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ABSTRACT

NORKEN FPINNEGAN - M.Sc.(Agr .Eng)

DEVELOPMENT OF AN INTELLIGRNT INTERACTIVE MICROCOMPUTER SOFTWARE

PACFAGE FOR THE OPTIMIZATION OF BATCH STERILIZATION PROCESSES

Efficient thermal processing of food renders the product microbiologically

safe and shelf-stable, with minimal degradation of nutrient levels and
organoleptic properties. The objective of this research project has b;en to
develop a user-friendly software package that calculates optimal batch
sterilization processing regimes for conduction-heating foods, in both cans

?

and retortable pouches.

The package runs on a typicdl microcomputer,,the IBM PC., It is comprised of

hierarchically~arranged modules qhich'include, system initial ization programs,

intelligent interfaces, temperature - calculating routines, and service

programs. The programs continuously store and access the int.etmedi.ate results
and user-supplied values which are passed between the levels of the hierarchy\'.
Communication between user and package .is limited to the interactive
interfaces ; the calculating routines are invisible to t};e user. Thi;e approach
was ‘employed to facilitate introduction to and operat:,on of the package. T;e
computer package was found to e:.mpley the design and verification of thermal

processes, and to be eaey to use for the novice operator.




RESUME
>
L'optimisation des procédés de stériliaatiom en vrac a l'aide ﬁ
d'un \rpco{gciel intéractif congu pour, micro-ordinateurs
N :
{
W
Les procédés thermiques loraque bien employés sur les aliments, rendent les.
produits microbiologiquement afllrs et atables tout en minimisant la dégradation
de leurs qualités nutritives et organoleptiques. Dans ce project de
recherche , un progiciel qui optimise le régime des procédés de stérilisation
en vrac des conserves et deas poches pour aliments, a 6té développé.
Le progiciel a é&té congu pour &tre exécuté par les micro-ordinateurs
compatibles avec le IBM Pé. I1 consiste en un arrangement hiérarchique de
modules dont font partis: le ayateme d'initialiaacicl)n‘des programmesa, le
systeme intelligent d'intéraction entre 1l'opérateur et le micro-ordinateur,
les routines de calcul des températures, et les programmes de service. Les
réaultats intermédiaires et les données entrées par l'opérateur sont
transférés entre les modules de la hidrarchie par des programmes qui les
rangent en mémoire et lés acc_ééent au temps req;zi's. La communication entre
l'utilisateur et le progiciel est limitée au systéme intell‘igent: d'intéraction
ce qui rend les routines de calcul invisibles a 1'opérateur. Cette approche
a été choisie pour faciliter 1'intrody t:/i'on et 1l'utilisation, Il a é&té
observé que le progiciel simplifiait la conception et la vérification des

procédés thermiques, et qu'il était. facile a utiliser méme pour 1'opérateur

novice .,

»
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I. INTRODUCTION

1.1 Background

Food preservation has historically been a n_lajor concern for humanity. The
objectives of food preservation .are to ;eliminatg the deterioration of foad,
to lengtlAlen its shelf-life, and to maximally retain nutrients and.organoleptic
pcoperties. Thermal processing is one of the most common methods employed to

¢

attain these goals, and will be the sole preservation m‘ethod discussed in this
thesis. Prea;antly, much reseafch is being carried: out to develop ways of
predicting the effects of sterilization on the biological catalysts and
components of the food.  Mathematical models, either theoreticall‘y or
empirically-derived, may be used to simulate the thermal process. By means
of amodel, a process can be optimized with the aid of digital computers; this

|
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
procesging:l the heat transfer in the food and the consequent lethal or
inactivating effects on the contaminant organisms, and the food properties
and components. Factors that must bé considered when modeling the thermal
proceas include the type of process utilized, the method of heat application,
the mechanism of heat tranadfer, the thermal and rheological properties of the
food, the degree of mixin% @ithin the food and the residence time distribution
function of the food particles. These factors all affect the temperature-time
f

distributions in the food. Furthermore, consideration of microbial death

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



)

nutrients, enzymes, Hexture, colour), and initial diatributions of
contaminating microorganidms and food components, are necessary to develop a
model which will predict thq effects of thermal processing on the contaminant

organisms and on the food.

§

In examining the effects thermal processing has on a food, the type of proceass
utilized is of prime aignificance. All thermal treatments consist of a
sequence of heating, cooling and packaging satages; the order in which these
are performed varies according to the.particular treatment selected. In the
conventional batch process the food 1s first put in a container which is then
sealed. Many such containers are then heated simul'taneously in a retort and
held there for a prescribed amount of time. In the semi-continuous process
the food i3 also packed in individual containers which are consequently sealed
and subjected to heat treatment, but the containers are handled Qequentially

rather than simultaneocusly. In a truly continuous process the food is first

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

Very closely related to process type with regard to the extent of its effect
on the procesaing results is the method of heat application. Heat transfer
fluids commonly utilized to carry the thermal energy to the application are
steam, hot water and hot combustion gases. In batch and semi-continuous
procesaes, the outer surfaces of the containers are subjected to a
temperature-time function characteristic of the given procesa. These
functions are frequently comprised of a) a sudden increase followed by b) a
period of conatant temperature and c¢) a sudden decrease. In c‘ontinuous

processing, the concept of a time-varying function is not applicable since



under normal processing conditions the equipment operates practically at

steady-state.

\

The mechanism of heat transfer in the container and its contents will é§
N
determined by the process type and the container and fpod properties. It is

generally accepted that solids @ill heat by conduction, {ow-viscosity liquids

by convection, and high—viscosity liquids and liquids containing particulate
matter in suspension by a combination o} the two. Hodever, the type of
process can dramatically influence the heat transfer mechanilam. For example,
high-viscosity liquids can be induced, by virtue of curremts set up within
the food, to heat convectively when processed in a continuous\manner or when
agitated in batch or semi-continuous equipment.
The physical, thermal and rheological properties of thd food will
significantly affect the heat transfer within it. Food properties such as
the density, viscosity, specific heat, thermal conductivity and diffusivity
must be 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 macroscopic acale (Levenspiel, 1962).
During batch or semi~continuous processing of purely convectively-heating
foods, all the container contents will have the same temperature at any
instant. Thus, although the contents may undergo intense macromixing, the
temperature~time histories of all fluid elements will be identical so that
the mixing will not affect processing results, Macromixing does not occur in
truly conductively-heating foods. The temperature—~time histories at all

locations can therefore be calculated using standard heat diffusion equations.

i \



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 processin§ the residence times for all fluid elements are
equal,’ since they are confined to the same container, this i3 not true for
continuous processing. In the latter situation the fluid mechanical and
macromixing aspects, as well as the heat transfer mechanism, will determine
the fluid element temperature-time history distribution.

.In a model of a thermal process, in addition to the heat transfer phenomena,
t effects of the temperature-time histories on the contaminant population
and food composition and properties must be incorporated. To evaluate
the lethal effect of a heat treatment on the contaminating organisms, an
understanding of miérobial death kinetics is essential. The death rate is
usually calculated by means of a semi-empirical-<logarithmic equation. The
adequacy of the process may be expressed in terms of lethality, a quantity inm
which 1s reflected the cumulative killing effect achieved throughout the
container contents during the entire heat treatment. The lethality
calculation is generally based on the assumption that the contaminant
population is uniformly distributed throughout the food. 1In situations where

’ this 1s not true, serious inaccuracies .in the determination of process

adequacy can be introduced. The effects of proceasing on the food components
and properties can be estimated iﬂ a manner similar to that used for th%
contaminant population. Once the kinetics of inactivaéion or creation of food

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

such as texture and colour are known, the inactivation or creation rates can



be calculated, which can then be used to determine the resultant food quality

after processing. Uniform distribution of components and properties is

generally also assumed in this procedure. .

-
] N

L
2

Once the factors discussed above and their consequent effects on the

|

processing results are sufficiently understood, an overall mathematical model

"m which these concepts are incorpoz"ateci may be formulated. Such a mode]ﬁv may
then be used to\"égnulate the process under .a variety of conditions in order
to ascertain process sufficier;cy or td investigate alternate operating
schemes. Simulation may, for example, be\Wsed to choose the "best" thermal
process, wherein "best' is determined in acchkdance with a set of necessarily
subjectively established criteria. Such|¢riteria might consist of the

requirement that the process simultaneously impart an adequate lethal effect

ehile maximiziag lank‘objectiVe function representing food quality. Two
techniques commonly utilized to calculate a "best" process are maximization
/ minimization and optimization. In the former, the independent proce;;s
parameters are considered to remain constant throughout the heat treatment
and the simulation is used to find the values of these which wi\ll yield the
maximunm or minimum value of the object:\h)ve function. This technique i3
frequently referred to as "optimization'. However, in true optimization the
independent parameters are treated as time-varying so that, rather than a
single value, a time history of each w#ill be produced (Hildenbrand, 1980;
Lund, 1982). More favourable objective function results can be obtained with
optimization than a;ith minimization / maximization at the expense of much

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

complex to implement in most processes although computer control of equipment




will simplify this.

1

1.2 Objectives
The objectives of this research project have been:
1) To mathematically model the heat transfer phenomena in conductively-heating,
foods, for-the following instances:
1) Slowest heating region approach for food processed in a can

ii) Spatial distribution approach for food held in a can -~ with the

convective gurface heat transfer coefficient assumed to be infinite

G \
iii) Spatial distribution approach for food held in a can - with the
heat transfer coefficient specified by the user

?

iv) Spatial distribution approach for food in a retortable pouch - heat

*

transfer coefficient assumed to be infinite
v) Spatial distribution approach for food held in a retortable pouch

- heat transfer coefficient apecified by the user

.

2) To use the temperature distributions calculated by means of the heat

transfer models to predict process lethality, again for food treated in cans

or retort pouches.

3) To 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, process lethality and nutrient retention

i

models.




5) By means of this computer package, to similate batch sterilization
)
processes, and select the regime which results in optimal nutrient retention

while concurrently satisfying process lethality requiretﬁents.

1.3 Scope b‘. . v

This study is limited to conductively-heating foods which are batch-processed,

in either cylindrical cans or retortable pouches. The computer package

)

chooses the most favourable processing regimes based on an 'optimization"

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

' a

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

maximization technique.

Thermal processes are commonly optimized with respect to retention of

desirable food characteristics, properties and components. In this project,
-4

& ) . —
the retention of nutrients is the basis upon which the optimization is

\
\

performed. \

\

\
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II. LITERATURE REVIEW

,, 3

- \

2.1 Conduction Heat Transfer

9 ° !

The thermal processing of food is done to ensure commercial sterilizationm,
.o LAl .o . . .
that is, to reduce by a factor of 10 2 the contaminant microbe population in

- the “‘food (Charm, 1978). The rate of death of the microbes is dependent upon

: the temperature they are exposed to, and the duration of the exposure. Any

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

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

> the time needed to\kill the spores will decrease. It is evident that in order

to predict adequate processing regimes that will ensure commercial sterility

There are two major approaches by which temperature-time histories are
calculated: the point temperature method and the spatial temperature

digtribution approach. °

2.1.1 Point Temperature Approach .

The point temperature method involves the calculation of the temperature-time
historsr at the centre of the container, since it is a;sumed to be the coldest
point or slowest heating region (Bigelow et al., 1920; Ball, 1923; Thompson,
1919). The empirical temperature—time heating and cooling curves were found
to be almost straight lines when plotted on aemilrbgarithfnic paper, except for
the first portion (lag) of each curve (Bigelow et al., 1920). ﬁe simple
logarithmic equations were considered by Ball (1923) to be an adequate
approximation for the heating curve since the early temperatures are not high

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

v



the i;xitial part of the cooling curve causes deviacic;ns from the logarithmic
equation at the time- of maximum temperature, and therefore at the time of
maximm sterilization rate. Ball (1923, 1928) developed a method to calculate
the cegtré temperature—time histories taking into account the cooling curve
lag. He used the expex"imental parameters "£'" and "3, wherein f 1s the time
requ{red to red‘uce a given temperature difference by one log cycle, and j 1is
the lag factor or the measure of lag in the heating or cooling rate. The
cooling curve was modelxed as firsat Ohyperbolic and then logarithmic, to account
for the deviation cuned by the cooling curve lag factor. He assumed that
the cooling curve was the exact reverse of the heating curve (the same
magnitué1e of slope but opposite in sign), an assumption which he knew to be
not alway;s correct. The equations developed were based on j values of 1.4l
for both the heating and cooling curves. The ] value of the cooling c’ur\lle
was later amended to 2.04 (Ball and Olson, 1957). Jackson and Olson (1940)
further developed these equatiomns so that the heating curves were no longer
restricted to simple logarithmic curves with one constant slope. The
equations were now applicable for products displaying "broken heating curves',
wherein the heating curve is asymptotic to one straight line and then breaks
to become asymptotic to another atraight line with a different slope (Jackson,
1940). The heating and cooling curves are always asymptotic to a straight
line assuming that the ambient temperature and the thermal diffusivity remain

constant with reapect to time (Olson and Jackson, 1942).

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

equations, using Duhamel's theorem, for various object shapes including finite

cylinders and bricks. Hicks (1951) modified the equations 'developed by

. (\)
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Carslaw and Jaeger (1947), and used the j parameter, to more accurately
determine the centre temperatures, especially during the cooling time. As
Hicks stated, an inaccuracy of only one :iegree Fahrgnheit at the high
temperatures present at the start of cooling can have ;\significant effect on
subsequent process adequacy calculations. He used hi}a more theoretically
correct ;quations to ascertain whether Ball's method (Balll, 1923; Ball, 1928;
Ball and Olson,1957) and assumptions were acceptable approximatior;a. He
concluded that the value of j for the cooling curve should be experimentally
determined rather than set equal to 2.04, as defined by Ball and Olson (1957).
Also, he determined that for large enough time values, Ball's assumption that
the heating and cooling curves are the reverse of each other is acceptable.

Gillespy (1953) also analytically cal}culated centre temperatures in a
cylindrical can, utilizing equations developed by Riedel (1947) and based on
Duhamel's theorem (Carslaw and Jaeger, 1947). Gillespy's equations were used
to determine the centre temperatures, with the following restrictions: the
external temperature changes must be instantaneous, the initial t:emperaturila

must be uniform, and the £ parameter and the height/diameter ratio must be

known.

In addition to the analytical approaches described above, several researchers
have presented charts or tables to calculate centre temperatures. Olson and
Schultz (1942) developed tables containing solutions to the classical heating
equations. These tables were an improvement in terms of accuracy over those
given by Newman (1936). The improved tables were based on Newman's theory

that the solutions for an infinite slab and infinite cylinder could be
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multiplied to obtain the solution for a finite cylinder; the theory was
extended to cover the case of a brick (or pouch). The assumptions upon which
the values of the tables were based included uniform initial temperature and
zero surface resistivity.
!

A different chart approach was described by f.eonhardt (1976) to estimate
centre temperaturea in cylindrical and rectangular cans. He used the
temperature response charts developed by Hayakawa (1969) for finite cylinders
which predicted the centre temperature of a conductively-heating food
accordirig to a can shape factor. By determining the shape factor d/h
(diameter/height), the appropriate centre te}nperature response curves were

plotted for numerous container shapes.

2.1.2 Spatial Teaperature Distribution Approach

According to Stumbo (192;8) one should not assume a process would be adequate
when calcplationa to determine lethality are performed at the slowest heating
point (or centre) of the can. He stated that probability of bacterial
survival is not necessarily greatest‘ at the point of slowest 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 can more important. Williamson and Adams (1919) developed solutions to
the classical transient heat conduction equations describing temperature
distributions throughout various objects such as : rectangular parallelopiped
(br/i/ck) , long rectangular rod, infinite thin slab, finite cylinder and sphere.

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

cooled or heated, and when the surface i3 heated at a uniform rate. The
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equations are based on the assumptions of uniform initial temperature,

constant thermal diffusivity and negligible surface convective heat transfer.

i
1

Thompson (1919) developed solutions to the equations for foods heated in cans,
and performed heat penetration tests to verify the results. His
theoretically—deri\‘red solutions closely approximated the actual penetration
data for water-cooled cans, but not for air-cooled ones, since his equations
considered surface convective heat tranafer to be negligible; this is not a

reasonable asaumption for air-cooling.

Many soln;tions to the classical transient heat conduction equations have been
developed (Jackson, 1940; Olson and Schultz, 1942; Ball and\Olson, 1957;
Luikov, 1968) but they are based on the common assumption that surface
convective heat transfer is negligible. Carslaw and Jaeger (1959)‘developed
equations for shapes such as bricks, cylindrical containers and spheres to
determine the temperature diatributions when the surface resistivity cannot
be assumed to be equal to zero, Ramaswamy et al.(1982) simplified these
equations; these simplifications hold for conditions of sufficiently long
heating times 1i.e. Fourier modulus greater than 0.2, and for Biot numbers
between 0.02 and 200. These approximations were found to have mean errors of
\
only 0.042 percent for an infinite slab and 0.084 percent for an infinite

cylinder, and could be considered sufficiently accurate for use in process

calculations.

2.2 Thermal Process Calculationms

To predict adequacy of process, the effect of the temperature history in the

food on the contaminant organism must be determined. There have been many



techniques published that perform process calculations. They can be
subdivided into two major sections: those which determine process lethality
based on the temperature hiastory at the slowest heating point in the food,
and those which base the lethality calculationa on the temperatures throughout
entire volumetric elements of the food. In the first section there is a
further subdivision into the general methods and the formula methods. The
general methods tend to be more accurate because they are based on the actual
food temperature data; no asaumptiona are made about the temperature-time
relationships. The formula methods, however, use temperature history
predictiona‘ in their process calculations. These predictions can be made
using either empirical or theoretical formulae (Hayakawa, 1978).

;
&

2.2.1 Slowest Heating Region Approach

3.2.1.1 Genet;ll Methods

Bigelow et al. (1920) published tl:e firat systematic approach to thermal
process evaluation, the General Method. Théir basic concepts and methodology
are 4till used in industry today. They combined heat penetration data and
bacteriological data in a graphical method to predict process lethality.
Uasing - the temperature—time history at the slowest heating point in the
container (the centre) they calculated the lethal rate associated with each

time increment. By graphically integrating the lethal rate over time they

were able to determine the sterilizing value of the process, F.

Schultz and Olson (1940) developed an Improved General Method wherein they
made use of a special coordinate lethal rate paper.  The use of this paper

simplified the process calculations amd reduced the chances of misplotting
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the data. Another advantage of their method was the inclusion of formulae
which,could be used to convert heat penetration data for different initial
food temperatures an:‘l retorl temperatures. These developments greatly
increased the applicability of the General Method. Unfortunately, the
process calculations were still time~consuming. As well, specially-printed
coordinate paper was required for each new thermal death time slope or z value

used in the calculations.

Patashnik (1953) introduced a simplified procedure for thermal process
evaluation which was similar Lo the General Method of Bigelow et al. (1920).
In this new method the container-temperature readings were taken at equal time
intervals and %ethal ratio values F/L were tabulated for each time interval.
These ratios were totaled, and the product of the sum and tLhe equal-time
interval readings used to determine the process value. The advantage of this
method over the original General Method is that lethal rate curves did not
have to be plotted once thé slope of the TDI curve was known; the integralion
under the lethality curve was done by the numerical trapezoidal integration

method rather than graphically.

Hayakawa (1973) described a method to apply a lethal rate paper of fixed z
value to determine the values of different z values. There are two conditions
inherent in his technique: the lethal rate paper &temperat_ue scale must be
defined, and the unit area under the lethal rate curve (equivalent to F=1)
must be defined for each case accdrding to the temperature scale used.
Leonhardt (1978) proposed a general lethal rate paper that would elimina;;e

these two conditions. His general lethal rate paper can be used to represent
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heat penetration data directly, c'ohatever the z-value and reference .
temperature, without the necessity of defining a unit area in each case.
2.2.1.2 Formula Methods

The first analytic method to perform process cal'culations was proposed by Ball )
(1923). He wanted to reduce the time neceasar}; to determine the process
resulta, and consolidate the various factors which influence the calculations
into a common base. He used mathematical formulations accompanied by charts
relating the variables to simplify process evaluation. The Formula Method
was based on a number of mathematical and empirical assumptions which
restricts 1ts applicability. For example, he assumed that the lag factor of
the cooling curve was a constant of 1.41. He also assumed that the
curvilrineat portion of the cooling curve ends at time equal to 0.14] fc' As
well, the charts are only suitable for cases when the heating curve is
xmbrok(gx;; and when fh is equal to fc. It ia evident that errors of estimation
will oc‘cur if the lag factor of the cooling curve is not l.41, if fh i3 not
equal to fc’ if the heating medium does not suddenly reach processing
temperature {Merson et al., 1978) or if any of the other assumptions do not
hold for the case under consideration. According to Hayakawa (1978), Ball's
Formula Method will significantly underestimate the F value when the cooling
curve lag factor is greater than 1.41. The accuracy of ’the Formula Method
has 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
overestimate the F value, and even then by a negligiblé amount (Steele and

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

Method and the General Method and presented in Ball (1928).

&



A éimﬁ’i/iflication of Ball's Folrmula Method was published by Olaon and Stevens
in 1939. They developed a nomographic method which can be used for canned
foods that exhibit straight-line logarithmic heating curves. With their
method, the computations of Ball's (1923) method could be per.'formed
graphically. They included several worked examples which showed the

application of the nomographic method.

Ball and Olson (1957) modified Ball's original Formula Method by introducing

two dimensionless parametets P_ and Pc. These parameters were used to

h
estimate the sterilizing values of the heating and cooling phases. They
greatly simplified the process calculations for the* case when the heating
curve 13 broken, and when fh and fc are not equal. However, the assumptions
that the cooling 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 to
0.141 fc were not modified. Hicks (1958) observed that there were

considerable errors in the tables of P, values tabulated by Ball and Olson

(1958) and published his recalculated values.

Stumbo and Longley (1966) published a modified Formula Method in which
variable cooling curve lag factors could be used for the process calculations.
They felt this would increase the reliability of estimation of the thermal
procesa. Parametric values, which were estimated with the aid of a planimeter
from temperature—time curves drawn on lethal rate paper, were tabulated.:
These tables are applicable only when the difference between the Eh and fc

values are less than twenty percent of the f.n value.
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Hayakawa (1970, 1971) developed empirical formulae which can be used for
process calculations when the cooling curve lag factor is not equal to 1.41.
He derived three formulae, each of which was applicable for a range of jc
values. Together they covetred the range of jc values from 0.045 to 3.0.
Using these empirical formulae he created a table of new parametric values
which reduced the number of calculations required for the evaluation of a

thermal process, :\;3 compared to the previous Formula Methods.

Griffon, Herndon and Ball worked together to develop one of the first
computer-derived tables for calecilating thermal (procesees. Their approaches
could be used for unbroken heating curves (Herndon et al., 1968) and ;)rokep
heating curves (Griffin et al., .1969), and for simple logarithmic cooling
curves (Griffin et al., 1971). The procedures were similar to that described
by Ball and Olson (1957).
/ ’
All the Formula Methods desacribed above are based on empirically-derived
temperature histories. Other Formula Meti;éds were developed which used a
theoretical approach to determine the temperature—time data. Gillespy (1953)
lused an analytical solution of Duhamel's theorem (Carslaw anleaeger, 194’7)
to create a table of food temperature values. Using these temperatures, his
technique calculated the sterilizing values of a heat process by applying the
general method. With his method, one ‘epuld evaluate heat processes which
involved a time-varying retort temperature.
/) _
Flambert and Deltour (1972) also used heat conduction equations to estimate

food temperatures in their Formula Method. Their method is applicable for
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solid foods packed and processed in cylindrical cans, assuming that the
. . . . . - 5

heating and cooling media temperatures remain constant w«with time. They

prepared tables of parametric values which are easier to use than those of

Gillespy (1953).

v

2.2.2 Mass or Voluse Average Approach

The second group of procedures utilizes the mass average 1etha1ity' value when
evaluating the thermal prdcess. This value is estimated from the mean
concentration of surviving microbes in the food. The procedures utilize
solutions of transient heat conduction equations to pred{ct the temperature
distribution. One of the first mass averaging methods was published in 1951
by -Glllespy. He used an equation for transient heat conduction in a finite
cylinder to estimate the temperature distribution. By assuming that the
contribution of the cooling phase to sterilization was equivalent to that
gained when the heating curve is extended by 0.3 fh’ he greatly simplified
the estimation of the sterilizing value. However, this assumption may.
introduce errors since the extension constant 0.3 is likely to be affected by
the shape of the cylindrical can, by the length of the heating phase and by

the rate of cooling (Hayakawa, 1978). &

Stumbo (1953) developed a method to calculate the sterilizing value which was
similar to that of Gillespy (1951). He did not, however, use Gillespy's
assumption regarding the heating phase extension. Stumbo estimated the
distribution of lethal values using Ball's (1923) charts. The equation he

developed 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 can. Hence, all restrictions
associated with Ball's (1923) charts are applicable to Stumbo's equation. A
controversy exists as to whether Stumbo's ‘method is applicable for foods

t

packed in cans other thaa size No.l0.

Ball and Olson (1957) used the heat conduction equation described in Gillespy
(1951) for their mass averaging process calculation method. They considered
the food in a can to be divided into eleven isothermal regions, and used the
tabulated values of the Ph and Pc functions to determine the sterilizing value
in each isothermal region. From this sterilizing value the concentration of
remaining vulnerable factor was calculated for each region. Thése

concentrations were then used to predict the overall masas average F value.

Hayakawa (1969) developed a method to calculate mass average F values using
dimensionless parameters. Six such parameters were needed to predict the
thermal inactiva‘tion of a vulnerable component. A digital computer was used
to calculate tables which listed the mass average F values in terms of the
dimensionless parameters.’

A computer was aiso necessary for:the estimation technique of Teixeira et al.
(1969a). They used a finite difference approach to mmerically solve the
tranaient heat conduction equation. The resultant temperature distribution
was used to estimate the mass average concentration of a vulnerable factor in
each volumetric element of a cylindrical can of solid food. The elemental

concentrations were summed to yield the overall mass average F value. Manson

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



sterilizing value for solid food packed and processed in a brick-shaped can.

Jen et al. (1971) utilized the method of Teixeira et al, (1969a) to refine
the technique described in Stumbo (1953). To calculate the mass average
sterilizing wvalue Jen et al. (19‘71) used the heating and c;ooling curves
predicted by Teixeira et al. (1969a) to develop the fh/U:g relationships
rather than basing them on visual inspection. By extend;".ng the fh/u;g

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

nutrient inactivation as well as microbial destruction. -

All of the mass average techniques described above use the F-z parameters to
predict microbial death. Lenz and Lund (1977) proposed a method to calculate
the mass average sterilizing value based on the Arrhenius equation, and using
activation energies rather than z-values. The activation energies are
applicable over a broader range of temperatures. T;xey checked their method

against the Formula Method of Ball and Olson (1957) and found it gave

equivalent results.

2.3 Optimization of Nutrient Retention

The effect of the sterilization process on the nutritive contents of canned
foods is a major concern for food processors. The microbial safety of the
food is the prime criterion for determining the heat process. Simultaneously,
it is desireable to retain as much of the nutrients in the food as possible.
Optimization techniques have not been applied to foods until recently because
the complexity of the food components and procesaes makes analytical treatment

difficult. A lack of accurate information of a process is a hindrance to its
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optimization. This is especially true for food processes, where the reactions
are complicate(d and often cannot be quantified (Saguy, 1982).

The analytical approach to calculating and predicting the retention of
nutrients‘ during thermal p;ocessing requires a mathematical model of the
process. The temperature effects on the nutrients must be incorporatéd in
this model. Several steps need to be followed during the structuring of the
model: 1) the process must b;a defined, 2) the theory governing the process

must be determined and verified, 3) the theory must be tramslated 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

G —_—

the model (Saguy and Karel, 1980).

Various models to describe nutrient retention in food undergoing thermal
processing have been proposed. Ball and Olson (1957) presented a method to
determine the, retention. of a vulnerable factor such as a nutrient in a food\
being thermally‘ processed in a cylindrical container. Because of the finite
layer procedure used to 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).

Teixeira et al., (1969b) presented a computer technique for determining

lethality and nutrient retention in foods heated in cylindrical containers.

Their procedure made use of a finite difference form of the two-dimensional
]

transient heat conduction equation to produce a.temperature distribution

throughout the contalner at any time. They then applied the rate equation



w/

¥

“for nutrient degradation to small volume elements, over short time intervals.

The final pertent nutrient retention.is obtained by numerically integrating

o
4 ¢

the remaining nutrient amounts over the container volume and’ over process
time. The technique does not require use of any tables\(, ‘or consideration of

lag factors or iso—j regions as in the method of Ball and Olson (1957).
j reg \

¢
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i
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Manson et al. (1970) developed a computer program to determine the e%fect\S of

thermal processing on the .nutrients of foods being heated in rectangular
containers. The temperature history is provided by a finite difference
numerical solution to the three-dimensional transient heat conduction

equation. The effect of heat od the frutrients is calculated at all points 'in

the container, and the results are integrated to give the final autrient

¥ . 3
retention valué. ) co, ‘ RN
o v . B ”
‘4

3
\

Jen et al. (1971) extended th% procesosuletﬁality calculation method of S tumbo

(1953), described in sedtion 2.2.2, to make it applicable for éstimating

. ) ; y , ’
nutrient degradation. As described in the previous section, Jen et al. (1971)

refined tHe temperature calculation method as well as extended ‘the parameter

. oy

tables ove tgher range of z values. P
T

“

v v

) used a le’thélit‘y-Fouﬂrier number method to calculate the

4

' . . . v .
) mass average retention of heat-labile quality factors'such as nutrients, for

“ <

conduction-heating foods packaged in cylindrical containers. The lethality

number was volume—averaged for different Fourier heating times and activation

denergies, and average retention’ numbe’-Fourier heatihg time charts were

,

developed. ‘ 0 .

¥
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Castillo et al. (1980) developed a model to predict the retlention of nutrients
; based on the fi;'et order kinetics of nutrient degradation in foods processed
in retortable pouches. With,their model, the prediction of nutrient retention
at any point in the pouch can be made. The results can be integrated over
Lime and volume t;: give the final nutrient fraction retained after processing.
Castillo et al. (1980) used simulated food to experiment':ally verlfy their
model, and found the predic’tion's of nutrient retention to be within the ninety
> percent confidence intervals of tixe experimental nutrieat fractions.

: B | :

N

‘Once a model has been formulated to describe the effects of the heat procéss
on the' v1:11nerable factors such as nutrients, it can be used to simulate the
process. These simulations are the basis of the optimization procedures.
Finding the optimum solution for a processing problem by selecting from
numerous influencing.factors i3 difficult because a large number of simulated
runs must b; done. To improve the efficiency in finding the optimum, several
techniques have been propc;sed including linear programming (Bender et al.,

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

1984c). A comparison of optimization techiques and theory 1s presented in

Nakai (1981) and Evans (1982). ,

Teixeira et al. (1975b) used a trial-and-~error search technique to determine
the best conditions for improving thiamine retention in thermally processed
foods. They employed true optimization, in Kt}:at: they varied the retort
temperature with time to find the optimum processing conditions. They used
ginusoidal, ramp and step temperature input functions, and found that a ramp

function resulted in optimum thiamine retention. But since 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) considered the optimization of constant retort temperature
processes. He found that the optimum retention of a low.z-value nutrient is
obtained at a low temperature-long time process whereas a high

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

“Thijssen et al.(1978) also considered the opfimization of constant retort

temperature processes. They developed a short-cut method using the Fourier
value to calculate the optimal sterilizing conditions, in terms of process
temperature and time, for a constant retort and cooling medium temperature.
’lrhier method is applicable to all sizes and'common geometriaes of cans and

retortable pouches.

Saguy and Karel (1979) used the maximum principle theory to optimize thiamine
retention during the sterilization of conduction-heating foods processed 1n
cylindrical containera. The optimal retort temperature profile determined by
the procedure improved thiamine retention by two percent. They concluded that
a constant retort temperature regime was almost as good as a time-varying one,

and is much easier to implement.

Ohlsson (1980) based his optimization method on the concept of the ''C-value"
or cook—-value. This value 15 used to describe the changes in the nutritional
and sensory properties of the food after processing. It is calculated in the
same manner as the more common F-value, but is based on a reference

4
!
temperature of 100 °C and a z-value of 33 °C, rather than 121 °C and 10 °C.
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Optimal asterilization temperatures are chosen where the minimal quality

changes occur_i.e. for minimal C-values.

4

-

\

e



26

II1I. MODEL DEVELOPMENT

3.1 Beat Transfer

The heat transfer phenomena in conduction-heating foods were modeled by means
of several approaches. The traditional method was included, whereby solely
the temperature changes at the slowest heating region of the container are
considered. The algorithms which calculate the center temperatures in a can
are incorporated in BALLST, in the program module SUBl. The temperature
distribution in a can as a function of both position in the container and time
is also modeled. CANl (in program module SUB4) calculates the temperature
distribution in the can, when the convective surface heat transfer coefficient
is assumed to be infinite. CAN2 (module SUB5) returns the same type of
temperature-time results, but it allows the specification of the heat transfer
coefficient pr“ior to the calculation. As well, the heat transfer in a
retortable pouch is modeled. Again the temperature is considered to be a
function of both position and time. The aurface convective heat transfer
coefficient can be assumed to be infinite (PQUCHL in SUB2) or can be specified

by the user (POUCH2 in SUB3).

3.1.1 Sloweat Heating Region Approa(::h (can)

The temperature at the slowest heating region (SHR) of a cylindrical container
undergoing a sterilization treatment is calculated l;y the program BALLST
(module SUBLl). This region is located at the geometrical center of the can

for conduction-heating foods. The can is considered to be first heated, then

held for a specified period of time, and finally cooled. The assumptions upon
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. ju . .. .
which the model development was based are: the thermal diffusivity 1is
isotropic and independent of temperature, the heat transfer coefficient at

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

temperature.

Three models are‘available in BALLST; the first one is based directly on
equations derived by Ball (1923, 1928) and Ball and Olson (1957), while the
other two models are modifications of the first. Ball treated the heating
curve as logarithmic and the cooling curve as first hyperbolic and then
logarithmic. 1In the second model both the heating and the cooling curves are
treated as a combination of first hyperbolic and then logarithmic sections.
The third model differs from the second in the way the hyperboll‘c cooling
equation is calculated, and in the j_ (cooling curve lag factor) value used.
The various temperature—time curves generated by the three models are shown

in Figure 1.

3.1.1.1 Model One

The heating curve for a conductively-heating food can be plotted on an
inverted semilogarithmic axis, with the ordinate axis representing the
difference between the retort temperature and the contailner centre
temperature, and with the abscissa representing time. " A typical heat
penetration curve is given in Figure 2. Theoretically, the equation for the
heating curve is derived from the asymptote of the curve; in practice the
straight-line approximation is drawn as a tangent, one‘or two log cycles from
the ori‘gin (Stumbo, 1973). The equation for the straight-line approximation

of the heating curve is given by (Ball and Olson, 1957):
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where T, is the processing (or retort) temperature, T is the calculated
temperature (in this instance, at the centre of the can), t is the time passed
since exposure to the heat‘; source, Tpi is the paéudo-initial temperature, and
l/fh is the aslope of the heating curve. The pseudo-initial temperature can
be determined from the plot of the straight-line approximation of the heating
curve, as seen in Figure 2. It represents the initial food temperature that
would ne(;d to be present to yield the temperature-time curve shown, if there

was no initial lag in the heating rate of the food. The value of fh is the

time necessary to reduce the temperature difference (Tr-'I‘) by one log.cycle.

Equation 1 can be rewritten as:

iy 1
10g10 — = === 4t (2)
u fh .

where u is the temperature ratio, and j, is the heating curve lag factor. The

general formula for the temperature ratio is given by:

(F' =~ 1)
g m B ol (3)
(Ta - Ty

where T  is the envirommental temperature (which is T  is this instance), T
is the calculated temperature (here, equal to the centre temperature), and To

i1s equal .to Ti here. The lag . factor jy i3 a measure of the lag in
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establishing’ a uniform heating rate in the food upon exposure to the

temperature input function. It is defined as:

e Y “ (%)

(T - Ti)

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

equation in the form used in model one of BALLST:

(‘t/fh) 0 A
T =T~ (T, -T;)*jy ¢ 10 (5)

)

The cooling curve of model one was considered by Ball to be comprised of first

a hyperbolic section and then a logarithmié part. The hyperbolic section is

given by (Ball, 1923):

T=T - aqf 1+ - -1 - (6)

where t .4 is the time passed since exposure to the cooling water, and a,
and b_ are fitting constants for the hyperbola. Ball (1923) determined
graphically that suitable values for these constants are:

-T,) N

b = ,173 £ ) (8)

where T, is the cooling water temperature and f. is the reciprocal of the
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slope of the cooling curve. The temperature at which the cooling curve

switches from a hyperbolic shape to a logarithmic one is given by:

)

* = - . -
T % =1 343 (T - T) (9)

cmax ax

o

This switch temperature will occur at time tc , equal to:
-'T)
ma
cmax w (10)
Equation 10 can be simplified, with the use of equation 9, to give:

t.* = f.s logyg(3./.657) (11)

After time tc* has passed, the cooling curve is calculated using the general

logarithmic equation:

(—t/fc) -
T =T, - (T, - Tg)e j 10 (12)

where the environmental temperature Ta represents T in this iLnstance, the

x> and the general time variable t is

starting temperature ’I‘0 refers to T ..

equal to t This equation can also be written as:

cool"*

(‘tcool/fc)

T =T, 4 (T, - T,) ¢ i 10 (13)

cmax

Y

Ball (1923) determined, again graphically, that the value of 1.4l for jc would

yield the equations which most closely approximate the empirical heat
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penetration data. A temperature-time curve as predicted by model one is shown
in Figure 1.
) \

3.1.1.2 Model Two
As can be seen from Figure 1, the initial portion of the heating curve
generated by Ball's equations in model one does not exhibit the shape one
would expect from examining actual temperature dat‘a. In model two, to more
closely approximate physical heat penetration curves, the heating curve is
modeled as first a hyperbolic and then a logarithmic section. This
modification of the heating equation will not affect subsequent lethality
calculations, since the early temperatures do not contribute significantly to

v

the magnitude of the lethality accumulated.

The hyperbolic portion of the heating curve ia calculated by:

1

T = Ti + (14)
The logarithmic heating section is calculated similarly to model one:
\
(-t/£ )
T =T - (T -T3): jyel0 (15)

There are two fitting constants in the hyperbolic heating equation, a, and

bh’ which can be determined by imposing the two following conditions:

1- The point of intersection of the hyperbolic and logarithmic heating curve
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sections occurs at {(similar to Ball's intersection point for the cooling

curves of model one):
* = e -
T,; T, 4+ L3630 (T - T)) (16)

2- At this point of intersection the slopes of the two heating curve sections
must be the same, as plotted on Cartesian coordinates. This ensures a smooth

transition from hyperbolic to logarithmic heating.

From these two conditions, it is possible to determine the expression for the

fitting constants a, and by , in terms of the independent variables T ., T., jh

and f, . 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 substituted into the hyperbolic equation 14 to obtain

the first relationship between a, and, by, .

3- The derivatives of the equationa for the hyperbolic and logarithmic heating'

‘
. @

sections are found.

