ) AS OUTLINED IN -PROGR~M 
1420 1 SUMlpl,SUM1Xp1,SUM2pl,SUM2Xpl,SUM3p1,SUM3Xpl ) DESCRIPTION [ 
1430 ' TERMp1,TERMLpl,TERMMpl,TERMNpl ,) "-, 
1440 ' DX,DY,DZ,DTIME ), 
1450 1 ••••••••••••••••• * ••••• * •• * ••• ** ••• **** ••••• *** •• * •• ***,*****.******** 
1460 1 INTERNAt INTEGER VARIABLES: 
1470 ' Ipl,IXpl,IYpl,IZpl,ITIMEpl ) 
1480 1 ISUM1Xp',ISUM2Ypl,ISUM3Zp1 ) AS OUTLINED IN PROGRAM,DESCRIPTION 
1490 1 Npl,Mp1,Lpl =·COUNTERS FOR X,Y AND Z ROOTS 
1500 1 •••••••••••••••••••• ***.* ••• **** ••• * •••••••• *** •••••• *.*.*** •••• **.*** 
1510 ' INTERNAL LOGICAL VARIABLES: 
1520 ' IFLAGpl% = EXPONENT UNDERFLOW TRUTH FLAG 
1530 1 .*** ••• ** ••••••• *._*** •••• * •••• *._.* •••••••• *** •• * •• *.*****.**.,***." 
1540 1 

1550 1 • 

1560 'Initialization and Dimensioning 

\ 

\, 

\ 
\ 
\ 
\ 

\ 
\ 



1570 DEFDBL A-H,O-Z 
1580 DEFIN! I-N 
1590 OPTION BASE 1 
1600 DIM XF1Pl (100) ,XF2Pl (100) ,XF3P1 (100) 
1610 DIM YFl Pl (100) , YF2P1 (100), YF3PH 100) 
1620 D!M ZF1Pl(100),ZF2P1(100),ZF3P1(100) 
1630 DIM XL1P1%(100) ,YL1P1%(100),ZL1Pl%( 100) 
1640 DIM UXp1( 100), Uypl( 1 00) ,UZPH 100) 

• 1650 DIM Xl(5),Y!(5),Z!(5),TIME!(21) 
1660 DIM RESULTPll(5,5,5,21) 
1670 ' 
1680 , 
1690 'Getting arguments that were stored in COMMl by calling program 
1700 OPEN "c:c'omm1" FOR +NPUTAS 1 

418 

1710 INPUTl1, TBATH! ,TINIT! , ALPHA l ,HALFXI ,HALFYI, HALFZI ~ NX, NY, NZ, NTIME, TOTIME! , N 
SUBMAIN 
1120 CLOSE 
1130 ' 
1740 ' 
1750 'Calculating XI, YI, ZI and rIME! arrays 
1760 IF (l<NX) AND (l<NY) AND (l<NZ) AND (l<NTIME) GOTO 1770 ELSE 1780 
1170 IF (NX<=5) AND (NY<=5) AND (NZ<=5) AND (NTIME<=21) GOTO 1830 
1780 PRINt" PROBLEM WITH NX,NY,NZ OR NTIME" 
1790 PRIN!" SUB2 WAS STOPPED" 
1800 PRINT"nx="; NX, "ny=" ; NY , "nz=" ; NZ ,!lntime="; NTIME 
1810 STOP 
1820 ' 
1830 DX=HALFXI/CSNGCNX-1) 
1840 FOR IX?1:: 1 Ta NX 
1850 X!(IXP1)::CSNG(IXP1-1) *DX 
1860 NEXT IXP1 
1870 ' 
1880 DY=HALFYI/CSNGCNY-1) 
1890 FOR IYP1:: 1 TO NY 
1900 Y!(IYP1)=CSNG(IYP1-1 )*DY 
1910 NEX! IYPl 
1920 ' 
1930 DZ:HALfZ! / CSNG ( NZ-1 ) 
1940 FOR Il?l=l TO NZ 
1950 ZI (IZP 1) =CSNG(IZP1-1) *DZ 
1960 NEX! IZPl 
1970 ' 
1980 DTIME::TOTlMEI/CSNG(NTIME-1) 
1990 FOR LP1=1 TO NTIME 
2000 TIME! (LP1) = CSNG « LP 1 '1') *DTIME) 
2010 NEX! LP1 
2020 ' 
2030 ' 
2040 ' Parameter Chee ing Section 
2050 ' 
2060 IF ALPHA! >O! T EN GOTO 2120 
2070 PRINT Il PROBLEtA WITH NON-VECTOR INPUT DATA: 11 