4- The coordinates of the point of intersection are substituted into these

v

two differential equations.

3
~

. o »
5- By equating the two differential equations, the second relationship between

‘
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2, and bh i3 determined.

!

6- The equations for ah and bh are found from the two relationships.

»

The steps of the solution for a and bh are now examined in detail:
|
1- The coordinates of the point of intersection:
At' the point of intersection the temperature is equal to Th , ac defined in
equation 16, and is also equal to T, from equation 15. Setting equation 16

equal to 15, one obtains the following expression:

]

(—th*/ fh)

Ti+0363(T, - T;) =T, - (T, - T;)» j,» 10 (17

The x—coordinate, time, can be determined from equation 17. The equation for

the time coordinate is given by:

l

th* = fh e 10g10(jh/-657) N . ‘ (i's)u

2

Thus, from equations 16 and 18, the coordinates of the point of intersection
- ’ 3

(Th *, ty* ) are found.

A

2~ Substitution of (T* ) into the hyperbolic heating equation:
At the point of intersection the expression for Th* , from equation 16, is
equal to the temperature calculated by the hyperbolic heating equatiom 15, at

time = t * .

h



3— The derivative of the hyperbolic and logarithmic heating equations:

- The time derivation of the hyperbolic heating equation 14 is given by:

I , -

.
@ < P
\ - , \

: 6T a t . . ' - %
. === = ~=== ¢ f —o=oomooooo- L (2D
e . §t ' th \/\1 + tZ/th ‘ . K .

* 2
¢ The time derivative of the logarithmic heating equation 15 is:

: 5T ﬁ -1n10Y} (-1nl0st/f )- '

- - 'E-- =~(T, s 1;) o jpe g —= J°e o N (22)

" E] t fh s
. \ . - ‘Equation 22 can also be written as:’

1 , {
. . - & T - (-t/£) .
: == =(T_ - T.) s 3, « (-2.30259/£ ) « 10 L. (23),
5t r i h h -

. . 4~ Substitution of (T.; ,th* ) Lintp differential equations:

The differential equation of the hyperbolié heating section, at the point of

intersection is as follows:



§T ah

——— B} -

. ty * .
- (24)
2 x
St by, NI (ch /b2 ).

The differential equagion of the loga;rithmic heating section, again at the "

point of intersection, is given by:
- /1 8

“sT £ -2.30259 (-t /1) t
- — _.(Tr - Ti) ° jhc [, 10 h R (25)
& 8 t } fh ,

"

5- Equating the two differential equations:’
At the poini: of intersection the slopes of the two "heating equations are

equal. ‘Thus, the two differential equations can be set equal to each other,

»
to obtain the second relationship between 3, and by: '
a, ty -2.30259 (-t /£) .
—-' o=z F ~(T_ - T.) jof ————-—- " 10 (25)
—T r i Ih
by \v1+t. /b £, -

6- Determining a, and bh:
By mathematical manipulation of the two relationships between a, and by, given

in equations '20 and 26, the expressions for & and b, can be derived:

“ - .22673
a, = .33 f = (T - T;) (zn
B 45346 - S ro i
where S = 1og16(jh/.657)' (28)
(29)

. 2
by = 2(8) * £

o



o
. ! )

1 - (.45346/S) + (.0514065/5%)
where z(s) = ---——--~--——~---—-—-—-2- -------- (30)
(.45346/S ) (1/8%)
In model two, the cooling curve 1s also comfprised of first a hyperbolic and
then a logarithmic section. The cooling curve equations are the same as those
described in the cooling section of model one, with the fitting constants a_

and bc and the switch time and temperature being calculated gimilarly. A

typical temperature-time curve generated by model two is shown in Figure 1.

<

3.1.1.3 Model Three

In model three, the heating curve is represented aa being first hyperbolic
and then logarithmic, as I1s the cooling curve. The heating curve 1is
calculated 1n the éame manner as that of model two, with the derived
hyperbolic fitting constants 2 and by, . The eql;atians w111l not e repeated
in this section. The cooling curve differs from model one and.two, however,
in that the hyperbolic fitting constants are calculated, the values for a.
and b, that Ball (1923) derived graphically are not used. Also, user-supplied

values of jc are taken, 1instead of a constant value of l.41.

.

1
The hyperbolic cooling curve gection is given by equation 6, and the

logarithmic cooling section by equation 13. The hyperbolic— to- logarithmic
switch time tc* 18 found from equanoh 10, and. the switch temperature Tf from
equation 9. The jc value, rather than being asssumed to be 1.41, 1s supplied
by the user. Another difference between the hyperbolic cooling curve section
of model three, and those of model one and two, is in the way a. and bC are

calculated. These hyperbolic cooling curve fitting constants are derived by
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\
»

the method used to find_ the hyperbolic beating curve fitting constants (ah
and bh) of model 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 hyperbolic cooling equation 6 to obtain the first relatioaship
’ between a_ and bc, 3) find the derivatives of t:he\ hyperbolic and logarithmic
cooling equations 6 and 13, 4) substitute the coordinates of the point of
intersection into these two differential equations, 5) by equating the
di fferential equations, derive the second relationship between a_ and b, 6)
‘determine the expressions for the hyperbolic fitting constants from the

relatipnships obtained in steps 2 and 5.

The temperature-time curve generated by model three is shown in Figure 1. The

differences between the curves generatéd by the three models can be noted.

3.1.2 Spatial Temperature Distribution Approach (can)

In the previous section the cylindrical container centre temperature history
during sterilization and cooling was discussed. In this section, the modeling
of the temperature distribution in the can as.a spatial as well as temporal
function, 1s examined. The two algorithms CANIl and CAN2 (in program modules
4 and 5 respectively) calculate the temperature at any location in a can,
af'ter exposure to a sudden sustained temperature change. The temperature
distribution i3 thus a function of the radial and axial coordinates in the
can, as well as time. The assumptions upon which the models are based are

that the food temperature is 1initially uniform, the thermal diffusivity is

considered independent of temperature and is isotropic, and heat transfer
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occurs only by conduction. For the purpose of model development, the
cylindrical container is considered to have its éoorldinate system originate
at its centre. The radius of the can is 2R and the length is 2L. Only
one-half of the can is modeled;‘the inherent symmetry of the cylinder
elimirtates the need to repeat the calculations for the second half. CANl and
CAN2 differ, however, in the way the convective surface heat transfer
coefficient 'is taken into consideration. In CANl the equations are based on

the assumption it is infinite. The convective heat transfer at the surface

of the can 1is therefore ignored. 1In CAN2, the equations utilized allow the .

e

value of the heat transfer coefficient to be specified by the user.”

3.1.2.1 caNl ' .
The classical equation of conduction of heat in a finite cylinder is used
(Carslaw and Jaeger, 1959):

LI K 1 &Cre §T/8 ¢) §2r .
( ............ - e ) (31)

8 C\ O'CP r . &r 82

where k is the thermal conductivity of the food, pis the food density, cp is

the food's specific heat, r is the radial coordinate and z is the axial

L
<

coordinate. ‘According to basic heat transfer theory (Holman, 1976):

e G : ‘ ‘ (32)

where O is the thermal diffusivity of the food, equation 3l can be rewritten

as:



81 1 &(r-8T/s1) g2
( ' 2) (33)

Gt r\\ 6 r 6 zZ

The temperature distribution caused by the heat transfer in a finite tylinder
can be calculated by separately determining the temperature distributions
through the cylindrical surface (infinite cylindeyase) and through the ends
of the can (infinite plate case). These two solutions to the differential
heat transfer equations are then multiplied, Gaing Newman's rule (Pferson et

al., 1978).

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

and Jaeger, 1959):

§ T 1 5(re AT/ £1)
—— g (-— P et — o o e ) (31‘)
r . ' ‘

5t - i

Equation 34 can be simplified to:
5T c2r 1 st ‘ .
e G e (35)

For the ends of the can, the temperature distribution 13 calculated using

(Carslaw and Jaeger, 1959):

5T =21 :
—— ( — ) \ (36)
ft s 22

The solutions for the differential equations representing the temperature

4
\
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distribution through both the infinite cylinder and the infinite plate are
given in terms of the temperature ratio u, as defined in equation 3. The

temperature ratio for the infinite cylinder is determined by (Luikov, 1968): .

—

2 2

o (=i Caee/(D/2)) )

Ucyl = E An' Jo( un’r/(D/Z)) r e (37)
n-1 . /

e .

(38)/

where Mo is t root of the Bessel function of the firat kind of the

where An =

zero order, and J,(x) and Jl(x) are the values of the Bessel functions of. the

first kind of the zero and first order respectively (see Appendix ! for the

Bessel functions).

The temperature ratio for the infinite plate is (Luikov, 1968):

)

2
oo "z (-umz,u.t/[, )
u_ .= ¥ +« cosfu ——- ‘e (39)
pl ma] Am ( m L )
2 +1
where A = -=—=—- v (-1 (40)
m u
m
»
and uy = (2m - e /2 (41)

The temperature ratio for the finite cylinder can be found by multiplying
together the temperature ratios of the infinite cylinder and the infinite

plate (Luikov, 1968):
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u = ucyl . Upy (42)
N 2
- . 2 (=6ien Drany/on’)
u= ¥ ArAr Jo(un'————-)'cqa(um—-—)'e (43)
m,nz1 (D/2) L

A}

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

calculated from:
T -Ta- ue (T, - Ty) (44)

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

being determined T, represents the retort temperature T, and T, is the

)

initial food temperature Ti' To calculate the temperature after cooling has
started, equation 44 13 used, with different values substituted for some of

the variables. Firat, the heating temperatures Theat are calculated until

the end of the processing pericd, as 1f no cooling is to be done:

-

Theat = T, - u .(Ta - TO) (43)

1
where Ta i3 equal to Tr, To-is Ti’ -and the time wvalue i3 t. Now a set of
cooling temperatures 1is calculated, assuming that Tr is the new initial
temperature in the food and T, 1s the new envirommental temperature, from the

time when cooling starts until the end of the processing period:

Tcool =T, - wuwe(l, -T

) (46)



where the time value used in the expression u is t

Y

temper atures Tcoc;l will deviate from the actual food temperatures because: 1)

cool * rather than t., The

'

when cooling starts the temperature in the food is not the retort temperature
but a value close to it and, 2) the interior food temperatures are still
increasing at the start of cooling, and the suhsequent effect on the predicted

temperatures should be considered, which is not the case in the calculation

of T.oo1+ The actual cooling curve temperatures are calculated by:
T =T : - ‘
heat ~ (Tr 'Tcool) ] (47)
.1.2.2 cAm2

The equations upon which CAN2 i3 based allow the specification of \the
convective surface heat transfer coefficient, by way of the Biot modulus Bi.
Following the same equation development explained in the previous section for
CANl, the temperature ratio for the infinite cylinder is given by (Ramaswamy

et al., 1982):

®© , 1
. Ig(Y o e/ (D/2) (=Y m'Focyl) g
Yoyl = 2 Bigyy ° PSR A VAN e (48)
hy (BIC}']» + Yo ) JO(Y m)

where vy _ is the mth positive root of: Y.J;(Y) =8 3o YD) (49)

icyl

Bi ) = h- (D/2) /& : : (50)

Fo .,y = a st/ (p/2)% ‘ (51)
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The temperature ratio for the infinite plate is (Ramaswamy et al., 1982):

oo
2 sinf , (- an-Fo 1)
uy = Z —— “coa(B ez/L) v e P (52)
n=1 B+ sinB .cosB
where g, is the nth positive root of: g-tang= Biy (53)
Fop]: = @, t /LZ (55)

i
" As .shown in equation 42, the temperature ratio for the finite' cylinder is the

& -
product of the temperature ratios for the infinite cylinder and the infinite
o

plate. The resultant finite cylinder temperature ratio 1is:

m a
Jo( Ygrr/(D/2)) sinBp
u=4 Bi‘cyl' ; ————————————————————— B tcos(8y “z/L)
: n_1(Blcy12+Y mz)'JO(Ym ) 8 *+sinB -cosB,

( = ane ( v 2?8 2l )
¢ e

(56)

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

T =T, - uw (T, - Ty ' (57

-

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

described in the previous section (3.1.2.1) , with equations 45, 46 and 47,



3.1.3 Spatial Temperature Distribution Approach (pouch)

The temperature distribution in a retortable pouch has been modeled as a
function of positiqn in the pouch, and time. The temperature is calculated,
Iat any position and at any time, after the pouch has been exposed on all sides
to a sudden sustained temperature change. The models are based on the
following assumptions: only conduction - heating  occurs, the thermal
diffusivity is independent of .temperature and is isotropic, ahd the initial
témperature throughout the pouch is uniform. The pouch i1s modeled as a
rectangular brick, or parallelopiped. 1t is considered to have the origin of
the coordinate system at its centre. The half-lengths along the X, Y and
Z-axia are given by Les Ly and L, respectively. Calculations need be done

for only one—eighth of the pouch, due to its symmetry.

The temperature-calculating algorithms are incorporated in POUCH1 and POUCH2
(program modules SUB2 and‘and SUB3 res?ect:ively). POUCH1 performs the
(temperaf:ure calculations based on the assumption that the convective surface
heat transfer coefficient 13 infinite; the effect of the convective heat
trans fer at the surfaceﬂ of the pouch is 1gnored. The equations of POUCHZ,

however, allow the specification of the heat transfer coefficient by the user.

3.1.3.1 poucHl
The general equation of heat conduction 1n a parallelopiped (pouch) 13

utilized (Carslaw and Jaeger, 1959):

)
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The temperature profile caused by the transfer of heat through a
parallelopiped can “be calculated by separately determining the temperature
profile through each of its representative sides, where each side 13
considered to be an infinite plate, and then multiplying the three solutions.
The heat transfer through the X, Y and Z infinite plates are given by (Carslaw

and Jaeger, 1959):

8T § 2% §T 8§ 21 8T § 21

RRY iy T 00 N P G
st N8 x2 §t s y2 §t 8 z2

The solutions for these three differential equations can be 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 given here for each infinite plate:

oo cos( (2f=1) mex/2L x ) » ( -a-t (20-1)2 7 2/412)
24 ¥ e e ) (50)
T =

3
. /& /"/"

o cos( (2m-1% mey/ 2Ly) (- we (-1 2% 52741 2)

= 3 ¢
by T mel (2a-1) (-1) D) ) o
oo €0s( (2n-1)+ 4 x/2L z) ( - 4t (-4 ,2/4L 223
u, =4 v —“—-*‘"——“~‘—-~”-('——I}'-——— e (62
T , (2n-1) (-1)'9*
nsz

\

The temperature ratio for the finite parallelopiped is found by multiplying

the temperature ratios of each rnfinite plate together \(Willtamson and Adams,



1919) :

WEue U, gy ) (63)

(20-1) * (2a-1) » (20-1) ( 1)""“‘*“*1 )

=
[

f,m,nz=1

atC ((20-035 20 D + (DA 240D + (=D 2 2a0,%) )
[~ x (64)

The temperature at any position in the retort .pouch can be caiculated, at any

time, by:

T=Ta_ ue (T, - T,) (65)
1
As discussed in section 3.1.2.1 the heating curve 1is calculated. by

. . . . 9
substituting variables 1n equation 65 in the following manner:

-

-
T :Tr— u. (T, - Tp) (66)
The cooling curve 13 calculated by:
T = Teae = (Tr = Teoo1) (67
where T aT_ - wue(T -T.) (68)

heat T T 1



‘and T T, = us (T, -‘Tr) - (69)

cool ‘g

3.1.3.2 PouCH2 ‘ o o .
The model POUCH2 calculates the temperature in a retort pouch, while allowing \'

the specification of the surface convective heat transfer coefficient, by -

means of the Biot modulus. The same equaﬂtion development as in the previous

section for POUCHL, equations 58 and 59, is used. The temperature ratios for .

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

. 2
o's) 2 gin B(). (- BE 'Fox) .
I ¢ cos( Bpex/Ly) o e (70)
et Bp + sin Bp-cos Bp ‘ -
< c
where BP ts the fth positive root of: Betan B = Bi . (7D . \
Fo = act /1.2 | (72)
X R X q
) .
. L 2
oo 2 sin B (- B, >Foy)
' uy = Yo - - . cos,(’Bm-y/Ly) ce . (73)
mz18 + sin B ¢cos B .
~where B is the mth positive-root of: Betan B = Biy (74)
' !
Fo_ = a /L2 | . (75)
I R
( .
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. . ) ¢ 2
. o 28inB (-8 .Fo,)
u, =¥ - « coa(B ez/L ) - e (76)

s = Bat sianocoan

|

where B is the nth positive root of: Botan B = Bi_ (77
= -4 2 - )
Fo, = aot /1, (78)

The temperature in the finite pérallelopiped is found by multiplying the three
temperature ratios given in equations 70, 73 and 6. The heating and cooling

curves are calculated using the same method described in the previous section,

in equations 66 to 69.

3.2 Process Adequacy

The objective of thermal processing is the total destruction of all
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 must guarantee the

complete dgstruction of Clostridium botulinum, and should algd eliminate any

other organiams that can cause health or spoilage problems (Pelczar et al.,
1977). Vegetative microbial cells are very heat-sensitive, hnd are easily
destroyed. It is the bacterial spores that ahre the major problem in low-acid
foods, as they may be 10,000 times as resistant.to heat as the vegetative
cells (Charm, 1978). Both spores and cells are commonly considered to be

A

destroyed by heat according to first order reaction rate kinetics. The

".mr‘&h/y:
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- =k _.C : (79)

where C 1is the concentration of live bacteria and kr is the reaction rate

‘

constant. This equation can also be written as:

d{log, .c 1
T L ) (80)

dt D
) where D = 2.303 / k_ ’ (81)

D is the decimal reduction time characteristic of the microorganism, which is
the procesaing time necessary to reduce the microbial population by one log
tycle, as shown in Figure 3. The D value is often modeled as a function of
processing temperature (Stumbo, 1973; Merson et al., 1978):

(Tref—'l')/z

D= Degg v 10 | | (82)

where D is the D value at temperature T, Dref ia the D value at temperature

Tref’ and z i3 a destruction parameter characteristic of the organism, and

can be considered to be constant throughout processing. Integrating equation

. - ’ 80 from time t_ to ty, when the microbial concentration changes from a to b

respectively, yields the following expression: -




~_

10 000 - »
“ .
1
$ 1000 -
> ]
| %%
™ ]
@ ]
* -
o
8 “
°
=] 100+
g
a ]
A 1 N N
0 0 S 10 1) 20
. Time (min.)
e oS

"Fiqure 3 - Representation of the Decimal Reduction Time D

<

L4



1 de

b . Fb X
- L d(loglOC) = T lo(Tref-T(t)j;’Z (83)

ref ta
|

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

sterilizing value F gives (Merson et al., 1978):

z
F‘l"ref =

tb dt
f

D * (log 3 ~ log b) (Tref-1(t))/z (84)

ref ta 10

where the F value 13 dependent upon the temperature and the destruction
paramzteréi associated with the particular microorganism. It represents the
time required, at a reference temperature, to lower t‘he concentration of
spores by a specified factor. The 12D concept frequently used in thermal
processwlng refers to tne amount of time raquired - the ¥ value - t5 Jecrease
the initial microbial load by a factor of 1012, or in other words, to ensure
|

"commercial sterility" (Esty and Mever, 1922). The reference temperature for
which the F value 23 calculated 15 usually taken to be 121 degrees C for
low-acid foods (Hayakawa, 1978) and 93 or 100 degrees C for acid foods (Merson
et al., 1978).

-

The product FTzref X lO(TrEE_T)/Z 13 called the '"thermal death time'', TDI. It
1s the time required to reduce the populaotion of the target contaminant
microbes by a factor of 1012, when the £food 1s at temperature T, The
previously-mentioned destruction parameter z can be obtained from the
semylogaritimic plot of TDT vs processing tempi/tature, and represents the

temperature increase required for the TDT to be reduced by one log cycle, as

shown in Figure 4.
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The integrand of equation 8 is commonly written using TDT, and is equivalent

<

to the "lethglity':

dtc
Lethality = j[b ————— (85)
ta TDT

The definite integral of equation 85 represents the lethality imparted‘to the
food by .the process, and must be greater than umity for saterility to be

achieved. The lethality can also be represented as (Merson et al., 1978):

(F )
pracesas
Lethality = -t 227777 (36)

(Fi of) required

) . ,
Again, the result must be greater than unity to ensure sterility in the food.

The lethality calculations can be based on either the temperatures at the

slowest heating region, or on the temperatures throughout the container. 1In

- this research project both approaches were utilized.

3.2.1 Slowest Beztin‘g Region Approach

In this instance, the lethality calculations are bagsed on the SHR for a can,
whereby .only the temperat‘ures at the centre of the can are used. The
rationale of this approach is that if the slowest heating region of the can
has reached a certain temperature, the rest of the can is sure to have
attained at least the same temperature (Bigelow et al., 1920; Ball, 1923).

)

The extra lethality accrued due to the higher outer temperatures i3 considered

o

to be a safety factor. There is controversy concerning whether or not the

centre of the can 13 actually the region where the highest number of survivors
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s
) |
is likely to be present (Stumbo, 1949; Teixeira et al., 1969a) but this

assumption is traditionally held to be true, and will be used in thisa model.

To facilitate process calcu\lacions, the total processing time is considered
to be subdivided into increments and the c¢alculations are done for each
increment. Indthis paper, the lethal ‘rate LR during each time increment is

‘

calculated by:

1 1 (T, -T_ .)/z
\ f
LR = —=ome ® oo ° 1o 38 re (87)
- T Frref
|
where Tavg is the arithmetic average of the can temperatures at the start and
end of the time increment. The lethal rate is based on an incremental

astraight-line approximation of what is usually a non-linear temperature curve,
80 8ome error is introduced here «whose magnitude will increase as the
curvature of the temperature-time curve becomes more pronounced.™ As can be
seen from équati.ona 85 and 87, the lethal rate is 1integrated over the
processing period to determine the lethality imparted by the heating regime.
A trapezoidal integration scheme is used, as shown in Figure 5, to obtain the
area under the lethal rat‘e-time curve, and thus determine the lethality

imparted by the process. The lethality is approximated by:

é
(ntime-1) )
Lethality = XL LR ,M¢ (88)
m=] .

. ‘ . T

The accuracy of the value obtained will increase with the number of time

increments .
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Figure 5 - Trapezoidal Integration of Lethal Rate to obtain Lethality
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3.2.2 Elemental Approach

The second method used to calculate process adequacy is to determine the
lethality imparted by the process, based on the tem\p\eratures attained
throughout the container rather than on the centre tempera\c\ures alo.ne. For
this method, the container is considered to be subdivided into elements whose
shapes are dependent upon that of the container, The pouch consists 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 these
values over all the container, for each time incre;xzent. The lethality
imparted can then be determined, for each time increment, by cgmparing the
number of survivors at the end of the time increment with those at the
beginning (Teixeira et al., 1969a). The lethality value calculated at the
end of the final time increment will then represent the total lethality

imparted by the process.

The number of elements in the pouch i3 calculated by:
NELE = (NX-1) o (NY-1) o (NZ-1) ‘ ~ ‘ ' (89)

where NX, NY and NZ are the number of nodes (including the boundary values)

along the X, Y and Z-axia of the pouch. The number of elements in the can

is:

NELE = (NR-1) « {Nz-1) (90)
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«

where NR and NZ are the number of radial and axial nodes, i1ncluding boundary
values, of the can.

o

The volume of each pouch element is:

VELE = (L /(NK-1) « (L /(N¥-D) + . (L,/(Nz-1) (91)

while the volume of each can element is given by:

2 2

VELE = = ¢ (L/(NZ-1)) * (Roucar - Rinner

) (92)

The Lemperaturerat the center of each element in the container, TCNT, is
approximated by the arithmetic mean of the nodal temperatures for the element.
In the pouch, the TCNT is found by averaginghthe eié'ht corner temperatures of
the rectangular element. For the can, the TCNT is comprised of the mean of
the four inner and outer radial boundary temperatures of the annular element.

The TCNT for a pouch element 1s given by

TONT = (T. , +

i,j,k *

Tijpokel % Tiger,e v To gel,xel * Tian 5,k

FTier,5kel  THRL gel,k t Tiel, el k) /08 : (93)

where i, j and k are subscripts for the temperatures in the X, Y and 2Z

directions respectively. The TCNT for the can element 13 calculated by:

T,z r,z+1 + Tri—l,z + Tr+1’z+1) /4 (94)



62

where r and z are subscripts for the temperatures in the radial and axial
directions of the can.

Recalling that calculations are performed for only one—eighth of the pouch
and one-half of the can, the initial number of microorganisms in the pouch

(equation 95) and the can (equationm 96), prior to processing, are:
ORGO = (VTOTP / 8) « p +C, (95)

ORGO = (VTOTC / 2) ., p » CO 5 (96)

where €g is the initial concentration of organisms in the container, and VTOTP
and VTOTC are the total volume of the pouch and can, respectively. The
remaining model development i3 based on equations which are identical
regardless of the type of container. The initial number of microoganisms in

each element, prior to processing, 1s first calculated:

ORGEO = VELE + p ¢, : (97)

g

%

The lethal rate in each element, during each time increment, is then
calculated-using the average of the TCNT temperatures at the start and end of

the time increment (T _ ).
avg .

: o(T”g.Tref)/z ) (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:

(-12«LRo A t)
ORGELE = ORGEST » 10 (99)

where ORGEST represents the number of organisms present in the element at the
start of the time increment. The total number of organisms present in the
container at the end of the time increment can now be found by summing all

the elemental values:

nele
ORGTOT = L ORGELE ; (100) -
iz

<

To calculate the lethality, whose magnitude will be 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 survivors left at the

end of the time increment is determined:

Lethality = log,,(ORGO / ORGIOT) / 12 (101)

At the end of the last time increment, this value will be equal to the total

accumulated process lethality.

\

3.3 Ratrient Retentiliom

Consequences of thermal processing include the degradation of';l}eat—labile

$e
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nutrients and other food components, the inactivation of some food properties

\

such as colour, and the augmentation of other food properties such as

"cookedness'. 1In order to determine the processing regime which will result
in optimal food quality, one must know the effects the regime will have on
the food properties and components. Once the heat transfer throughout the

food cax\*:: be predicted, the behaviour of the heat-labile food components can

be modeled. ’

Several models can be used to predict the degradation of nutrients during

*

thermal processing. A common approach i3 to use the Arrhenius eciuacion and
associated kinetics data, the activation energy I:‘.a and kr {Hi1l and
Grieger-Block, 1980; Lenz and Lund, 1980). Another approach \often used
employs the D and.z {)arameters to determine nutrient degi\adation (Jen et al.,

1971; Teixeira et al., 1969b; Thijssen 'and Kochen, 1980) by means of a

i~

semilogarithmic equation as described by equation 84 above. 1In this project

the latter approach was taken, but with the use of the F and z values of the

"

nutrient or component under consideration, where the value of F 1s equal to
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 slowest heating region and the elemental

@

approaches.

Sa

3.3.1 élowest Heating Region Approach

In this method the nutrient retention calculations are based on the center

5
temperatures alone, using the same ratioanale as described in section” 3.2.1.

" The nutrient destructior)l rate (DR) during each time increment is calculated
54



S
!- ,}
- ’ ¢
by:
1 (r._-T_.)/ =z
DR & ————mmeeem e 10 & ref nutr (102)
nutr I
- L 4
where Foer and Zo,tr 2Te the destruction characteristies of the nutrient,

This destruction rate is used to calculate the %lethality" imparted to the
y p

»

nutrient at the end of the time increwment:

’ (ntime-1)
; Letha}'ltynutr - r DR At (103) i
mel !

l

This "lethality'" value can be used to determine how much of the nutrient

» - STy
remains (in absolute amounts) at the end of the time increment. Xeeping in

ﬂ;\ mind that when the "lethality' is equal to 1 a reduction by a factor of 1012
. )
of the amount of nutrient is effected, the nutrient remaining at the end of

13 ¢

the time increment can be predicted by:
R

(12.0 - Lethal i:ynuu_) X
XNUTOT = XNUTST - 10 ~ (104)

where XNUTST 1is the amount of nutrient present at the start of the time
v increment. To determine the fraction of nutrient retained at the end of the
time increment as compared to the amount originally present in the food, the T
probabilistic approach is taken wherein the origimal amount of nutrient is

< considered equal vto 1 g . > ‘

. FRANUT = XNUTOIr / 1 v (105)

r v

-
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At the end of the last time 1ncrement, this value FRANUT represents the

overall fraction of utrent ratained after processing.

°

3.3.2 Elemental Approach

v

The second metnod of calculating nutrient retention uses temperatures attained

throughout the <container, rather than only the centre temperatures. The

™~
number of elements, tne elemental volumes, and t+1e Ttemperatures are all

calculated 1n tne same manner as descrided for process adeguacy 1o section
3.2.2. The :init:ial amount »f nutrients 1an the poucn fequatinn 126. and 1n
the can (equation 107° | sefore process:ag, s calculated by.
°
XNUTOQ = “VTIT? ~ 8) ¢ £ - N, (196
XNUTO = (VIOTC / 1) « °® 'NO 107"
where NO 13 the inmitial concentration of nutrients 11 the container. The

remaining model development 15 1independent of container shape. The :mitial

amount of nutrient in each element, prior to processing, 15 giJen by
XNUTEQ = VELE» © «N (108,

The nutrient destruction rate in each element, during each time increment, is

calculated by:

T voTras) / 2
DR = oo ¢ 10 a'8 ref nutr (109)
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This elemental destruction rate is used to determine the amount of nutrient

left in the element at the end of the time increment
»

7-12.0¢DRe 1 t)
XNUTE = XNUTEST « 19 (110)

where XKNUTEST 1s the amount of nutrient present in the element at the start
of the time i1ncrement, and the DRe’ t term 1s the '"lethality" imparted by the

process to the nutrient. The amount of nutrient remaining in the contalner

[ .
at the end of the time increment 13 found by summing the elemental amounts:

e -
XNUT OT, = Y xzuTE ) 1111

i

\ ]
The <£fraction of nutrient retained at the end of the time increment, as

‘compared to the amount originally present, 13 calculated by:
FRANUT = OINUTOT -« XNUTO . (112)

where the original amount, XNUTO, 13 considered equal to 1. At the end of
the last time increment, the value of FRANUT 1s the overall nutrient fraction
retained after processing.

2

3.4 Optimization Method

The interest shown in maximizing food quality during thermal processing has
led to the applications of optimization theory to determine optimal processing

regimes. The optimization of quality retention in thermally-processed foods

o
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A
is based on the disparities 1in the temperature—dependence of the death of
contaminant microbes and the 1nactivation of nutrieats and fond properties
fOhlason, 1980). Since the death rates of microorganisms are generally much
U -
more temperature—dependent than are the :nactivation rates »f nutriants and

other quality factors such as colour, using a higher temperature/shorter time

process may result in a better quality food (Lund, 1982). The optl(nization
|

model must take rhese disparities into account when selecting the processing

regime that will result 1n maximal nutrient retention, while ens iring process

adequacy. An example 2¢ the temperature-dependent differences in the

tnactivation of Clostridium botulinum versus thizmine 3 shown 1n Figure 8

Jt

(Tung and Smith, 1980 . Processing at 112.1 °C far approxzaatels 19.] minutes

-

/»;{1 vield a tniamine retent:on of 49 per.2at, wh:ilz a reg.me 2f 113.8 °C for

8.1 mimutes will result 1n 95 percent thiamine retained and a regime of 126.9
9C for about 0.6 minutes will yield a retention of 99 percent. All the above
processes will ensure commercial sterility, but the resultant nutritive values

of the food will differ., It 1s the task of the optimzation model tn choose

the bestlheating regime.

The optimization model developed 1n this project is applicable to batch
sterilization of food heated in a can. The centre temperatures alone are used
to do the calculations (the SHR approach), and the heat transfer equations
are based on Ball's method (1923) as discussed in section 3.l.1. The optimal
processing regime is selected on the basis of its ability to allow maximal
nutrient retention in the food while concurrently satisfying commercial
sterility requirements. The choice i3 made by determining which one of

mmerous adequate processes will maximize the objective function representing
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nutrient ‘retention. This objective function is ‘comprised of up to four

nutrient values. The nutrient retention fractions are combined with their

respective weighting factors in a normalized dot product-arrangement to yield

the objective function:

ns - i
OBJFN = - -_— , (113)

where R, is the nutrient retention fraction and W, is the corresponding

weighting factor. Rn can range from 0 (none of the nutrient i3 retained) to
1 (all the nutrient is retained). W, can also vary from 0 to 1, whera a
higher weighting factor indicates that a greater importance is attached to
that particular nutrient. As well, the value of the objective function can
range from 0 (no nutrient retention) to 1 (total retention). The regime which
yields the highest value for the objective function i3 the one which will

result in maximal nutrient retentions, and i3 therefore considered to be the

optimal process.

&l

*
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IV. THE COMPUTER PACKAGE
4.1 Overview ™
The program 'package w<as designed to perform simulation, m1n1miz\at10n /
maximization and optimizatinon .cal-:ulationa for a variety of thermal processes.
It 1is arranged hierarchically, comprising several levels of modules which
include system startup programs, user-friendly interfaces,
temperature-calculating routines and service facilivies. Using this approach
the modules can be loaded and overlayed 1in volatile memory as they are needed,
to circumvent the limitation that only 64 KB of RAM can be allocated to a

N )

BASIC program, Thfxa, the progran; package, which 13 considerably larger than
64 KB, can sti1ll ne implemented 1n BAS\C on a microcomputer. Also, this
approach facilitates package updating and the 1ncorporatinn of additional

.

modules.

During operation, control 1s transferred up and down between the various
program levels. The user communicates solely with intelligent, interactive
interf:aces, the calculating routines remain 1nvisible. The interfaces asH
for appropriate information and check the validity and allow correction of
unreasonaiale data. Information such as system status codes, intermediate
results and user—supplied values are stored in temporary files. "['he primary
purpose of these files 13 to transfer the information between the program
levels in the hierarchy, thus allowing inter-level communication during

operation. A schematic of the package is shown in Figure 9.

The system is inatalled on an IBM PC having 640 KB of memory, a colour
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monitor, two double-sided disk drives and one configured virtual disk. The

package resides on two 5.25 inch floppy diskettes. The firat diskette
contains the IBM operating systen; files, the initialization programs AUTOEXEC
and START, all interactive, service and temperature-calculating programs in
compiled BASIC form, and the ALPHA text files used by the interfaces (w1ith
the exception of ALPHAD, which was stored on the second diskette due tg lack
of space). The compiled versions of the programs are used during package
operation as they ensure fast program execution and provide a certain degree
of software security, since compil=d programs are not e=asily decipherable.
On\ the second diskette are stored the communication files COMMA, COMMB .and
COMMC and the storage _vfiles STOREl, STOREZ and STOR‘EF, all used by the svstem
to transfer Lnforrnatmr; between the progran.\ levels, as well 133 the saved
graphics screens used for display >f program results. Nuring svst2m aperation
the first diskette remains 1n drive A and the second 1n drive B. The virtual

drive C 18 automatically created in the RAM of the IBM PC when the system is

booted up. The files on this virtual disk include copies of the ALPHA text

.files and the COMM] and COMM2 scratch files. Package execution time 1is

minimized by accessing these frequently-used files from the wvirtual disk

rather than a physical one. A memory division map of the computer package 13
\

. . \
given 1n Table 1.

4.2 Operation Sequence

&

A sample operation sequence 13 described below:
l-When the microcomputer is switched on, with the first diskette in drive
A and the second in B, IBM DOS automatically searches for and executes

AUTOEXEC. - It performs a number of tasks to initialize the system and copies

.

-



FLOPPY 1 FLOPPY 2 - ’ BAM & ROM

DRIVE A DRIVE B
SYSTEM FILES STORE 1 COMMAND . COM
BASRUN .EXE STORE?2 . BASRUN.EXE
SUPERSPL .COM STOREF SUPERSPL BUFFER
SUPERDRV . COM COMMA SUPERDRV BUFFER
AUTCEXEC .BAT * COMMB . \‘ coMMl
START .EXE COMMC COMM2
MAIN.EXE GRAPHICS ALPHA
MAINA.EXE? MACL OGO .SCR ALPHAA
MAINB.EXE TITLE .SCR ALPHAB
MAINC.EXE RETORT . SCR ALPHAC
MAIND.EXE CLOCK . SCR ALPHAD
MAINE.EXE SANDCL . SCR ALPHAE
SESSREST (EXE FIRE . SCN ALPHAL
SERVINT .EXE > ALPHAD ALPHA?

HARDOUT .EXE ALPHA3
SCREENDP .EXE ' ALPHA4
OUTPUT .EXE , . ALPHAS _ -
COPYSTFI.EXE . ALPHA6

BALLST.EXE " .
POUCHL.EXE
POUCH2. EXE R
CANL.EXE
CAN2.EXE
ALPHA
ALPHAA? - o
ALPHAB = _ ‘
ALPHAC , )

ALPHAE ) .

ALPHAL .

ALPHA2 ’ 2
ALPHAJE

ALPHA4?

ALPHAS® -

ALPHAGZ

a - Programs to be added upon\‘system expansion

Table 1 - System 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.

T <

. [
2-START creates the STOREl file, 1nputs a numeric system code to it,

displays header information and then chains to the interactive interface MAIN.

3-When activated, MAIN uses the code in STOREl to determine from which
level control was transferred. Depending upon the information read from
STORELl, MAIN w1ll present the user with various optilons. Responses are also
elicited from the user at this time. Dat}a- are stored 1n the files STORE2 and
COMMA, created by MAIN, to be passed to the desired subMAINs . .Before chaining
to a subMAIN, MAIN writes an operating code to STOREL. This Lnfi“)(matl)n 15
later made available to 1t again when 1t 1s reactivated, upon Coméletln)n nf

the desired subMAIN.

¢

4-The ‘3ubMAIN chosen opens STOREZ and reads the operating code contained
therein to determine from which level control was transferred to 1t. 1f the
code indicates control came from MAIN, the subMAIN obtains any—other relevant
information from COMMA. The subMAIN then asks for the argument values needed
to run the desired SUB, and stores them 1h COMMl. Values and 6perating
information are written into STORE2, so that when the subMAIN 1s reactivated
(after execution of the SUB routine) it will be able to "remember'" its status

before 1t chained to the SUB. Control i3 next transferred to the SUB.

5-The SUB routine executes, using the values present in COMMI as its

arguments, and writes the temperature results into COMM2. The SUB then chains

’



back “to the calling subMAIN. .
' —

6~With the aid of the operat’ing‘infomation in STORE2 ie. in this instance
the op¢erating code will indicate that control did not come from MAIN, the
subMAIN"can determine that a SUB has; just been executed. It then reads the
SUB results .from COMM2 and using the informatior; in STOilEZ, re-establishes
its operating status which existed before the execution of the SUB. It can
then resume 1ts own execution, which may inclugz doing lethality and nutrient

retention calculations and process optimization. .The subMAIN may also stdre

information in COMMB to be passed up to MAIN.