2080 PRINT "ALPHAI,/HALFXI, HALFY! or HALFZI" 
2090 PRINT "THE PRpGRAH WAS STOPPED" 
2100 STOP ! 
2110 1 

2120 IF (HALFX!>O!) AND (HALFYI>OI) AND (HALFZ!>O!) THEN 2160'ELSE 2070 



2130 ' 
2140 1 

2150 ' 
2160 PI = 3.141592654# 
2170 1 

2180 ' 
2190 ' INITIALIZING LOGIC FLAGS 
2200 FOR IP1=1 TO 100 
2210 XL 1 P 1 % (I P 1) = 0 
2220 YL lP1%(IP1 )=0 
2230 ZL1P1%(IP1)=0 
2240 NEXT 
2250 1 

2260 1 START OF TIME LOOP 
2270 FOR ITIMEP 1: 1 TO NTIME 
2280 IF TIMEI(ITIMEP1 »O! THEN GOTO 2390 
2290 FOR IX?l: 1 TO NX 
2300 UXP1(IXP1)=RI/4! 
2310 NEXT 
2320 FOR IYP1:1 TO NY 
2330 UYP1(IYP1) =RII4! 
2340 NEXT 
2350 FOR IZP1=1. TO NZ 
2360 UZP1(IZP1)=RII4! 
2370 NEXT 
2380 GOTO 3440 
2390 DUMM2P 1 =CDBL(-ALPHAI *TIME! (ITIMEP1)) 
2400 DUMM4Pl=CDBL(HALFX!) 
2410 1 X-LOOP 
2420 FOR Id'l = 1 TO MX 
2430 DUMM3Pl=CDBL(XI (IXP1) 
2440 NP1=O 
2450 SUM1Pl=0IJ 
2460 IFLAGP1%=0 
2470 SUM1XP1=Oti 
2480 FOR ISUM1XPl =1 TO 2 
2490 NP 1 =NP 1+ 1 
2500 IF NP1 <= 1 00 THEN GOTO 2550 
2510 PRINT "NUMBER OF ROOTS REQUIRED IN X LOOP GREATER THAN 100" 
2520 PRINT "ITIMEPl WAS";ITIMEP1,IIIXP1 WAS tl iIXPl 
2530 PR'INT IITHE PROGRAM WAS STOPPED" 
2540 stop 
2550 DUMM1Pl=CDBL(2*NP1 -1) 
2560 IF XL lPU(NP 1)<>OTHEN GOTO 2590 
2570 XF3Pl (NP1)= (DU!-iMl Pl*PII2! IDUMM4Pl )"2 
2580 XL 1 P 1 % ( N P 1) : -1 " 
2590 TERMPl =DUMM2Pl*XF3P1( NP1) 
2600 IF TERMP1>-881J THEN GOTO 2630 
2610 TERMP1=-88U 
2620 IFLAGP1%=-1 

,2630 XF 1P 1 (NP 1) = COS(DUMMl Pl *p 1 *DUMM3P 1/2! /DUMM4P 1) 
2640 XF2P1 OlPl ) =XF1 pl( NPl )/DUMM1 Pl / ( (-1 ! ) "( NP1 + 1) 
2650 TERMNP1=XF2P HNP.1) *EXP(TERMP1) 
2660 SUM 1 XPl =SUH 1XPl +ABS (TERMNPl ) 
2670 SUM1Pl=SUM1P1+TERMNPl 
2680 NEXT ISUMl XP 1 

419 

• 

2690 IF (ABS(SUM1XP1/SUM1P1» .0001#) AND (SUMl XP 1>.000000000 1/1) AND OFLAGP 1%=0 



l ' 

\ 

\ ) 

) THEN GOTO 2470 
2700 IF(ABS(SUM1Pl)<.000000000lU) THEN SUM1Pl=0# 

- 2710 UXPHIXP1) =SUMl Pl 
2720 NEXT IXP 1 
2730 ' 
2740 ' Y-LOOP 
2750 DUMM4P1=CDBLCHALFY!) 
2760 FOR IYP1=1 TO NY 
2770 DUMM3P1 =CDBL(Y! (IYp1» 
2780 MPl =0 

o 2790 SUM2Pl =011 
2800 IFLAGPl ~ =0 
2810 SUM2XP1 =0# 
2820 FOR ISUM2YP1 =1 TO 2 ?I 

2830 MPl =MP1+1 
2840 IF MP 1 <= 1 00 THE No GOTO 2890 
2850 PRINT " MORE THAN 100 VALUES REQUIRED IN y LOOP" 
2860 PRINl"lTIMEP1 WAS";ITIMEP1,"IYPl WAS";IYPl 
2870 PRINT "THE PROGRAM WAS STOPPED" " 
2880 STOP 
2890 DUHM1Pl=CDBL(2*MPl -1) 
2900 IF YblPl%(MP1)<>OTHEN GOTO 2930 
2910 YF3P1(MP1)=(DUMM1P1*PI/21/DUMM4Pl)~2 
2920 YL1P1%(MP1)=-1 
2930 TERMP1=DUMM2Pl*YF3Pl(MP1) 
2940 IF_, TERMP 1>-8811 THEN GOT a 2910 
2950 TERMPl =-88# 
2960 IFLAGP1%=-1 
2970 YF1P1(MP1)=COS(DUMM1Pl*PI*DUMM3Pl/21/DUMM4Pl) 
2980 YF2Pl(MP1)=YF1Pl(~Pl)/DUMM1Pl/«-1!)A(MP1+1» 
2990 TERMMP1=YF2P1(MP1)*EXP(TERMP1) 
3000 S~M2XP1=SUM2XP1+ABS(TERMMP1) 

'3010 SUM2P1=SUM2P1+TERMMP1 
3020, ,NEXT ISUM2YP1 

420 

3030\~F (ABS(SUM2XP1/SUM2P1».6001#) AND (SUM2XP1>.OOOOOOOOOl') AND (IFLAGP1%=0 
) THEN GOTO 2810 
3040 IF(ABS(SUM2P1)<.000000000lU)_THEN SUM2P1=0# 
3050 UYP1(IYP1)=SUM2P1 
3060 NEXT IYP 1 
3070 1 

3080 ' Z-LOQP 
30,90 DUMM4P1 =CDBL(HALFZI) 
3100 FOR IZP1=1 TO NZ 
3110 DUMM3P1=CDBL(ZI (IZP1» 
3120 LP1=0 
3130 'SUM3P1 =0# 
3140 IFLAGP1%=O 
3150 SUM3XP1 =011 
~160 FOR ISUM3ZP1=1 Ta 2 
3170 LP1 =LP1+ 1 
3180 IF LP1<=100 THEN GOTO 3230 
3190 PRINT "MORE TH AN 100 v'ALUES REQUIRED IN Z LOOP" 
3200 PRINT "lTIMEPl WAS";ITIMEP1,"IZPl WAS";lZPl 
3210 PRINT "THE PROGRAM WAS STOPPED" 
3220 STOP 
3230 DUMM1P1=CDBL(2*LP1 -1) 
324~ IF ZL1P1%(LP1)<>OTHEN GOTO 3270 



r, 

-'~ .. 

) 

3250 ZF3P1(LP1)=(DUMM1P1*PI/2!/DUMM4P1 )A2 
3260 ZL1Pl%(LP1)=-1 
3210 TERMP1=DUMM2Pl*ZF3P1(LP1) ,0 

3280 IF TERM>-88U THEN GOTO 3310 
3290 TERMP1=-88# 
3300 IFLAGP1S=-1 
3310 ZF1Pl(LP1)=COS(DUMM1Pl*PI*DUMM3Pl/21/0UMM4Pl) 
3320 ZF2Pl(LP1)=ZF1Pl(LP1)/DUMM1Pl/«-11)~(LP1+l» 
3330 TERMLP1=ZF2P1(LP1) *EXP(TERMP1) 
3340 SUM3XP1 =SUM3XP1+ABS(TERMLP1) 
3350 SUM3P1=SUM3Pl+TERMLP1 
3360 NEXT ISUM3ZPl 
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3310 IF (ABS(SUM3XP1/SUM3Pl».0001U) AND (SUM3XP1).OOOOOOOOOl') AND (IFLAGP1%=0 
) THEM GOTO 3150 
3380 IF(ABS(SUM3P1)<.000000000lU) THEN SUM3Pl=OQ 
3390 UZP1(IZP1)=SUMJP1 
3400 NEXT IZP 1 
3410 ' 
3420 ' 
3430 'Caleulating the temperature result 
3440 FOR IXP1=1 TO NX 
3450 FOR HP1 = 1 TO MY 
3460 FOR IZP1=1 TO NZ 
3410 RESULTP11(IXP1,IYP1,IZP1,ITIMEP1)=TBATHI- (TBATHI-TINlTI)*64!/CSNG(PI

A

3)*C 
SNG(UXP1(IXP1)*~YP1(IYP1)*UZP1(IZP1» 
3480 NEXT IZP1,IYP1,IXPl 
3490 ' 
3500 ' 
3510 NEXT ITIMEP1 
3520 ' 
3530 ' 
3540 'Printing Time, Position and Temp data into COMM2 file 
3550 OPEN "e :comm2" FOR OUTPUT AS 2 
3560 FOR LP1=1 Ta NTIME 
3570 FOR IPl = 1 Ta NX 
3580 FOR J.Pl=l TO NY 
3590 FOR KP1=1 TO NZ 
3600 PRINTU2 ,X! (IP 1), y! (JP 1) ,ZI (KP1) , TIMEI (LP 1) , RESULTP 11 (Ip 1, JP 1, KP 1,LP1) 
3610 NEXT KP1,JP1,IP1,LP1 
3620 CLOSE 2 
3630 ' 
3640 ' 
3650 ' Chaining back to the submain program that called POUCHl 
3660 IF NSUBMAIN=l THEN CHAIN "HAINA" 
3670 IF NSUBMAIN=2 THEN CHAIN lIMAINB" 
3680 IF NSUBMAIN=3 THEN CHAIN "MAINC" 
3690 IF NSUBMAIN=4 THEN CHAIN "MAIND" 
3700 IF NSUBMAIN=5 THEN CHAIN "maine" 
3710 PRINT "Unreasonable nsubmain value" 
3720 PRINT "Can't chain back fo a submain" 
3730 PRINT "Program SUB2 was terminated" 
3740 STOP '( 
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APPENDIX 3.12 

program Listing of SUB5 (POUCH2) 

1 

.. 