Fy

7-Control 1is eventually tranferred back to MAI:JQ, which determines 1its
subse‘quent" actions from user 1input as well as the information 1t had
previously written in STOREI,

Throughout the execution of the package, rhesuilts .of the calculations can be
‘stored in file COMMC. This file will be used by the service program interface
SERVINT to be developed in the future, and accessible from MAIN, by which a
paper copy (HARDOUT), a screen displ‘a:y (SCREENDP) or a graphical display
(OUTPUT) of the results can be obtained. The fourth service 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 Jdrive B. Thus, when the session is interrupted the file contents are not
lost. The session restart program SESSREST, also accessible from MAIN, will

regenerate the COMMl and COMM2 files by retrieving the information from

STOREF. It 'will then chain back to MAIN and the session will resume as



before. v

4.3 Detailed Module Description

A detailed description of the package components is given in this sgction;
the schematic shown in Figure 9 will be of use here.
4.3.1 Initialization Programs

When the microcomputer is switched on, with both package diskettes installed,
the IBM Disk Operating System (DOS) searches for and automatically executes
tEle qrogram AUTOEXEC. This program, containing DOS commands, perfo;‘ms several{
in?t:ialization tasks, including setting up the virtual disk drive C in RAM,

allocating part of the memory as a buffer for the prir(ger apooling facility,

\ , ,
loading the IBM Gra}phics program, and copying the ALPHA text files onto-drive

i
2 ’

C. AUTEXEC then transfers control to the other initializatidgk program START.
START is a BASIC program. It first creates the file STORE!, inputs a numeric
operating code to 1it, and then closes the file. This information will
indicate to the next program in the hierarchy that control has been

transferred from START. START then displays graphical title screens, and

after a suitable length of time, chains to the interface MAIN.
U

2

4.3.2 Interface Modules

The interface modules include MAIN and the four subMAINs. These programs are
the means by whi¢h the user and the package communicate. “They display ‘menus
and options, and accept input from the user. Extensive error-checking is

>

EH - - -
per formed throughout the >interaction; this, 1s the 1lowest level 1in the

e

A
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X

hierarchy where error-checking is performed. Data is examined for validity,

3

and the user is given the ppportunity to correct any unreasonable information.

The interfaces need the user-supplied data to direct the operation of the
package, to activate the temperature-calculating routines, and to perform
process calculations and optimizations. MAIN is primarily a task definition
program, allowing the user to direct the operation of the computer package.
The subMAINs perform two functions during package execution. Firstly, they
act &as 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 ertor-checking of these aupplied
values, and control the flow of this information to the SUBs. Secondly, the
subMAINs calculate process lethaiity and nutrient retention, and present the
overall reauits in both tables and graphs. The subMAINs are based on a
general structure, illustrated. in Figure 10.. Future subMAINs may be designed
~ . A

according to this structure as well, whether they are used to assess batch or

continuous processes, for conduction- or convection- heating foods.

4.3.281 MATN

MAIN is the interactive interface which allows the user to select a program
task eg., the user may wish to determine the center temperature in a
cylindrical container after a certain heating period, or may want to éx.amine
the effect of lowering the retort temperature on nutrient reteation in a
conduction-heating food. MAIN writes operating codes and other control

information in storage files. By means of these files, MAIN can transfer

information down to the subMAINs as well as receive data from them, and can
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Figure 10 - General Flowchart of the SubMAINs




also retain information it may need upon later reactivation. According to

di:’e‘qti;)na received from the user, MAIN selects and activates the appropvriate
program module. At present the choices are limited to the five subMAINs.
However, the system is designed to allow the future inclusion of the service
programs interface‘ and the seasion restart facility, both of which would be

activated by MAIN.

,4.3.2.2 MATHB '

MAINB is selected by MAIN when the user wants to employ the slowest heating
region approach (Ball's method) to calculate the lethality and nutrient

‘ ’ i

retention for food in a cylindrical container. MAINB obtains information from
the wuser, including the argument values needed to run SUBl, as well as the
organism and nutrvrient destruction parameters rwired‘to calculate the
lethality and nutrient retention. MAINB checks the data, stores the a;gument
values in COMMI and activates SUBl. It then retrieves Erom/ COMM2 the array
of temperature-time results. Using these center temperatures, MAfNB
calculates the accumulated lethality and nutn:.ent retention values, at the
end of each time increment. It will the\n either repeat the calculations with

H
different user-supplied values, or will- return control to MAIN.

The lethal rate for the microorganism is calculated, during edch time
increment, by:

\

RATEL = 1,0 / FLETH * 10,0%*((TAVG~-TREF)/ZLETH) . (114)

where TAVG 1is the arithmetic average of the can center temperatures at the
' A\
b

/
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\

beginning and the end of the®time increment, FLETH is the F-value of the
microorganism at the reference temperature TREF (usually 121° C) and ZIETH is
its z-value. The lethal rate is used to directly calculate the lethality‘
imparted by the process at the end of each time increment, of duration DTIME:

8

XLETH = XLETHST + RATEL * DTIME . (115)

where XLETHST is the lethality already accumulated at the atart of the time
e . .

increment. The lethality calculated at the end of the final time increment

is the total accumulated process lethality.

The fraction of nutrient retained in the food after processing i3 determined
somewhat differently. It is calculated using a probabilistic approach; the
amount of r})utrient left at the end of a time increment 1is compared/to that

present at the atart of processing, an amount taken to be equal to 1,0.

ki

RATEN = 1.0 / FNUT * 10.0%*¥((TAVG-TREF)/ZNUT) (116)
where FNUT is the F-value of the nutrient at the reference temperature and
ZNUT 1s its z-value. The amount of nutrient left at the end of the time

increment ias: , "
XNUTOT = XNUTST * 10.0%%(-12,0%RATEN*DTIME) (an

where XNUTST represents the nutrient amount present at the beginning of the
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time increment. The fraction of nutrient retained at the end of a time

increment, compared to the amount preseat in the food originally, is:
FRANUT = XNUTOT / 1.0 . - (118)

Once these lethality and nutrient calculations are completed, MAINB presents

the results to the user.

4.3.2.3 MAINC o
This interface is used to calculate the temperature, lethality and nutrient
retention for food processed in a retort pouch. Thesel values are treated as
functions of both time and pésition in the container. The retort pouch is
modeled as a rectangular brick, and is considered to be subdivided 1iato

elemental volumes as shown in Figure 6. 1In the calculations only one-eighth

of the pouch needs to be considered, because of its three-dimensional

symmetry.

MAINC activates the appropriate SUB which, uysing the argument values obtained
from the user by the subMAIN, calculates the temperatures at the spatial
nodes, at every time value. As can be" seen in Figure 6, the nodes for the
pouch' are the points located at the eight corners of each element. The SUB
writes the array of temperature results into COMM2 and then returns control
to the subMAIN. Subsequently, for each time value MAINC determines the
temperature at the center of eac'h element by arithmetically averaging the
nodal temperatures., Using these calculated average tem}:eratures, together

with destruction and kinetic parameters, MAINC then determines the lethality

v
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By

@¥* o
and the nutrient amounts (by weight) in each element, at the end of every time

a

increment. The total lethality and nutrient retention fractions are then
found by summing the quantities in all elements. Thus, the accymulated
container lethality and nutrient retention values are available at every

incremental time value.

[}
\

To determine the legﬁality im;;arted, a contaminant microbe concentration is
postulated to be ini/;:ially present in the food; the program keeps a record of
the number of survivors remaining as the process continues. The ptoce'aaing‘
time is divided into a number of increments and the lethality and nutrient

retention results are calculated at the end of each one. The initial number

of microorganisms in the food can be determined from the concentration:

ORGO = (1.0/8.0 * VTOTP) * RHO * CORG “;\) (119)
j

where CORG ias the postulated organism concentration at the atart of
processing, RHO is the density of the food and VTOTP ig the total volume of
the pouch. The number of elements the pouch is subdivided into is:__

%

NELE = (NX-1) * (NY-1) * (NZ-l1) (120)

where NX, NY, and N2 are the number of nodes (including boundary values) in
the X, Y, and 2 directions respectively. The volume of each element can be

calculated by:

VELE = (HALFX/(NX-1)) * (HALFY/(NY-1)) * (HALFZ/(NZ-1)) . (121)
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] .
where HALFX, HALFY and HALFZ correspond to the pouch half-lengths in the X,

Y, and Z directions. The initial number of microorganisms present in each

element before the start of thermal processing is: Ty
ORGEQ = VELE * RHO * CORG , (122)

At each time value, the temperature throughout each element ia{ calculated.
For the pouch, this temperature TCN'i‘ is found by taking the arithmetic average
" of the eight nodal temperatures of each bf the rectangularly-shaped elements.
The average temperature, TAVG, during the time increment is found for each
element by taking the mean of the '}CNT valuesl at the beginning and end of the

time increment. This temperature is then used to find the lethal rate For

the microorganism during the time increment, for each element:
RATEL.= 1.0 / FLETH * 10.0%**((TAVG-TREF ) /ZLETH) (123)

Using the lethal rate, the number of organisms surviving in the element at

the end of éhg time increment, of duration DTIME, is calculated by:

'0RGELE = ORGEST * 10.0%%(~12,0%RATEL*DI IME ) (124)

where ORGEST is the number of organisms present in the element at the
beginning of that increment. The total number of surviving organisms at the

end of a time increment is the sum of the} organisms present in all elements:

L

{‘i

ORGTOT = SIGMA((...M=1 to NELE (ORGELE)...)) (125)
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where SIGMA((.,.M=] to NELE (VARIABLE)...)) represents the summation operator
comnonly used in mathematics. The lethality at the end of the time increment
is then calculated: b

XLETH = ALOG10(ORGO/ORGTOT) / 12.0 (126)

. Thus, the lethality value calculated at the end of the final time increment

represents the accumulated lethality imparted by the process.

fhe nutrient retention in the food is calculated using a similar approach,
The original amount (by weight) of nutrient .present in the food prior to

‘

processing is determined- by:
XNUTO = (1.0/8.0 * VTOTP) * RHO * CNUT (127)

where CNUT is the initial concentration of the nutrient in the food. The
original amount of nutrient present in each element is:
XNUTEO = VELE * RHO * CNUT (128)

-

N

During each, time increment, the degradation rate in the element is calculated

by: . ’

RATEN = 1.0 / FNUT * 10.0%%((TAVG-TREF)/ZNUT) ) (129)
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N

The amount of nutrient left in each element, at the end of the time increment,

is found by:
XNUTE = XNUTEST * 10.0%*(~12,Q*RATEN*DIIME) (130)

where XNUTEST is the amount. of nutrient present in the element at the
- i
beginning of the time increment. The total amount of nutrient remaining in

the food at the end of the time increment is found by summing the amounts in

ojach' element:
XNUTOT = SIGMA((...M=1 to NELE (XNUTE)...)) (131)
The fraction of nutrient retained at the end of the time increment is:
FRANUT = XNUTOT / XNUTO | (132)

The nutrient fraction calculated at the end of the final time increment

*

represents the fraction of nutrient retained after processing.

4.3.2.4 MAIND
MAIND is used to calculate the temperature, lethality and nutrient retention

values, ‘as a function of time and position in the container, for food

processed in a cylindrical container. The can is considered to be subdivided

into layeras of concentric annuli, whose volumes depend on their position in’

the can, as shown in Figure 7. Calculations are performed for only one-half
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of the can because of its inherent symmetry.

MAIND activates the appropriate SUB, which calculates the nodal temperatures,
at every time value. The nodes of the can are the radial boundgries of the
annular elements, as’ well as the center point of the can. The SUB write‘s the
temperature results into COMM2 and transfers conuc‘rol back to MAIND. For each
time :;alue, MAIND calculates the mean temperature present throughout an
annular element, TCNT, bly averaging thé four radial temperatures of the
annulus . The average temperature TAVG, representing the avera‘ge temperature
in the \element during the time increment, is calculated by taking the mean of
the TCNT temperatures at the start and the end of time increment under
consideration. | 4

¢

With these average elemental temperatures, and with destruction and kinetic
parameters, MAIND determines lethality and nutri.entmretention fractions using
algorithms aimilar to those of MAINC. Again the lethality and nutrient
amounts are calculated in each element, at the end of every time increment.
The total lethality and nutrient retention fractions are then found by summing
the amounts in all elements, at the end of every time increment. Thus, the
accumulated container lethality and nutrient retention fractions are available

v

at the end of the final time increment.

The nutrient and lethality equations for the can are the same as those for

the pouch, with the following exceptiona:
Y]

The initial organism population is:
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ORGO = (0.5 * VTOTC) * RHO * CORG ' (133)

The number of elements in the can is:

NELE = (NR-1) * (Nz-1) (134)

where NR ia the number of radial nodes. The volume of each element in the

can is calculated by: ' .

VELE '= PI * (HALFL/(NZ-1)) * (ROUTER**2 - RINNER¥*2) © (135)

where HALFL is the half-length of the can in the Z direction, ROUTER is the
outer radius of the element and RINNER is the inner radius. The temperature

throughout each element TQNT is c}lculated for the can by taking the mean of

the four nodal temperatures. The initial amount of nutrient present 1is

calculated by:
WUT0 = (0.5 * VTOTC) * RHO * CNUT (136)

All other equations are the same as those for the pouch. Upon completion of
the lethality and nutrient retention calculations, MAIND diaplays the results

to the user.

A

4.3.2.5 MAIRE
MAINE is the subMAIN interface aelected by MAIN to determine the proceass
temperature at which maximal nutrient retention will result during the batch

processing of conduction-heating food in a can. The lethality and nutrient
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retention calculations are based on the slowest héating region method whex:ein
only the temperature at the centre of i:he can is considered. As with the
other subMA}Ne, the user is instructed to enter argument values to run the
r;em‘perature-calculating SUB program, in this case SUBl. MAINE differs from
the previous 3ubMAINs discussed in that an objective function .is specified.
It is this function, representing a combination of nutrient retention values,
that is maximized. One gf the main process constraints is the lethality

requirement, which must be concurrently satisfied.

In brief, MAINE executes in the following manner. Process parameters needed

to run SUBLl (BALLST) are supplied by the user. °These parametera in/clude the
total process time and the target process lethality, but not the time at which
cooling starts nor the retort (process) temperature. MAINE seqtjentially
chooses process temperatures, from 110 to 130 OC at 2 dééree intervals. The
following verification is done to ensure that all processes used in f\;rther
calculations will result in commercia\ /Léterility. If at the lowest
temperature (110 °C) the total processing titme is sufficient to result in a
lethality equal to or gr‘eater than the target lethality supplied by the user,
then all other processes at higher temperatures will be adequate. Otherwise,
the total processing time is augmented to an extent that at 110 °¢ the process
lethality will be at least equal to the target lethality when the total
process time and the cooling start time coincide. Once the total time is
verified in the above manner the cooling astart time is calculated, for each
temperature, which will result in the lethality requested by the user. This

is donme iteratively by looping between SUBL (to calculate the temperature

history at the centre of the can using the cooling start time) and MAINE (to
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determine the lethality. imparted to the contaminant microbes) until the
earliest time at wh;'.ch cooling may start is found. The nutrient retention
fractions are then calculated at eJch temperature, from 110 to 130 O°c at 2
degree intervals, and are used to determine the values of the objective
oL

function. Once these eleven objective function values are calculated, they

. . v .
are used in a curve-fittihg routine to determine the equation which relates
the objective function value to the process temperature. The maximum value
of the objective function is then calculated by means of this equation, for
process temperatures between 110 and 130 °C at 0.05 degree intervals. When
the process temperature which yields ;:he highest objective function value is
determined, the corresponding cooling start time which will satisfy,lethality
requirements 1is calculated. The optimal process temperature and times are

known at this point. A partial flowchart of MAINE is presented in Figure

11. A more detailed description of the functioning of MAINE folldws.

The value of the objective function is calculated from the dot product of two
vectors, each consisting of up to four values. The first vector contains the
nutrient retention fractions, at the end of the process. The second is

comprised of the weighting factors assigned to the nutrients. The form of

the objective function is shown in Equation 137:

OBJF = (W *R; + Wo*Ry + W3*Ry + W4*Ry) / (Wp + Wol\+ W3 + W) (137)
\

1
\ °

where R (n=1 to 4) represents the nutrient retention fractions, and W, the
corresponding weighting factor. Both Rn and W, can vary from O to 1. The

value of-the objective function can range from O (no nutrient retentiom) to

2
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1 (total retention).

F/irsc the values of the objective function are calculated for the eleven
temperatures between 110 and 130 OC, at 2 degree intervals. This teémperature
range was selected since the optimal nutrient and sensory quality results
usually occur near the midpoint temperature. For example, optimal thiamine
Tetention has been reported at 117 to llé 9C by Teixeira et al.(1969b) and at
121.1 °C in sweet potato.puree by Rizvi and Acton (1982), while the optimal
process temperature is between 117 to 120 °C when sur face browning i3 the

optimization parameter used (Ohlsson, 1980).

The eleven objective éunctiOn values and associated process temperatures are
ugsed to determine the equation relating these two variables. The equation i3
approximated by a t}%\:g order polynomial. The curve-fitting routine is based
on the matrix approach and utilizes the Gauss-Jordan elimination method. This

section of the MAINE module was adapted from 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 function values to the process

‘temperatures is determined, it is used to calculate the 401 values for the

%
Al

temperatures from 110 to 130 OC at 0.05 degree intervals. The values are
taken at 0.05 degree increments since most thermocouples can typically measure
up to an accuracy of 1.0 degree ‘when uncalibrated and 0.1 degrees when
calibrated (Benedict, 1981). It is thus considered that this temperature

range and resolution is adequate for physical application of the theoretical
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calculations.

a

From the 40l objective function values, calculated at 110 to 130 °¢ in 0.05
degree increments, the maximum objective function value is determined; the
corresponding process temperature is known. The only other processing
parameter remaining to be '‘calculated is the time at which cooling starts.
This is determined iteratively using the target process lethality requirement.
Thus t'he optimal process is known, in terms of processing temperature, and

total and cooling start times.

-

When the curve-fitting cannot be done (i.e. when the coefficient matrix is
singular or the inverse matrix is zero, during the Gauss-,]m/;dan elimination

routine) the optimal process is selected from among.the firsi eleven objective

function values calculated, at 110 to 130 °°C in 2.0 degree increments.

.

k]

4.3.3 Temperature-Calculating Modules
7’
The SUB programs in the package perform the detailed temperature calculations.

The SUBs presently included can be used to calculate temperatures in batch

-

processed conduction-heating foods, in either cylindrical cans or in retort
. !

pouches. The argument values necessary for their execution are stored in

COMM1 by the calling subMAIN. Upon activation, the SUB executes, and then

stores its results in COMM2. These are written in the form of an array, whose

dimensionality is dependent upon the SUB which produces it. For a set of time

values, SUBl calculates a one-dimensional array of corresponding center

temperatures in a cylindrical container. SUB2 and SUB3 calculate temperature

in a retort pouch aa a function of position and time. For sets of time values
%
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and X, Y and Z coordinates, they produce four—ciimensional temperature arrays.
Similarly, for sets of time' values and R and Z coordinates, SUB4 and SUBS
.calculate' th;:ee-dimensional arrays of temperatures within a cylindrical
container. Once the temperature a'rray is calculated and stored in COMM2, the

SUB transfers control back to the subMAIN which activated it.

4.3.3.1 SUBl - BALLST
SUBL calculates the center temperatures of a cylindrical can for a set of time
valuea. It is considered that a temperature—time function consisting of a)
a step increase, followed after a specified period by b) a step decrease is
applied at the can surface. The underlying assumptions for model development
are: the thermal diffusivity is isotropic and is inde?endef\t of temperature,
the heat transfer coefficient at the .fsur’face 13 infinite, and the food is
initially at a uni form temperature. There are three modkls available in SUBL.
In all three, Ball's (1923) approach is utilized, whereby the temperature-time
history at the can centre is modeled as consistwing of two parts: a heating
curve and a cooling curve. In the first model, Ball's (1923) method 1is
- *followed striqctly in that the heating curve is logarithmic, and the cooling
curve is' a conlxbination of a hyperbolic section followed by a logarithmic one.
The second model deviates slightly from Ball's procedure; in it the heating
curve , like the cooling curve, consists of a hyperbolic section followed by
a logarithmic one. The third model is also based on Ball's method, but is
more general. As in the second model, both the heating and cooling curves
are treated as combinations 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 JC

v
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-

value (cooling curve lag factor) of 1.41. In model three, JC values supplied
{
by the user are utilized. The equations describing the heating and cooling

curves are presented below in 'Fortran'-type format.

The hyperbolic porticn of the heating curve is calculated (for models two and

three) using the following equations:

FNZ(p) = (1 = .453461/p + .0514065/p**2) / A(.4534§l/p**3 —\1/p**2) (138)
S = ALOGLO(JH/0.657) . (139)
AH = 0.343 * (5-0.22673) * (TRETRT-TINIT) / (0.45346-s)  (140)
BHSQ = FNZ(S) * FH¥*2 ‘ , (18D
TEMP = TINIT + AH*(SQRTN(VH(TIME)**Z/BHSQ) -1) (142)

where JH is the heating curve'lag factor, TRETRT is the retort temperature,
TINIT is the initial temperature of the foc;d, 1/FH is the slope of the heating
curve, TIME ia the time passed since the temperature step increase was applied
at the surface, and TEMP is the temperature at the centre of the.can. The

switch-fime at which the shape of the heating curve changes from hyperbolic

to logarithmic (for models 2 and 3) is given by:

TSTARH= FH * § ‘ ) (163)

The logarithmic portion of" the heating curve is calculated (for all models)

using:

DUMMY]1 = (TRETRT - TINIT) * JH (14%)
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TEMP = TRETRT - DUMMY!*10%%(-TIME/FH) ‘ (145)

At TIME=COOLTI, the heating curve ends and the cooling curve atarts. For all
models, the maximum temperature at the centre of the can is considered to

occur at this instant:
TCMAX = TRETRT - (TRETRT-TINIT) * JH * 10%*(-COOLTI/FH) (146)

The hyperbolic portion of the eooling curve is calculated by means of

equations 147, 148 and 152 -for models 1 and 2, and equations 149 to 152 for

model 3: (JC = 1.41 for models 1 and 2, and is user-supplied for model 3)

0.3 * (TCMAX-TWATER) (147)

AC =
' BCSQ = (0.173%FC)#¥x2 - " (148)
Q = AL0OG10(JC/0.657) \ (149)
AC = 0.343 * (Q-0.22673) * (TCMAX-TWATER)/(0.45346-Q) (150)
scsqji; FNZ(Q) * (FCw*2) (151)
TEMP = TCMAX ~ AC*(SQRT(1+(TIME-COOLTI)**2/BCSQ) -1) (152)

where TWATER is the temperature of the cooling water and L/FC is the slope of
the cooling curve. The switch time from hyperbolic to logarithmic cooling
for all models is calculated with equation 153:

TSTARC= FC * Q (153)

where Q is as specified in equation 149. The logarithmic portion of the
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cooling curve for all models is given by equations 154 and 155:

DUMMY2 = (TCMAX - TWATER) * JC, (154)

TEMP = TWATER + DUMMY2*]10#%*(-(TIME®COOLTI)/FC) (155)

Examples of the heating and cooling curves generated by the various models of

SUBL are shown in Figure 1.

4.3.3.2 SUB2 - POUCHL

SUB2 calculates the temperat.ure at anly ‘locati\on in a retort pouch, for each
of a set of time values“, after it is exposed to a sudden, sustained
temperature change at its surface. The pouch is modeled as a brick, and is
assumed to initially be at a uniform temperature. The thermal diffusivity of
the food\is considered to be isotropic, and independent of temperature. The
convective heat transfet coefficiebnt at the surface is assumed to be infinite.
SUB2 returns a four-dimensional temperature array -whose contents correspond
to X, Y, Z and TIME argument values. The‘followi.ng equations :are used by SUB2
to calculate the temperature at a particular location in ‘the pouch, at a

specified time (Williamson and Adams, 1919):

TEMP = TBATH'= (TBATH-TINIT)*(64/(PI**3))*UX*UY*UZ (156)

" DUMMYL = (2 % N) -1 ‘where N=1,2,3,...,NEND ; (157
DUMMY2 = ~ALPHA * TIME _ ) (158)

XF1 = CDS(DUMMY1*PI*X/2/HALFX) (159)

"
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XF2 = XF1 / DUMMYL / (~1%*(N+1)) ' (160)
XF3 = (DUMMYL*PT/2/HALFX) **2 ‘ _(161)
TERM = DUMMY2 * XF3 L (162)
TERMN = XF2 * EXP(TERM) (163)
1124 = SIGQA((...N=1 to NEND (TERMN)...)) (164)

where TBATH is the temperature to which the pouch is suddenly exposed, ALPHA
is the thermal diffusivity, and X is the coordinate aloné the X-axis of the
pouch at which the temperature is 'being determined. NEND is !:he end point of
the summation and ideally is infinity. For the purpose of calculation, it is
the point at which further summing results in only a small deviation,
arbitrarily set. UY and UZ are calculated in a manner similar to UX, by means
of ~equatione 157 to 164, but with the following substitutions: HALFY or HALFZ
for HALFX, Y or Z for X, and M or L. for N. As illpatrz;ted in Figure 6, the
X, Y, Z coordinate system is considered to have its origin at the center of

the pouch.

4.3.3.3 SUB3 - POUCH2

SUB3 is similar to SUB2 in that it returns the same type of temperature array
for a retort’ pouch, using similar input variables gnd initial assumptions.
The difference between them is that SUB3 requires a user-supplied value for
the co‘nvective surface heat transfer coefficient; the coefficient i3 not
assumed to be infinite in this case. The equations used in SUB3 are based on

those of Carglaw and Jaeger (1959), and are as follows:
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TEMP = TBATH - (TBATH-TINIT)*B*UX*UY*UZ (165)
,DUMMYX = H / (ALPHA*RHO*CP) (166)
BP = DUMMYX * HALFX (167)
BETA = the Nth positive root of: BETA * TAN(BETA) = BP (168)
DUMMY1 = SIN(BETA) (169)
DUMMY2 = -ALPHA * TIME ‘ (170)
BETXF1 = DUMMYL / (BETA + DUMMYI*COS(BETA)) “ (171)
BETXF2 = BETA / HALFX (172)
BETXF3 = (BETXF2)*%*2 . ° (173)
TERM = DUMMY2 * BETXFB \ (174)
TERMN = BETXFl * COS(BETXF2*X) * EXP(TERM) ‘ (175)
Ux = SIGMA((...N=1 to NEND (TE&MN)...)) | (176)

where H is the convective surface h;at t;anefer coefficient, RHO is the
density of the food, CP is ita apecific heat and 8P is the infi;ite plate Biot
number in the X, Y or Z direction., UY and UZ are calculated §?mi}ar}; to UX
with these substitutiona: HALFY or HALFZ for HALFX, ¥ or Z for X, Mor L Eo;
N, and (BETYF1, BETYF2, BETYF3) or (BETZFl, BETZF2, BETZF3) for . (BETXF1,

BETXF2, BETXF3). Again, the coordinate system has its origin at the centre

of the pouch.

613.304 SUM - CAE].
SUB4 calculates the temperature at any position in a c¢ylindrical canm, after

it is exposed to a sudden, sustained temperature change. The contents are
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assumed to initially be at a uniform temperature, the convective surface heat
transfer coefficient is treated as being infinite, and the thermal diffusivity
is considered to be isotropic and independemt of temperature. SUB4 returns
a three-dimensional temperature array corregponding to R, Z and TIME argument
values. The equations to calculate the temperature at a specific location in

the can, for a particular time are (Luikov, 1968):

TEMP = TBATH - (TBATH-TINIT)*4/PI*UZ*UR 1
\
DUMMYL = -ALPHA * TIME . (178)
DUMMY2 = (2*%N) - 1 where N=1,2,3,...,NEND (179)
ZF1 = COS(DUMMY2*PI/2%Z/HALFL) ’ ! (180)
ZF2 = (=1*%(N+1)) / DUMMY2 (181)
TERM = ((DUMMY2*PI/2/HALFL)%*%2) * DUMMYl ‘ (182)
TERMN = ZF2 * 2F1 * EXP(TERM) (183)
uz = SIGMA((...N=1 to NEND (TERMN)...)) ' (184)
XJO(p) = Bessel function of the firat kind of zero order (185)
XJ1(p) = Bessel function of the first kind of first order {186)
RFI =2 / ROOT / XJ1(ROOT) ‘ (187)
RF2 = XJO(ROOT*R/RADIUS) (188)
TERM = ((ROOT/RADIUS)**2) * DUMMYl (189)
TERMM = RF1 * RF2 * EXP(TERM) ” \ (190)
UR = SIGMA((...N=1 to NEND (TERMM)...)) (191)

where ROOT is the Nth positive root of the Bessel functiom of the first kind
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of zero order, RADIUS is the physical radius of the can, HALFL is the
'

half~length of the can, Z is the axial coordinate, and R is the radial

coordinate. As shown in Figure. 7, the origin- of the R,Z coordinate system is

considered to be at the geometrical centre of the can.

AN 4.3,3.5 SUB5 — CAN2 )
\\\\\\ SUB5 is similar to SUB4. It returns the same type of température array for
\\h can, using similar input variablesaand assunmptions. It differs from SUB4,
howevé}§\ip that it requires a user—supplied cOnv;ctive surface heat transfer

~. e
coefficient. “The eqyations of SUB5 are based on those of Carslaw and Jaeger
P

(1959) :
TEMP = TBATH - (TBATH-T INIT)#*&4*BC*UZ*UR (192)
BC = H * RADIUS / ALPHA / RHO / CP (193)
DUMMY1 = -ALPHA * TIME (194)
DUMMY2 = SIN(BETA) ' (195)
BETAFl = DUMMY2 / (BETA+DUMMY2*COS (BETA)) ' o (196)
BETAF2 = BETA / HALFL . (197)
&7 BETAF3 = (BETAF2) **2 (198)
TERM = DUMMYl * BETAF3 . (199)
'TERMN = BETAFl * COS(BETAF2*Z) * EXP(TERM) _ (200)
Uz = SIGMA((...N=l to NEND (TERMN)...)) ‘ (201)

GAMM = Nth positive root of: GAMM * XJ1(GAMM) = BC * XJO(GAMM) (202)

N



103

GAMMF1 = (BC**2 + GAMM**2) * XJO(GAMM) (203)
GAMMF2 = XJO(GAMM*R/RADIUS) / GAMMF1 (204)
GAMMF3 = (GAMM/RADIUS) **2 (205)
TERM = DUMMYl * GAMMF3 (206)
TERMM = GAMMF2? * EXP(TERM) (207)
UR = SIGﬁA((...N=1 to NEND (TERMM)...)) (208)

where BP and BETA are found as in equations 167 and 168. BC is the infinite
cylinder Biot number. The coordinate system is again assumed to have its

!
origin at the centre of the can.

4.3.4 Associated Files

There are various types of temporary files within the package which ensure
the smeoth operation of the system. The major purpose of these files is to
transfer information between the hierarchy levels, and so allow inter-module
communication, Th_is information will consist of S)"stem operation codes,
user-supplied values, and intermediate results. Using a modular approach,
together with these storage and commumication files, allows the emulation of
FORTRAN subroutine and program control, featurhes. Thus, two major
disadvantages of utilizing compiled BASIC as the programming language are
avoided; that is, the inability to have true subroutines with local variable
names, and the inability to transfer co/n/tro}_;/to a specified line in a target
program during chaining. These associated files will also be the basis of
thé package's ability to restart an intentionally interrupted session. As
well, the functioning of future report writing, graphics and other service

programs will depend on them. '
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4.3.4.1 Storage Filesa

‘The STORE files are used to store operation codes and values generated by one
level of the package, during the execution of a program in a lower level. For
example, values generated by th:a system or entered by the user during the
execution of MAIN are stored in STOREl, and are retained duripg the execution
of a lower-level subMAIN program. Wﬁen countrol is transferred back to MAIN,
once the execution of the subMAIN program is completed, the values in STOREL

are recovered by MAIN.' Thus, MAIN remembers the status it had before it

chained to the lower-level program.

STORE? is associatgd with the subMAIN programs in a similar manner. Values
and codes are stored in $TORE2 before control is transferred to a SUB program.
Upon the execution of the SUB, control is retransferred to the subMAIN, the
values associated with the subMAIN are recovered from STORE2, and execution

of the gystem continues.

The file STOREF is a storage file that will be util“i.zed by the session rustart
facility (to be added upon package expansion). When the user indicates that
a system interrupt is desired, the volatile files COMMI and COMM2 will be
copied into STOREF on the diskette in drive B. This will allow the computer
to be powered down without loss of data. The session will be restarted with
the SESSREST program, the data in éTOREF will be used to recreate the volatile

files, and thus the system will be restored to its pre-interruption status.

g



4.3.4;2 Text Files

Associated with each of the interactive programs are text information files,

the"ALPHA files. All text-needed by the interfaces are stored on the virtual

disk C, in these random access files. Text lines are retriev;ad 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

multilingual software packages. It also enables easier updating or alteration

of the interactive interfaces. The ALPHA ¥iles and interfaces correspond in

the following manner: MAIN-ALPHA , MAINB-ALPHAB, MAING-ALPHAC, SESSREST-ALPHAL,

‘etc. as can be seen in Figure 9.

4.3.4.3 Communication Files
’;‘he COMM files are used to transfer arguments, results and system operating
data between the different program levels. COMM! transmits arguments from
the. subMAIN programs to the caiculating éUB modules. COMM2 returns the
results from the calculating ISUB program to.the invoking subMAIN. Since C&)MMI

- \
and COMM2 are in frequent use, they are stored on the virtual disk to minimize
system operating time. COMMA and COMMB transmit anyanecessary supplementary
information from MAIN to the subMAINs and from the subMAINs back to MAIN,
respectively. .
The other cormm:\;xicatiop file COMMC perfo;nis a different function, It can be
\l\u/\s\ed to storé the pertinentjresul'ts from calculati‘ons performed throughout
‘the system run, and thus acts as a record of the session. The information is

stored in the file by the subMAIN interfaces. COMMC will be accessed by the

service programs, to be developed in the future, and will be used to produce
4 e

1
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hardcopy, screen and graphical displays of the session results.

4.3.5 Service Programa

The package, was désigneé to allow for the addition of a service program
interface SERVINT, accessed be MAIN. It will be a menu-driven interface from
@hich the user can choose an application program. These programs are
envisioned to include HARDOUT - whiclh will produce a paper copy of the session
results, SCREENDP - for screen display &f the results, and OUTPUTGR - for
graphical display. The final program in the SERVINT interface is COPYSTFI;
it will copy the volatile'data files into STOREF, and will be used in the
functionning of the session restart facility SESSREST. All service programs
will use the information stored .in file COMMC in order> to operate.

4.3.6’ Session Restart Facility

Another program to be added in the future is ';:he session restart program
SESSREST, which will allow the user to restart the session from a cold start,
after an intentional interruption. The program will retrieve the information
from the STOREF file, which représents the wvolatile communication 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. RESULTS AND DISCUSSION

5.1 Package Design ) ]

Thee software package was designed to perform the heat transfer and process

N,

~
calculations necessary for the optimization of batch, sterilization procesges,

in terms of the retention of nutritional components. The package is arranjged
in a hierarchical manner, comprising five levels of modules including: system

initializathon programs, user~friendly interactive iaterfaces and

temperature~caleylating routines. The modular systen design was used to

enable the programmer to circumvent the major limitations of the BASIC

language, and to readi®Py allow future expansion of the package. The primary

advantage of is design is that the size limitation of 64 KB for a BASIC

program does hot restrict the size of the package. The modrles are overlaid
in volatile mem as they are needed. and _t:hus only the indIleidual program
modules are restricte 64 KB - the package itself is over 200 KB.
The modules are activated (loaded intdo~yolatile memory) when needed through
a "chaining" command. The use of the chainihg command helps the package
emulate many of the Fortran language subroutine capabilities with respect to
local variable names. In BASIC .subroutines variable names remain active
throughout the execution of a program; the rlames are not local to the
subroutine. Thus during the writing of BASIC programs, the programmer must
take into account all variable names used. But in BASIC, when chaining to
another program the variable names are not "carried" to the next program, and

only those names within each program must be accounted for. 1In 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 programming errors.

Variable values needed in several programs are passed between the modules by
means of data files, These data files perform two major functions. First,
they can pass values between programs during package execution and in thias
way imitate the zirgument/parameter approach used in Fortran subroutines.
Secondly, they can contain operating codes which direct the ctransfer of
control within the program. Normally when a compiled program is chained to,
the calling program cannot specify to which line within the next program
s
control should be transferred. The operating codes stored in the data files
can cause the target program to direct control within itself, where these

codes are used to specify the appropriate line number.

As discussed above, the modular approach used in the system enablei the
package to emulate many of the Fortran-language capabilites of data and
control transfer. The system was desigr;ed in this way for other reasons as
well. The package can be easily expanded since the temperature-calculating
and interface modules are independent 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 countaln
various calculating routines that are not related 1i.e. routines to calculate
temperatures in conduction-/— and convection-heating foods, and that are
accessed by their particular subMAIN. Thue‘, the expe;nsion and caleculation
capabilities of the package should be nearly unlimited. However, the

expansidn of the package in its present implementation is limited by the
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amount of volatile memory available (and of course, by the physical data
storage devices). At present, the package stores the printer spooler buffer,
all 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 available volatile mem\ory

restricts the number of interface modules which can be incorporated in the |

package. By simply modify{ng the DOS-level aystem initialization program
AUTCEXEC so that drive C is assigned to a 5 MB ﬁard disk rather than a virtual
RAM disk this limitation would be eliminated. The hard disk access time is
almost as short as for a virtual drive, an important comsideration 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
design. There are several features not yet fully utilized in the present
system, the communication files COMMA and COMMB. 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 runs were performed during the testing phase of this project, and the

output results are included. The process calculations were done for a

contaminant population of Clostridium botulinum having an F-value of 2.45
minutes and a z-value of 10 °C. The food components whose retentions were
optimized are: thiamine, anthocyanin, a general enzyme and a general vitamin.

Thiamine was used for the calculations of MAINB, MAINC and MAIND (in which



110

only one nutrient is considered). All four components were used in MAINE,
the optimization module. The D and z values for thiamine as reported in the
121 = 154 minutes, z = 3% % {(Feliciotti and Esselen}, 1957) ;

literature vary: D
D, = 165.6 minutes, z = 25.6 °C (Teixeira et al., 1975a); D, = 210
minutes, z = 26.7 % (Mulley et al., 1975). Representative values of Fl21 =
1980 minutes (D121 = 165 minutes) and z = 27 °C were taken for thiamine. For

anthocyanin values of 213.6 minutes for F and 45.4 °C for z were calculated

121
from activation energy information given by Lund (1977). For the general
enzyue, F121 = 66 minutes and z = 31.1 °C were taken f:;om the ranges of 12 to
120 minutes for Fi,p and 6.7 to 55.6 °C for z as reported by Lund (1977). The
Fio1 and z values for a general vitamin were taken to be 1200 minuges and 28
% repectively, based on information in Lund (1977}, Different process

temperatures and times were used to genervate the sample runs, but only a few

are included in this sectiod. A full printout of the results is included in

Appendix 2.