1000 ' 
1005 ' 
1010 ' 
1015 ' 
1020 ' 

.. 
423 

1025 ' ••••••••••••••••••••••••• *** •• ***** ••• *-***.****.**.*.1**'*1'*"****** 
1030 ' . POUCH2 

. 1035 ' SUBROUTINE POUCH2 CALCULATES THE -TEMPERATURE-TIME CURVES AT A 3-D GRID 
1040 ' OF X,Y,Z LOCATIONS FOR A NUMBER OF TIME VALUES IN A PARALLELLOPIPED-
1045 ' SHAPED BLOCK OF CONDUCTION-HEATING FOOD. THE FOOD IS ASSUMED TO 
1050 ' INITIALLY BE AT A UNIFORM TEMPERATURE THROUGHOUT AND IS SUBJECTED TO 
1055 t A SUDDEN AND SUSTAINED TEMPERATURE CHANGE AT ITS SURFACE. 
;060 ' IN POUCH2 THE HEAT TRANSFER COEFFICIENT AT THE BLOCK'S SURFACE CAN BE' 
1065 ' 3PECIFIED AND 13 TAKEN INTO ACCOUNT IN THE CALCULATIONS. 
1070 ' •••••••••••••••••••••••••••• , ••••••••••••••••••••••••••••••••••• * ••••• 
1075 ' SUBROUTINE PARAMETERS: 
1080 ' tbathl ="TEMPERATURE APPLIED AT SURFACE ~ DEG C - INPUT 
1085 ' tinitl ="INITIAL TEMPERATURE OF BLOCK - DEG C - INPUT 
1090 t alpha! ="THERMAL DIFFUSIVITY OF MATEdIAL - DEG C -INPUT 
1095 ' rhol ="DENSITY OF MATERIAL - KG/Mu 3 - INPUT 
1100 1 cp! ="3PECIFIC HEAT OF MATERIAL - J/KG-DEG C - INPUT. 
1105 ' halfx! ="HALF THE BLOCK DIMtNSION IN THE X-DIRECTION - M - INPUT 
1110 ' halfy! ="HELF THE BLOCK DIMENSION IN THE Y-DIRECTION - M - INPUT 
1115 ' halfz! ="HALF THE BLOCK DIMENSION IN THE Z-DIRECTION - M -INPUT 
1120 t h! ="HEAT TRANSFER COEFFICIENT AT SURFACE - J/SEC-M~*2-DEG C - INPUT 
1125 t NX ;"NUHBER OF X-COORDINATE VALUES IN LOCATION MATRIX - INPUT 
1130 t NY ="NUMBER OF Y-COORDINATE VALUES IN LOCATION MATRIX - INPUT 
1135 t NZ ;"NUMBER OF Z-COORDINATE VALUES IN LOCATION MATRIX - INPUT 
1140 t XI ="VECTOR OF X-COORDINATE VALUES FOR CALCULATIONS - M -INPUT 
1145 t YI ="VECTOR OF Y-COORDINATE VALUES FOR CALCULATIONS - M -INPUT 
1150 ' Z! ="VECTOR OF Z-COORDINATE VALUES FOR CALCULATIONS - M -INPUT 
1155 1 NTIME ="NUMBER OF trIME VALUES FOR r~sultp2! CALCULATION - INPUT 
1160 1 TOTIME! ="TOTAL PROCESSING TIME - SEC:" INPUT 
1165 1 TIME! =/lVEGTOR OF TIME VALUES FOR resultp2! CALCULATIONS - INPUT 
1170 1 RESULTP2! ="FOUR-DIMENSIONAL RESULT ARRAY - QUTPUT 
1175 t ••••••••••••••••••••••••••••••••••••• 1 •••••••••••••••••••••• * ••••••••• 
1180 ' INTERNAL ARRAYS: 
1185 t BETXF '-p2. BETXF2p2, BETXF3p2, BETXL 1 p2% 
1190 1 BETYFlp2,BETYF2p2,BETYF3p2,BETYL1p2% AS OUTLINED IN PROGRAM 
1195 t BETZFlp2,BETZF2p2,BETZF3p2,BETZL1p2% DESCRIPTION 
1200 1 UXp2,UYp2,UZp2, 
1205 1 •• * ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1210 ' INTERNAL REAL VARIABLES: 
1215 t DUMM1p2,DUMM2p2,DUMM3p2,DUHMXp2 

"" 1220 1 SUM1p2,SUM1Xp2,SUM2p2,SUM2Xp2,SUM3p2,SUM3Xp2 
1225 t TERMp2,TERMLp2,TERMMp2,TERMNp2 
1230 ' BP=PL:ATE BIOT NUM8ER , ) 
1235 t DX,DY,DZ,DTIME .) 

AS OUTLINED IN PROGRAM 
DESC RIPTION 

12401' , •••••••• , ••••••••• * •••• * •••••••••••••••••••• * ••• *1 ••• *** ••••••• ** •••• 
1245 ' INTERNAL INTEGER VARIABLES: 
1250 1 Ip2, IXp2, IYp2, IZp2, ITIMEp2 ) AS OUTINED IN 
1255 t ISUM1Xp2,ISUM2Yp2, ISUM3Zp2 ) PROGRAM DESCRIPTION 
1260 1 Nb = COUNTER FOR X,Y AND Z HOOTS ) 
1265 ' •• , ••••• , ••••••• 1 •••••••••••••••••••••••••••••• , ••• 111 ••• , •• 1 ••••• 1", 

1270 t INTERNAL LOGICAL VARIABLES: 
1275 ' IFLAGp2~ = EXPONENT UtlDERFLO\I TRUTH FLAG 
1280 t .**.*** •••• ** •••••••••••••• ** ••• * •• * ••••• * •• * ••• ** •••••••••••••••••••• 

, , 



1285 ' 
1290 ' ~ 
1295 ' In1tialization and Dimensioning 
1300 DEFDBL A-H,O-Z 
1305 DEFI NT I-N 
1310 OPTION BASE 1 . 
1315 OIM BETXF1P2(100),BETXF2P2(100),BETXF3P2(100) 
1320 DIM BETYF1P2(100),BETYF2P2C100),BETYF3P2(100) 
1325 OIM BETZF1P2(100),BETZF2P2(100),BETZF3P2Cl00) 
133Q DIM BETXL1P2%(100),BETYL1P2%(100),BETZL1P2%(100) 
1335 OIM XI(5),YI(5),ZI (5),TIMEI(21) 
1340 OIM XB(40),ROOTSB(40),BETA(100) 
1345 DIM UXP2(100),UYP2(100),UZP2(100) 

,1350 DIM RESULTP21(5,5,5,21) 
1355 ' 
1360 ' 
1365 'Getting arguments that were stored in COMM1 by calling program 
1370 OPEN "c:comm1" FOR INPUT AS 1 

424 

1375 INPUTU1,TBATHI,TINITI,ALPHA!,HALFXI,HALFYI,HALFZI,NX,NY,NZ,NTIME,TOTIMEI,R 
C HOI ,CP l,HI, NSUBMAIN 

1380 CLOSE 1 
1385 ' 
1390 ' 
1395 ' CALCULATING XI,Y!,ZI,TIME! 
1400 IF (1<NX) AND (l<NY) AND (lŒZ) AND (1<NTIME) GOrO 1405 ELSE 1410 
1405 IF (NX<=5) AND (NY<=5) AND (NZ<=5) AND (NTIME<=21) GOrO 1425 ELBE 1410 
1410 PRINI "?ROBLEM WITH NX, NY, NZ OR NTIME" 
1 415 PRINI "SUB3 WAS STOPPED" 
142q STOP 
1425 ' 
1430 DX=HALFXI/CSNG(NX-1) 
1435 fOR IXP2=1 TO NX 
1440 X! (IXP2 )=CSNG( IXP2-1) 'ox 
1445 NEXT IXP2 
1450 ' 
1455 DY=HALFY!/CSNG(NY-1) 
1460 FOR IYP2=1 TO NY 
1465 Y!(IYP2)=CSNG(IYP2-1)'DY 
1470 NEXT IYP2 
1475 ' 
1480 DZ=HALFZI/CSNGCNZ-l) 
1485 FOR IZP2=1 Ta NZ 
1490 Z 1 (IZP2 ):CSNG( IZP2-1) 'oz 
1495 NEXT IZ?2 
1500 ' 
1505 DTIME=TOTIMEI/CSNG(NIIME-1) 
1510 FOR LP2=1 TO NTIME 
1515 TIMEI(LP2)=CSNG«LP2-1)'OTIME) 
1 520 NEXT LP2 
1525 ' 
1530 ' 
1535 ' PARAMETER CHECKING SECTION 
1540 IF (ALPHAI>OI) AND (RHOI>OI) AND CCP!)Ol)GOTO 1570 
1545 PRINT "PROBLEM WIIH NON-VECTOR INPUT DATA:" 
1550 PRINT "ALPHAl, RHO!, CPI, HALFX!, HALFY!, HALFZ! or H!"" 
1555 PRINT "PROGRAH WAS STOPPED" 
1560 STOP' 