5.2.1 MAINB ‘

The sloweat heating region approach was used in the MAINB process
calculations. Food held in a 303 x 406 can was proéessed at 120 °C for 3600
seconds and then‘cooled for- 1400 seconds. The initial food temperature was
40 °C and the cooling water was 60 ©C. The fh and fc values were taken to be
2460 seconda each, as reported by Teixeira et al. (1975a) for a 303 x 406 can.
The sample executions were done using the first two models 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 génerated using model

2 of BALLST, and illustrates the differences in the initial part of the

-
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heating curve produced by models 1 and 2, due to their particular ways of
calculating temperatures 1i.e. logarithmic heating curve (model 1) versus

hyperbolic~logarithmic combination heating curve (model 2). Complete

" printouts are given in Appendix 2.1.

+9.2.2 MAINC

The elemental approach was used to ¢alculate temper;sture distributions as a
function of time and position in a retort pouch. Both POUCHl, with the
sur face convective heat transfer coefficient assumed infinite, and POUCH2,
with a specified h value, were used in the sample runs. The pouch was
considered to be 0.130 w in length, 0.095 m in width and 0.015 m in thickness.
It is initially at 40 °C, is processed in a retort at 120 °C for 3000 seconds
and cooled with water at 60 °C for 1000 secouds. The food has a thermal
diffusivity of 1.6 x 1077 mz/sec and a specific heat of 4000 kJ/kg~°C. The
h value is assumed equal to infinity for the run utilizing POUCHL, and 200
and 800 W/mz-oc for the two runs with POUCH2. Only part of the results are
included here; the complete sample output can be seex{ in Appendix 2.2.
Figur;as 16, 17 and 18 show the temperature histaories at the centre, at 0.032
m, 0.023 m, 0.003 m in the X, Y and 2 directions, and at the outer %ﬁrface of
the pouch - for h assumed infinite (POUCH1)., Figures 19, 20 and 2l give the
temperature diatributions at the same locatioms but . @ith an h value of 800
w/m2—°c. With this high h value there.ig not much difference in the
temperature curves produced by' POUCH1 and POQUCH2. However‘, as <;an be seen in
Figures 22, 23 and 25; (again at the same positions in the pouch) the effects
of a lower h wvalue (L=200 w/m2-°C) c;n the pouch temperatures become

noticeable., This is especially evident in Figure 24, where the temperature
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A

curve deviates alightly from the step input temperature function as a result
of the surface convective heat transfer. The other results from the runm,
including the lethality and nutrient retention calculations, can be seen in

Appendix 2.2.

5.2.3 MAIND

Calcullat:io‘na were performed using an elemental -approach for food processed in
a 303 x 406 can. The initial food, retort and cooling water temperatures were
40, 120 and 60 °c respectively. In Figure 25 is shown the temperature profile
in the centre of the can according to CAN! calculations, where the surfaced
convective heat transfer coefficient h is assumed infinite. 1In Figure 26 the
temperature curve at the centre of the can is depicted, but with h specified
“equal t;) 500 W/m2-°C (CAN2). The temperature curveg do not indicgte to a
great extent the gifferences in the results yielded by the two calculation
methods, but can be used in a comparisén with the temperature curve generated
by the slowest heating region approach from BALLST (Figures 12 and 15).‘ The
differences due to surface convective heat trahsfer are more apparent in
Tables 2 and 3, the tables of accumulateci lethality based on the temperature

ot

results of CAN] and CAN2 respectively, where a final proceas lethality of
0.788 is calculated by CANl versus 0.529 by CAN2. The differenge in
calculation methods 1s also apparent for the calculation of the thiamine

retention, where the retention fraction is 0.695 when based on the

e

temperatures from CANl (Table &) versus 0.736 when based on CAN2 results

(Table 5). .
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A second run has been includec} which illustrates the temperature distributions
throughout the can. In this run the can has been processed for 3600 seconds
and cooled for 2000 seconds, at the same process temperatures described in
the first run above. The temperature calculations have been done assuming-- —-.

that h is infinite (using CAN1). Figures 27, 28 and 29 show the temﬁé/rature

curves at the centre, at Ja radial value of 0.0304 m and an —;xial value of
0.0278=m, and at the top outer edge of the can, respectively. As can be seen a
from these figures, the temperature curves more closely approximate the astep
input temperature function as the position under consideration approaches’ the

outer surfaces of the can. The associated lethality and nutrient retention

output can be seen in Appendix 2.3.
»

5.2.4 MAINE
MAINE was used to determine optimal batch sterilization processes 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 o
optimization was done'with respect to ;etention of four nutrients. In 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 to 130

®C. The plotted symbols represent the first ten objective function values

.

calculated for the process temperatures from 110 to 130 °

C, at 2 degree
intervals (refer to Chapter &4, section 4.3.2.5 for full details). The curve
is the least-square third degree polynomial fitted to 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
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Temp (C)

110,000
112,000 '
114,000
11&. 000
116,006
120, 00
12202 GO0
1224 .000
1226. 000
128.000
1720.000

100000

Results

Coolinag
starts at ()

S9684.070
4794, 484
4282.075
816 K47
A6 T 00
JI1en. ooy
2980, fue
2800, 174
26T1. 10N
2479, .75
2368. 201
2568.201
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Objyective

Function value

0.2782E+00
Q.09 7TEXOC
Q. 4077E+00
QL4771 0O 100
Q. 452400
O A44T4LT 400
Q.4571L R0
Q. 4L17E+00
O.4681E+CQ
Q.47 27E+ O
QL4778+ 70
O.A778154 GO

Table 6 - Objective Function Values

; (Thiamine, Anthocyanin, General Enzyme, General Vitamin)

,
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in Table 6; the optimal value is the last line in the table, As can be

surmised from the graph the optimal wvalue is at the highest process

tempe&gture, 130 °c. At this temperature the nutrient retention fractions
are: thiamine - .86, anthocyanin ~ .09, a typical enzyme - .005,'a typical
vitamin - .77. The process parameters and complete printout of this run can

bl

be seen in Appendix 2.4.

Two other runs were included in this chapter to illustrate the types of
objective fum’:t:ion values that can result from various processing regimes.
In Figure 31, a run using four general nutrient kinetic data is shown. It
can be seen that the shape of the curve is quite différent 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 °c, Previously, it was stated that the
minimm allowable value of the objective function is 0. 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

0 and represents a slight deviation from the actual value.

The objective function value versus process temperature graph obtained from

the third run is shown in Figure 32. The shape of the curve differs from
those of the first two rtuns by 1its concaveness. The maximum objective
function value is attained at a retort temperature of 125.55 °C, as shown in

i

the last lihe of Table 7. This run is-also for four general nutrients with
i

randomly-chosen F and z data, and the process parameters and other sample

output are included in Appendix 2.4. From Figure 32 one can see that the

ctooling 'start time is equal to the total processing time (4000 seconds) for
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éetort
Temp (L)

110,000
112.000
114.000
116.000
118.000
120,000

22,000
124,000
126.000
128,000
120,000

125.551

Table 7 - Objectlive Functlon Values

’

Resul t=

Cooling

starts at (g}

4000 . GO0
2876.692
2290, Q00
1948.94°2
1680, 107
14870624
1255, 240
1234.814
11S0.4625
1070.355
1012057
11&60.748

(Four General! Nutrients)
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Objecti ve

Functiocn valua

0.4782E-01
0.30T6E~-01
0.3257E-01
0.59445E-01
0.5599E-01
O.5718E-01
0O.5801E-01
0.9849E~-01
0O.3S859E~-01
0.9872E~01
0,5764LE-C1
0.53860E-01
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a rec.or:tv: temperature of 110 °C. This occurs because of the way the cooling
start times are calculated; they are determined through an iterative
procedure. The cooling start time is first set equal to the total time and
the lethality that would be produced by this process iz calculated., The
cooling start time is then decreased by a factor, and the new lethality 1is
calculated. This procedure is repeated until the processs lethality is within
0.05 of the target Ie;:hality specified by the user. However, if the process
lethality calculated is within 0.05 of the user lethality when the cooling
start time 1s initially set equal to the total process time, the lteration is
not performed, and thus the cooling start time at 110 °C will be equal to the
total processing time. A similar situation could occur when the cooling start
time 13 being calculated for the optimal retort temperature. Again the
optimal start time is selected so that the processiag regime will produce a
lethality within 0.05 of the user-specified lethality. It is possible that
the cooling start time calculated will be equal to one chosen by thHe program
for another retort temperature that is close to the optimal retort
temperature.. It is felt that the inaccuracy induced in the cooling start time
value by the 0.05 lethality difference is not sufficientito be a cause of
concern, being 1n the order of only 20 seconds in the author's experience with

the package.

5.3 Package Limitations } .

’

There are several limitations associated with this package, all of which are
directly related to BASIC programming language restrictions, and which cannot
\

be corrected at the present time using currently-available software and

hardware. One problem involves the accuracy of the process calculations when
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they are based on the elemental approaches e.g. interfaces MAINC and MAIND.
The number of spatial and temporal increments are iimited because BASIC
provides for the allocation of only 64 KB for the variable workspace. Thus,
MAINC allows up to 125 spatial elements and 2l temporal increments while in
MAIND up to 100 spatial elements and 21 time increments are permitted. The
accuracy of the process calculations could be affected if the magnitudes of
the time or spatial increments are excessive. This could be especially
significant for the time increment since lethality and nutrient r%tention
values are quite sensitive to temperature changes, particularly at the
elevated temperatures. ForQ\a processing time of 4000 seconds, choosing the
maximum number of time inc\rements allowed would still yield a sizeable
incremental time value of 200 seconds. This can be compared to the
incremental size of 3 seconds suggested by Smith and Tung (1982), and 60
seconds by Tung and Garland (1978). Mathematical analysis should be done in
the future to determine if, and to what extent, accdracy is affected. 1If the
size of the spatial and/or témporal increments is found to significantly”
affect process 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 limitation of the package is the speed ‘of execution, especially in
the case of MAINE. This module requires approximately 25 minutes to run.
This is partially because it must do numerous calculations during the
iterative process. In the future, a floating point processor may become
available for use with programs written in compiled BASIC. Until this

hardware is installed the program execution speed will be limited by the speed

4
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of the BASIC language. Another factor in the execution time o£ MAINE is the
frequency with which it interacts .with the physical disk drive A to access
the module BALLST. If the package is modified so the C drive is assigned to
a 5 MB hard disk‘,rather than a virtual RAM disk, BALLST could be stored there
as well as on&?ﬁe physical drive A, and thus the access time would be

-

decreased significantly.

L
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'VI. SUMMARY AND CONCLUSIONS

6.1 Summary

Thermal processing is one of the most common food preservation methods
employed. Processing food in this manner reduces the amount of deterioration
and lengthens the food's shelf-life, but also lowers the nutrient levels in
the food.. It is therefore desirable to subject food only to as much thermal
processing as is necéssary to deatroy the contaminant, so as to retain as much
of the nutrients as possible. To predict an adequate processingaregime both
the heat transfer through the food and the consequent effects on the
contaminant population and on the food components must be known. The
calculations which must be performed to determine the processing regime are
cbmplex, but with the greater availability of computing power they are

possible.

To make the design and verification of thermal processes easier for the food
engineer, the necessary process computations were incorporated in a
user—friendly software package. The package runs on a typical microcomputer,
the IBM PC, and requires very 1itc1le 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 in which the témperature distribution is calculated:
either utilizing the slowest héating region (SI&R) approach (for‘ the can), or
treating the temperature as a function of pogition (for the can or pouch) -
with or without consider;tion of the surface convective heat transfer

coefficient. After calculating the heat transfer distribution in the food,
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the package can then predict thé consequent effects on the contaminant
popul ation and on the nutrients in the food. Eitﬁer an SHR approach or an
element alpproach can be choosen by the user for these process calculations.
Finally, the package can be used to optimize the batch sterilization process
with respect to retention of up to four nutrienta.» It will chose and display

the best heating regime, in terms of processing temperature and time,

’ corresponding to the process parameters supplied by the user.

6.2 Conclusions

The followin \‘conclusions were drawn from the work:
1- The modular system design proved to be successful. It 1s ablelto
circumvent the major BASIC-language limitations of program size and subroutine
capabilities in the following ways:

a) The program modules‘ are ovs;_rlaid in volatile memory as needed, and so the
program package is not limited to 64 KB - it is over 200 KB. Only the
individual modules are affected by this size restriction.

b) By chaining to various program modules and storidg variables in separate
data files, the subroutine capab;lities of Fortran are emulated. Variable
names remain local to each program module, and "arguments' and 'parameters"

]
are passed between programs during package execution.

‘

¢) Storing operating codes in the data files allows the package to avoid the
program—chaining restrictions of the BASIC compiler e.g. not being able to

chain to a specific line in the next program.

He

1
2~ The package is very easily expanded, since the calculating routines and

the interfaces are completely independent. The calculating routines have
- 9
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minimal system interactions, \and 80 additional routines are easily
incorporated. The interfaces interact extensively with the other system
programs and the éata and communication files\, but each interface is based on
a stan?ard system interaction design and additional modules can be
incorporated with little difficulty.
-
,3- The execution of the package required more volatile memory than was
;riginally envisioned i.e. 640 KB rather than 256 KB. The extra mémory is
- required to enable the installation of the C virtual drive files - the ALPHA
text files - which are all copied onto the C drive during the system
initialization. This couid restrict the expansion of the package in terms of
tlile number of ALPHA files that can be held on the C drive (and therefore the
number of interface modules which can be added‘to the package). This can be-
avoided by slightly modifying the system initialization programs to allow the
package to run on an IBM microcomputer equipped with a Winchester removable
cartridge (hard disk) of 5 MB, and considering the hard disk as.the C drive.

The hard disk access time i1s almost as short as for the virtual drive, and

the hard disk has much larger memory capabilities.

4~ The system design proved to be powerful enough that not, all elements of
the design are as yet fully utilized. For example, the fil(es responsible for
,commmication between MAIN and the subMAINs, frles COMMA and\COMMB, have still

to be used.. These features may become especially important in the event of

future expansion of the_ system. .

5- The modules in which the process calculations are done by means of the
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I

/elemenc approach, modules MAINC and MAIND, require memory for the variables

to such an extent that the number of time increments and spatial elementa are
restricted. In MAINC {for the pouch) up to 21 time increments and 125 spatial
elements are allowed while in MAIND (for the can) there can be 2l .time
increments and 125 spatial elements. These restrictions may decrease the
accuracy of the process calculations if the sizes of the time or spatial
increments are exceasively large. The size of the time increment may be of
particular Dsignifi.cancle, since the lethality values are quite
temperature-sensitive at the higher food temperatures i.e. near processing
'temperature. .

6- The optimization module performs 1its functions correctly but co&ld\, be
modified to improve igs execution\. It accepts user—-supplied parameters, and
determines values of the objective function for retort temperatures between
110 and 130 °c. with these valués, an equation is found which relates the
processing temperatures and the values of the objective function. The optimal
processing temperafure is then determined from the equation, and the required
processing time 1s calculated. There 1s a drawback to the module, however,
in that the execution time is quite long for an interactive program (about 25
minutes). This 1s because of the extensive calculations required an1‘ the
optimization and frequent access of a module stored on the physical drive A.

Modification of the optimizatian module and improvement of the hardware

componenfs may decrease execution time.

-~
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6.3 Recommendations for Further Study

The followng areas are considered to be important for further investigation:

1- The package initialization programs could be modified to allow the use
of a Winchester removable cartridge (hard disk) with 5 M8 of memory. This
could be designated as the C drive, and so enable the addition of a greater

number of interface modules, whose associated text files must be stored on

t

the C drive.

2- Future work on the system should involve the further development of the
service program interface. At present, the results display facilites are
incorporated 1n each subMAIN module. Full utililization of the system
capabilities dictates the eventual segregation of the interact.ve :iaterfaces
and the display programs. As well, the session restart facility should t;z

developed.

3- A mathemat:ical analysis should be performed to determine the extent to
which the accuracies of the process and nutrient retention calculations are
dependent upon the sizes of the time and spatial incremeats. Tf the
incremental sizes are found to be significant, as is suspected, the programs
'MAINC and MAIND (which use the elemental approach) should be modified in such
a way as to allow the use of a greater number of time increments and spatial
elements, therefore decreasing the differential s1ze.
/,
4- The present optimization module“\pér‘foms correctly but requires about

25 minutes execution time. It could be modified to decrease the execution

N
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time in several ways. The calculating routine, BALLST, is aécesaed
extensively &ur'mg the optimization procedure. If it was stored on the
virtual drive C as well as on the physical drive A, the access time could be
decrease significantly.. Also, the use of a floating~point processor would
help speed the number-crunching operations. There 1is *such a processor

- ¢

available for use with a BASIC compiler; there may be one available from IBM

-

for the IBM BASIC compiler in the near future.

5- Additional optimization modules could be developed which would base
Process and nutrient calculations on the elemental approach, for food held in

both cans and retortable pouches.

7
5- Laboratory experimentation could be used to veri1fy the models used in

the package, 1including the heat transfer, process adequacy and? nutrient

retention algorithms.

4
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The Bessel function of the first kind of the zero order is given by (Beyer,

1981):

(1) Jo(x)=1 - x2 “+ xu - x6\< + x8 -

22(1n% - 2'en? 23ne  22an

The polynomial approximations to the equation Jo(x) are given by (Abramowitz

and Stegun, 1970):

@ (60 =1 - 2.2499997 (x/3)2 + 1.2656208 (x/3)" = .3163866 (x43)°
+ 58879 (x/3)8 - Loo3guny (x/3)'° + .0002100 (x/3)'°
(for =3<= x <=3)
-1/2
= X .

3) Jp (x) d0 « cos(w0)
(4) where dO= .79788456 ~ .00000077 (3/x) = .00552740 (3/x)° -
.00009512 (3/x)3 + .00137237 (3/x)" - .00072805 (3/x)°

+ .00014476 (3/x)°

(5) and w0 = x - .78539816 = .04166397 (3/x) - .00003954 (3/x)°~ .

//,,/’/.56562573 (3/x)3 - 00054125 (3/x)" - .00029333 (3/x)°
- n
6

+ 00013558 (3/%) (for 3<=z x <eo)



) . . . 59

The Bessel function of ‘the first kind of the zero order is given by (Beyer,

1981):

(6) JI(X) = xr - x3 + x5 - x7 + 9

2 22t 2P 2l3vur 2%

This equation can be approximated by ‘the following polynomials ((Abromowitz

and Stegun, 1981):

(1) J (0 = x (C (172) = .56249985 (x/3)2 + .21093573 (x/" - q
03954289 (x/3)° + Loouu3319 (x/3)® -
.00031761 (x/3)'% + 00001109 (x/3)'2 3)

(for =3<= x<¢=3)

8 I (0 = 2 41 . coswi)

(9)  where d1 = .79788456 + .00000156 (3/x) + .01659667 (3/x)2
+ .00017105 (3/x)° = .00249511 (3/x)" +

.00113653 (3/x)° - .00020033 (3/x)°

(10) and w1l = x = 2,35619449 (37x) + ,12499612 (3/x) «+
.0005650 (3/x)° = 00637879 (3/x)3 + .00074348 (3/x)"
+ .00079824 (3/x)° - .00029166 (3/x)°

(for 3¢z X <¢=o )
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J000, 00
X200, 00
3400. 00
Z600, 00
IBOO, ON
4000, Q0

RESUL TS *

LETHALITY

0. O0E+00
0.39E-04
0.93E-01
0,S9E+00
0.15E+01
0.23E+01
0.30E+01
0.30E+01
0, Z0E+01
0, 30E+01
0. 20E+0O]
0.Z0E+01
Q. FOE+O]
0. 30E+01
0. 30E+0O1

:0.30E+01

0.JZ0E+0O1
0.30E+01
0. J0E+01
0.3J0E+0O1
0, 30E+01

!
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LETHALITY
2.96 . L

2.36

|

!

|

|

)

, I
. :
' |
!

[

!

|

| sée 600 | 2400 | 3208 4000
100 1260 2000 2809 3600

.. TIME (sec) .
Press “X" to exit to results menu or
Press t-PrtSc to »rint graph



TINE.(sec)

0.00

200.00

400,00
600,00
800,00

1000, 00

1200.00
1400, 00
1600, 00

2000. 00
200,00
2400, 00
2600,00
2800. 00
3000, 006
3200, 00
Z400. 00
3600,00
3I800,00
4000.00

r

RESULTS

NUTRIENT FRACTION

0.10E+01
0. 10E+01

0.97E+00

0O.P4E+00
0. 90E+00
0.86E+00
0.83E+00
0. 79E+00
0.76E+0C
0. 7IE+Q0
0.70E+00
0. 67E+00
0. 64E+00
0.61E+00
0. SPE+00
0.S6E+00
0.56E+00
0. SEE+00O

- 0.36E+00

0. S6E+00

0. S6E+00
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'NMUTRIENT FRACTION vs TIME

.8 | :
A
1 .6 |
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! b "
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0 T !
- o ,I séo T 1699] 3260] 4000
‘ zoaa 2808 3600
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Press "X" to exit to pes }ts nenu on
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H(H/ M2 -degC)

Press

tial Temperature(deg ?)

e When Cooling Starts(sec)
ber of Time Increments

X—Length(m)
Y—Length{(m)

Number of Y-values

Number of Z-values

Thermal Diffusivity(m¥e2/sec)
Food’Density (kg/ m¥%3)

Process Parameter Table

Temperature(deg
Temperature(deg C)
Processing Time(sec)

RO~V
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—Length(m)}
-values
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~

recific Heat (kJ/’kg—degC

oLkt LN o o DI DN,

-
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“X" to exit-to results menu or
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R
3 - v ' -‘ \r
- 1
B ‘ .
. RESULTS . ’
f <
TIME (sec) X (m) Y (m) . Z(m) " TEMP (deg C)
0. 00000 ° 0.00000 0. OO0 0. 00000 40, Q0OQ00
200, 00000 0. 00000 Q. 00000 84.94020
400, 00000 0. 00000 Q. 00000 107.70100
&00, 0. 00000 0. 00000 115, 689200
800, 0. 00000 ) 0. Q0000 118.49300
A000, _ Q. Q0000 Q. 00000 119.47&600
1200, 00 . 0. Q0000 0. 00000 119.81800
1400, D000 0, 00000 O, QOOOO 119.97700
1600, 00000 Q. O0)I00 O, QOO0 112.97800
1800, DOOO0) O, QOO0 0. OUOO0 119,997200
2000, D0000 Q. 00000 112.97 700
Do, 0. 00000 119.99900
2400, 00000 1192.992900
DEOQ, OOOO0 112.99900
20800, 00000 120, 00000
TOO0, 00000 1220,
T200, 00000 86.29480
T400, 6927406
THO0, OO0 &T.2T2g2
TEOC, GO0 LH1.12954
AN, OO0 60,9275
! “as

Sib L

EAP
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TEMPERATURE( deg C)
150 TEMP US TIME

120 |

90

60

30

i}

}
|
r
|
!
r
!
l \
l

|

.a T )
[ sé@ | 16@0a | 24900 | 3206! 4000
400 12086 2 ¢ 28?0 3600
secC
Press "™ to exit to resul ts menu onr
Press 1-PrtSc to print graph



TIME (sec)

0. 00000
200, 00000
{00, 00000

SO0, OQOO00

1200, ODO0O00

an ST e LIRS

1400, D0GOO0O0D

DTD0, OLOO0
2800, DOOOO

2LEO0, QOO0

2800, 00000
OO0, HOOO00

TEHOD, QOO0

TROO, ODODL

AO00., D000

X {m}

0. 03250
0. 02350
0. QT250
Q. 075250
0.03250
Q. OT250
0. 07250
0. 07250
0, ON250
0, O 5050

Q. OT250

0, OTI80
0. 07250
0.0%250
0, 05250
0, 0250
0. OT2%0
Q. 02580
QL0250
O, OIS0

Q. OTI250

Py

'RESULTS

Y (m)

0.02775
0,02775
0.0277%
©,0277%
O,02075
Q.0277%
0. 02775
0, VDT
007
DL, DT

PRV Sl

v e,
.

D.02T7S
(R AN A
0. 027575
0.02375
0.02275
0,02275
0,02775
O, 0277S
O, 02375
0, 00775

O, 0nITS

L

Z (m)

0.00375
0. 003275
0,007
0,007.75
0.00279
0. Q0375
000575
00,0075

—-——

O, 00T

0, O0T7E
O, D075
0, O0TTS
0,00775
O.007T7Y
0. 00775
Q. 00775
©.00375
Q. 0N3T7s
000775
0.00=7S
0.00275

TEMP (deg )

40. 00000
2. 75870
110, 72300
116.97700
119. 67500
119.89400
119. 96500
119. 98800
119.99600
117,900
1192.992900
119. 99900

120, OOO0O00

120, OO000
120, OO0O00
80.47127
bbh.F5761
62. 29997
60. 74997

&0, 24355,
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TEMPERRTURE(&Q? C)
-150 _ EMP US TIME |
»
120
90 |
I |
60 | :
|
30 - 1
= |
|
O e e I
@ | 800 | 1600 | 2480 |
4183 1288 2060 280
I (sec)

3200] 4000
3 3600

Press "X to exit to results menu or

Press t-Prt

\

Sc to print graph
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TIME (sec)

0.00000
200, 00000
/00, Q0000
600, 00000
800, GOON0

1000, 00000
1200. 00000
1400, 00000
1600, 00000
1800, 00000

2400, OOO00
2600, 60000
2800, 00G00
J000, 00000
3200.00000
F40Q0, 00000
T600, D0000

=800, 00000

X {m)

0. 06500
Q.06500
0. 06500
0. 06300
0., 06500
0. 06300
0. 06500
0. 086500
0, 06500
0. 0Q&TO0
0.0&6500
0., 06500
Q. Q&T00
0. 06300
0., 06500
0. 06300
0. 06300
0. 06500
0, O6ESOO
0. O6S00

Q. 06500

RESULTS

Y(m)

0.04730
0.04750
0.04750
0. 04750
0.04750
Q. 04750
0.04750
Q. 04750
Q. 04730
0084730
QL DA750
0. 04750
O . OO
Q.03750
0.04750
0.04750
Q.04720
Q. 04750
Q. 047350
0.04750
0. 04750

Z (m)

0. 00750
G, 0Q730
0. 00750
Q.00750
0, 00780
0.00730
0.00730
0, 007350
Q.0Q0750
Q. 00730
Q. 00700
Q. 00750
0, 00750
0.Q0750
Q, Q0750
0, 00750
0, 00750
0,00750
0, D070
0. 00750
0. 00790

192

TEMF (deg C

40, 00000
119.89700
119.98100
119, 99500
119.99800
119. 99900
119, 99200
120, 00000
120, O0000
120, 00000
120, QQOO0
120, OON00

120, QO000
&0, 07660
60,01770
60, 00724
&0, 00085
60, 00024
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TEMPERQTURE(def C)
150 _ EMP US TIME

!
I
I
I
|
|
{
|

(7 | S S O o e
o 800 | 16086 | 24809 | 3208] 4000
lma 1'209 21999( 2800 gsea
sec

Press "X" to exit to results menu or
Press t-PrtSc to print graph
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"

TIME (sec)

0.00
200, 00
400.00
600,00

| B0O. 00
1000, 00
1200. 00
1400, 00
1600, 00
1800, 00
2000, 00
'2:(_'! (:) - I_"_l O
2400, 00
2600, 00
28Q0 .00
J000., 00
Z200.00
3400, 00
I600.,. 00
I800. 00
4000.Q0

RESULTS

LETHALITY

0.00E+QQ
0.19E-04
0.43%E-01
0.26E+00
0.85E+00
0.17E+01
0.276+01
0. Z0E+01
O, 30E+01
0.J0E+01
0. TOE+0O1
O.30E+01
0.30E+0O]
0.Z0E+01
0.30E+01
0.30E+01
0.J0E+0O]

T 0L.T0E+O1L

0, J0E+01
0.30E+0]
Q. I0E+01

i
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LETHALITY
2.96.

LETHAL]TY
_2.36 ,
o
1-77_.
1.18]

.592

»

[
]
|
1
!
!
}
|
!
!
|
l

800 | 1608 | 2400 | 3heeL 4000
400 200 20%9 ‘2800 600
' . TIME (sec
Press "X™ to exit to results menu or.
Press t-PrtSc to print graph
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RESULTS

TIME (sec)

0,00

200, 00

400, 00

600, 00

800, 00
1000. 00 ‘
1200. 00 \
1400, 00
1600, 00
1800, OO
2000, OO0
2200, 00
2400, OO0 \
2600, 00
2800, 00
TOO0, OO
3200, 00
3400, 00
2600, 00
IBOO, VO
4000, OO

1

NUTRIENT FRACTION

0.10E+01
0. 10E+01
0. 9BE+00
0. 95E+00
0. 92E+00
Q. BBE+QO
0.84E+00

O.81E+00°

0. 78E+00
0. 74E+00
O.71E+00
0, 68BE+00O
0O, 65E+00Q
Q. &TEHQO
0. 60E+0O
0,57E+Q0

" 0.57E+00

0. S7E+OQO
0. S57E+00
0.S9S7E4+00Q
0.57E+00
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FRACTION
1 NUTRIENT FRQCTI?N‘US TIME

T ,

N
|

@ Eméo i %oool 2400 l 3““;54“0

sec
Press “X" to exxt to results menu or
Press t-PrtSc to print graph
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1

T i T
PUCSHOMWDD
e L

1£f

Half Z-Lengthi(m)
Number of -values

Thermal 1ffusxu1tg(n**2/sec)
Food Density (kg/m¥x%3)
Specific Heat (kJ/kg—-degC
H(N/n**z degC)

Food

Press

lal Temperature(deg C) -
r Temperature(deg C)
e When Cooling.  Starts(sec)

bher of Time Increments
f X-Length(m)

b

Process Parameter Table

. S W G g Gl . e ——— g —e S Gy P —

Temperature(deg C)
Pracessing Time(sec)

Length(m)

ma»pmmu--mwha»h
0O~ HANNS

D U-

%" to exit to results menu or
Press t-PrtSc to print graph
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TIME (sec)

Q, OQ000
200, OO000
400, OQO000
600, QOO00
800, 00000

1 000, GOO00
1200. 00000
1 400, QOQOQ
1600, 00000
1800. OOO0O
2000, DO000
2200, QOO0

ZO00, OOOO0

3600, 00000

=800, 00000

X tm)

0, OO000
0. OO000
0. 00000
0. 00000
Q. 00000
Q. 00000
0. Q0000
Q. Q0000
0. 00000
Q. 0OO000
0. Q0000

.....

Q. Q0000
0. QOO0
Q. 00000
0. OO000

ESULTS

Yi{m)

el N

Q. 00000
0. 00000
0.00000
0. 00000
0. 00000
Q. 00000
0. 00000
Q. Q0000
0. 00000
Q00000

O, OO0
0. 00000
<, OO0O0OO
0. Q00O
0, 0ROHO)

Z<{m)

0, 00000
0. 00000
0. QOOO0
0. 00000

0.00000 .

0. 00000
0.00000
0. 00000
Q. 00000
0. 00000

0. OO0
0. 0O0OD0
0. 00000
0, DOONO
Q, QOOO0
0. 00000

0. 00000 "

'

199 °

TEMP (deg’' C)

40, GOOOO
67 . 65970
90.39530
103. 26700
110. 56100
114. 69400
117.02900
118. 24400
119.08100
119. 492100
119.71900
119.84600
119. 91500

119, 95700

1192, 97430
119. 95601
7. 24765
8l. 19940
7284746
&7.077%7
63.9787%9
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Press "X" to exit to results menu or
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RESULTS -

e

TIME (sec) X {m) Y G Z{m> TEMF (deg C

0. 00000 0.0325%0 0.02775 0.00775 4000000
200, 00000 Q. 02250 ¢ Q.OR2T75 Q. 00775 74,11200
Q. 07250 0.02270 0.00779 2450820
GO0, OO00D Q.0T250 0.023773 O, 007 1060 15400
800, OLDOD O, OI250 O, 00277% QL 0uTT7% T1Z2.38000
. 1000, QO0N0 QLOT2ED Q.O2TT7H 0. 00775 116, 04700
L2000 OO00n N AT 0,077 0. 00TTE 11789800
1400, L0000 DL, OI2E0 Q.0O2778 0. 0OTTE 1182,.88200
1 &0 D00 DL, OO0 0 O, D7 I BT A) P15, 40500
PR, Do VL OT IS DLOTZTSE WIS Ty 4 119 42700
L0000, D000 O, ORI QL0 370 W, OO 1708700
AR TR ER TN B AR BAn LT 0L DT S WD 115, 90500
AT WIS B RTRIR TR I ‘ O, OLIS0 0. OTTTE D75 1=, e0100
GO0, Ol G O O, 02775 Cr, QU 1192.97400
280D 0o 0L 070800 0,02 0T75 (R T A 11w, =RBSH10
TOQO DD D, 0TS0 QLODTTE DL, O0NI7S 112,97 242
TO0, Q000D O, O7250 O, 57s Q. OON7S RF, 41 197
OO D000 QL OT250 O.02775 OO0 TS 7. 11&61
Le00, OOmD O DL ED 0,027 000 LTS T ERT D
Z, 00000 QLIS 0, 02NN 0, Q0L L5963 700
- 100G, Quu L, DTIEC 0, 0257 . L O I &L LQBan
' "~
.

<

- e -
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Pregs "X to exit to results menu onr
Press +-PrtSc to »rint graph
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) | FESULTS

TEMF (dag C-

TIME (gec?

O . QOO0

200 . 00000

40O o QOO

&O0 . 00000

800, Q0000
1000 . 00000
1200 . 00000
1400 . OO000
1600 . G0000
1800 . 00000
2000 . 00000
2200, 00000
24800 . O0O00
22H00 L 00000
2800 .. 00000
OO0 . D000

Y(m) ‘ Y (s 7 (m>

O, 0650
0. 06500
O, 06500
Q. 06500
0. 06500
Q. 06500
0.06500
Q.06S00
0.06500
0, 06500
0.06500
Q. 06500

0. 06500

0, 06500
0. 04500
0. 06500
O, 06500
O, 06500
. 06500
G, 06500
Q. 06500

0. 04 '75:‘;,\
O, U370
0. 04750
O, (:)‘4 TED
0.048750
0. 04750
0.047350
0.047350
0- C)4 75\:)

0. 04780

0.047T50
0.04750
0.,04750
0, 04750
0.04 750
0, 03 75D
0.0475)
0,59 700
0, 0475
0. 04750
0.04750

5, OO750
Q. Q0250
0. GO750
0. 00700
O0.00750
Q.0075D
0.00750
0,.00750
Q.Q0750
Q. 00750
Q. 00750
Q. 00750
Q. 00750
0. 00750
1, OO750
Q. UO750)
GL00750
0, L0750
0. 00730
0. 00750

T 0. 00750

P X Y T Ut L]
115.84800
118,59800
119.47.000
119.7480
119.88300
1192.94700
119.97200
119.98600
1192.99200
1192.99600
119,99800
119.999C0
119.99%00
119.92570
115.9999]

ETL11T0A

61.0514%

60,4265

60, 188712

&0, 08768

1
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TEMPERATUREC deg_G) 4
158_ “*TeMP us TIME

i
120 .

920

60

-30
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) legée 1|21gael 24?:;; 3‘509);64@00

Press "X™ to exit to results menu or
Press t-PrtSc to print graph



TIME (gec)

0.00
200.00
400, 00O
&600, 00’
800. 00

1000, 00
1200, 00
1600, OO
1800, 00
2000, 00
220,00

2400, 00

2&00, 00
o800, OO
OO0, 00

-t lel e

=200, 00

T400, 00
8O0, 0O
4000, O

LETHALITY

0. 00E+00
0. 29E-0%
0. 96E-02
0. 36E-01
0. 1JE+00
O, Z7E+00
0. B81E+00
1SE+01
DTE+OL
—DE+O1
TQE+OY
D, TOE+U1
0. 20E+Q1
0. Z0E+OL
0. SOE+01
Q0. ZOE+O1L
0. Z0E+01
0. Z0E+0OY
0. ZOE+0]1

O, ZOE+0Q}

0. F0OE+01

e R
L] .

~
MO
« ®
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LETHALITY ] ‘ \
2.96 LETHALITY
i
2.36 J
|
1.77 i
1.18 {
|
. 592 [
7 I
. ,
e - o< ST R
e 800 | 1600 | 2400 | '31'9% 4000
160 12060 2000 2300 600
se

)
Press X" to exit to resu!gs menu_or
Press t-PrtSc to print graph



TIME (sec)

i 0.00
200. 00
400. 00
600.00
800. 00
1000, 00
1200, 00
1400, 00
1600, 00
1800, 00

2000, 00
2200, GO
2400, 00
2600, 00
2800, 00
3000, 00
I200, 00
3400, 00
IHO0, 00
ABOo, 00
4000, 00

" RESULTS

NUTRIENT FRACTION

0.10E+01
0.10E+01
Q.99E+Q0
0.98E+00
0.926E+00
0. 9JE+00
0.20E+00
0.86E+00
0,8ZE+00Q
0. 80E+Q0
0,76E+00
0.77E400
0. 70E+00
0. 67E+QO
0, 64E+00
0.62E+00
0.61E+00
0. &41E+00
O.61E+00
0.61E+00
Q.61E+00

-
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Press X" to exit to PeSlsll ts menu onr
Press 1t-PrtSc to print graph
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APPENDIX 2.3 } |

Sample Runs from the Execution of MAIND
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Process Parameter Table

Initial Temperatun deg >
"Re tort Temperat ure?§

Hater Temperature(

Total Processing Tlne(sec)
Time When Cooling Starts(sec)
Number of Time Increments
Can Radius (m)

Half Z-Lengthi(m)

Numhbher of R—-values

Number of Z-values

Thermal Diffusivity(me2/sec) 1.6E-07

' e
o
70 08
o

Press X" to exit to results menu or
Press 1-PrtSc to print graph



TIME (s)

0. 00000
560. 00000
1120, 00O000
1680, Q0000
2248Q, 00000
2800, 0OO00
3360, 00000
JIF20. COOND

......

RADIUS (m)

0. 00000
0, 00000
0. 00000
O . 00000
Q. 00000
O. Q0000
Q. 00000
Q. 00000
Q. 0000C

.....

RESULTS

Z-YALUES (m)'

0. 00000
0, 00000

TEMPERATURE (deg C)

40. 00000
41,57%560
5%, 33290
72.51980
86.62110
96.94940
104, 21700
109, 27000
110,22700
98, 48570
85. 82070

X
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TEMPERQTURE(de¥
50 EMP us TI

120 _
20

60

- 38

l
i
|
{
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I
|
|
|
[
!
!