" 
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1565 ' 
1570 IF (HALFXI>OI) AND (HALFYI>O!) AND (HALF21>01) AND (HI>OI) GOTO 1580 
1575 GCTO 1545 
1580 1 

1585 1 

1590 ' BIOT NUMBER CALCULATION 
1595 DUMMXP2=COBL(HI/ALPHAI/RHOI/CPI) 
1600 BP=DUMMXP2*CDBL(HALFXI) 
1605 1 

1~10 1 INITIALIZING LOGIC FLAGS 
1615 FOR IP2 = 1 TO 100 
1620 BETXL1P2%(IP2)=0 
1625 BETYL1P2%(IP2)=0 
1630·BETZL1P2%(IP2)=0 
1635 NEXl' 
1640 ' 
1645 1 START OF TIME LOOP 
1650 FOR ITIMEP2=1 Ta NTIME 
1655 IF (TIMEI(ITIMEP2»O!) GOrD 1710 
1660 FOR IXP2= 1 TO NX 
1665 UXP2(IXP2)=.5U 
1670 NEXT 

. 1675 Fa R IYP2 = 1 TO NY 
1680 UYP2(IYP2)=.5U 
1685 NEXT 
1690 FOR IZP2 = 1 TO MZ 
1695 UZP2(IZP2)=.5U 
1700 NExr 
1705 GCTO 2245 
1710 DUMM2P2=CDBL(-ALPHAI*TIMEI(ITIMEP2» 
1715 ' 
1720 ' x-LOOP 
1725 BP=DUMMXP2·CDBL(HALFXI) 
1730 FOR IXP2=1 TO NX 
1735 DUMM3P2=CDBL(XI(IXP2» 
1740 NB=O 
1745 SUMl P2=OD 
1750 IFLAGP2% =0 
1755 SUM1XP2=011 
1760 FOR ISUM1XP2 :1 TO 2 
1765 NB=NB+ 1 
1770 IF(NB<=100) THEN GOTO 1795 
1775 PRINT "MORE THAN 100 VALUES REQUIRED IN x LOOP" 
1780 PRINI "ITIMEP2 WAS";ITIMEP2, 1

t NB WAS";NB " 
1785 PRIN! "THE PROGRAM WAS STOPPED" ---=-~ 

1790 STOP 
1795 IF(BETXLl,f,2%(NB)OO) GOTO 1830 
1800 GOSUB 3350~ 'subroutine BETART 
1805 DUMM1P2=SIN(BETA(NB» 
1810 BETXF1P2(NB)=DUMM1P2/(BETA(NB)+DUMM1P2*COS(BETA(Na») 
1815 BETXF2P2(NB)=BETA(NB)/CDBL(HALFX!) 
1820 BETXF3P2(NB)=BETXF2P2(NB)A2 
1825 BETXL 1 P2% (NB) =-1 
1830 TERMP2::DUHM2P2*BETXF3P2(NB) 
1 835 IF (TERMP2)-881J) THEN GOTO 1850 
1840 TERMP2~-88# 
1 845. IFLAG P2~ =-1 



1850 TERMNP2=8ETXF1P2(NB)*COS(BETXF2P~(NB)*DUMH3P2)*EXP(TERMP2) 
1855 SUM1XP2=SUM1XP2+ABS(TERMNP2) 
1860 SUH1P2=SUH1P2+TERMNP2 
1865 NEXT ISUM1XP2 

426 

1870 IF (ABS(SUM1XP2/SUM1P2».OOÔ1H) AND (SUH1XP2>.000000000l#) AND (IFLAGP2%=O 
) THEN GOTO 1755 
1875 IF(ABS(SUM1P2)<.OOOOOOOOOlH)- THEN SUM1P2=On 
1880 UXP2(IXP2)=SUM1P2 
1885 NEXT IXP2 
1890 ' 
1895 ' Y-LOOP 
1900 8P=DUMMXP2*CD8L(HALFYI) 
1905 FOR IYP2=1 TO NY 
1910 DUHH3P2=CDBL(YI(IYP2» 
1915 NB=O 
1920 SUM2P2=OI 
1925 IFLAGP2% =0 
1930 SUM2XP2=Ol 
1935 FOR ISUMZYP2 =1 TO 2 
1940 NB=NB+1 
1945 IF(NB<=100) THEN GOTO 1970 
1950 PRINT "MORE THAN 100 VALUES REQUIRED IN y LOOPo " 

1955 PRUIT "ITIMEP2 WAS";ITIHEP2, "NB WAS"iNB 
1960 PRINT "THE PROGRAM WAS STOPPED" 
1965 STOP 
1970 IPCBETYL1P2$(NB)<>O) GOTO 2005 
1975 GOSUB 3350 !subroutine BETART 
1980 DUMM1P2=SIN(BETA(NB» 
1985 BETYF lP2(NB) =DUMM.1P2/ (BETA( NB)+DUMMl P2*COS (SErA( NB) » 
1990 BETYF2P2(NB)=BETA(NB)/CDBL(HALFYI) 

, 1995 BETYF3P2(NB)=BETYF2P2(NB)'"'2 
2000 BETYL1P21(NB)=-1 
2005 TERMP2=DUMM2P2*BETYF3P2(NB) 
2010 IF(TERMP2>-888) THEN Garo 2025 
2015 T~~MP2=-88U 
2020 IFLAGP2%=-1 
2025 TERMMP2 =BETYF lP2 (NB) -GOS (BETYF2P2 (NB) *Dur1M3P2) *EXP (TÉRMP2) 
2030 SUM2XP2=SUM2XP2~ABS(TEAMMP2) 
2035 SUH2P2=SUM2P2+TERMMP2 
2040 NEXT ISUM2YP2 
2045 IF (ABS(SUM2XP2/SUM2P2».0001H) AND (SUM2XP2>.OOOOOOOOOlU) AND (IFLAGP2~:O 
) THEN GOTO 1930 
2050 IFCABS(SUM2P2)<.OOOOOOOOOlU) THEN SUM2P2=OU 
2055 UYP2(IYP2)=SUM2P2 
2060 NEXT IYP2 
2065 ' 
2010 ' Z-LOOP 
2075 BP=DUMMXP2*(HALFZl) 
2080 FOR IZP2=1 TO NZ 
2085 DUHM3P2=CDBL(ZI(IZP2» 
2090 NB=O 
2095 SUM3P2=OQ 
2100 IFLAGP2~=O 
2105 SUM3XP2=Otl 
~110 FOR ISUH3ZP2=1 TO 2 
2115NB=NB+l 
2120 If(NB<=100) THEN GOTO 2145 



2125 PRINT " MORE THAN 100 VALUES REQUIRED IN Z LOOP" 
2130 PRINT "ITIMEP2 WAS: ";ITIMEP2; d NB VAS :"; NB 
2135 PRINT "PROGRAM WAS STOPPED" 
2140 STOP -

427 

2145 IF(BETZL1P2%(l'{B)OO) THEN GOTO 2180 " 
2150 GOSUB 3350 'subroutine SETART 
2155 DUMM1P2=SIN(BETA(NB» 
2160 BETZF1P2(NB)=DUMM1P2/(BETA(NB)+DUMM1P2*COS(BETA(NB») 
2165 BETZF2P2(NB)=BETA(NB)/CDBL(HALFZI) 
2110 BETZF3P2(NS)=BETZF2P2(NB)~2 
2175 BETZL1P2%(NB)=-1 
2180 TERMP2=DUMM2P2*BETZF3P2(NB) 
2185 IF(TERMP2>-881) THEN GOTO 2200 
2190 TERMP2=-88tJ 
~ 1 95 IFUG P2% =-1 
2200 TERMLP2=BETZF1P2(NB)*COSCBETZF2P2(NB)*DUMM3P2)*EXP(TERMP2) 
2205 SUM3XP2=SUM3XP2+ABS(TERMLP2) 
2210 SUM3P2=SUM3P2+TERMLP2 
2215 NEXT ISUM3ZP2 
2220 IF(ABS(SUM3XP2/SUM3P2».0001U) AND (SUM3XP2>.0000000001#) AND (IFLAGP2%=0) 

THEN GOTO 2105 
2225 IF(ABS(SUM3P2)(.OOOOOOOOOlD) THEN sUM3P2=on 
2230 UZP2(IZP2)=SUM3P2 
2235 NEXT 1 ZP2 
2240 ' 
2245 FOR IXP2=1 TO NX 
2250 FOR IYP2=1 TD NY 
2255 FOR IZP2=1 TD NZ 
2260 RESULTP21 (IXP2.IYP2.IZP2. ITIMEP2)=TBATHI-(TBATHI-TINIT 1)*81'CSNG(UXP2(IXP2 
)*UYP2(IYP2)*UZP2(IZP2» 
2265 NEXT IZP2. IYP2.IXP2 
2210 ' ~ 
2215 ' 
2280 NEIT ITIMEP2 
2285 ' 
2290 ' 
2295 'Printing Time, Position and Tomp data into COMM2 file 
2300 OPEN "c:comm2" FOR OUTPUT AS 2 
2305 FOR LP2=1 TO NTIME 
2310 FOR IP2=1 TO NX 
23;5 FOR JP2=1 TO NY 
2320 FOR KP2=1 TO NZ 
2325 PRINTI2 ,XI (IP2), YI (JP2) .Z 1 (KP2), TIME! (LP2) • RESULTP21 (iP2. JP2 ,kT2, IP2) 
2330 NEXT KP2,JP2,IP2,LP2 
2335 CLOSE 2 
2340 ' 
2345 ' 
2350 'Chaining back to the submain program"that called POUCH2 
2355 IF NSUBMAIN=1 THEN CHAIN "HAINA" 
2360 IF NSUBMAIN=2 THEN CHAIN "HAINS" '" 
2365 II[' NSUBMAIN=3 THEN CHAIN "MAINC" 
2310 IF NSUBMAIN=4 THEN CHAIN "MAIND" 
2315 IF NSUBMAIN=5 THEN CHAIN "maine" 
2380 PRINT "UNREASDNABLE NSUBMAIN VALUE" 
2385 PRINT "CAN'T CHAIN SACK TO A SUBMAIN" 
2390 PRINT "PROGRAM SUB3 WAS TERMINATED" 
2395 STOP 