8 - - :
0 ; 11291 2340 | 3350 f 4439& 5600
3920 030
- TIME (sec)

.Press X" to exxt to resul ts menu_ or
Press 1-PrtSc to print graph
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; \ ' Resiurs B
S ~.
(ijTIHE(s) ‘ RADIUS (m? - I-VALUES (m) TEMPERATURE (deg C) o

0. 00000 - 0.03038 0.02780 © 8000000

NS560. 00000 0.03038 , 0.02780 83.37570

1120, 00000 0.03038 0.02780 99.23780

1680. 00090 0,0303%8 0.02780 106.91900

2240>$0000 0.07038 0.02780 111.415007

2800, OO0O00 0.0720728 0.02780 114, 26500

FELEO., OOOO0 0.03078 0.02780 116. 14400

3920, QOO00 0.02028 0.02780 117.39500

4480, DOOOVO 0.03038 0.02780 822.54940

S5040. 00000 0.07038 0.02780 . 71076540

SHA0, OO0 O.4303I8 0.02780 6687860

g ' ‘
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TEMPERRTURE(&Q¥ C) . ‘ ,
150 _ EMP VS TIvE
|
120 _| . : L
- // , ' I 3
60 | ! e,
| ,
36 b .
= 0
. I
0 - — e

I — e :
Q £’1izel 2240 | 3368 | 4488] 5600
60 1680 288B 3920 5040
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\ Press "X to exit to results menu or

ress T-PrtSc to print graph
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A o s

TIME(2)

0. 00000

260 . 00000

4480 . OO0OO0
S04C, Of

SHO0 L

RADIUS (m)

0.0D4050
0. 04050
0.040%0
0. 04050
0. 04050
Q. 04050
0, D30%50
Q. 08050
0., 08050
0.040%0
0. 04050

RESUL TS

Z-YALUES (m)
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Initial Temperature(deg C)
Retort Temperature(deg C)
Hater Temperature(deg C)
Total Processing Time(sec)
Time HWhen Cooling Starts(sec)
Numbher of Time Increments

Can Radius (m)

Half Z-Length(m)

Numher of -values

Number of Z-values

Thermal anfusnuntg(n**Z/sec)
Food Densxt (ka

Food pecxflc eat(kJ/kg degC)
H{W/ m¥H2-degl)

RO OROND

bbb Gt « POWLADN D,

Press "X" to exit to results menu_or
Press t-PrtSc to print graph

221



222

l'i
)
" RESULTS
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TIME (s) X RADIUS (m) Z-VALUES (m) TEMFERATURE (deg C)
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1120. 00000 0. 04050 0.05560 119. 63400
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Temp (C)
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Process Parameter Table

Initial Tenperature(deg C) 99
Hater Temperature( 38
Slope of Heating Cupve(sec) 100606 e
Slope of Cooling Curvel(sec) 20080
Heating Curve Lag Factor 1.5
Coollng Curve Lag Factor %)
Total rocessing Time{(sec) 40004
F-Ualue of Microorganism(min) 2.9
z—Ualue of Microorganism(min) 10
~Ualue of MNMutrient #1(min) 43
—Value of Nutrient #2(min) 39
—Ualue of MNutrient #3(min) 26
—-Ualue of MNHutrient H4(min) 66
—-Ualue of Nutrient #1(deg C) 43
-Value of Nutrient #2(deg () 29.8
~Ualue of Nutrient #3{(deg C) 49
—Ualue of Nutrient #4(deg C) 11
eighting Factor #1 .9
eighting Factor #2 .76
eighting Factor #3 .2
eighting Factor #4 . 81

Press "X" to exit to menu or
Press 1-PrtSc to print graph.
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Resulte
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126. 000 . 11350.4625 R 0.32859E-01
128. 000 o 1070,555 ) 0.58220€E-01
170. 000 1012.097 0.5766E-C1
125,591 1160.748 0,58 OE~0O1
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APPENDIX 3.1

Program Listing of AUTOEXEC
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#xakr AUTOEXEC %~
echo off
echo PACKAGE STARTUP MESSAGES (DISREGARD)
superspl lpti:/m=z24/b
superdrv c:/m=U450/2 )
for 3%a in (alpha alphad alphac alphae alphal) do copy %%a c:
for %%b in (b:alphad) do copy %$%b c¢ .
graphics
echo on
start

249
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APPENDIX 3.2

Program Listing of START
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10
20
30

- - -

40

50 °*

251

START program

Writing system code into STORE! for MAIN

60 DEFINT I-N

70 OPEN "b:storel™ FOR OUTPUT AS 1
80 NCODE=0

90 PRINT#1,NCODE

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320

330 '
340

CLOSE 1

]

' Loading the Macdonald Logo screen (MACLOGO SCR)
KEY OFF

SCREEN 1

COLOR 0,0

DEF SEG = &HB80O

BLOAD "b:maclogo.ser”,0

v
"Display time for screen

FOR ISTALL = 1 TO 13000 ‘ -

IF INKEY$<>O"" THEN BEEP ELSE GOTO 230

ON ERROR GOTO 230 'to trap errors due to premature keyboard usage
NEXT .
[ ] o

' Loading the Title Page screen (TITLE.SCR)

CLS ' '

COLOR 9,1

BLOAD "b:title.scr",0

FOR ISTALL = 1 TO 12000

ON ERROR GOTO 310 |

IF INKEY$<>"" THEN BEEP ELSE GOTO 320
NEXT

CHAIN "main"
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Program Listing of MAIN
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o

10
20
30
4o
50
60

70

80

90

100
110
120
130
%0
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540

550
560

" 570

253

SNRRBRANE MAIN VRVERSNBRNNES

'!'I"..llll'l‘.!..!l.illllllll.l‘ll.llIIIllll!ll"!"'lll"l.llll'ﬂ;l!l

'Variable Listing:

'COMMENTS$=the record contents of ALPHA file

' JRECNO=the record number of ALPHA file

"NCODE=the start—up code in STORE?

'NOPCODE=the operation code in STOREZ2 -
*NRECCOUNT=the current record number in file COMMC

*NSUBMAIN=the number corresponding to the desired SUDMAIN
IRRNRNBERIBRNNRRESRNNNEBRNNNANBRRRNERNERERBNRARNNINARNRRDIRNBRARRGARNBRNERREN

'Initialization
DEFINT I-N

'Setting up the screen
KEY OFF

SCREEN 0,1

WIDTH 80

COLOR 7,1,1:CLS

~

' OPENING AND READYING ASSOCIATED FILES
OPEN "c:alpha™ AS 1

FIELD 1,80 AS COMMENTS

1

-OPEN "b:i:commc™ AS 2

FIELD 2,80 AS COMMCS

]

OPEN "b:storel™ FOR INPUT AS 3

', : )
OPEN "b:comma™ FOR OUTPUT AS 4

[}

L}

' SETTING THE POINTER TO CURRENT RECORD NUMBER OF COMMC
GET 2,1: NRECCOUNT=VAL(COMMCS)
BLANKS$z" ": LSET COMMC$=BLANKS$: PUT 2, NRECCOUNT+1

'

' \ * -

' CHECKING IF IT'S A SESSION RESTART, A CONTINUING SESSION OR NEW SESSION
INPUT#3,NCODE .

\ :

' CONTINUING SESSION:

IF NCODE()Q THEN GOTO 640

'

' CHECKING IF IT'S A SESSION RESTART OR NEW SESSION:
JRECNO=1

CLS

GOSUB 1650

IF JOK<>=1 THEN GOTO 520
IF (DY$="n") OR (DY$="N") THEN GOTO 790

.

¢



580 'SESSION RESTART

254

-

590 «GET 1,3: LSET COMMC$=COMMENT$: PUT 2,LOC(2)+1

600 CLOSE 1,2,3,4 R N

610 CHAIN "sessrest" 4 .

620 * .

.630 L]

6“0_' CONTINUING SESSION

650 GET 1,23 LSET COMMC$=COMMENTS$: PUT 2,Lac(2)+1

660 ! .
670 °* input answers from storel i a

680 . san

690 '

700 OPEN "b:commb™ FOR INPUT AS 5

710 1 ] [ 2]

720 ¢ read info from commb Lokl

730 * nes

740 CLOSE 5 .

75

760 GOTO 860 . \

770 )

780 ) .
790 '}usw SESSION: .

800 GET 1,4: LSET COMMC$=COMMENT$: PUT 2,LOC{(2)+1

810

820 * e .

830 ! " ASKING QUESTIONS— ANSWERS GO INTO COMMA #e

840 ! i

850 ' .

860 ' PRINTING MENU

870 CLS

880 GET PRINT COMMENTS

890 GET PRINT COMMENTS .
900 GET PRINT COMMENTS :
910 GET PRINT COMMENTS$

920 GET PRINT COMMENTS

930 GET PRINT COMMENTS$ .

940 GET PRINT COMMENTS$ :PRINT ,

950 /

960 '

970 'DETERMINING USER'S SELECTION FROM THE MENU

980 JRECNO=9

990 GOSUB 2220
IF JOK<>-1 THEN GOTO 860
IF (VAL(ANSI$)>=1) AND (VAL(ANSI$)< 5) THEN NSUBMAIN=VAL(ANSI$): GOTO 1180

1000
1010

1020
1030
1040

1050,

1060
1070
1080
1090
1100

1110
1120

1130

IF VAL(ANSI$)=6 GOTO 1090

GET 1,10:
GET 1,11
DUMMM$=INKEYS: IF DUMMM$="" THEN GOTO 1050
GOTO 860

L

]

PRINT COMMENTS . \
PRINT COMMENTS

*Loading the exit screen

close:

CLS:SCREEN 1: COLOR 0,1

DEF SEG=&HB800
BLOAD "b:end,scn",0

GOTO 1130 -~ .
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1140 *Now have exited the package

1150 '

1160 '

1170 'Closing STOREY as input file

1180 CLOSE 3

1182 if nsubmain>1 then goto 1210 :

1184 cls: locate 12,1: print " Sorry - this option is not yet availabl
e": print

1186 get 1,11: print comment$

1188 dummy$=inkey$: if dummy$="" then goto 1188 else goto 860

1190 ! ’

1200 °* . .

1210 "STORING INFO IN STORE1 THAT WILL TELL MAIN WHERE IT HAS JUST BEEN

1220 OPEN "b:storel®™ FOR OUTPUT AS 3

1230 PRINT#3,NSUBMAIN '

1240 '

1250 !

1260 ' STORING INFO IN STORE2 THAT WILL TELL syubMAIN IT JUST CAME FROM MAIN
1270 OPEN "b:store2" FOR OUTPUT AS 6

1280 NOPCODE=0

1290 PRINT#6,NOPCODE

1300 !

1310

1320 ' STORING THE CURRENT RECORD NUMBER OF COMMC INTO THE FIRST REC NO OF COMM
C ' .

1330 NRECCOUNT=LOC(2)

1340 LSET COMMC$=STR$ (NRECCOUNTJ

1350 PUT 2,1 ' =
.1360 ! -

1370 ’
1380
1390
1400
1410
1420
1430 CLOSE 1,2,3,4,6 ' \ ’

1440 ¢

1450 !

1460 'Loading the "Please Wait™ screen

1470 CLS:SCREEN 1 ‘

1480 COLOR 0,1 N -
1490 DEF SEG = &HBSOO . )

1500 BLOAD "b:retort.scr",0 . .

1510 ON ERRGR GOTO 1520 .

1520 IF INKEY$<>"" THEN BEEP ELSE GOTO 1530

1530 '

1540 !

1590 ' CHAINING TO subMAIN PROGRAM CHOSEN FROM MENU

1560 IF NSUBMAIN=1 THEN CHAIN "maina"

1570 IF NSUBMAIN=2 THEN CHAIN "mainb"

1580 IF NSUBMAIN=3 THEN CHAIN "mainc®

1590 IF NSUBMAIN=z4 THEN CHAIN "maind"” .
1600 IF NSUBMAIN=5 THEN CHAIN "maine" R
1610 PRINT "NSUBMAIN 1s not a number from 1 to 5" "

1620 PRINT "MAIN could not chain to a subHAIN“
30 PRINT "MAIN was terminated"

1640 sTOP

STORING INFO IN COMMA THAT IS NEEDED BY subMAIN
117 I

write info 1in COMMA (11
' . o . Raw

- - w Ay - -

~
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1650 !
1660 !
1670 !
1680 !
1690 ' Y/N SUBROUTINE
1700 JOK=0
1710 GET 1,JRECNO
1720 COMMENT1Y$="You did not enter Y or N = You entered: "
1730 COMMENT2Y$="You did not enter a value"
1740 PRINT COMMENTS$ o
1750 LINE INPUT "™ ,ANSY$
1760 NY=0

1770 NY = NY+1

1780 DY$=MID$(ANSY$,NY,1)

1790 IF DY$="" THEN GOTO 1860

1800 IF DY$=" " THEN GOTO 1770 -

1810 IF (DY$="Y") OR (DY$="y") OR (DY$="N") OR (DY$s"n") THEN JOK==1: RETURN
1820 PRINT COMMENT1Y$,ANSY$

1830 GET 1,11: PRINT COMMENTS

1840 DUMMY$=INKEY$: IF DUMMY$="" THEN GOTO 184Q

1850 RETURN . ,
1860 PRINT COMMENT2Y$ )

1870 GET 1,11: PRINT COMMENTS$

1880 DUMMY$=INKEY$: IF DUMMY$="" THEN GOTQ 1880

1890 RETURN

1900 '

1910 ! ‘
1920 ' ) :

1930 ' CHECKING FOR REAL NUMBERS

1940 JOK=0 - - =
1950 GET 1,JRECNO .
1960 COMMENT1R$="You did not enter' a REAL number - You entered: "

1970 COMMENT2R$:="you did not enter a value"
1980 PRINT COMMENTS .
1990 LINE INPUT""™,ANSR$

2000 JFLAGR=0 'flag to check that number exists
2010 IFLAGR=0 - 'flag to check for decimal points
2020 JR=1

2030 NRzLEN(ANSR$)
2040 IF NR=O THEN GOTO 2180
2050 WHILE JR<=NR
2060 DR$=MID$(ANSRS$,JR,1)
_ 2070 IF DR$=" " THEN GOTO 2150
2080 IF (ASC(DR$)>47) AND (ASC(DR$)<58) THEN JFLAGR==1: GOTO 2150
2090 IF DR$="." THEN IFLAGR:IFLAGR+1: GOTO 2140
2100 PRINT COMMENTR$,ANSRS$
2110 GET 1,11:PRINT COMMENT$ .
2120 DUMMR$=INKEY$: IF DUMMR$="" THEN GOTO 2120
2130 RETURN , . \
2140 IF IFLAGR>1 GOTO 2100
2150 JRzJR+1
2160 WEND
2170 IF (DR$<>" ") OR (JFLAGR==1) THEN JOK=-1: RETURN
2180 PRINT COMMENT2RS$ ’

2190 GET 1,11: PRINT COMMENT$
2200 DUMMR$ INKEY$: IF- DUMMR$="" THEN GOTQ 2200

'

2210 RETURN ‘ .



2220
2230
22140

2250

2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490

!
!
!

' CHECKING FOR INTEGER NUMBERS

JOK=0

GET 1,JRECNO

COMMENT1I$-"You did not enter. an INTEGER’ value “ You entered:
COMMENT2I$="you did not enter a value" \\

PRINT COMMENTS )

LINE INPUT "",LANSI$ .
NIzLEN(ANSI$) " .

IF NI=0 THEN GOTO 2460

JI=1

WHILE JI<=NI

DI$=MID$(ANSIS$,JI,1)

IF DI$=" " THEN GOTO 2430

IF (ASC(DI$)>47) AND. 4ASCL\;$5258) THEN IFLAGI--1- GOTO 2430
PRINT COMMENT1I$3ANSI$ .
GET 1,11: PRINT COMMENTS$

DUMMI$ INKEY$: IF DUMMI$-"" THEN GOTO 2410

RETURN

JI=JI+1

WEND

IF (DI$<>" ") OR (IFLAGI=-1) THEN JOK=-1: RETURN

PRINT COMMENTZ2I$

GET 1,11: PRINT COMMENTS$

DUMMI$=INKEY$: IF DUMMI$="" THEN GOTO 2480 )
RETURN \

]

257
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1
2

3

4

5
6

7
8
9

10 You did not enter a number between 1 and 6

258

ALPHA

Is this a session restart? (enter Y or N and RETURN)
This is a continuing session
This is a session restart J
This is a new session
REREER M E N U #¥ean
1 Spatial Temp Distribut{bn at one Time - Can or Poucﬁ
2 Can Center Temps, Lethality + Nutriept Destruction - Ball's Method
3 Spatial Temps, Lethality + Nutrieﬁt Destruction - Pouch

Select an item from the menu (enter 1 to 6 and RETURN)

11 PRESS ANY KEY TO CONTINUE

12 4 Spatial Temps, Lethality + Nutrient Destruction -~ Can

13 § Optimization Module - Nutrient Retention in Can

~

14 6 EXIT THE PACKAGE

S
e



APPENDIX 3.8

Program Listing of MAINB

253



15 ¢!

20! 3

25 ! SUARNRBENE M A ] N B Suneassses

30 ’

35 ' -

40 'Initialization and Dimensioning ‘
50 DIM TEMP(501),TIME(S01),TAVG(500),RATEL(500) ,XLETR(501)
55 DIM RATEN(500), XNUTOT(500), FRANUT(501)

57 DIM XX(50),YY(50)

60 !

65 !

70 'Setting up the text screen

75 JKEY OFF -

80 SCREEN 0,0,0,0

85 WIDTH 80

90 COLOR 7,1,1

92 CLS

95 !

100 !

105 ' opening and readying the assoclated fil

110 QPEN "c:alphab" AS 1 \4
115 FIELD 1,80 AS COMMENTS - . T
120 ! '

125 OPEN "b:commc” AS 2

130 FIELD 2,80 AS COMMCS

135 !

140 !

145 ' setting the pointer to current record number of commc
150 GET 2,1: NRECCOUNT=VAL(COMMCS)

155 BLANKS=" ": LSET COMMCS$zBLANKS$: PUT 2,NRECCOUNT+?
160 '

165 !

170 ' Checking 1f control has come from MAIN or from SUBs
175 OPEN "b:store2" FOR INPUT AS 3

180 INPUT#3,NOP CODE 3

185 CLOSE 3°

190 !

195 ' Not coming from MAIN:

200 IF NOPCODE<>O " THEN GOTO. 1100

205 !

210 ' Coming from MAIN:

215 OPEN "b:comma" FOR INPUT AS 4

220!

225! %% read 1info from comma®*
230" (

235 CLOSE 4

240

245 ¢

250 ' Printing the menu

255 CLS

260 GET 1,1: PRINT COMMENT$

265 GET 1,2: PRINT COMMENT$

270 GET 1,3: PRINT COMMENTS

275 GET 1,4: PRINT COMMENTS$

280 GET 1,5: PRINT COMMENT$

285 ! . .
290 !

260
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295 'determining user's selection from the menu

300 JRECNO=1D

305 GOSUB 2550 . . -r
310 IF JOK<>-1 THEN GOTO 250

315 IF (VAL(ANSIS$)=U4) GOTO 360

320 IF (VAL(ANSIS$)>=1) AND (VAL(ANSI$)<z3) THEN HODEL.VAL(ANSR) NSUB-1 GOTO 46
5 . .

325 GET 1,11

330 PRINT COMMENTS

335 GET 1,12: PRINT COMMENTS

340 DUMMMAS=INKEYS$: IF DUMMMA$="" THEN GOTQO 340
345 GOTO 250

350

355 !

360 'if want to go straight back to MAIN

365

370 OPEN "b:commb™ FQR OUTPUT AS 7

375 ! .

380 ' %8 yrite 1nfo into bi:commb #*

385!

390 CLOSE 7 .

395 -

400 CLOSE 1,2 . .
405 !

530 CLS: SCREEN °

415 COLOR 4,1}

420 DEF SEG = &HB8OD

42% BLOAD "b:sandcl.scr",0

430 ON ERROR GOTOQ '{35

435 IF INKEY$<>""™ THEN BEEP ELSE GOTO 440

440 ,

Y45 CHAIN "MAIN"

450

féuss ]

lugo

46s 'if want to go to BALLST

470 !

475 'BALLST arguments

480 '

485 'determining and checking food temperature inputs
490 CLS

495 JRECNC =13: GOSUB 2390 .
500 IF JOK<>-1 THEN GOTO 490 ELSE TINIT=VAL(ANSRS)

505 CLS

510 JRECNO=20: GOSUB 2390

515 IF JOK<>-1 THEN GOTQ 505 ELSE TRETRT=VAL(ANSRS$)

520 CL3 L
525 JRECNO=21: GOSUB 2390

530 IF JOK<>=1 THEN GOTO 520 ELSE TWATER=VAL(ANSRS$)'

535 IF (TRETRT>=TINIT) AND (TRETRT>=TWATER) THEN GOTO 595

540 CLS: GET 1,22: PRINT COMMENTS$;

545 GET 1,23: PRINT COMMENTS

550 GET 1,24:~_ PRINT COMMENTS; .

555 GET 1,25: \PRINT COMMENTS$,TINIT

560 GET 1,26: RRINT COMMENT$,TWATER

565 GET 1,27: PRINT COMMENT$,TRETRT

570 GET 1,28: PRINT: PRINT COMMENTS$

. -
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575 GET 1,12: PRINT COMMENTS v -

580 DUMMMA$=INKEY$: IF DUMMMAS$:="" THEN GOTO 580

585 GOTO 490 .

560 '

595 ‘'determining and checking the time inputs -

600 CLS:JRECNO=31: GOSUB 2550

605 IF JOK<>-1 THEN GOTO 595 ELSE NBA=VAL (ANSIS$)

610 IF (2<=NBA) AND (NBA<=50) THEN GOTD 630

615 CLS:GET 1,36:PRINT COMMENTS

620 GET 1,72: PRINT COMMENTS

625 DUMMMAS =INKEYS$:IF DUMMMAS=-"" THEN 3077 625 ELSE 30T2 60C

630 CLS: JRECNO=29: GOSUB 2390

635 IF JOK<>=1 THEN GOTO 630 ELSE TOTIME=VAL(ANSRHS)

640 CLS: JRECNO=30: GOSUB 2390

645 IF JOK<>=-1 THEN GOTO 640 ELSE COOLTI=VAL(ANSRS)

650 IF (TOTIME>3') AND (COOLTI>0!) AND (TOQTIME>=zCOOLT1) THEN GOTO 700
655 CLS: GET 1,32: PRINT COMMENTS

660 GET 1,33: PRINT COMMENTS

665 GET 1,24: PRINT COMMENTS;

670 GET 1,34: PRINT COMMENTS$;COOLTI

675 GET 1,35: PRINT COMMENTS;TOTIME

680 GET 1,28: PRINT: PRINT COMMENTS

685 SET 1,12: PRINT ZOMMENTS

690 DUMMMAS =INKEY$:TF DUMMMA3="" THEN 0TS 69C ELSE 30TC 630

595 !

730 'determining and checking the ‘1/slopes)of %the heating and cooling curves
795 CLS: JRECNO=37: GOSUB 2392

710 IF JOK<>-1 THEN GOTO 705 ELSE FH=VAL (ANSK$,

715 CLS: JRECNO=42: GOSUB 2390

720 IF JOK<>-1 THEN GOTO 715 ELSE FC:=VAL (ANSRS)

725 IF (FH>TO0) AND (FC>700) THEN GOTO 775

730 CLS: GET 1,38: PRINT COMMENTS

735 GET 1,39: PRINT COMMENTS

740 GET 1,24: PRINT COMMENTS;

745 GET 1,40: PRINT COMMENTS$ ,FH

750 GET 1,41: PRINT COMMENTS,FC

755 GET 1,28: PRINT: PRINT PonMENTs

760 GET 1,12: PRINT COMMENTS$

765 DUMMMA$=INKEY$: IF DUMMMA$="" THEN aﬁpo 765 ELSE GOTO 700

770 !

775. 'determining and checking the heating curve lag factor

780 IF MODEL>1 THEN GOTO 870

785 CLS: JRECNO=43:GOSUB 2390

790 IF JOK<>-1 THEN GOTO 775 ELSE JH!=VAL(ANSR$)

795 IF JH!>=1! THEN GOTO 830

800 CLS: GET 1,44: PRINT COMMENYS

805 JRECNO=U45: GOSUB 2265

810 IF JOK<>-1 THEN GOTO 800 . i
815 IF (DY$="n") OR (DY$="N") THEN GOTO 830 ,
820 GET 1,12: PRINT: PRINT COMMENTS$

825 DUMMMA$ INKEY$: IF DUMMMA$="" THEN GOTO 825 ELSE GOTO 775

830 IF JH!<=8! THEN GOTO 935 ’ '
835 CLS: GET 1,46: PRINT COMMENT$ ¢7
840 JRECNO=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$ \\\\\\\
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860 DUMMMAS=INKEY$: IF DUMMMAS$="" THEN GOTO 860 ELSE GOTO 775
865 '

870 ' for models 2 and 3

875 CLS: JRECNOz48: GOSUB 2390

880 IF JOK<>-1 THEN GOTQ 875 ELSE JH!=VAL (ANSRS)

885 IF ABS(JH!-1,866)>.01 THEN GOTO 90%

890 CLS:GET 1,81:PRINT COMMENTS; N

* 895 GET 1,B0:PRINT COMMENTS: GET 1,12:PRINT COMMENTS

900 DUMMMAS =INKEY$: IF DUMMMAS:z="" THEN GOTO %00 ELSE GOTO 870
905 IF JH!1<>0 THEN GOTO 795 P
910 CLS: SET 1,u49;: PRINT COMMENTS -
915 GET 1,28: PRINT COMMENTS

920 GET 1,12 : PRINT COMMENTS

925 DUMMMAS =INKEYS$: IF DUMMMAS:-"" THEN GOTO 925 ELSE m a70
330

935 ' determining and checking the cooling curve lag factor

940 IF MODEL<>3 THEN GOTO 1085

945 CLS: JRECNO=z50: GOSUB 2390

950 IF JOK<>~1 THEN GOTO 945 ELSE JC!=VAL ( ANSRS)

955 IF JCI<>Q! THEN GOTO 980

960 CLS: GET 1,51: PRINT COMMENTS

965 GET 1,28: PRINT COMMENTS

970 GET 1,12: PRINT COMMENTS

975 DUMMMA$=TNKEYS$: IF DUMMMAS="" THEN GOTO 975 ELSE GOTD 945
980 IF JC!>=1 THEN GOTO 1915

985 CLS: GET 1,52: PRINT COMMENTS

990 JRECNO=z47: 30OSUB 2265

995 IF JOK<>-1 THEN GOTO 985

1000 IF (DY$="n") OR (DY$="N") THEN GOTO 1085

1005 GET 1,12: PRINT COMMENTS

1010 DUMMMA$ =INKEY$: IF DUMMMAS$:="" THEN GOTO 1010 ELSE GOTQ 945
1015 IF JC!1<=8! THEN GOTQ 1050

1020 CLS: GET 1,53: PRINT COMMENTS

1025 JRECNO=4T7: GOSUB 2265

1030 IF JOK<>-1 THEN GOTO 10292 ™
1035 IF (DY$="N") OR (DY$="n") EN GOTO 1085

1040 GET 1,12: PRINT COMMENTS

1045 DUMMMA$ =INKEY$: IF DUMMMAS$-="" THEN GOTO 1045 ELSE GOTO 94\5
1050 IF ABS(JC!=1.866)>.01 THEN GOTO 1085
1055 'CLS: GET 1,79: PRINT COMMENT$;
1060 GET 1,80: PRINT COMMENTS

1065 GET 1,12: PRINT COMMENTS$

1070 DUMMMAS =INKEY$: IF DUMMMA$="" THEN GOTO 1070 ELSE GOTQ gus

1075 ' '

1080 '

1085 GOTO 2115 /

1090 ' | .

1095 ! I .

1100 OPEN "b:store2" FOR INPUT AS 3 'to align pointer at 1st rec of STORE2
1110 INPUT#3,NSUB,MODEL,TINIT,TRETRT,TWATER,NBA, TOTIME,COOLTI,FH,FC,JH!,JC!,NSU
BMAIN

1115 N=NBA

1120 CLOSE 3

1125 !

1130 !

1135 ' reading the results from the calculating SUB programs from COMM2

1140 OPEN "c:comm2" FOR INPUT AS 7 . *

v



1145
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235

1240

1245
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1332
1335
1340
1345
1350
1355

: 264

FOR I=1 TO N -

INPUT#7 ,TIME(I) ,TEMP(I)

NEXT 1 )

CLQOSE 7

' ’ <

L

'Getting the FLETH value

CLS: JRECNO=82: GOSUB 2390 .

IF JOK<>-1 THEN GOTO 1180 ELSE FLETH-VAL(ANSR$)

IF (FLETH>0!) AND (FLETH<=20!) GOTO 1250

IF FLETH>20! THEN GOTO 1215

GET 1,83; PRINT COMMENTS

GET 1,12: PRINT: PRINT COMMENTS

DUMMMAS = INKEY$ : IF DUMMMAS$="" THEN GOTO 1210 ELSE GOTO 1180
CLS: GET 1,84: PRINT COMMENTS

GET 1,28: PRINT COMMENTS$;FLETH

JRECNO=85: GOSUB 2265

IF JOK<>~1 GOTO 1215

IF (DY$="n") OR (DY$="N") GOTO 1250 ELSE GOTO 1180

‘Getting the ZLETH value

CLS: JRECNO=86: GOSUB 2390

IF JOK<>=1 THEN GOTO 1255 ELSE ZLETH=VAL(ANSRS)

IF (ZLETH>0!) AND (ZLETH<=30!) GOTQ 1325

IF ZLETH> 30! THEN GOTO 1290

GET 1,87 : PRINT COMMENTS

GET 1,12: PRINT: PRINT COMMENTS _
DUMMMAS = INKEY$ : IF DUMMMA$=z"" THEN GOTO 1285 ELSE GOTH 1255
CLS: GET 1,88: PRINT COMMENTS

GET 1,24: PRINT COMMENTS ;ZLETH

JRECNO=85: GOSUB 2265

IF JOK<>=1 GOTO 1290

IF (DY$="n") OR (DY$="N") GOTO 1325 ELSE GOTO 1255 !

1
|

'calculating lethality

DTIME = TOTIME/(N-1)/ 60! 'to convert seconds into minutes (like FLETH)
xleth(1)=0.0 ”

FOR K=1 TO N-1

TAVG(K) = (TEMP(K)+TEMP(K+1))/ 2}

IF (=121'+TAVG(K) )/ZLETH<-35 THEN RATEL(X)=0!: GOTO 1355

RATEL(K)=1 / ELETH * (10" ( (=1211+TAVG(K))/ZLETH) )

IF K=1 THEN XLETH(K+1)=RATEL(K)®*DTIME ELSE XLETH(K+1)=XLETH(K) + RATEL

(K)*DTIME

1365
1375
1380
1385
1390
1395
1400
1405
1410
1415
1420
1425

NEXT X

'Getting the FXNUT value

CLS: JRECNO=89: GOSUB 2390

IF JOK<>~1 THEN GOTQ 1390 ELSE FXNUT=VAL(ANSRS$)

IF (FXNUT>O0!) AND (FXNUT<=100!) GOTO 1460

IF FXNUT> 100! THEN GOTO 1425

GET 1,83: PRINT COMMENT$

GET 1,12: PRINT: PRINT COMMENT$

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1420 ELSE GOTQ 1390
CLS: GET 1,90: PRINT COMMENT$



1430 GET 1,24: PRINT COMMENTS;FXNUT
1435 JRECNO=85: GOSUB 2265
1440 IF JOK<-1 GOTO 1425

1445 IF (DY$="n") OR (DY$="N") GOTO 1460 ELSE GOTO 1390

1450

1455 ¢

1460 'Getting the Znut value
1465 CLS: JRECNO=91: GOSUB 2390

1470 IF JOK<»>~-1 THEN GOTO 1465 ELSE ZNUT=VAL (ANSR$)

1475 IF (ZNUT>0!) AND (ZNUT<=50!) GOTO 1535
1480 IF ZNUT>SO! THEN GOTO 1500

1485 GET 1,87: PRINT COMMENTS

1490 GET 1,12: PRINT: PRINT COMMENTS

265

1495 DUMMMA$:=INKEY$: IF DUMMMA$="" THEN GOTO 1495 ELSE GOTO 1465

1500 CLS: GET 1,92: PRINT COMMENTS
1505 GET 1,24: PRINT COMMENTS; ZNUT
1510 JRECNO=85: GOSUB 2265
1515 IF JOK<-1 GOTO 1500

1520 IF (DY$="n") OR (DY$="N") GOTO 1535 ELSE GOTO 1465

1525 !

1530 ! .

1535 'Calculating the nutrient fraction retained
1537 franut(1)=1.0

1540 FOR J=1 TO N<?

1545 IF (=1211+TAVG(J) )/ ZNUTC-35 THEN RATEN(J)=0!: GOTO 1552
1550 RATEN(J)=1 / FXNUT ® (107 ( (-1211+TAVG(J))/ZNUT) )

1552 IF (121RRATEN(J)*DTIME) > 39 THEN XNUTOT(J)s0!:
1555 IF J=1 THEN XNUTOT(J)=1! # 101"(-12!#RATEN(J)*DTIME)

OT(J=1) ® 101" (=121*RATEN(J)*DTIME)

1560 FRANUT(J+1) = XNUTOT(J) / 11

1570 NEXT J

1580 '

1581 ! -

1582 'Going to Result Display Section

1583 GOTO 4000

1584 !

1585 !

1590 ' Ask if want to go to main or back to sub
1595 CLS: JRECNQ=S4: GOSUB 2265 \
1600 IF JOK<>-1 THEN GOTO 1590

1605 IF (DY$="y") OR (DY$="Y") THEN GOTO 1715
1610 ! .

1615 'when want to go to MAIN:

1620 OPEN "bicommb" FOR QUTPUT AS 7

1625 '

1630 '##% yrite info to commb

1635 CLOSE 7

1640 !

GOTO 1560 ‘

ELSE XNUTOT(J) = XNUT

1645 ‘storing the current record fumber of COMMG into the first rec no of COMMC

1650 NRECCOUNT=LOC(2): LSET COMMC$=STR$ (NRECCOUNT): PUT 2,1

1655 CLOSE 1,2

1660 !

© 1665 CLS: SCREEN 1

1670 COLOR 1,1

1675 DEF SEG = &HB80O

1680 BLOAD "b:sandel.scer",O
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1685 ON ERROR GOTO 1690

1690 IF INKEY$<>"" THEN BEEP ELSE GOTO 1695
1695 !

1700 CHAIN "main™

1705 '

1710

1715 'when want to go back to SUB used:
1720 'changing the arguments used for the SUB: ,
1725 N1STTHRU=0

1730 'determining MODEL wanted

1735 NOLD = MODEL

1740 JRECNO=58: NMARKSUB=0: GOSUB 2695

1745 NEW1=VAL(NEWVALUES)

1750 IF (NEW1>=1) AND (NEW1<=3) THEN GOTO 1765

1755 JRECNO=19: JRECNO2=T71: NMARKSET=1: GOSUB 2850

1760 GOTC 1740

1765 MODEL=NEW1

1770 ! .

1775 'determining temperatures

1780 OLD=TINIT: JRECNO=60: NMARKSUB=1: GOSUB 2695

1785 XNEW1=VAL(NEWVALUES)

1790 OLD=TRETRT: JRECNO=61:NMARKSUB=1: GOSUB 2695

1795 XNEW2=VAL(NEWVALUES)

1800 OLD=TWATER: JRECNO=62 :NMARKSUB=1: GOSUB 2695

1805 XNEW3=VAL(NEWVALUES)

1810 IF (XNEW2>=XNEW!) AND (XNEW2>=XNEW3)THEN GQTO 1825
1815 JRECNO=23: JRECNO2=72: NMARKSET=3: GOSUB 2850

1820 GOTO 1780

182% TINIT=XNEW1: TRETRT=XNEW2: TWATER=XNEW3

1830 ' )

1835 'determining time values

1840 OLD=TOTIME: JRECNO=63: NMARKSUB=1: GOSUB 2695

1845 XNEW1=VAL(NEWVALUES)

1850 OLD=COOLTI: JRECNO=64: NMARKSUB=1: GODSUB 2695

1855 XNEW2sVAL(NEWVALUES)

1860 IF (XNEW1>O£ AND (XNEW2>0) AND (XNEW1>:=XNEW2) THEN GOTO 1875
1865 JRECNO=33: SRECN02=73: NMARKSET=2: GOSUB 2850

N

1870 GOTO 1840 —
1875 TOTIME= XNEW1: COOLTI=XNEW2 \
1880 -

1885 'determining number of time values

1890 NOLD=NBA: JRECNOQ=65: NMARKSUQ:O: GOSUB 2695

1895 NEW1=VAL (NEWVALUES)

1900 IF (2<=NEW1) AND (NEW1<=250) THEN GOTO 1915

1905 JRECNO=36: JRECNO2=T74: NMARKSET=1: GOSUB 2850

1910 GOTO 1890

1915 NBA=NEW?

1920 '

1925 'determining (1/slopes) of heating and cooling curves

1930 OLD=FH: JRECNO=66: NMARKSUB=1: GOSUB 2695 ’
1935 XNEW1=VAL(NEWVALUE$)

1940 OLD=FC: JRECNO=67: NMARKSUB=1: GOSUB 2695 '

1945 XNEW2=VAL(NEWVALUES$) -
1950 IF (XNEW1>700) AND (XNEW2>700) THEN GOTO 1965 )
1955 JRECNO=39: JRECN0O2=75: NMARKSET=2: GOSUB 2850 : ‘ .
1960 GOTO 1930

1965 FH=XNEW1: FC=XNEW2
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‘determining lag factor of heating curve
OLD=JH!: IF MODEL=1 THEN JRECNOz68 ELSE JRECNO=69
NMARKSUB=1: GOSUB 2695
XNEW1=VAL(NEWVALUES)

1995 IF (XNEW1>0) THEN GOTQ 2015
2000 IF (MODEL<>1) AND (XNEW1:=0) THEN GOTO 2005 ELSE GOTQ 2015
2005 JRECNO=4g: JRECNOZ2=Té: NMARKSET=1: GOSUB 2850
2010 GOTO 1980
2015 IF MODEL=1 THEN JH!=XNEW1: GOTO 2040 . -
2020 IF ABS(XNEW1-1.866)>.01 THEN JH!z=XNEW!: GOTO 2040 . o
2025 JRECNO=81: JRECNO2=76: NMARK3ET=1: GOSUB 2850 .
2030 GOTO 1980 '
2035 '
2040 'determining lag factor of cooling curve
- 2045 IF MODEL<>3 THEN GOTO 2095 . !
2050 OLD=zJC!: JRECNO=T70: NMARKSUB=1: GOSUB 2695
2055 XNEW1=VAL(NEWVALUES)
2060 IF XNEW1>0 THEN GOTO 207%
2065 JRECNO=51: JRECNO2=7T7: GOSUB 2850

2070 GOTO 2050

2075 IF ABS(XNEW1-1,.8b6)>.01 THEN JCI=XNEW1: GOTO 2085

2080 JRECNO=79: JRECNO2:77: NMARKSETz1: GOSUB 2850 .
2085 GOTC 2045 _ .
2090

2095 'setting nsub equal to first time through

2100 NsUB=1 : ,

2105 '

2110 !

2115 ! copying arguments into COMM1 to run the SUB chosen

2120 OPEN "c:commi" FOR OUTPUT AS 6

2125
2130

2135
2140
2145
2150

- 2155

2160

NSUBMAIN=2
PRINT#6,MODEL; TINIT; TRETRT; TWATER;NBA; TOTIME COOLTI; FH;FC;JH!; JC!;NSQBMAIN

CLOSE 6
! {
|
' , .
'putting info into STORE2 to tell MAINB what SUB 1t chained to
OPEN "b:store2" FOR OUTPUT AS 3 '

PRINT#3,NSUB;MODEL; TINIT; TRETRT; TWATER NBA TOTIME ; COOLTI; FH; FC; ; JHY; JC1;NSU

BMAIN

2165

CLOSE 3

12170 !