3350 ' 
3355 t 

3360 t 

3365 ' 
3370 ' 
3375 'BETART subroutine 
3380 PI=3.141592654D 
3385 IF lCOUNTB=1 GOTO 3470 
3390 RESTORE 3410 
3395 FOR lB = 1 TO 40 
3400 READ XB( lB) 
3405 NEXT 
3410 DATA 0.0,0.001,0.002',0.004,0.006,0.008,0.01,0.02,0 .04 ,0.06 
3415 DATA 0.08,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9 
3420 DATA 1.0,1.5,2.0,3.0,4.0,5.0,6.0,7.0,8.0,9.0 
3425 DATA 10.0,15.0,20.0,30.0,40.0;50.0,60.0,80.0,100.0, 1.0D20 
3430 RESTORE 3450 
3435 FOR lB = 1 TO 40 
~O HEAD ROOTSB(IB) 
3445 NEXT 
3450 DATA 0.0,0.0316,0.0447,0.0632,0.0774,0.0893,0.0998,0.1410,0.1987,0.2425 
3455 DATA 0.2791,0.3111,0.4328,0.5218,0.5932,0.6533,0.7051,0.7506,0.7910,0.8274 

3460 DATA 0.8603,0.9882,1.0769,1.1925,1.2646,1.3138,1.3496,1.3766,1.3978,1.41 49 

3465 DATA 1.4289.1.4729,1.496'1,1.5202,1.5325,1.5400,1.5451,1.5514,1.5552,1.5708 

3470 DEF FNFB(ROOTB)=ROOTB*TAN(ROOTB)-BP 
3475 DROOTB=-. 005 
3480 IF NB<>1 GOTO 3510 
3485 FOR lB=1 Ta 39 
3490 IF BP<XB(IB) GOrD 3515 
3495 ROOT1B=ROOTSB(IB.1) 
3500 NEXT 
3505 GOTO 3515 
3510 ROOT1B=BETA(NB-l)+TI 
3515 F1B=FNFB(ROOT1B) 
3520 ROOT2B=ROOT1B+DROOTB 
3525 F2B=FNFB(ROOT2B) 
3530 SOLUTNB=ROOT1B-F1B*(ROOT2B-ROOT1B)/(F2B-F1B) 
3535 FSOLB=FNFB(SOLUTNB) 
3540 IF ABS(FSOLB)<.OOOOOlD GOTO 3570 
3545 ROOT1B=ROOT2B 
3550 F1B=F2B 
3555 ROOT2B=SOLUTNB 
3560 F2B=FSOLB 
3565 GOTO 3530 
3570 BETA(NB)=SOLUTNB 
3575 ICOUNTB= 1 
3580 RETURN 
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APPENDIX 3.13 

~ . Program Listing of SESSREST .. 
'.\ 



... 

10 ' 
20 ' 
30 ' ••••••••••••• ~ESSREST •••••••••••••••••• 
40 ' 
50 ' 
60 ' 
70 'Sett1ng up the text sereen 
80 KEY OFF 
90 SGREEN 0,0,0,0 
100 WIDTH 80 
110 COLOR 7,1 ,1 
120 CLS 
130 ' 
140 ' 
150 ' Opening and readying the ALPHA file 
160 OPEN "c:alphal" AS 1 
110 FIELD 1,80 AS GOMMENT$ 
'80 ' 
190 ' 
200 'Print1ng the "OPTION NOT lVAILABLE" message 
210 GET 1 ~ 1 
220 PRINT COMMENT$ 
230 GET ','2:PRINT GOMMENT$ 
2110 DUMMS$=INKEY$: IF DUMMS$='''' GOTO 2110 
250 ' 
260 ' 
210 'Closing files so can chain back to MAIN 
280 CLOSE ~1 

290 ' 
300 ' 
310 'Loading the please wa1t message 
320 CLS: SCREEN 1: COLOR 0,0 
330 DEF SEG=&HBSOO 
340 BLOAD "b:fire.scn",O 
350 ' 
360 ' 
370 'Chaining back to MAIN 
380 CHAIN "main" 

l ' 

430 
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ALPHA 1 

Sorry, this option is not yet available 

2 

3 

4 -. >7 

~~ 

5 

6 

.- 7 

8 

9 

10 

11 

12 PRESS ANY KEY TO CONTI NUE 