2175
2180

2185
2190
2195

1
'storing tﬁe current record number of COMMC into the first rec no of COMMC

NRECCOUNT=LOC(2) : LSET COMMC$=STR$(NRECCOUNT): PUT 2,1 .

éLosz f%?” : '

2200 !

2205
2210
2215
2220
2225
2230
2235

4 A

'Displaying "Please Wait" symbol

CLS:SCREEN 1,0,0,0 )

COLOR 5,1 .

DEF SEG = &HB8OO )
BLOAD "b:clock. secr",0 .
ON ERROR GOTO 2240 : ’ .
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2245
2250
2255
2260
2265
2267
2269
227
2273
2275
2217
2279
2281
2283
2285
2287
2289
2291
2293
2295
2297
2299
2301
2303
2305
2307
2309
2311
2313
2315
2390
2392
2394
2396
2398
2400
2402
2404
2406
2408
2110
2412
241y
2416
2418
2420
2422
2424
2426
2428
2430
2432
2434
2436
2438
2440
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IF INKEY$<>"" THEN BEEP ELSE GOTO 2245
L] .

' chaining to BALLST
CHAIN "BALLSI"

STOP
' -

\

' - .

L

1 . . \ R
rgetting and checking Y/N SUBROUTINE : <
JOK=0 : ,

GET 1,JRECNO : S 8
GOMMENT1Y$="You did not enter Y or N - You entered: "
COMMENT2Y$="You did not enter a value"

PRINT COMMENTS;
LINE INPUT "" ANSY$

JY=0 v

JY z JYel

DY$=MID$ (ANSY$,JY, 1)

IF DY$="" THEN GOTO 2309

IF DY$=" " THEN GOTO 2291 .

IF. (DY$<"Y") OR (DY$="y") OR (DY$="N") OR (DY$="n") THEN JOK=-1.: RETURN
PRINT COMMENT1Y$, ANSY$ ]

GET 1,12: PRINT: PRINT COMMENTS

DUMMY$: INKEY$: IF DUMMY$="" THEN GOTO 2305

RETURN ¢

PRINT COMMENT2Y$ )

GET 1,12: PRINT: PRINT COMMENTS$

DUMMY$=INKEY$: IF. DUMMY$="" THEN GOTC 2313

RETURN . '

L

1 4

1] ,

' getting and CHECKING FOR REAL NUMBERS ‘\
JOK=0 *
GET 1,JRECNO

COMMENT 1R$="You d1d not enter a REAL number: - You entered: "
COMMENT2R$="you did not enter a value"

PRINT COMMENTS; .

LINE INPUT™",ANSR$

JFLAGR=0 'flag to check that number exists
IFLAGR=0 'flag to check for decimal points
JR=1 ,

KR=LEN(ANSR$) )

IF KR=0_  THEN GOTO 2446 .

WHILE JR<=KR .

DR$-MID$ (ANSR$,JR, 1) ,

IF DR$=" " THEN GOTO 2440

IF (ASC(DR$)>47) AND (ASC(DR$)<58) THEN JFLAGR=-1: GOTO 2440
IF DR$="." THEN IFLAGR=IFLAGR+1: GOTO 2438

PRINT COMMENT1R$ ,ANSR$

GET 1,12: PRINT: PRINT COMMENT$

DUMMR$=INKEY$: IF DUMMR$="" THEN GOTO 2434

RETURN h
IF IFLAGR>1 GOTO 2430

JR=JR+1
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-

2442 WEND
2444 IF (DR$O" ") OR (JFLAGR--1) THEN JOK=~1' RETURN
2446 PRINT COMMENT2R$
2448 GET 1,12: PRINT: PRINT COMMENTS$
2450 DUHMR$=INKEY$: IF DUMMR$="" THEN GOTO 2450
2452 RETURN ‘
2550 '
2552 !
2554 !

556 'getting and CHECKING FOR INTEGER NUMBERS

558 JOK=0 , ,
2560 IFLAGI=0 t
2562 GET 1,JRECNO
2564 COMMENT1I$="You did not enter an INTEGER value - You entered: "
2566 COMMENT21$="you.did not enter a value" o
2568 PRINT COMMENTS$;

2570 LINE INPUT "",ANSI$ -

2572 NI=LEN(ANSIS$)

2574 IF NI=0 THEN GOTO 2600

2576 JI=1

2578 WHILE JI<=NI

2580 DI$=MID$(ANSI$,JI,1)

2582 IF DI$=" " THEN GOTO 2594

2584 IF (ASC(DI$)I>47) AND (ASC(DI$)<58) THEN IFLAGI-—1' GOTO 2594

*2586 PRINT COMMENT1IS$,ANSI$

2588 GET 1,12: PRINT: PRINT COMMENTS$

2590 DUMMI$:INKEY$: IF DUMMI$="" THEN GOTO 2590

2592 RETURN

2594 JI=JI+1

2596 WEND —_—
2598 IF (DI$<>" ") OR (IFLAGI=—1) THEN JOK=~1: RETURN
2600 PRINT COMMENT2I$

2602 GET 1,12: PRINT: PRINT COMMENTS$

2604 DUMMI$=INKEY$: IF DUMMI$="" THEN GOTO 2604

2606 RETURN

2695 !

2697 ! i , - o~
2699 * P
2701 ' r i . - ® . . / .

2703 ' Table Creation subroutine
2705 IF N1STTHRU=1 GOTC 2725
2707 NROW=7 :NCOLUMN=1 <

2709 SCREEN 0,0,1,1

2711 CLS

2713 'printing table heading
2715 GET 1,55:PRINT COMMENT$
2717 GET 1,56:PRINT COMMENTS; .
2719 GET 1,57:PRINT COMMENTS$ R
. 2721 GET 1,59:PRINT COMMENT$ .

2723 N1STTHRU=1

2725 LOCATE NROW, NCOLUMN

2727 GET 1,JRECNO

2729 BLANK$=" "

2731 NBLANK:INSTR(COMMENT$,BLANK$)

2733 FINAL$=LEFT$ (COMMENT$,NBLANK-1)
2735 IF IDIFF=1 THEN DIFF$=STR$ (OLD): PRINT FINAL$;TAB(53);VAL(DIFF$);TAB(67);:

GOTO 2739



270

+

2737 IF NMARKSUB=1 THEN PRINT FINAL$;TAB(53);0LD; TAB(67). ELSE PRINT FINALS; TAB
(53); NOLD; TAB(67);
2739 LINE INPUT NEWVALUES
2741 NRTEMP=CSRLIN: NCTEMP=POS(0)
2743 IF LEN(NEWVALUE$)=0 THEN GOTO 2753
2745 IF NMARKSUB=1 THEN GOSUB 2985 ELSE GOgUB 3095
2747 IF (NOK==1) THEN NROW=CSRLIN: NCOLUMN=pPOS(0): RETURN
2749 LOCATE NRTEMP-1,NCTEMP:PRINT "
":LOCATA NRTEMP-1,NCTEMP
2751 GOTO 2735 S~y
2753 LOCATE NRTEMP-1,NCTEMP:PRINT " )
":LOCATE NRTEMP-1,NCTEMP
2755 IF IDIFF=1 THEN NEWVALUE$=STR$(OLD): PRINT FINAL$;TAB(53);VAL(DIFF$);TAB(6
7); VAL(NEWVALUES ) :GOTO 2759
2757 IF NMARKSUB=1 THEN NEWVALUE$=STR$ (OLD):PRINT FINALS$;TAB(53);0LD; TAB(67); VA
L(NEWVALUE$) ELSE NEWVALUES$=STR$(NOLD) : PRINT FINAL$;TAB(53);NOLD; TAB(67); VAL(NE
WVALUES)
2759 NROW=CSRLIN: NCOLUMN=POS(O)
2761 RETURN
2850 '
2852 '
2854 '
2856 ! .
' 2858 ' Erase Lines 1n table and show error page subroutine
2860 SCREEN ,,2,2
2862 CLS
2864 GET 1,JRECNO: PRINT COMMENTS;
2866 GET 1,24: PRINT COMMENTS;
2868 GET 1,JRECNO2: PRINT COMMENTS;
2870 IF NMARKSET<>3 THEN GOTO 2874
2872 IF NMARKSUB=1 THEN PRINT XNEW1,XNEWZ2,XNEW3:GOTO 2880 ELSE PRINT NEW!,NEWZ2,
NEW3:GOTO 2880
2874 IF NMARKSET<>2 THEN GOTC 2878
2876 IF NMAKSUB=1 THEN PRINT XNEW!,XNEW2:G0TO 2880 EI_.SE PRINT NEW?,NEW2: GOTO
2880
2878 IF NMARKSUB=1 THEN PRINT XNEW1 ELSE PRINT NEW)
2880 GET 1,12 ‘
2882 PRINT: PRINT COMMENTS.
2884 DUMMEL$=INKEY$; IF DUMMEL$="" THEN GOTO 2884
2886 SCREEN ,,1,1 ) 4
2888 LOCATE NROW,NCOLUMN a3
2890 LOCATE NROW-1,NCOLUMN:PRINT "
": LOCATE NROW-1,NCOLUMN
2892 IF NMARKSET=1 THEN GOTO 2900
2894 LOCATE NROW-2,NCOLUMN:PRINT "
":LOCATE NROW-—2,NCOLUMN

2896 }F NMARKSET=2 THEN GOTO 2900
2898 LOCATE NROW-3,NCOLUMN:PRINT "

": LOCATE NROW-3,NCOLUMN
2900 NROW=CSRLIN: NCOLUMN=POS(0) :
2902 RETURN

2985 !

2987 !

2989 !

2991 ! '
2993 'checking Real2 numbers (in table)

2995 NOK=0
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2997 JFLAGR2=0
2999 IFLAGR2=0
3001 JR2=1 .
3003 NR2=LEN(NEWVALUE$) .
3005 WHILE JR2=<NR2

3007 DR2$=MID$(NEWVALUE$,JR2,1) .

3009 IF DR2$=" " THEN GOTO 3019

3011 IF DR2$="." THEN IFLAGR2:=IFLAGR2+1: GOTO 3019
3013 IF (ASC(DR2$)>47) AND (ASC(DR2$)<58) THEN JFLAGR2=-1: GOTO %019
3015 NOK=0

3017 RETURN -

3019 IF IFLAGR2>1 THEN NCK=0: RETURN ,
3021 JR2z=JR2+1

3023 WEND

3025 IF JFLAGR2=0 THEN NOK=0 ELSE NOK=-1 | \
3027 RETURN ' '

3095 !

3097 -

3099 '

3101 f \

3103 ' checking Integer2 numbers {(in table)

3105 NOK=0

3107 IFLAGIZ2=0

3109 NI2=LEN(NEWVALUE$)

3111 JIo=1

3113 WHILE JI2<=NI?2

3115 DI2$=MID$(NEWVALUE$,JI2,1)
3117 IF Di2g$=" " THEN GOTO 3123 \
3119 IF (ASC(DI2$)>47) AND (ASC(DI2$)<58) THEN IFLAGI2==1: GOTO 3123
3121 NOK=0: RETURN -

3123/ J12=J12+1

312% WEND ’ 2
3127 IF IFLAGI2:=0 THEN NOK=0 ELSE NOK=-1
3129 RETURN

3185 !

3190 '

3195 !

BOOO "HENERAEFNAENNXFHARRERRRANNE N NN RN RN RN ER R E IR AN AR RN RN

4005 ' . v i
4010 ! RESULTS DISPLAY SECTION . -

4015 !

4020 SCREEN 1,0,0,0:COLOR G,1

4oo1 !

o222 !

4023 ' common variable initialization

4024 DUMMY1=0

4025 XXMAX=TOTIME

4026 XXMIN=O . .

4028 NYY=6 . -
4030 . .

4031 'Writing the results display menu

b 4035 !

4040 CLS:LOCATE 1,1

4o45 GET 1,100:G0SUB 5165:PRINT COMMT403%;
4050 LOCATE 2,1

4055 GET 1,101:G0SUB 5165: PRINT COMMT40%;
4060 LOCATE 4,1

\
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4065 GET 1,102:GOSUB 5165:PRINT COMMT4O0S$;

4070 LOCATE 6,1 .

4075 GET 1,104:GOSUB 5165:PRINT COMMTUO0S; ’ :
4080 LOCATE 8,1 ’ : .

4085 GET 1,148:GOSUB 5165:PRINT COMMTUY0$;

3086 LOCATE 10,1

4087 GET 1,149:GOSUB 5165:PRINT COMMTU0$;

4088 LOCATE 12,1

4090 GET 1,150:GOSUB S5165:PRINT COMMTU40$;

4091 LOCATE 14,1

4092 GET 1,151:GOSUB S165:PRINT COMMTY0$; \

4093 LOCATE 16,1 \ . '
4094 GET 1,103:GOSUB 5165:PRINT COMMTUOS;

4097 LOCATE 18,1:GET 1,105:GOSUB 5165:PRINT COMMT40$;

4098 LOCATE 23,1

B100 GET 1,106:GOSUB 5165:PRINT COMMTUOS$;

8105

4110 * .

4115 'Getting the user's choice from menu

4120 GOSUB 5145

4125 TANSR=VAL(TIANSR$) :IF (IANSR>=1) AND (IANSR<=8) THEN GOTO 4130 ELSE QQQIE
24,1:BEEP:GET 1, 160:GOSUB 5165 : PRINT COMMT40%$; :GOTO 4120 . v T
4130 IF IANSR=1 THEN GOTO 4151 'time-temp graph §oon P
4135 IF IANSR=2 THEN GOTO 4151 'time~temp table

4140 IF IANSR=3 THEN GOTO 4180 'lethality-time graph

4141 IF LANSR=4 THEN GOTO 4180 'lethality-time table

4142 IF IANSR=5_ THEN GOTO 4206 'nutrient-fraction-time graph
4143 IF IANSR=6 THEN GOTO 4206 'nutrient-fraction-time table
B144 IF TANSR=7 THEN GOTO 4580 'process parameter, table
4145 GOTO 4930

4146

4150 !

4151 ' time-temp initializing part

4155 CL3: NXX=NBA: IF IANSR=1 GOTO 4160 ELSE GOTO 4172

4160 YYHVAR=150!: YYLVAR=0!

4163 FOR I=1 TO NXX

4166 YY(I)=TEMP(I) ‘ i

&

4169 fXT I

47170 "IREC1=107: I REC2=108:IREC3=109:GOTO 4233

4172 IRECH=136:FOR I=1 TO NXX:XX(I)=TIME(I):YY(I)=TEMP(I):NEXT:GOTO 4668
4174 -

b17s5 !

4180 ' lethality-time initializing part

4185 CL3: NXX=NBA: IF IANSR=3 GOTO 4187 ELSE GOTO 4196

4187 YYHVAR=2!: YYLVAR=O0! .
4190 FOR I=1 TO NXX -
4192 YY(I)=XLETH(I)

4193 NEXT I

4195 IREC1=141:IREC2=142:IREC3I=109:GOTO U233

4196 IRECH4=143:FOR I=1 TO Nxx:XX(I)=TIME(I):NEXT

4198 FOR I=1 TO NXX: YY(I)=XLETH(I): NEXT: GOTO 4668

4200 !

4202 !

4206 ' nutrient=time initializing part

4208 CLS: NXX=NBA: IF IANSR=5 GOTO 4210 ELSE GOTO 4220 .

4210 YYHVAR=1!: YYLVAR=O!

‘4212 FOR I=1 TO NXX



[

4214
4216
4218
4220
4222
4231
4232
4233
4234
4235
4237
4240

YY{1)=FRANUT(I)
NEXT I

IREC1=152:IREC2=153:TREC3=109:GOTO 4233
IRECH=154:FOR I=1 TO nxx:XX(I)=TIME(I): NEXT

FOR I=1 TO NXX: YY(I)=FRANUT(I):

1]
)

' calculating x-array
DXX=XXMAX!/CSNG(NXX-1)
FOR I=1 TO NXX-
XX(I)=CSNG((I-1)*DXX)
NEXT I

NEXT: GOTO 4668
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4242 GOSUB 8000 ¢

u24s !

4250 !

4545 ' Going to the parameter table

4555 LOCATE 24,1:GET 1,111:G0SUB 5165:PRINT COHMT40$ :LOCATE 24,22:PRINT CHR$(2
4); :GOSUB 5010 '
4565 IF YFLAG=1 THEN GOTO 4021 ELSE 4930

U570 !

us7s !

4580 ' Process parameter table

4585 CLS:NROW=7

4590 LOCATE 2,1:GET 1,113:GOSUB 5165:PRINT COMMT40$;:LOCATE 3,1 :GET 1,114: GOSUE
5165:PRINT COMMT40$%$;

4595 GET 1,115:GOSUB 5165 : VAR$=COMMT40$: VAR!=TINIT!:GOSUB 4980 B
4600 GET 1,116:GOSUB 5165:VAR$=COMMTU0$ ; VAR! =TRETRT!:GOSUB 4980-

4605 GET 1,117:GOSUB 516532 VAR$=COMMTL40$:VARI=TWATER!:GOSUB 4980

4610 GET 1,.118:GOSUB 5165:VAR$=COMMT4Q$:VAR! =FH! : GOSUB 4980

4615 GET 1,119:GOSUB 516532 VAR$=COMMT40$:VAR!=FC! :GOSUB 4980

4620 GET 1,120:GOSUB 5165:VAR$=COMMT40$:VARI=JH! :GOSUB 49§0

“u62% GET 1,121:GOSUB 5165: VAR$=COMMT40$: VAR!=JC! :GOSUB 4980

4630 GET 1,122:GOSUB 51@5:VAR$=COMMTHO$:VAR!=TOTIME!:GOSUB 4980

4635 GET 1,123:GOSUB 51652 VAR$=COMMT40$ :VAR! =COOLTI!:GOSUB 4980

4640 GET 1,124:GOSUB 5165: VAR$=COMMT40$:VAR!=NBA:GOSUB 4980

4641 GET 1,144:GOSUB 5165:VAR$=COMMT40$ : VAR!=FLETH!:G0SUB 4930

4642 GET 1,145:GOSUB 5165: VAR$=COMMT40$ : VAR!=ZLETH!:GOSUB 4980

4643 ,GET 1,146:GOSUB 5165 VAR$=COMMTY0$: VAR!=FXNUT!:GOSUB 4980

4644 GET 1,1m7:GOSUB 5165 ¢ VAR$=COMMTY0$ ; VAR! =ZNUT 1 :GOSUB 4980

4650 ' :

4655 !

4660 ' deciding on the next step: graph or menu

4665 LOCATE 24,1:GET 1,111:GOSUB 5165:PRINT COMMTU40$;:LOCATE 24 ,22:PRINT CHR$(2
4y ; +GOSUB 5010

4666 IF IFLAG=1 THEN GOTO 5021 ELSE 14630

4667 ! :

4668 ' this is the table section

4670 SCREEN 2:SCREEN 0,0,0,0:C0LOR 7,1,1

4675 ' -

4680 !

4685 ' listing of the results in tabular form

4690
4695
4700
4705
4710
4TS

CLS
LOCATE 1,1

GET 1,125:GOSUB 5165: PRINT COMMENT$;

FOR I=1 TO 19
GET 1,126:PRINT COMMENTS$;
NEXT I



.

4720
4725
4730
4735
4740
445
4750
4755
4760
4765
4770
4775
4777
4790
4795
MENTS
4800
4805
4810
u815

4820
4825
4830
4835
820

4840
4845
4850
4855
4860
4865
4870
4875
4880
4885
4890
4895
4900
4905
4910
4915
23,1
4920
4925
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LOCATE 4,1
GET 1,127:PRINT COMMENTS;

LOCATE 20,1

GET 1,127:PRINT COMMENT$; v ’
LOCATE 3,1 :

GET 1,IREC4:PRINT counsurs,
NROW=4 : NPAGE=1: ISET = 1
FOR I=ISET TO NXX+1
NROW=NROW+1

IF (I+NPAGE)/NPAGE >16 THEN NROW=4;NPAGE=NPAGE+1: ISET=I: GOTO 4790

IF I=NXX+1 GOTO 4890 :

LOCATE NROW,12:PRINT XX(I):LOCATE NROW,53:PRINT YY(I) '

NEXT I .

LOCATE 21;1:GET 1,131:PRINT COMMENTS; 4
LOCATE 23,1: GET 1,135: PRINT COMMENTS$;: LOCATE 22,1: GET 1,134: PRINT COM
;s LOCATE 22,48: PRINT CHR$(24); )

LOCATE 23,1:GET 1,128:PRINT COMMENTS; -

]

' deciding if the user wants to see next page, print table or exit to menu
t

ANSR$=INPUT$(1) :

IF ANSR$="Y" OR ANSR$="y" GOTO 4855

IF ANSR$="N" OR ANSR$="n" THEN COLOR 7,1,1:CLS:GOTO QOZO

COLOR 20,1,1:BEEP:LOCATE 23,1:GET 1,129 :PRINT COMMENT$;:COLOR 7,1,1:GOTO 4

‘ \ .\

' clearing the page for next page of table

LOCATE 21,1: GET 1,135: PRINT COMMENTS;

LOCATE 22,1: GET 1,135: PXINT COMMENTS$;

LOCATE 23,1: GET 1,135: PRINT COMMENTS;

LOCATE 5,1:FOR IK=1 TO 1%

GET 1,126:PRINT COMMENTS$;

NEXT IK

GOTO 4755 .

NROW = 21 '
FOR I=1 TO 5§

GOSUB 4925

NROW=NROW+1

NEXT

LOCATE 22,1:GET 1,130:PRINT COMMENTS; :LOCATE 22,28:PRINT CHR$(2U4); :LOCATE

:GET 1,133:PRINT COMMENT$; :ANSR$=INKEY$:IF ANSR$="" THEN 4915

COLOR 7,1,1:CLS:GOTO 4020

LOCATE NROW,1: PRINT " . "

3¢ RETURN .

4930

+ 4935

4940
4945
4950
4955
4960
4975

4980
4985

4990

)
1

' exit to the MAINB progranm
CLS:SCREEK 2:SCREEN 0:COLOR 7,1,1: GOTO 1584

' returning to graph or results display menu
STOP

'subrdutine to position process parameters in table

3
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4995 LOCATE NROW,1:PRINT VAR$ :LOCATE NROW,32 N
4997 PARAM$=STRS$(VAR): PARAM$ =LEFT$ (PARAM$,8): PRINT PARAMS;
5000 NROW=NROW+1
5005 RETURN
5010 !
5015 ! |
5020 ' error checking subroutine
5025 ANSR$=INPUT$(1) -
5035 IF ASC(ANSR$)=88 OR ASC(ANSR$)=120 THEN IFLAG=1:RETURN
5040 BEEP:LOCATE 25,1:GET 1,164:G0SUB 5165:PRINT COMMT40%; :GOTO 5025
5045 RETURN
5130 !
5135 ‘
5140 ' error-checking subroutine for integers (results display section)
5145 TANSR$=INPUT$(1)
5150 IF ASC(IANSR$)>=49 AND ASC(IANSR$)<=58 THEN IFLAGz-1 ELSE IFLAG=0
5155 IF IFLAG=0 THEN LOCATE 24 ,1:BEEP:GET 1,162:GOSUB 5165: PRINT COMMTUO0$; :GOTO
5145 .
5160 RETURN
5162 !
5163 !
5164 ' subroutine to reduce the size of the record
5165 COMMTU40$=LEFT$ (COMMENT$, 39) :RETURN
]

5170

6000 CLS

6020 ' drawing the graph
6040 !

6055 ' calculating yymax & yymin

6060 YYMIN=YY( 1) :YYMAX=YY(1)

6065 FOR I=2 TO NXX

6070 IF YY(I)< YYMIN THEN YYMIN=YY(I)

6075 IF YY(I)>YYMAX THEN YYMAX=YY(I)

6080 NEXT ' ‘ , )
6085 '

6090 '

6095 ' drawing x and y axis

610D LINE(33,140)-(283,140),1

6105 LINE(33,140)-(33,16),1

6110 NXXPIX==(250/(11-1))

6115 NYYPIX=-(124/(NYY=-1))

6120 '

6125 !

6130 ' loop for drawing xbars and xnumbers on graph

6135 FOR I=1 TO 11

6140 NXXPIX=NXXPIX+(250/(11-1))

6142 XXAXIS = INT( (I-1) * (XXMAX/(11=-1)) )

6146 DUMMY1=DUMMY1+1

6147 IF DUMMY1=3 THEN DUMMY1=1 .

6148 IF DUMMY1=1 THEN NROW=19 :LINE(33+NXXPIX,140)=(33+NXXPIX,145),1:NCOLUM=INT(
3+(NXXPIX/7.96)) ELSE NROW=20 : LINE(33+NXXPIX,140)~(33+NXXPIX,155),1 :NCOLUM=INT(
2+ (NXXPIX/T7.96))

6149 IF I=1 THEN LOCATE 19,3:PRINT XX! (1)

‘6150 LOCATE NROW,NCOLUM

6151 PRINT XXAXIS

6152 NEXT

6155 ' .
6160 ! .



6165
6170
6175
6180
6185
6190
6195
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' drawing the axis titles

LOCATE 1,1

GET 1,IREC1:GOSUB 5165: PRINT COMMT40%;
LOCATE 2,1 R

GET 1, IRECZ”GOSUB 5165:PRINT COMMTHO$.

,LOCATE 21,1 t
GET 1.IREC3:GOSUB 5165:PRINT COMMTU4O$;

6200 '

6205
6210
6215

t

'drawing the y numbers on graph
IF YYMAX>YYHVAR OR. YYMIN(YYLVAR THEN 6220 ELSE YYMAX=YYHVAR:YYMIN=YYLVAR:G

0TO 6220

6220
6225
6230
6235
6240
6245
6250
6255

YYSPACE=( (YYMAX=YYMIN)/(NYY~1))

YYMIN2=YYMIN

FOR I=1 TO NYY

NYYPIX=NYYPIX+(124/(NYY-1))

NROW=INT(18-(NYYPIX/7.96))

IYYMINS=STR$(YYMIN2)

NCHAR=LEN(IYYMINS) °

IF ASC(MID$(IYYMINS,1 1)) 32 THEN IYYMIN$= MIDs(IYYMIN$ 2,NCHAR=1) :IYYMIN=V

_ ALCIYYMINS)

6260
6265
6270
6275
6280
6285
6290
6295
6300
6305
6310
6315
6320
6325
6330
6335
6337
6338
6339
6340
6342
6345
6350

IF NCHAR>Y THEN IYYMIN$=MID$(IYYMINS,1,4):IYYMIN=VAL(IYYMINS)
LOCATE NROW,1

PRINT IYYMINS

YYMIN2=YYMIN2+YYSPACE
LINE(26,140-NYYPIX)~(32,140-NYYPIX) ,1

NEXT

FOR I=1 TO NXX

XX(I) =33+ (((XX(I)-XXMIN)/(XXMAX-XXMIN))#250)
YY(I)=140-(((YY(I)-YYMIN)/(YYMAX-YYMIN))#124)
NEXT \
FOR I=2 TO NXX
LINE(XX(I-1),YY(I=1))=(XX(I),Y¥(I)),3

NEXT

FOR I=1 TO NXX :
LINE(XX(I)=2,YY(I)=2)=(XX(I)+2,YY(I)+2),2
LINECXX(I)+2,Y¥(T)=2)=(XX(I)=2,Y¥(I)+2),2

NEXT
COOLXX =33+ ( (COOLTI-XXMIN)/ {XXMAX-XXMIN))*250

YYLINE=140! **\\\

FOR I=1 TO 13
LINE(COOLXX,YYLINE)=(COOLXX,YYLINE=5),1:YYLINE=YYLINE=10:NEXT

RETURN
vlll!-ﬁﬂl!l'lﬂ!!ll'i’ﬁllil!i!llwll!llllﬂ!llllliilill!ﬂ&!li!ﬂ'lll*l#l&!!!!ll
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12 PRESS ANY KEY TO CONTINUE

13
14
15
16
17
18
19
20

21

24

25
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T ALPHAB
1 wunanne M EN U seennus PR
2 1 Ball's Basic Method - log heating, hyp & log cooling i
3 2 Modified Ball's Method - hyp & log heating, hyp & log cooling
4 3 More General Method/ - hyp & log heating, hyp & log cooling
.5 4 Exit to MAIN Selection Menu (containing can/pouch choice)
6 ' . 3 - .
7. &
PANN: J

§ ) — 4
10

Select an item from the menu (enter 1 to 4 and RETURN)

You did not enter a number between 1 and 4

What is the Initial Temperature of the food (deg C) ?

B

The model number must be between 1 and 3

What is the Retort  Te

You entered the following values:

Initial Temperatures=

26 Cooling Water Temperature:z

C 27
28

29 What is the Total Modelling Time

Retort Temperature=

Please tr:f' again

.

t

~
23 The Initial and Cooling Water Temp, must-be < = Retort Temp.

erature (deg C) ?

(heating and cooling time) in seconds ?

~ L



30

3
32
33
otal
34
35
36
37
38
39
40
Iy
42
43
4y
45
u6
iy
48
L9
50
51
52
53
54
55
56
57
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At what tim; will Cooling sta;t (in seconds) 7 v

How many TIME values do you want (must be >:z2,<=50 including TIMEz=0) ?
There is a probleﬁ with the Time.Inputs

The Total Modelling Time and the timé Cooling starts must be>0 & Cooling<=T
Time Cooling starts at = N

Total Modelling Time =

You did not enter a number hetween 2 and 50

Wwhat is the fh (1/slope) of the heating curve in seconds ()>700)?

There is a problem with the f (1/slope) of tbe Heating and/or Cooling curve
The f (1/slope) must be >700

The fh (1/slope) of‘heating curve=

The fc (1/slope) of cooling curve=

What is the fc (l/slppe) of the cboling curve in seconds (>700)?

What is the Heating ourve Lag Factor (Jh>=0) ?

Entering a Jh vélue between 0 and 1 will give a Heating cur&e Jump, not Lag
Would you like to reenter the Jn value {Y or N and RETURN) ?

A Jh vélue greater than 8.0 i3 very unusual ’ ,

Would you like to reenter the Jc value (Y or N and RETURN) ?

What is the Heating curve Lag Factor (Jh>0) ?

You entered Jhsz0 ; for the model you've Fhosen Jh can't = 0
What is the Cooling cugve Lag Factor (Je>Q) ?
You entered Jc¢=0 ;3 for the model you've chosen J¢ can't = 0

Entering a Jc value betéeen 0 and 1 will give a Cooling curve Jump, not Lag
A Jc value greater than 8.0 1is very ususualy
Do you want to redo the calculations (Y or N and RETURN) ?

ARGUMENT LISTING FOR SUBROUTINE

Enter the new value and press Return,

Hit Return alone if you want to keep the old value.
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58
59
60
61
62
63
64
65
66
67

68

69
70
T1
72
73
T4
75
76
17
78
79
80
81
@ 82
83
84
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o

Model (i1-basic,2-basic modified, 3-general)

|

\LARGUHENT NEW

oLD
initial Food Temperature(deg C)
Retort Tempe?aturepdeg C)

Cooling Water Temperature(deg C)

}
Total Processing Ti%e(heatihg + cooling) sec
Cooling Time(sec) i
Number of Time Values (>=2,;=50)

Heating Curve fh (1/slope) (D700 sec)
Cooling Curve fc (1/slope) (>700 sec)
Heating Curve Lag Factor (mustz>0) (>1zlag,<1=zjump)
Heating Curve Lag Factor (must)0) (>1=zlag,<1=zjump)
Cooling Curve Lag Factor (must>0) (>1=Iag,<]=jump3
Model:

Water Temp:

Initigal Temp: Retort Temp:

Total Time: Cooling Time:
Number of Time Values: -

Al

fh: fe:
Lag Factor (heating curve):

Lag Factor (cooling curve):

The Cooling curve Lag Factor can't be between 1,856 to 1.876 inclusively
This is §¢cause of discontinuities in the~formula in this range

The Heating curve Lag Factor can't be between 1.856 to 1.876 inclusively
What is the F-value forgﬂﬁe contaminant (at Tref=121 deg C) ~ in minutes? )
The F-value cannot egual 0
A

-value greater than 20 minutes is unusual — -

Do you want to reenter the value (Y or N and RETURN)
What is the z-value for the contaminant (at Tref=121 deg C) - in deg C?
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87 The z~value cannot equal 0
88 A z-value greater than 30 deg C is unusual

89 What is the F-value for the nutrient (at Tref=121 deg C) - in minutes?

90 A Fwvalue greater than 100 minutes is unusual °

91 What is the z-value for the nutrient (at Trefz121 deg C) ~ in deg C?
92 A z-value greater than 50 deg C is unusual

93

94

95

96

97

98

99

100 I RESULTS DISPLAY MENU

101

102 1) Time-Temp Graph

~ >

103 7) Process Parameters ,/
104 2) Time-Temp Table

105 8) Exit

106 ENTER 1, 2, ... 8
107 TEMP(C)

108 TEMP VS TIMF - BALL'S METHOD
109 TIME (sec)

110 Press "Y" for process parameters

111 Press "X" to exit or =PrtSc to print
M2 P}ess "y" for Time-Temp Graph

113 PROCESS PARAMETER TABLE

14
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115 Initial Temperature(deg C)
116 Retort Temperature(deg C)'\
117 Watér 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 Processing Time(sec)
123 Time When Cooling Starts(sec)

124 Number of Time Increments

125
126 % . »
* . 7
127 *® 1]
e
128 . Do you want to see the other page(Y/N)?
129 ; You did not enter Y or N -please try again
130 Press <-3Prt5c to print this page
137 There is more data to\ be seen
132 Press any other key to get back to results display menu
133 Press any key to get back to results display menu
134 To print this page press -PrtSc
135 K
136 TIME (sec) ' " TEMPERATURE (deg C)
137 LETHAL RATE MENU
138
139 1) Lethality-Time Graph
140 3) Lethality~Time ‘Table
141 LETHALITY \
142 LETHALITY vs PROCESS TIME
143 " # TIME (sec) bkl LETHALITY
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T .
144 F~Value of Microorganism(min) A,

145 z-Value of Microorganism(deg C)
146 F-value of Nutrient(min)

147 z-Value of Nutrient(deg C)

148 3) Lethality-Time Graph
149 ' 4) Lethality~Time Table \
150 , 5) Nutrient Fraction-Time Graph

151 6) Nutrient Fraction~Time Table

152 FRACTION

153 ' NUTRIENT FRACTION VS TIME

152. . TIME (sec) b NUTRIENT FRACTION
155~

156 .

157 You did not enter Y or N -please try again
158 . To print this page press -PrtSc

159 \
160 You did not enter an integé} K

161 Please try again

162 You did not enter an integer

163

164 You did not enter X, try again
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APPENDIX 3.5

Program Listing of MAINC

b
%
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BERRRRRNNRETM AT N C HEREEBEAEE

- W % e =

]
*Initialization and Dimensioning

.DEFINT I-N

DIM X(5), Y(5), Z(5), TIME(21)

DIM XX(21),YY(21),22(21)

DIM TEMP(5,5,5,21) .

DIM TCNT(64,21), TAVG(64,20), VELE(64)

DIM ORGEO(64), RATEL(64,20), ORGELE(64,20), XLETH(21) ‘
DIM XNUTEO(64), XNUTE(64,20), FRANUT(21)

A

!Setting up the text screen .
KEY OFF

SCREEN 0,0,0,0

WIDTH 80

COLOR 7,1,1: CLS

. .

<y

|

' opening and readying the asscciated files
OPEN "c:alphac™ AS 1

FIELD 1,80 AS COMMENT$
v ¥

EN "b:comme™ AS 2
FIELD 2,80 AS COMMC$
L

' setting the pointer to current record number of comme
GET 2,1: NRECCOUNT=VAL (COMMC$) L
BLANK$=" ":; LSET COMMC$=BLA\NK$: PUT 2,NRECCOUNT+1

]
)

' Checking if control has come from MAIN or from SUBs

OPEN "b:store2"™ FOR INPUT AS 3

INPUT#3, NOPCODE

CLOSE 3

1

' Not coming from MAIN:

IF NOPCODE<>0 THEN GOTO 1285

1

' Coming from MAIN: ,

OPEN "b:comma" I-'OR5 INPUT AS 4 \
\j

' #% read info from comma¥** / \,\
1

CLOSE 4

1

' Printing the menu
CLS: PRINT

GET 1,7: PRINT COMMENT$ .
GET 1,2: PRINT COMMENTS$

GET 1,3: PRINT COMMENT$ : PRINT

284



295

300

305

310

315

320

325

330

335

340

345

4 350
355
*360
365
370
375
380
385
390
395
400
405
410
415
420

425

430

435

440

445

450

455

460

465

470

475

480

485

490

495

’ 500
505

510

o

520

525

530

535

540

545

550

555

({ . 560
: 565
° 570
575

]
!

tdetermining user's selection from the menu
JRECNO=4 ’
GOSUB 3045

IF JOK<>-1 THEN GOTO 270

IF (VAL(ANSI$)=2) GOTO 370
IF (VAL(ANSI$)=1) GOTO 475
GET 1,5

PRINT COMMENT3}

GET 1,12: PRINT COMMENT$
DUMMMAS$=INKEY$: IF DUMMMA$="" THEN GOTO 350
GOTO 270 . '

t
'

'if want to go straight back to MAIN’
1 “

OPEN "b:commb™ FOR OUTPUT AS 7 .
1

=1

' #% yrite info into b:commb #*
1]

CLOSE 7

t

CLOSE 1,2
' 1

CLS: SCREEN 1

COLOR 4,1

DEF SEG = &HBB800

BLOAD "b:sandecl.ser",0
ON ERROR GOTO 445

IF INKEY$<>"" THEN BEEP ELSE GOTO 450

-CHAIN "MAIN“
1

'if want to go to a POUCH sub

N1STTHRU=0 ’

INDIC=0

'determining NSUB wanted

NOLD = NSUB-1 : IF NSUB=22 THEN NOLD=1
IF NSUB=33 THEN NOLD=2

IF NSUB=0 THEN INDIC=1: NOLD=1

JRECNO=7: NMARK3UB=0: GOSUB 3190
NEW1=VAL(NEWVALUE$)

IF (NEW1>=1) AND (NEW1<=2) THEN GOTO 535
JRECNO=8: JRECNO2=9: NMARKSET=1: GOSUB 3360
GOTO 495

NSUB=NEW?1 + 1

L

tdetermining temperatures

IF INDIC=1 THEN OLD=40! ELSE OLD=TINIT
JRECNO=10:NMARKSUB=1: GOSUB 3190
XNEW1=VAL(NEWVALUE$)

IF INDIC=1 THEN OLD=120! ELSE OLD=TRETRT
JRECNO=11:NMARKSUB=1: GOSUB 3190
XNEW2=VAL(NEWVALUE$)
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IF INDIC=1 THEN OLD=60! ELSE OLD=TWATER ( .

580
585 JRECNO=6:NMARKSUB=1: GOSUB 3190 )
590 XNEW3=VAL(NEWVALUE$) -
595 IF (XNEW2>=XNEW1) AND (XNEW2>=XNEW3)THEN GOTO 610
600 JRECNO=13: JRECNO2=14: NMARKSET=3: GOSUB 3360 )
605 GOTO 550 T e
610 TINIT=XNEW1: TRETRT=XNEW2: TWATER=XNEW3 ) ; . T
615 !
620 *'determining time values
625 IF INDIC=1 THEN OLD=5600! ELSE OLD=TOTIME
630 JRECNO=15: NMARKSUB=1: GOSUB 3190
635 XNEW1=VAL(NEWVALUE$)
640 IF INDIC=1 THEN OLD=3600! ELSE OLD=COOLTI
645 JRECNO=16:-NMARKSUB=1: GOSUB 3190
650 XNEW2=VAL(NEWVALUE$)
655 IF (XNEW1>0) AND (XNEW1<=10000) AND (XNEW2>0) AND (XNEW1>=XNEW2) THEN GOTO
670 ‘
660 JRECNO=17: JRECN02=18: NMARKSET=2: GOSUB 3360
665 GOTO 625
670 TOTIME=XNEW1: COOLTI=XNEW2 -
675 *
680 'determining number of time values
685 IF INDIC=1 THEN NOLD=11 ELSE NOLD=zNTIME
690 JRECNO=19: NMARKSUB=0: GOSUB 3190
595 NEW1zVAL(NEWVALUES$)
700 IF (NEW1>=2) AND (NEW1<=21) THEN GOTO 715
705 JRECNO=20: JRECNO2:=21: NMARKSET=1: GOSUB 3360
710 GOTO 685 ° ~ .
715 NTIME=NEW1
720 ‘
725 'determining thermal diffusivity
730 IDIFF=1
735 IF INDIC=1 THEN OLDz1.6E-07 ELSE OLD=ALPHA
740 JRECNO=22: NMARKSUB=1: GOSUB 3190
745 XNEW1=VAL ( NEWVALUE$)
750 IF (XNEWT=>.0000001) and (xnewlz<9.9e-07) THEN GOTO 765
755 JRECNO=23: JRECNO2=44: NMARKSET=1: GOSUB 3360
760 GOTO 735
765 ALPHA=XNEW1 : IDIFF=0
770 ! \
775 'determining food density
780 IF NSUB=2 THEN GOTO 870
785 IF (RHO=0!) THEN OLD=1500! ELSE OLD=RHO *
790 JRECNO=25: NMARKSUB=1: GOSUB 3190
795 XNEW1=VAL ( NEWVALUE$)
800 IF (XNEW1>0) THEN GOTO 815
805 JRECNO=26: JRECNO2=27: NMARKSET=1: GOSUB 3360
810 GOTO 785 .
815 RHO=XNEW1
- 820 ¢t . :
825 ' determining specific heat . '
830 IF (CPz0!) THEN OLD=4000! ELSE OLD=CP p
835 JRECNO=28: NMARKSUB=1: GOSUB 3190 .
840 XNEW1=VAL ( NEWVALUE$)
45 IF (XNEW1>0) THEN GOTO 860
50 JRECNO=29: JRECNO2=30: NMARKSET=1: GOSUB 3360
855 GOTO 830 :

]
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860 CP=XNEW1

865 ! , ]

870 'determining half-lengths of the pouch ' .
875 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=1: GOSUB 3190 .
900 XNEW2=VAL (NEWVALUE$) -
905 IF INDIC=1 THEN OLD=.02 ELSE OLD=HALFZ Co—e— -
910 JRECNO=33: NMARKSUB=1: GOSUB 3190

915 XNEW3=VAL(NEWVALUES) -
920 IF (XNEW1>0) AND (XNEW2>0) AND (XNEW3>0) GOTO 935

925 JRECNO=34: JRECNO2=35: NMARKSET=3: GOSUB 3360

930 GOTO 875

935 HALFX=XNEW1: HALFY=XNEW2: HALFZ=XNEW3

940 '

945 'determining the nx,ny,nz values )

950 IF INDIC=1 THEN NOLD=3 ELSE NOLD=NX -

955 JRECNO=36: NMARKSUB=0: GOSUB 3190 -

+960. NEW1=VAL(NEWVALUE$)

965 IF INDIC=1 THEN NOLD=3 ELSE NOLD=NY s
970 JRECNO=37: NMARKSUB=0: GOSUB 3190

975 NEW2:=VAL (NEWVALUE$)

980 IF INDIC=1 THEN NOLD=3 ELSE NOLD=NZ

985 JRECNO=38: NMARKSUB=0: GOSUB 3190

990 NEW3=VAL (NEWVALUE$)

995 IF (NEW1>=2) AND (NEW1<=5) AND (NEW2>=2) AND (NEW2<=5) AND (NEW3>=2) AND (N
EW3<=5) GOTO 1010

1000 JRECNO=39:JRECN02:40: NMARKSET/-3 GOSUB 3360

1005 GOTO 950

1010 NX=NEW1: NY=NEW2: NZ=NEW3

1016 !

1020 'determining the convective surface heat transfer coefficient

1025 IF NSUB=2 GOTO 1075

1030 IF H=0! THEN OLD=500! ELSE OLD=H

1035 JRECNO=41: NMARKSUB=1: GOSUB 3190

1040 XNEW1=VAL(NEWVALUE$)

1045 IF (XNEW1>0) GOTO 1060

1050 JRECNO=42: JRECNO2:=43: NHARKSET-I' GOSUB 3360

1055 GOTO 1030

1060 H:XNEm

1065

1070 '

1075 'Putting info into STORE2 to tell MAINB what SUB it chained to
1080 NSUBMAIN=3

1085 OPEN "b:stqre2" FOR QUTPUT AS 3

1090 IF NSUB=3 GOTO 1110

1095 PRINT#3,NSUB ’

1100 PRINT#3,TRETRT, TWATER, TINIT,ALPHA,HALFX,HALFY,HALFZ ,NX,NY,NZ NTIME,TOTIME,
COOLTI ,NSUBMAIN . .
1105 GOTO 1120 ’

1110 PRINT#3, NSUB

PRINT#3, TRETRT, TWATER, TINIT,ALPHA,HALFX ,HALFY ,HALFZ ,NX ,NY,NZ ,NTIME, TOTIME,

COOLTI,RHO,CP,H, NSUBMAIN

1120
1125

closE'3 .
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1130 !

1135 'Putting arguments into COMM1 to run the SUB to get the heating results
1140 OPEN "c:commi1™ FOR QUTPUT AS 6

1145 IF NSUB=3 GOTO 1160

1150 PRINT#6,TRETRT,TINIT,ALPHA,HALFX ,HALFY ,HALFZ ,NX ,NY,NZ ,NTIME, TOTIME , NSUBMAI
N

1155 GOTO 1165

1160 PRINT#6,TRETRT,TINIT,ALPHA,HALFX,HALFY,HALFZ ,NX,NY NZ  NTIME,TOTIME,RHO,CP,
H, NSUBMAIN

1165 CLOSE 6

1170 ! '

1175 !

1180 'Preparing to chain to 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 'Displaying "Please Wait"™ symbol

1220 CLS:SCREEN 1,0,0,0

1225 COLOR 5,1 ,

1230 DEF SEG = &HB80O

1235 BLOAD "b:clock.scr",0

1240 ON ERROR GOTO 1245

1245 IF INKEY$<>"" THEN BEEP ELSE GOTO 1250

1250 !

1255 'Chaining to the SUB

1260 IF NSUB=2 THEN CHAIN "pouch1"

1265 IF NSUR=3 THEN CHAIN "pouch2"

1270 PRINT"Problems with nsub in MAINC":STOP

1275 ' .

1280 ' e

1285 'Read the information in STORE2 to determine if this is heating or cooling

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 GOTO 1655

1305 IF NSUB=3 GOTO 1320

1310 INPUT#3,TRETRT, TWATER,TINIT ,ALPHA ,HALFX ,HALFY HALFZ NX,NY,NZ,NTIME,TOTIME,
COOLTI,NSUBMAIN

1315 GOTO 1325

1320 INPUT#3,TRETRT,TWATER,TINIT, ALPHA HALFX,HALFY,HALFZ,NX,NY,NZ,NTIME,TOTIME,
COOLTI,RHO,CP,H, NSUBMAIN

1325 CLOSE 3 -
1330 ' °

1335

1340 'Reading the heating results from COMM2 i
1345 OPEN "c:i:comm2" FOR INPUT AS 7 &

1350 FOR LMCz1 TO NTIME ’ P
1355 FOR IMC=1 TO NX ‘

4360 FOR JMC=1 TO NY

1365 FOR KMC=1 TO NZ

1370 INPOT#7,X(IMC),Y(JMC),Z(KMC),TIME (LMC),TEMP(IMC,JMC,KMC,LMC)

1375 NEXT KMC, JMc mc LMC
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! /
1380 CLOSE 7
1385 !
1390 !
1395 IF TOTIME = COOLTI THEN GOTO 1800 ‘don't need to do cooling part
1400 'Storing arguments in COMM1 to get the cooling results
1405 '(first calculate the "ntime" for the cooling portion alone)
1410 NCTIME = NTIME - FIX( (TOTIME-COOLTI)/ (TOTIME/(NTIME=1)) )
1415 NCOOLT = NTIME - NCTIME + 1 '(the "ntime" for the cooling'part)
1417 if ncoolt=1 then ncoolt:z2: nctime=nctime~?1
1420 OPEN "c:commi1™ FOR OUTPUT AS 6 .
1425 IF NSUB=3 GOTO 1440
1430 PRINT#6,TWATER, TRETRT,ALPHA ,HALFX , HALFY ,HALFZ ,NX,NY,NZ ,NCOOLT, TOTIME-COOLT
I,NSUBMAIN
1435 GOTO 1445 f
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 in STORE2

1465 OPEN “Brsfore2" FOR ourpmj AS 3 -

1476\%§/N§;g:;\{§EN NOPCODE=22¢ PRINT#3,NOPCODE: GOTO 1480

1475 NSUB=3 THEN NOP E=33: PRINT#3,NOPCODE: GOTO 1490

1480 PRINT#3,TRETRTS ER,TINIT ,ALPHA ,HALFX ,HALFY ,HALFZ ,NX,NY ,NZ NTIME NCTIME,

TOTIME,COOLTI,NSUBMAIN

1485 GOTQC 1505 .

1490 PRINT#3,TRETRT,TWATER,TINIT,ALPHA,HALFX,HALFY ,HALFZ NX,NY,NZ,NTIME,NCTIME,

TOTIME,COOLTI,RHO,CP,H, NSUBMAIN .

1495 !

1500 °*

1505 'Storing the heating results in STORE2 so can have them when chain back to
MAINC in cooling section

1510 FOR LMCz1 TO NTIME

1515 FOR IMC=1 TO NX

1520 FOR JMC=1 TO NY

1525 FOR KMC=1 TO NZ

1530 PRINT#3,TEMP(IMC,JMC,XMC,LMC)

1535 NEXT KMC,JMC,IMC,LMC

1540 CLOSE 3

1545 '

1550 !

1555 'Preparing to chain to a POUCH sub

1560 'storing the current record number of COMMC into 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" symbol . .
1595 CLS:SCREEN 1,0,0,0

1600 COLOR 5,1

1605 DEF SEG = &HBB0O

1610 BLOAD "b:clock.ser",0

1615 ON ERROR GOTO 1245
1620 IF INKEY$<>"" THEN BEEP ELSE GOTO 1250

1625 '




1630
1635
1640

1645 .

1650
1655
1660

280

'Chaining to the SUB [ . N
IF NSUB=2 OR NSUB=22 THEN GHAIN "pouchi"
IF NSUB=3 OR NSUB=33 THEN CHAIN "pouch2"

! 1
L]

'Reading the rest of the parameters from STORE2
IF NOPCODE=22 THEN INPUT#3, TRETRT,TWATER,TINIT,ALPHA,HALFX, HALFY HALFZ ,NX,

NY,NZ ,NTIME ,NCTIME,TOTIME ,COOLTI ,NSUBMAIN: GOTO 1670

1665

INPUT#3,TRETRT,THATER,TINIT,ALPHA.HALFX,HALFY,HALFZ,NX,NY,NZ.NTIHE.NCTIME.

TOTIME,COOLTI,RHO,CP,H,NSUBMAIN

1670
1675
1680
1685
1690
1695
1700
1705
1710
1715

1720 °*

1725
1730
1735
1740
1745
1750
1755
1760
1765
1770
1775
1780
1785
1790
1795
1800
1805
1810
1815
1820
1825
1830
1835
1840
1845
1850
1855
1860
1865
1870
1875
1880
1885
1890
1895
1900

1

' v I
'Reading the heating results from STORE2

FOR LMC=z1 TO NTIME

FOR IMC=1 TO NX

FOR JMC=1 TO NY

FOR KMC=1 TO N2

INPUT#3, TEMP(IMC,JMC,KMC,LMC)

NEXT KMC,JMC, IMC,LMC

CLOSE 3

o
1

'Reading the TCOOL value from COMM2 one at a time = the cool temp
' and calculating the true cooling curve temperatures

OPEN "c:comm2"™ FOR INPUT AS 7

FOR LMC=NCTIME TO NTIME p»

FOR IMC=1 TO NX .

FOR JMC=1 TO NY ’

FOR KMC=1 TO NZ

INPUT#T ,X(IMC),Y(JMC),Z(KMC),TIME(LMC),TCOOL

TIME(LMC) = TIME(LMC) + COOLTI

TEMP( IMC, JMC,KMC,LMC)=TEMP{ IMC,JMC,KMC,LMC) - (TRETRT-TCQOL)
NEXT KMC,JMC,IMC,LMC

CLOSE' 7

t
i}

'Getting the FLETH value

CLS: JRECNO=zU45: GOSUB 2885

IF JOoK<>-1 THEN GOTO 1805 ELSE FLETH=VAL(ANSR$)

IF (FLETH>01% AND (FLETH<=20!) GOTO 1875 °
IF FLETH>20! THEN GOTO 1840

GET 1,46: PRINT COMMENTS

GET 1,12: PRINT: PRINT COMMENTS

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1835 ELSE GOTO 1805
CLS: GET 1,47: PRINT COMMENTS$

GET 1,24: PRINT COMMENTS$;FLETH

JRECNO=48: GOSUB 2760

IF JOK<>-1 GOTO 1840

IF (DY$="n") QR (DY$="N") GOTOQ 1875 ELSE GOTO 1805

!
t

*Getting the ZLETH value .

CLS: JRECNO=49: GOSUB 2885 -
IF JOK<>-1 THEN GOTO 1880 ELSE ZLETH=VAL(ANSR$)

IF (ZLETH>0!) AND (ZLETH<=30!) GOTO 1950

IF ZLETH>30! THEN GOTO 1915

GET 1,50: PRINT COMMENTS$

-
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4

1905 GET 1,12: PRINT: PRINT COMMENT$

1910 DUMMMA$=INKEY$: IF DUMMMA$3"™" THEN GOTO 1910 ELSE GOTO 1880
1915 CLS: GET 1,51: PRINT COMMENTS

1920. GET 1,24: PRINT COMMENT$;ZLETH

1925 JRECNO=48: GOSUB 2760

1930 IF JOK<>-1 GOTO 1915

1935 IF (DY$="n") OR (DY$="N") GOTO 1950 ELSE GOTO 1880
1940 !

1945 !

1950 'Getting the FXNUT value

1955 CLS: JRECNO=52: GOSUB 2885 f
1960 IF JOK<>-1 THEN GOTO 1955 ELSE FXNUT=VAL(ANSR$)

1965 IF (FXNUT>O!) AND (FXNUT<=100!) GOTO 2025

1970 IF FXNUT>100! THEN GOTO 1990

1975 GET 1,46: PRINT COMMENTS$

1980 GET 1,12: PRINT: PRINT COMMENTS$

1985 DUHMMA$ INKEY$: IF DUMMMA$="" THEN GOTO 1985 ELSE GOTO 1955
1990 CLS: GET 1,53: PRINT COMMENT$

1995 GET 1324: PRINT COMMENT$;FXNUT

2000 JRECNO=U48: GOSUB 2760

2005 IF JOK<>=-1 GOTO 1990

2010 IF (DY$="n") OR (DY$="N") GOTO 2025 ELSE GOTO 1955

2015 !

2020 !

2025 'Getting the Znut value

2030 CLS: JRECNO=54; GOSUB 2885

2035 IF JOK<>~1 THEN GOTO 2030 ELSE ZNUT—VAL(AﬁSRs)

2040 IF (ZNUT>O0!) AND (ZNUT<=50!) GOTO 2100 ﬂ

2045 IF ZNUT>50! THEN GOTO 2065 »

2050 GET 1,50: PRINT COMMENT$

2055 GET 1,12: PRINT: PRINT COMMENT$

2060 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 2060 ELSE GOTO 2030
2065 CLS: GET 1,60: PRINT COMMENT$

2070 GET 1,24: PRINT COMMENTS$;ZNUT

2075 JRECNO=48: GOSUB 2760

2080 IPE JPK<>=1 GOTO 2065 .
2085 IF (BY$="n") OR (DY$="N") GOTO 2100 ELSE GOTO 2030 (
2090 ‘
2095 '

2100 "RUBANDEFHVBRANTR M R0 00T R0 DTN D I 0000000000000 002000 02NN

2105 'calculating lethality and nutrient fraction retained
2110 CLS -LOCATE 12,1 ¢ GET 1,199: PRINT COMMENTS

2115

2120 LET CORG=10!"(371): LET CNUT=10!7(37¢) 'arbitrarily set
2125 IF RHO=0! THEN RHO=1500! . 'when nsub=2

2130 ! ’

2135 Phumber of elements:

2140 NELE = (NX=1) ® (NY=-1) ® (NZ-1)

2145 ' o

2150 "Total and elemental volumes

2155 VTOTP = (2!%HALFX) ® (2!®HALFY) * (21%HALFZ)
2160 FOR MMC=1 TO NELE

2165 VELE(MMC) = (HALFX/(NX-1)) * (HALFY/ (NY-1)) # (HALFZ/(NZ~1))
2170 NEXT MMC

2175 }
2180 'calculate original number of organisms in pouch, and in each element

2185 ORGO = (1!/8!#VTOTP) ® CORG ¥ RHO

i



2190
2195
2200
2205
2210
2215
2220
2225
2230
2235
2240
2245
2250
2255
2260
2265
2270
2275
2280
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FOR MMC=1 TO NELE
ORGEO(MMC) = VELE(MMC) * CORG * RHO
NEXT MMC

'calculate original amount of nutrient in pouch, and in each element
XNUTO = (11/81#YTOTP) * CNUT #* RHO

FOR MMC=1 TO NELE "
XNUTEO(MMC) = VELE(MMC) * CNUT * RHO

NEXT MMC

A

1 R N

'calculate TCNT (average of eight nodal temps, at each time value)

FOR LMC = 1 TO NTIME
MCOUNT=0
FOR IMC = 1 TO (NX-1)
FOR JMC=1 TO (NY=1) -
FOR KMC=1 TO (N2-1)
MCOUNT=MCOUNT+ 1
ATCNT=TEMP( IMC, JMC,KMC,LMC)+TEMP( IMC,JMC,KMC+1,LMC) +TEMP( IMC,IMC+1,K

MC,LMC) +TEMP(IMC,JMC+1,KMC+1,LMC)

2285

MC+1,

2290
2295
2300
2305
2310
2315
2320
2325
2330
2335
2340
2345
2350
2355
2360
2365
s

2370
2375
2380
2385
2390
2395
2400

2405-

430

2410
2415
2420
2430
2425
2430
2435
2440
2445

BTCNT=TEMP( IMC+1,JMC,KMC, LMC) +TEMP( IMC+1,JMC,KMC+1,LMC) +TEMP(IMC+1,J

KMC,LMC) « TEMP(IMC+1,JMC+1,KMC+1,LMC)
TCNT (MCOUNT,LMC) = (ATCNT + BTCNT ) / 8!
NEXT KMC .
NEXT JMC
NEXT IMC .
NEXT LMC
[}
'calculate TAVG (the average TCNT at start and end of time increment)
FOR LLz1 "TO (NTIME=1)
FOR MMC = 1 TO NELE o .
. TAVG(MMC,LL)=(TCNT(MMC,LL) + TCNT(MMC,LL+1))/2!
NEXT MMC ’
NEXT LL
]
'calculate the lethal rate, the total number of organisms left
'at end of time increment, and lethality at end of time increment
DTIME = TOTIME /(NTIME-1)/601 'to convert into minutes like F,z value
XLETH(1)=0!

FOR LL=1 TO (NTIME~1)
ORGTOT = O!f
FOR MMC=1 TO NELE
IF (TAVG(MMC,LL)=-1211)/2ZLETH <=37! THEN RATEL(MMC,LL)=0!: GOTO 240Q
RATEL(MMC,LL)=(1!/FLETH) * 10" ((TAVG(MMC,LL)=-1211)/ZLETH)
IF LL>1 GOTO 2420
IF (-121®RATEL(MMC,LL)*DTIME)<~37! THEN ORGELE(MMC,1)=101"-371: GOTO 2

ORGELE(MMC,1)= ORGEO(MMC) ® 101"(-121 ®RATEL(MMC,LL) *DTIME)
GOTO 2430 , .
IF (=121 ®RATEL(MMC,LLY¥DTIME)<~-37! THEN ORGELE(MMC,LL)=10!"~371: GOTO

ORGELE (MMC,LL) =ORGELE(MMC,LL-1) * 10! "(~12!#RATEL(MMC,LL) *DTIME)
ORGTOT= ORGTOT + ORGELE(MMC,LL)

NEXT MMC .
IF ORGTOT<1! THEN ORGTOT= 1! ,

XLETH(LL+1)= 4342944824 * LOG(ORGO/ORGTQT) / 121




2450
2455
2460

2465

2470
2475
2480
2485
2490
2495
2500
2505
2510
2515
2520
2525
2530

2535
2540
2545
2550

2555.

2560
2565
2570
T
2575
2580
2585
2590
2595
2600
2605
2610
2615
2620
2625
2630
2635
2640
2645
2650
2655
2660
2665
2670
2675

2680
2685
2690
2695
2700

2705
2710

2715
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NEXT LL ’
]

)

‘calculate the nutrient destruction rate, the total amount of nutrient
'left at the end of time increment, and nutrient fraction retained at
'end of each time increment

FOR LL=1 TO (NTIME-1)

FRANUT(1)=11
XNUTOT = 0!
FOR MMC=1 TO NELE
IF (TAVG(MMC,LL)-121)/ZNUT < -37! THEN RATEL(MMC,LL)=0!:GOTO 2510
RATEL(MMC,LL) =( 11 /FXNUT) * 10" ((TAVG(MMC,LL)=1211)/ZNUT)~
IF LL>1 GOTO 2530 )
IF (12! ®*RATEL(MMC,LL)*DTIME)>37! THEN XNUTE(MMC,1)=10!"-37!:GOTO 2540
XNUTE(MMC,1)= XNUTEO(MMC) # 10!”(~121®RATEL(MMC,LL) *DTIME)
GOTO 2540
IF (121 ®*RATEL(MMC,LL) #DTIME)>37! THEN XNUTE(MMC,LL)=101"-371:GOTO 25u0
XNUTE(MMC,LL)=XNUTE(MMC,LL-1) * 10!~ (-121 #*RATEL(MMC,LL) *DTIME)
XNUTOT = XNUTOT + XNUTE(MMC,LL)
NEXT MMC
IF XNUTOT<1! THEN XNUTOT=1!

FRANUT(LL+1)= (XNUTOT/ XNUTO)
NEXT LL
1

IR X242 222222 22 R 2R 2dd X212 R 2 228X 2 X2 228222222222 2222222232 X2E)
\

'

?

'Going to the results display section
GOTO 3695
1

¥

'Back from results display, ask if want to go to MAIN or back to SUB
CLS: JRECNQ=61: GOSUB 2760 ?

IF JOK<>-1 THEN GOTO 2610

IF (DY$="y") OR (DY$="Y") THEQ\? TO 475

]

'

'when want to go to MAIN:
OPEN "b:commb™ FOR CUTPUT AS 7
t

o

'

'#%8 yrite info to commb
CLOSE 7
]

1
'storing the current record number of COMMC into the first rec no of COMMC

NRECCOUNT=LOC(2) : LSET COMMC$=STR$(NRECCOUNT): PUT 2,1
CLOSE 1,2
2

1
'

CLS: SCREEN 1 }

COLOR 1,1 —_
DEF SEG = &HBS80O

BLOAD "b:sandc¢l.scr",0
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2720
2725
2730
2735
2740
2745
2750
2755
2760
2765
2770
2775
2780
2785
2790
2795
2800
2805
2810
2815
2820
2825
2830
2835
2840
2845
2850
2855
2860
2865
2870
2875
2880
2885
2890
2895
2900
2905
2910
2915
2920
2925
2930
2935
2940
2945
2950
2955
2960
2965
2970
2975
2980
2985
2990
2995
3000

ON ERROR GOTO 2725
IF INKEY$<>"" THEN BEEP ELSE GOTO 2730
J

CHAIN "main"®

1

- - w - -

'getting and checking Y/N SUBROUTINE
JOK=0

GET 1,JRECNO

COMMENT1Y$="You did not enter Y or N - You entered: "
COMMENT2Y$="You did not enter a value"
PRINT COMMENTS;

LINE INPUT "" ,ANSY$

JY=0

JY = JY+1

DY$=MID$ (ANSY$,JY,1)

IF DY$="" THEN GOTO%2865

IF DY$=" " THEN GOTO 2820

IF (DY$="Y") OR (DY$="y") OR (DY¥Y$="N") OR (DY$="n") THEN JOK=~1: RETURN

PRINT COMMENT1Y$,ANSY$

GET 1,12: PRINT: PRINT COMMENT$
DUMMY$=INKEY$: IF DUMMY$="" THEN GOTO 2855
RETURN

PRINT COMMENT2Y$

GET 1,12: PRINT: PRINT COMMENT$
DUMMY$=INKEY$: IF DUMMY$="" THEN GOTO 2875
RETURN

t
]
t

' getting and CHECKING FOR REAL NUMBERS
JOK=0 ’ .
GET 1,JRECNO a
COMMENT1R$="You did not enter a REAL number - You entered: "
COMMENT2R$="you did not enter a value"

PRINT COMMENTS; ]

LINE INPUT™", ANSR$

JFLAGR=0 'flag to check that number exists
IFLAGR=0 'flag to check for decimal points
JR=1

KR=LEN(ANS3RHS)

IF KR=0 THEN GOTO 3025

WHILE JR<=KR

DR$=MID$ ( ANSR$,JR,1)

IF DR$=" " THEN GOTO 3010

IF (ASC(DR$)>47) AND (ASC(DR$)<58) THEN JFLAGR=-1: GOTO 3010

IF DR$="." THEN IFLAGR=IFLAGR+1: GOTO 3005

PRINT COMMENT 1R$ ,ANSR$ N

GET 1,12: PRINT: PRINT COMMENT$
DUMMRE =INKEY$: IF DUMMR$="" THEN GOTO 2995

RETURN

294
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3005 IF IFLAGR>1 GOTOQ 2985

3010 JR=JR+1 X

3015 WEND o

3020 IF (DR$<>™ ") OR {JFLAGR=-1) THEN JOK=-1: RETURN
3025 PRINT COMMENT2RS

3039 GET 1,12: PRINT: PRINT COMMENTS$

3035 DUMMR$=INKEY$: IF DUMMR$="" THEN GOTO 3035

3040 RETURN

3045

3050 !

3055 !

3060 'getting and CHECKING FOR INTEGER NUMBERS
3065 JOK=0

3070 IFLAGI=0

3075 GET 1,JRECNO

3080 COMMENT1I$="You did not enter an INTEGER value - You entered: "
3085 COMMENT2I$=z="you did not enter a value"
3090 PRINT COMMENTS;

3095 LINE INPUT " ANSIS$

3100 NI=LEN(ANSIS$)

3105 IF NI=0 THEN GOTO 3170

3110 JI=1

3115 WHILE JI<=NI

3120 DI$=MID$(ANSI$,JI,1)

3125 IF DI$=" " THEN GOTO 3155

3130 IF (ASC(DI$)>47) AND (ASC(DI$)<58) THEN IFLAGI=-1: GOTO 3155
3135 PRINT COMMENT1I$,ANSIS$ .
3140 GET 1,12: PRINT: PRINT COMMENTS$

3145 DUMMI$=INKEY$: IF DUMMI$="" THEN GOTO 3145
3150 RETURN

3155 JI=JI+1

3160 WEND

3165 IF (DI$<>" ") OR (IFLAGI==1) THEN JOK==1: RETURN
3170 PRINT COMMENT2I$

3175 GET 1,12: PRINT: PRINT COMMENT$

3180 DUMMI$=INKEY$: IF DUMMI$="" THEN GOTO 3180
3185 RETURN

3190 !

3195 !

3200 '

3205 !

3210 ' Table Creation subroutine

3215 IF N1STTHRU=1 GOTO 3265

3220 NROW=7:NCOLUMN=1

3225 SCREEN 0,0,1,1

3230 CLS

3235 'printing table heading

3240 GET 1,55:PRINT COMMENTS$

3245 GET 1,56:PRINT COMMENTS$; . .
3250 GET 1,5T:PRINT COMMENTS$ )

3255 GET 1,59:PRINT COMMENTS$ .
3260 N1STTHRU=1 ,

3265 LOCATE NROW,NCOLUMN

3270 GET 1,JRECNO

3275 BLANK$=" "
3280 NBLANK=INSTR(COMMENT$,BLANKS)
3285 FINAL$=LEFT$(COM%§§T$,NBLANK-1)



296

3290 IF IDIFF=1 THEN DIFF$=STR$(OLD): PRINT FINAL$;TAB(53);VAL(DIFF$);TAB(67);:

0 3300
\gggS\ig NMARKSUB=1 THEN PRINT FINAL$;TAB(53);0LD; TAB(67); ELSE PRINT FINAL$;TAB
(53); HOLD; TAB(6T);
3300 LINE INPUT NEWVALUES$
3305 NRTEMP=CSRLIN: NCTEMP=POS(0)
3310 IF LEN(NEWVALUE$)=0 THEN GOTO 3335
3315 IF NMARKSUB=1 THEN GOSUB 3495 ELSE GOSUB 3605
3320 IF (NOK=-1) THEN NROW=CSRLIN: NCOLUMN=POS(0): RETURN
3325 LOCATE NRTEMP-1,NCTEMP:PRINT,"
" ;LOCATE NRTEMP-1,NCTEMP
3330 GOTO 3290 .
3335 LOCATE NRTEMP-1,NCTEMP:PRINT "
":LOCATE NRTEMP-1, NCTEMP
3340 IF IDIFF=1 THEN NEWVALUE$=STR$(OLD): PRINT FINAL$ TAB(53) ;VAL(DIFF$);TAB(6
7) s VAL(NEWVALUES) :GOTO 3350
3345 IF NMARKSUB=z1 THEN NEWVALUE$=STR$ (OLD) :PRINT FINALs TAB(53);0LD; TAB(67);VA
L(NEWVALUE$) ELSE NEWVALUE$=STR$(NOLD):PRINT FINAL$;TAB(S3);NOLD;TAB(67); VAL(NE
WVALUES)
3350 NROW=CSRLIN: NCOLUMN=POS(0)
3355 RETURN
3360 !
3365 !
3370 !
3375 !
3380 ' Erase Lines in table and show error page subroutine
3385 SCREEN ,,2,2
3390 CLS
3395 GET 1,JRECNO: PRINT COMMENT$;
3400 GET 1,24%: PRINT COMMENTS;
3405 GET 1,JRECNO2:; PRINT COMMENTS$;
3410 IF NMARKSET<>3 THEN GOTO 3420
3415 IF NMARKSUB=1 THEN PRINT XNEW1,XNEW2,XNEW3:GOTO 3435 ELSE PRINT NEW1,NEWZ2,
* NEW3:GOTO 3435
. 3420 IF NMARKSET<>2 THEN GOTO 3430
3425 IF NMARKSUB=z1 THEN PRINT XNEW1,XNEW2:GOTO 3435 ELSE PRINT NEW1,NEW2: GOTO
3435
3430 IF NMARKSUBz) THEN PRINT XNEW1 ELSE PRINT NEW?
3435 GET 1,12
3440 PRINT: PRINT COMMENTS$ .
3445 DUMMEL$=INKEY$: IF DUMMEL$="" THEN GOTO 3445
3450 SCREEN ,,1,1
3455 LOCATE NROW,NCOLUMN
3460 LOCATE NROW-1,NCOLUMN:PRINT "
“: LOCATE NROW-1,NCOLUMN
3465 IF NMARKSET=1 THEN GOTO 3485
3470 LOCATE NROW=2,NCOLUMN:PRINT "
":LOCATE NROW-2,NCOLUMN
3475 IF NMARKSET=2 THEN GOTO 3485
3480 LOCATE NROW-3,NCOLUMN:PRINT "
": LOCATE NROW-3, NCOLUMN
3485 NROW=CSRLIN: NCOLUMN=POS(0Q)
3490 RETURN
3495 '
3500 *
3505 !
3510 !



3515
3520
3525
3530
3535
3540
3545
3550
3555
3560
3565
3570
3575
3580
3585
3590
3595
3600
3605
3610
3615
3620
3625
3630
3635
3640
3645
3650
3655
3660
3665
3670
3675
3680
3685
3690
3695

3700
3705
3710
3715
3720
3725
3730
3735
3740
3745
3750
3755
3760
3765
3770
3775

3783

3790
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!checking Real2 numbers (in table)

NOK=0

JFLAGR2=0

IFLAGR2=z0

JR2=1

NR2=LEN(NEWVALUE$)

WHILE JR2=<NR2’

DR2$=MID$ ( NEWVALUES$,JR2,1)

IF DR2%=" " THEN GOTO 3580 .

IF DR2%$="." THEN IFLAGR2=IFLAGR2+1: GOTO 3580
IF (ASC(DR2$)>47) AND (ASC(DR2$)<58) THEN JFLAGR2=-1: GOTO 3580
NOK=0

RETURN

IF IFLAGR2>1 THEN NOK=0: RETURN

JR2=JR2+1

WEND

IF JFLAGR2=0 THEN NOK=0 ELSE NOK=-1 «
RETURN

1
)
1]
?

' checking Integer?2 numbers (in table)

NOK=0

IFLAGI2=0

NI2=LEN(NEWVALUE$)

Ji2=1

WHILE JI2<=NI2

DI2$=MID$ ( NEWVALUE$,JI12,1)

IF DI2$=" " THEN GOTO 3675 !

IF (ASC(DI2$)>4T7) AND (ASC(DI2$)<58) THEN IFLAGI2:=-1: GOTO 3675

NOK=C: RETURN .

JI2=JI2+1 s

WEND

IF IFLAGI2=0 THEN NOK=0 ELSE NOK=-1 x o,

RETURN ' - ) -

THENWRERRRRBRERT TR IR 00 2020000600 000038 0630 30 0 26 96 30 30 30 % 9 96 98 3 98 35 36 96 96 38 98 3 96 36 3 34 36 3 36 36 3 3% 3 ¥
'

1

! RESULTS DISPLAY SECTION

1

NXX=NX

NYY=NY:NZZ=NZ
'

' initializing the values

FOR I=1 TO NXX:XX(I)=X(I) :NEXT

FOR I=1 TO NYY:YY(I)=Y(I):NEXT

FOR I=1 TO NZZ:;ZZ(I)=zZ(I) :NEXT ‘
L

L

' this is the pouch results displays

CLS:SCREEN 1: COLOR 9,1: KEY OFF

LOCATE 2,1:GET 1, 150:GOSUB. 5215:PRINT COMMT40$;
LOCATE 6,1:GET 1,151:G0SUB 5215:PRINT COMMT40$;
LOCATE 8,1:GET 1,152:GO0SUB 5215:PRINT COMMT40$3



298

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:PRINT COMMTLO$;

3810 LOCATE 16,1:GET 1,220:GOSUB 5215:PRINT COMMT40$;

3815 LOCATE 18,1:GET 1,245:G0SUB 5215:PRINT COMMT4O0$;

3820 LOCATE 20,1:GET 1,221:GOSUB 5215:PRINT COMMT40$;

3825 -LOCATE 23,1:GET 1,154:GOSUB 5215:PRINT COMMTU4O$;

3830 GOSUB 5105

3835 IF(VAL(ANSWERI$)>=1) AND (VAL(ANSWERI$)<=8) THEN ICHOICE=VAL(ANSWERI$) :GOT
0 3845

3840 LOCATE 24,1:BEEP:GET 1,251:GOSUB 5215:PRINT COMMT40$; :GOTO 3830

3845 IF ICHOICE=1 GOTO 3885
3850 IF ICHOICE=2 GOTO 3995
3855 IF ICHOICE=3 GOTO 4055
3860 IF ICHOICE=4 GOTO 4235
3865 IF ICHOICE=5 GOTO 4115
3870 IF ICHOICE=6 GOTO 4175

3875 IF ICHOICE=T7 GOTO *4710 .
3880 IF ICHOICE=8 GOTO 4845

3885 ! '

3890 ' .
3895 ' graphic display section

3900 '

3905 ' displaying the x, y, z length increments
3910 JRECNO=155

3915 GOSUB 5065

3920 ' inputting graphic parameter

3925 GOSUB 5265

3930 '

3935 ' going to the temp-time graph

. 3940 IRECNO2=z197 :IRECNO3=196:IRECNO1=215

3945 XXMIN=0:XXMAX=TOTIME:N=NTIME

3950 YYHVAR=150! :YYLVAR=0!

3955 DXX=(XXMAX/ (N-=1))

3960 FOR I=1 TO N

3965 XX(I)=(I-1)#*DXX:NEXT

3970 FOR I=1 TO NTIME

3975 YY(I)=TEMP(XPOSITION,YPOSITION,ZPOSITION,I) :NEXT
3980 GOSUB 5330

3985 !

3990 !

3995 ' lethality setting value section

4000 XXMIN=0:XXMAX=TOTIME:N=NTIME ~
4005 YYHVAR=2!:YYLVAR=0

4010 FOR I=1 TO N

» 4015 YY(I)=XLETH(I) :NEXT

4020 IRECNO1=215:IRECNO2=212 :IRECNO3=211

4025 DXX={XXMAX/(N-1))

4030 FOR I=1 TO N

4035 XX(I)=(I~1)*DXX:NEXT

4040 GOSUB 5330

4045 ! N
4050 !

4055 ' nutrient setting value section

4060 XXMIN=0:XXMAX=TOTIME:N=NTIME

4065 YYHVAR=1!:YYLVAR=0

4070 FOR I=1 TO N
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4075 YY(I)=FRANUT(I): NEXT

4080 IRECNO1=215:IRECN02=216:IRECNO3=217

4085 DXX=(XXMAX/(N=1))

4090-FOR I=1 TO N

4095 XX(I)=(I-1)*DXX:NEXT

4100 GOSUB 5330

3105 , -
4910 *

4115 'setting the lethality table

4120 N=NTIME Y. ”
4125 DXX=(TOTIME/(NTIME-1)) .

.4130 FOR I=1 TO NTIME ° ) ' -

4135 XA(I)=(I=1)*DXX .

4140 NEXT

4145 FOR I=1 TO N

4150 YY(I)=XLETH(I) :NEXT

4155 IRECNO4=222 :IRECNO05=225 .

4160 GOTO 4860

4165 ! -

4170 :

4175 'setting the nutrient table z

4180 NENTIME |

4185 DXX=(TOTIME/(NTIME-1))

4190 FOR I=1 TO NTIME oL

4195 XX(I)=(I-1)*DXX .

4200 NEXT ’ , . o

4205 FOR I=1 TO N X - '

4210 YY(I)=FRANUT(I) sNEXT 2 - ] .
4215 IRECNO4=223 :IRECNO5=224

4220 GOTO 4860°

4225 ! '

4230 !

4235 ' printing of the table menu (all data or specific data)

4240 CLS:SCREEN 1 <=

4245 LOCATE 2,17 :GET 1,163:G0SUB 5215:PRINT COMMT40%;

4250 LOCATE 4,1:GET 1,164:G0SUB 5215:PRINT COMMT40%$; ' Y
4255 LOCATE 7,1 :GET 1,165:GOSUB 5215:PRINT COMMT40$;

4260 LOCATE 9,1:GET 1,166:G0SUB 5215:PRINT COMMT4Q$;

4265 LOCATE 23, 1:GET 1,214:GOSUB 5215:PRINT COMMI40%;

4270 GOSUB 5105 )

4275 IF (VAL(ANSWERI$)> 1) AND (VAL(ANSWERI$)<=2) THEN ICHOICE2=VAL(ANSWERI$): G’

OTO 4285

4280 LOCATE 24,1 :BEEP:GET 1,260:G0SUB 5215:PRINT COMMT40$s:GOTC 4270

4285 IF ICHOICEZ2=1 THEN IITIME=1:NSTART1=1:NSTART2=1:NSTART3=1:NEND1=NXX:NEND2=
YY:NEND3=NZZ:GOTO 4430
290 IF ICHOICE2=2 THEN JRECNO=229:GOSUB 5065 :GOTO 4305

B295 !

4300 ' )

4305 ' asking value to start and where to end printing

4310 N1=NXX:N2=NYY:N3=NZZ:GET 1,175:GOSUB 5215:VAR1$=COMMT40$:GET 1,178:GOSUB 5

215:VAR2$=COMMTU404$:GET 1,176:GOSUB 5215:VAR3$ =COMMT40$:GET 1,179:GOSUB 5215:VAR
4$=COMMTH40$:GET 1,177:GOSUB 5215:VAR5$=COMMTL O$:GET 1,180:GOSUB 5215:VAR6$=COMM

T40$ ©

4315 !

4320 ' subroutine askin5 what are the dimensions for the printing of results
4325 LOCATE 23,1:PRINT VAR1$;:GOSUB 5105

4330 NSTART1=VAL (ANSWERI$):IF NSTART1>N1 THEN LOCATE 24,1:BEEP:GET 1,255:GOSUB

Ik

-
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5215:PRINT COMMT40$;:GOTO 4325
[ 4335 NROW=24:GOSUB 5195  °. ‘ -
4340 LOCATE 23,1:PRINT VAR2$;:GOSUB 5105
4345 NEND1=VAL(ANSWERI$) :IF NSTARTIDNEND1 THEN LOCATE 24,1:BEEP:GET 1,256:GOSUB
S5215:PRINT COMMTH0$::GOTO 4340
4350 IF NENDI>N1 THEN LOCATE 24,1 :BEEP: GET 1 ,255: GOSUB 5215:PRINT COHMTNO$;:GOT
0 4340 ¢
4355 NROW=24:GOSUB 5195 . {
4360 LOCATE 23 1:PRINT VAR3$;:GOSUB 5105
4365 NSTART2=VAL(ANSWERI$):IF NSTART2>N2 THEN LOCATE 2%, 1 :BEEP:GET 1,255 GOSUB
5215:PRINT COMMT40$;:GO0TO 4360
4370 NROW=24:GOSUB 5195
4375 LOCATE 23,1:PRINT VARU4S;:GOSUB 5105
4380 NEND2=VAL(ANSWERI$) :IF NEND2>N2 THEN LOCATE 24,1:BEEP:GET 1,255:GOSUB 5215
tPRINT COMMTULO0$::GOTO U375
4385 IF (NEND2<NSTART2) THEN LOCATE 24,1 :BEEP:GET 1,256:G0SUB S5215:PRINT COMMTY
\ 0%; :GOTO 4375
4390 NROW=24:G0OSUB 5195 v
. ) 4395 LOCATE 23,1:PRINT VAR5$;:GOSUB 5105
AR 4400 NSTART3=VAL(ANSWERI$):IF NSTARTI>N3 THEN LOCATE 24 ,1:BEEP: GET 1,259 GOSUB
5215:PRINT COMMT40$; :GOTO 4395
4405 NROW=24:GOSUB 5195
~ - 44710 LOCATE 23,1:PRINT VAR6$;:GOSUB 5105 v
4415 NEND3=VAL(ANSWERI$) :IF NEND3>N3 THEN LOCATE 24,1 :BEEP:GET 1,255:GOSUB 5215
¢tPRINT COMMTﬂos..GOTO 4410
4420 IF (NEND3<NSTART3) THEN LOCATE 24,1 :BEEP:GET 1 256 GOSUB 5215:PRINT COMMTY
0%$; :GOTO 4410
425
4430 ' printing the results
4435 CLS:ISTART1=NSTART1:ISTART2=NSTART2: ISTART3 NSTARTS3 ¢
4440 LOCATE 2,1:GET 1,182: GAasuB 5215:PRINT COMMTUCS;
44ys5 LOCATE 4,1:GET 1,183:GOSUB 5215¢PRINT COMMT40$;
41450 1INC=5
4455 DTIME=TOTIME/(NTIME=-1) p
4460 FOR ITIME=1 TO NTIME
4465 TIME(ITIME)=( ITIME-1)#*DTIME : NEXT ITIME
U470 '
4475 FOR ITIME=1 TO NTIME
4480 FOR I=NSTART1 TO NEND1
4485 FOR J=NSTART2 TO NEND2
4490 FOR K=NSTART3 TO NEND3
4495 INC=INC+1
4500 LOCATE INC,1:print using “"#2##8.#4#"; time(itime) 'TTIME$=STR$(TIME(ITIME)
T . ):TTIME$=LEFT$(TTIME$,8) sTIME(ITIME)=VAL(TTIME$) : PRINT TIME(ITIME);
4505 LOCATE INC,11: print using "#.#8###" 3 xx(1) YXX$=STRF(XX(I)):XX$=LEFT$(XX3
/5) s XX(I)=VAL(XX$) :PRINT XX(I) .
4510 LOCATE INC,18:print using "#.##84"; yy(J) 'YY$=STR$(YY(J)):YY$=LEFT$(YY$,
5):YY(J)=VAL(YY$) :PRINT YY(J)
4515 LOCATE INC,25:print using "#.####"; z2(k) 'ZZ3=STR$(2Z(K) ) :27$=LEFT$(ZZ%,
5Y:ZZ(K)=VAL(ZZ$) :PRINT ZZ(K)
[ 4520 LOCATE INC,31:TEMP$=STR$(TEMP(I,J,K,ITIME)) : TEMP$=LEFT$(TEMP$,8) s TEMP(I,J,
K,ITIME)=VAL(TEMP$) : PRINT TEMPYI,J,K,ITIME);
, 4525 IF INC>=19 THEN 4530 ELSE 4625
{ 4530 INC=S
4535 LOCATE 21,1:GET 1,186:GOSUB 5215:PRINT COMMTU0$;
4540 IF (I>= NEND1) AND (J> NENDZ) AND (K>=NEND3) AND (ITIME>=NTIME) THEN 4550 E
LSE 45ug

T




* 4545

4550
4555
4560
4565
4570
4575
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LOCATE 22,1:GET 1,187:GOSUB 5215:PRINT COMMTU40$;

LOCATE 23,1:GET
?

1,188 :GOSUB 5215:PRINT COMMT40$;

' error checking for x, y, p
ANSHERYS$=INPUTS (1)
IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:GOTO 4595

LSE 4585
4580 IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=-1:GOTO 4595

4585 TF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=1:GOTO u595

4590 IF(ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=~1:GOTO 4595
4595 IF IFLAG=-1 THEN BEEP :IF (I>=NEND1) AND (J>=NEND2) AND (K>=NEND3) AND (ITI
ME>=NTIME) THEN GOTO 4620 ELSE LOCATE 24,1:GET 1,257:G0SUB 5215 :PRINT COMMT40$;
:GOTO 4565
IF IFLAG=2 THEN CLS:GOTO 46us5

IF IFLAG=0 THEN 3730

IF IFLAG=1 THEN FOR II=5 TO 24:NROW=II:GOSUB 5190:NEXT

IF(I>=NEND1) AND(J>=NEND2) AND(K>=NEND3) AND ( ITIME>=NTIME) THEN 4620 ELSE 4

4600
4605
k610
4615
625

4620

4625
4630
4635
4640
4ous
4650
4655
4660
4665

-~ T Hg70

4675
L4680

" 4685

4690

- 4695
TIME)

4700

. 4705

4710
4715
4720
4725
4730

% 5215: PRINT COMMT40%;

4135
4740
4745
4750
‘4755
4760
4765
4770
4775
4780
4785
4790

IF (I>=NEND1) AND (J>=NEND2) AND (K>=NEND3) AND (ITIME):"NTIME)T THEN 4580 E

NROW=22:GOSUB 5190:LOCATE 24,1:GET 1,258:GOSUB 5215 :BEEP;PRINT COMMTU40$; :G
0TO 4565
NEXT K:NEXT J:NEXT I:NEXT ITIME

GOTO 4535

OPEN "1pt1:" AS #10

WIDTH #10,100

CLS: LOCATE 12,1
GET 1,198: GOSUB 5215: PRINT COMMT40$
GET 1,227:PRINT #10,COMMENT$: PRINT #10,:PRINT #10,

“GET .1,189:PRINT #10,COMMENT$; :PRINT #10,:PRINT #10,

FOR ITIME=1 TO NTIME

FOR I=ISTART1 TO NEND1

FOR J=ISTART2 TO NEND2

FOR K=ISTART3 TO NEND3

PRINT #10,USING"™ #48¢.##08¢ ";TIME (ITIME) ; XX(I);YY(J);ZZ(K);TEMP(I,J,K,I

NEXT K,J,I,ITIME

CLOSE #10:G0TQC 3730

t
!

' Process parameter table

CLS:NROW=3

.

LOCATE 1,1:GET 1,230:GOSUB 5215:PRINT COMMT40$;:LOCATE 2,1:GET 1,231:G0SUB

GET 1,232:G0SUB
GET 1,233:G0SUB
GET 1,234:G0SUB
GET 1,239:G0SUB
GET 1,240:G0SUB
GET 1,241:GOSUB
GET 1,242:GOSUB
GET 1,243:G0SUB
GET 1,244:G0SUB

GET 1,246:G0SUB
GET 1,247:GosuB

GET 1,264:G0suB

5215:VAR$ =COMMTU40$ : VAR!=TINIT ! :GOSUB 5675
5215:VAR$=COMMTUY40$;VAR!=TRETRT! :GOSUB 5675
5215:VAR$=COMMT408: VAR =TWATER!:GOSUB 5675
5215:VAR$=COMMT40$:VAR!=TOTIME! :GOSUB 5675
5215: VAR$=COMMTH40$:VAR!=COOLTI!:GOSUB 5675
5215:VAR$=COMMTU0$:VAR! =NTIME : GOSUB 5675
5215:VAR$=COMMTY40$: VAR =HALFX! :GOSUB 5675
5215:VAR$=COMMTH40$:VAR! =HALFY ! :GOSUB 5675
5215:VAR$=COMMT40$:VARI=HALFZ 1 :GOSUB 5675
5215:VAR$=COMMTU40$: VARI =NX:GOSUB 5675
5215:VAR$=COMMT 40$: VAR! =NY:GOSUB 5675
5215:VAR$=COMMTH08:VAR! =NZ:GOSUB 5675
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4795 GET 1,266:GOSUB 5215:VAR$=COMMT40$:VAR! =ALPHA! :GOSUB 5675

4800 IF (NSUB=2) OR (NSUB=22) THEN GOTO 4820

4805 GET 1,248 :GOSUB 5215:VAR$=COMMT 40$:VAR! =RHO! :GOSUB 5675

4810 GET 1,249:GOSUB 5215:VAR$=COMMTH4 0$:VAR! =CP1:GOSUB 5675

4815 GET 1,265:GOSUB 5215:VAR$ =COMMTL4O$:VAR! =H!:GOSUB 5675

4820 GET 1,161 :LOCATE 23,1:GOSUB 5215:PRINT COMMT40%$;

4825 GET 1,162 :LOCATE 24,1:GOSUB 5215 :PRINT COMMT40$ ; :LOCATE 24,13:PRINT CHR$(2
4), '

4830 GOSUB 5235

4835

4840 'exit the program

4845 CLS:SCREEN 2:SCREEN 0: COLOR 7,1,1: GOTO 2605

4850 '

Lgss ¢

Y860 ' printing a table for lethality or nutrient fraction

4865 CLS '

4870 LOCATE 2, 1:GET 1,182:G0SUB 5215:PRINT COMMT40$;

4875 LOCATE 4,7:GET 1, IRECNOY :GOSUB 5215:PRINT COMMENTS;

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 "#.M#“"“"'YY(I),
4900 IF INC>z= 17 THEN 4910

4905 NEXT

4910 LOCATE 21,1:GET 1, 186:GOSUB 5215:PRINT COMMT40%;

4915 IF IX=N THEN 4925 ELSE 4920

4920 LOCATE 22, 1:GET 1, 187:GOSUB 5215 :PRINT COMM’NO$,

4925 LOCATE 23,1:GET 1, 183:GOSUB 5215:PRINT COMMT40$;

B930 ANSWERY$:INPU'I‘$(1) .

4935 IF (ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:GOTO 4960

4940 IF (I>z=N) THEN 4945 ELSE 4950

4qus5 IF(ANSWERY$:"Y")<9R (ANSWERY$="y"™) THEN IFLAG=-1:GOTO 4960

4950 IF(ANSWERY$=z"Y") OR (ANSWERY$z"y'") THEN IFLAG=1:GOTO 4960

4955 IF( ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=~-1:GOTO 4960
4960 IF IFLAG=-1 THEN BEEP:LOCATE 24,1:IF I>=N THEN GOTO 4980 ELSE GET 1,257:GO
SUB 5215 :PRINT COMMT40$; :GOTO 4930 ﬁ

4965 IF IFLAG=2 THEN CLS:GOTO 4990 S

4970 IF IFLAG=0 THEN 3730

4975 IF IFLAG=1 THEN FOR II=5 TO 24:NROW=II:GOSUB 5195:NEXT:IF(I>N) THEN 4980 E
L.SE INC=5:NVAR=I:GOTO 4885

4980 NROW=22:GOSUB 5195 :LOCATE 24,1:GET 1,258:G0SUB 5215:BEEP:PRINT COMMT408$;:G
OTO 4930

4985 RETURN

4990 OPEN "lpt1:™ AS #10

4995 WIDTH #10, 100

5000 CLS: LOCATE 12,1

5005 GET 1,198: GOSUB 5215: PRINT COMMT40$

5010 GET 1,227:GOSUB 5215; PRINT #10,COMMTL40% : PRINT #10,.PRINT #10,

5015 GET 1,IRECNO5:PRINT #10 COMMENTS ; : PRINT #10,:PRINT #10,

5020 FOR I:1 TO N

5025 PRINT #10, USING"# #4300 334008 . #4":XX( 1) ;

5035 PRINT #10," " .

5040 PRINT #10,USING "#.44™"""";YY(I)

5045 NEXT I

5050 CLOSE#10:GOTO 3730

5055 !

5060 !

0
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' printing the x, y z values

5076 CLS:LOCATE 2,1:GET 1,JRECNO:GOSUB 5215:PRINT COMMTH40$;

5075
5080
5085

LOCATE 9,1:GET 1,156:G0SUB 5215:PRINT COMMT40$;
LOCATE 6,1:GET 1,168:G0SUB 5215:PRINT COMMT40% ;
NROW=10:FOR I=1 ’I'O NXX :NROW=NROW+ 1 s LOCATE NROW,1:PRINT I;")";:print using

"E AT XX(T) 5 INEXT

5090

NROW=10:FOR I=z1 TO NYY:NROW=NROW+1:LOCATE NROW,14:PRINT I;")";:print using

"E .87 YY(T) tNEXT

5095 NROW=10:FOR I=1 TO_NZZ:NROW=NROW+1:LOCATE NROW,28:PRINT I;"™)";:print using
i M#""""'ZZ(I),.NEXT \
5100 RETURN —

5105 ! -

5110 ! .

5115 ' error checking for integers

5120 ANSWERI$=INPUT$(1)

5125 IF ASC(ANSWERI$)>=49 AND ASC(ANSWERI$)< 58 THEN RETURN

5130 LOCATE 24,1 :BEEP:GET. 1,250:G0OSUB 5215:PRINT COMMTU403%;:GOTO 5120
5135 RETURN

5140 !

5145 !

5150 !

5155 ' error checking for x, y or z

5160 ANSWERY$=INPUT$(1)

5165

IF (ANSWERY$="x") OR (ANSWERY$="X") OR (ANSWERY$="y") OR (ANSWERY4z"Y") OR

( ANSWERY$="2") OR (ANSWERY$="Z") THEN RETURN

5170 BEEP:LOCATE 24,1:GET 1,252:G0SUB 5215:PRINT COMMT40$;:GOTO 5160
5175 RETURN

5180 '

5185 ! ,

5190 ' blank line subroutine ’ .
5195 LOCATE NROW,1:PRINT" ! "e sRETURN
5200 !

5205 !

5210 ' subroutine that reduce the length of the records * &
5215 COMMT40$=LEFT$(COMMENTS,39) :RETURN

5220 !

5225 !

5230 ' error checking subroutine for X

5235 ANSWERY$=INPUT$(1)

5240 IF (ANSWERY$="X") OR (ANSWERY$="x") THEN GOTO 3730

5245 LOCATE 24,1:GET 1,254:G0SUB 5215:BEEP:PRINT COMMTA40$;:GOTO 5235
5250 RET.URN

5255 !

5260 !

5265 ' inputting graphics parameters

5270 LOCATE 23,1:GET 1,157:G0SUB 5215: PRINT COMMT40$;

5275 N=NXX:GOSUB 5115:XPOSITION= VAL{ANSWERI$)

5280 IF XPOSITION>N THEN BEEP:LOCATE 24,1:GET 1,253:GOSUB 5215:PRINT COMMT40$;:
GOTO 5270

5285
5290
5295
GOTO
5300

5305
5310
GOTO

LOCATE 23,1 :GET 1,158:G0SUB 5215:PRINT COMMT40$;

N=NYY:GOSUB 5115:YPOSITION=VAL(ANSWERI$)

IF YPOSITION>N THEN BEEP:LOCATE 24,1:GET 1,253:GOSUB 5215:PRINT COMMT40$;:
5285

LOCATE 23,1:GET 1,159:G0SUB 5215:PRINT COMMI40%;

N=NZZ:GOSUB 5115:ZPOSITION=VAL(ANSWERI$) ’
IF ZPOSITIONSN THEN BEEP:LOCATE 24, 1:GET 1,253:GOSUB 5215 PRINT COMMT40$;:

5300



5315

RETURN

5320 !

5325
5330
5335
5340
5345
5350

5355
5360
5365
5370
5375
5380
5385
5390
5395
5400

5405
5410
5415
5420
5425
5430
5435
5440
5445
5450
5455
5460
5465
5470
5475
5480
5485
5490
5495
5500
5505
5510
5515
5520
5525

5530
5535
5540
5545
5550
5555
5560

5565
5570
5575

' graph subroutine

! draw titles .
CLS:LOCATE 2,1 .

GET 1,IRECNO2:GOSUB 5215:PRINT COMMT40$;

304

LOCATE 1,1:GET 1,IRECN0O3:GOSUB 5215:PRINT COMMT40$; : LOCATE 21,1:GET 1,IREC
NO1'GOSUB 5215:PRINT COMMT40$,

' print x-axis number
LINESET=0
NXXPIX=-=(250/(11-1))

FOR I=1 TO 11
NXXPIX=NXXPIX+(250/(11=1))
XX=INT((I-1)#®(XXMAX/(11=1)))
LINESET=LINESET+1 '
IF LINESET=3 THEN LINESET=1

e

IF LINESET=1 THEN NROW=19:LINE(33+NXXPIX,140)-(33+NXXPIX,145),2: NCOLUM-INT
(3+( NXXPIX/7.96)) ELSE NROW=20:LINE(33+NXXPIX,140)=(33+NXXPIX,155),1:NCOLUM=INT
(4+ (NXXPIX/T.96))

IF I=1 THEN LOCATE 19,3:PRINT XX(1)
LOCATE NROW,NCOLUM: PRINT XX

NEXT

]

' printing y-axis numbers
TEMPMAX=YY(1)

TEMPMIN=YY(1)

FOR I=2 TO N

IF YY(I)<TEMPMIN THEN TEMPMIN=YY(I)

‘IF YY(I)>TEMPMAX THEN TEMPMAX=YY(I)

NEXT
YYMAX=TEMPMAX

YYMIN=TEMPMIN

IF YYMAX>YYHVAR THEN 5475 ELSE YYMAX=YYHVAR
IF YYMINCYYLVAR THEN 5480 ELSE YYMIN=YYLVAR
NYYSET=6

YYSPACE= ( YYMAX-YYMIN)/ ( NYYSET-1)
YYMIN2=YYMIN

NYYPIX=~(124/ (NYYSET-1))

FOR I=1 TO NYYSET

NYYPIX=NYYPIX+(124/ (NYYSET-1))

NROW=INT( 18-(NYYPIX/7.96))

IYYMIN$=STR$ (YYMIN2)

NCHAR=LEN( IYYMINS)

IF ASC(MId$(IYYMIN$,1,1)):32 THEN IYYMIN$=MID$(IYYMIN$,2,NCHAR=1) :IYYMIN=V
AL(IYYMINS) .

IF NCHAR>Y4 THEN IYYMIN$=MID$ ( IYYMIN$,1,4):IYYMIN=VAL(IYYMINS)

LOCATE NROW,1
PRINT IYYMINS

YYMIN2=YYMIN2+YYSPACE

LINE(26, 140-NYYPIX)-(32,140-NYYPIX),1
NEXT

1 ]

' draws axis lines
LINE(33,140)-(283,140),1
LINE(33,140)=(33,16),1

i
G



5580
5585
5590
5595
5600
5609
5610
5615
5620
5625
5630
5635
5640
5645
5650
5655
5660
4);

5665
5670
5675
5680
5685
5690
5695
5700
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' ~

' drawing thq curve

FOR I=1 TO N

XX(I)=33+ ((XX(I)/XXMAX)*250)
YY(I)=21480=(({YY(I)=YYMIN)/(YYMAX-YYMIN))®124)

NEXT .
FOR I=2 TO N
LINE (XX(I=-1),YY(I=1))=(XX(I),YY(I)),3:NEXT
FOR I=1 TO N

LINE(XX(I)=2,YY(D)=2)=(XX(D)+2,YY(I)+2),2
LINE(XX(I)+2,YY(I)=2)=(XX(I)=2,YY(I)+2),2:NEXT

COO0LXX=33+ ((COOLTI-XXMIN)/(XXMAX~-XXMIN))*250

YYLINE=140!

FOR Is1 TO 13
LINE(COOLXX,YYLINE)~-(COOLXX,YYLINE-5),1:YYLINE=YYLINE-10:NEXT

GET 1,161:LOCATE 22,1:GOSUB 5215:PRINT COMMT4O0$; \

GET 1,162:LOCATE 23,1:GOSUB 5215:PRINT COMMT40$;:LOCATE 23,13:PRINT CHR$ (2

GOSUB 5235

STOP

LOCATE NROW,1:PRINT VAR$:LOCATE NROW,31:PRINT VAR!
NROW=NROW+1

RETURN

\j

Iy

IR 222222 XS X222 22 2 222222 2222 2 dR 222 R X2 X222 22l X2X222 2SR 22222 2 20
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ALPHAC
1 ® % H & B MENU®®® #» 8

P

21 Do process calculations for a pouch

32 Exit to MAIN selection menu {(with can/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 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 Initial and Coolfr;g Water Temp must be <= Retort Temp

14 Initial Temp: Retort Temp: Water Temp: .

15 Total Processing Time (heat + cool) (<10000 sec)

16 Time at Which Cooling Starts (sec¢)

17 Total Time and Cooling Time must be>0, Total>=Cooling, & Total<=10000
) 18 Total Time: Cooling Time: )

19 Number of Time Increments (>=2, <=21)

20 You did not enter a number between 2 and 21

21 Number of Time Valuesi:

22 Thermal Dif‘fusivi’ty (m#%2/sec)

23 The Thermal Diffusivity must be between .0000001 and .00000099

24 You entered the following -value(s):

25 Food Density "(kg/m#*3)

26 The Food Densiﬁy must be > 0

27 Food Density:

28 Specific Heat of Food (kJ/kg-deg C)

29 The Specific Heat must be > 0
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30 Specific Heat:

31 Half-X Pouch Length (m)

32.Half-Y Pouch Length (m)

33 Half-Z Pouch Length (m)

34 The Half-X, Half-Y and Half-Z lengths must be > 0

35 Half-X: Half=-Y: Half-Z:

36 The Number of X values (2<=nx<=5) |

37 The Number of Y values (2<=ny<=5)

38 The Number of Z values (2<znz<{=5)

39 The Number of X, Y and Z values must all be between 2 and 5§

40 nx: ny: nz: ¢

41 Convective Heat Transfer Coeff (W/mP%2.deg Cl)

42 The surface convective heat transfer coefficient must be > 0 /
43 H:

44 Thermal Diffusivity:
45 What is the F-value for the contaminant at Trefz121 deg C) - in minutes?
46 The F-value cannot equal 0 \

47 A F=value greater than 20 miputes 1is unusual

48 Do you want to reenter the value - (Y or N and RETURN)?’

49 yhat is the z-value for the contaminant (at Tref=121 deg C) - in deg C?
50 The z-value cannot equal 0

51 A 2z—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 greaterﬁ than 100 minutes iIs 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
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59
60
61
62
63
64
65
66
67
68

© 69

70
T1
72

° 73

T4
75
76
77
78
79
80
81
82
83
84

85
86

ARGUMENT

A z~value greater than 50 deg C is unusual

Do you want to redo the POUCH calculations (Y or N and RETURN) ?

QLD

308

NEW



O

87
88
89
90
91
92
93
94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110

m

112 -

113
114
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115
116
17

118

119

120
121
122
123
124
125
126
127
128
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

151

152

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

170

171

RESULTS DISPLAY MENU

1) Temp-Time Graph

2) Lethality-Time Graph

3) Nutrient Fraction-Time Graph

GRAPHIC DISPLAY MENU

X(m)

At which X do you want Temp-Time Graph
At which Y do you want Temp-Time Graph

At which Z do you want Temp-Time Graph

Enter 1, 2, ... 8

Y(m)

Z(wm) ’

Select.the Z position (1, 2 or ...)

Press "X" to exit to results menu or

-Press

Choose the printing options dimension

-PrtSc to print graph

PRINTING MENU

1) Print all the data

2) Print specific data

Here is a list of various values

X(m)

Y(m) -~
Z(m)

Y(m)
X(m)

Y(m)

Z(m)
Z(m)

x{(m)

-

-

AN
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s

172
173
174
175
176
177
178

X
Y
Z
Which X are you starting at(1,2 or ,..)
Which Y are you starting at(1,2 or ...)
Which Z are you starting at(1,2 or ...)

Which X do you want to stop(1,2 or ,..)

179-Which Y do you want to stop(1,2 or .,..)

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

199
200

Which Z do you want to stop(1,2 or ,..)
ENTER "x"' "Y" OR IIZ"
RESULTS

TIME(s) X(m) Y(m) Z{(m) TEMP(degC)

185
Z(m) Y(m) X(m) Temp(aeg C)
Press "{" to exit to resu\lts menu

v

Press "Y" to continue

Press "p" to print specified data
TIME(sec) X(m) Y(m)

Radius Z=values

Select the axis to be plotted: R or 2

Select the R position (1, 2, or ...)
. Select the Z position (1, 2, or ...)
TEMPERATURE (deg C)
TEMP VS TIME

* 4P LEASE WAITH®H***

Z{m)

* %% PLEASE WAIT® %
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201
202
203
204
205
206
207
208

209

210,

211
212
213
214
215
216
217
218

219

5. 220

% Ll
22

222 .

223
224
225
226
227
228

1) R, Z
2) Z, R

Z-value Radius [

Which R are you starting at(1,2, or,..)-

Which Z are you starting at(1,2, or...)
Which R do you want to stop(1,2, or,..)

Which Z do you want to stop(1,2, or...)

Radius oz TEMPERATURE
A RADIUS  TEMPERATURE
LETHALITY

LETHALITY vs TIME
ENTER 1, 2 OR 3
ENTER 1 OR 2
TIME (sec)
NUTRIENT FRACTION vs TIME
FRACTION
4) Temp-Time Table
"5) Lethality~Time Table
6) Nutrient Fraction-Time Table
8) Exit
TIME (sec) LETHALITY
TIME (sec) NUTRIENT FRACTION
TIME (sec)
TIME (sec)
7) Process Parameter Table

' RESULTS
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229
230
231
232
233
234
235
236
237
238
239

240

241
242
243
244

245

246

247
2u8

249

250

51
252
253
254
255

256
257

Process Parameter~Table

v

Initial Temperature(deg C)
Retort Temperature(deg C)

Water Temperature(deg C)

Total Processing Time(sec)
Time When Cooling Starts(sec) -
Number of Time Increments
Half X-Length(m)
Half Y-Length(m) ‘ ‘ B}
Half Z-Length(m)

7) Process Parameter Table
thber of X-values
Number of Y-values
Food Density (kg/m#*#3)
Food Specific Heat (kJ/kg~degC)
You did not enter an int;ger. try again
You did not enter 1,2,...,8 -try again
You did not enter X, Y or Z -try again

The v;lue was too big - try again
You did not enter "X"
Value is too big, try again

End value can not be < then start value

There is no more data, enter P or X
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258

259
260
261
262
263
264
265
266
267

There is no more data,enter P or X
You did not enter R or Z - try again
You did not enter 1 or 2 - try agaiﬁ

You did not enter 1, 2 or 3 - try again

Number of Z-values
H(W/m*%*2_.degC)
Thermal Diffusivity(m##2/sec)

L
You did not enter X or P
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- e - = -

SERSNSNBRE M 4 T N D SENNESENEE

'Initialization and Dimensioning
DEFINT I-N

DIM R(10), Z(10), TIME(21)
DIM RR(21),ZZ2(21),XX(21),YY(21)
DIM TEMP(10,10,21)

DIM TCNT(81,21), TAVG(81,20), VELE(81)

DIM ORGEO(81), RATEL(81,20), ORGELE(81,20), XLETH(21)
DIM XNUTEO(81), XNUTE(81,20), FRANUT(21)

!

]

'Setting up the t%xt screen

KEY OFF

SCREEN 0,0,0,0
WIDTH 80
COLOR 7,1,1: CLS

1
1

' opening and readying the associated files

OPEN "e:alphad" AS 1
FIELD 1,80 AS COMMENT$
1

OPEN "b:commc" AS 2
FIELD 2,80 AS COMMC$

!
1

' setting the pointer to current record number of commc

GET 2,1: NRECCOUNT=VAL(COMMCS)

BLANK$=" ": LSET COMMC$=BLANK$: PUT 2,NRECCOUNT+1

'
!

' Checking if control has come from MAIN or from SUBs

OPEN "b:store2" FOR INPUT AS 3

INPUT#3, NOPCODE
CLOSE 3
'

' Not coming'from MAIN:

IF NOPCODE<>0 THEN GOTO 1300

1

' Coming from MAIN:

OPEN "b:comma" FOR INPUT AS &
1

' #* read info from comma#*¥

CLOSE 4
1

' Printing the menu

CLS: PRINT

GET 1,1: PRINT COMMENT$
GET 1,2: PRINT COMMENTS$
GET 1,3: PRINT COMMENTS$ :

PRINT

317




295
300
305
310
315
320
325
330
335
340
345
350
355

]
1

tdetermining user's selection from the menu
JRECNO=4

GOSUB 3070

IF JOK<>=-1 THEN GOTO 270

IF (VAL(ANSI$)=2) GOTO 370

IF (VAL(ANSI$)=1) GOTO U475

GET 1,5

PRINT COMMENT$

GET 1,12: PRINT COMMENTS$

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 350
GOTO 270

360

365
370
375
380

'{f want to go straight back to MAIN
! ¢

OPEN "b:commb" FOR OUTPUT AS 7

385 !

390
395
400

405 !

410

't ®% yrite info into b:commb *¥%
L}

CLOSE 7

CLOSE 1,2

415 !t

420
425
430
435
40
445

CLS: SCREEN 1

COLOR 4,1

DEF SEG = &HB80O

BLOAD M"b:sandel.ser”,0

ON ERROR GOTQO 445

IF INKEY$<O"" THEN BEEP ELSE GOTO 450

450 '

455
460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575

CHAIN "MAIN"

1
!
'

'if want to go to a CAN sub

N1STTHRU=0

INDIC=0

'determining NSUB wanted

NOLD = NSUB-3 : IF NSUB=44 THEN NOLD=1
IF NSUB=55 THEN NOLD=2

IF NSUB=0 THEN INDJC=1: NOLD=1

JRECNO=7: NMARKSUB=0: GOSUB 3215
NEW1=VAL(NEWVALUES$)

IF (NEW1>=1) AND (NEW1<=2) THEN GOTO 535
JRECNO=8: JRECNO2=9: NMARKSET=1: GOSUB 3385
GOTO 495

NSUB=NEW1 + 3

?

tdetermining temperatures

IF INDIC=1 THEN OLD=z40! ELSE OLD=TINIT
JRECNO=10:NMARKSUB=1: GOSUB 3215
XNEW1=VAL(NEWVALUES$)

IF INDIC=1 THEN OLD=120! ELSE OLD=TRETRT
JRECNO=11:NMARKSUB=1: GOSUB 3215
XNEW2=VAL(NEWVALUES)
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580 IF INDIC=1 THEN OLDs60! ELSE OLD=TWATER

585 JRECNO=6:NMARKSUB=1: GOSUB 3215 '

590 XNEW3=VAL(NEWVALUES$) |

595 IF (XNEW2>=XNEW1) AND (XNEW2>=XNEW3)THEN GOTO 610

600 JRECNO=13: JRECNO2=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=5600! ELSE OLDsTOTIME

630 JRECNO=15: NMARKSUB=1: GOSUB 3215

635 XNEW1=VAL(NEWVALUES$)

640 IF INDIC=1 THEN OLD=3600! ELSE OLD=COOLTI

645 JRECNO=16: NMARKSUB=1: GOSUB 3215

650 XNEW2=VAL (NEWVALUE$)

655 IF (XNEW1>0) AND (XNEW1<=10000) AND (XNEW2>Q0) AND (XNEW1>=XNEW2) THEN GOTO
670 '

660 JRECNO=17: JRECNO2=18: NMARKSET=2: GOSUB 3385

665 GOTO 625

670 TOTIME=XNEW1: COOLTI=XNEWZ2

675 '

680 'determining number ‘of time values

685 IF INDIC=1 THEN NOLD=11 ELSE NOLD=NTIME

690 JRECNO=19: NMARKSUB=0: GOSUB 3215

695 NEW1=VAL(NEWVALUE$)

700 IF (NEW1>=2) AND (NEW1<=21) THEN GOTO 7%

705 JRECNO=20: JRECNO2=21: NMARKSET=1: GOSUB 3385

710 GOTO 685 '

715 NTIME=NEW?1

720 ! .

725 'determining thermal diffusivity . L
T30 IDIFF=1 , ;
735 IF INDIC=1 THEN QLD=1.6E-07 ELSE OLD=ALPHA

740 JRECNO=22: NMARKSUB=1: GOSUB 3215

745 XNEW1=VAL(NEWVALUES$)

750 IF "(XNEW1>0) THEN GOTO 765

755 JRECNO=23: JRECNO2=44: NMARKSET=1: GOSUB 3385

760 GOTO 735

765 IF (XNEW1=>.0000001) AND (XNEW1=<9.,99E-07) GGTO 780
770 JRECNO=33: JRECNQ2=44: MMARKSET=1: GOSUB 3385

775 GOTO 735

780 ALPHA=XNEW1: IDIFF=z
785 !
790 'determining food \density

795 IF NSUB=4 THEN GOTQ 885

_B00 IF RHO=0! THEN OLD=%500! ELSE OLD=RHO

805 JRECNO=25: NMARKSUB=Y: GOSUB 3215

810 XNEW1=VAL{NEWVALUES)
815 IF (XNEW1>0) THEN GOTO 830

820 JRECNO=26: JRECNO2=2f: NMARKSET=1: GOSUB 3385
825 GOTO 800 .

830 RHO=XNEW1

835 '

840 ' determining specific heat

845 IF CP=0! THEN OLD=4000! ELSE OLD=CP
850 JRECNO=28: NMARKSUB=1: GOSUB 3215
855 XNEW1=VAL(NEWVALUE$)




P,
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860 IF (XNEW1>0) THEN GOTO 875 o

865 JRECNO=29: JRECNO2=30: NMARKSET=1: GOSUB 3385
870 GOTO 845

875 CP=XNEW1 :

880 ! .
885 'determining dimensions of the can

890 IF INDIC=1 THEN OLD=.03 ELSE OLD=RADIUS

895 JRECNO=31:NMARKSUB=1: GOSUB 3215

900 XNEW1=VAL(NEWVALUES$)

905 IF INDIC=1 THEN OLD=.04 ELSE OLD=HALFL

910 JRECNO=32: NMARKSUB=1: GOSUB 3215

915 . XNEW2=VAL(NEWVALUES)

920 !

925 ! ;

\930'

935 IF (XNEW1>0) AND (XNEW2>Q) GOTG 950

Q40 JRECNO=34: JRECNO2=z=35: NMARKSET=2: GOSUB 3385
945 GOTO 890

950 RADIUS=XNEW1: HALFL=XNEW2

955 !

960 'determining the nr,nz values

965 IF INDIC=1 THEN NOLD=5 ELSE NOLD=NR

970 JRECNO=36: NMARKSUB=0: GOSUB 3215

975 NEW1=VAL(NEWVALUE$)

980 IF INDIC=1 THEN NOLD=5 ELSE NOLD=NZ

985 JRECNO=37: NMARKSUB=0: GOSUB 3215

990 NEW2=VAL(NEWVALUES$)

995 !

1000 !

1005 ! '

1010 IF (NEW1>=2) AND (NEW1<=10) AND (NEW2>=2) AND (NEW2<=10) GOTO 1025
1015 JRECNQ=39:JRECNO2=40: NMARKSET=2: GOSUB 3385

1020 GOTO 965 .

1025 NR=NEW1: NZ=NEW2

1030 !

1035 'determining the convective surface heat transfer coeffidient
Jo40 IF NSUB=4 GOTO 1090

1045 IF H=0! THEN OLD=500! ELSE OLD=H

1050 JRECNO=41: NMARKSUB=1: GOSUB 3215 o

1055 XNEW1=VAL(NEWVALUE$)

1060 IF (XNEW1>0) GOTO 1075

1065 JRECNO=42: JRECNO2=4#3: NMARKSET=1: GOSUB 3385

1070 GOTO 1045

1075 H=XNEW1 b

1080 ! ‘
1085 !

1090 'Putting info into STORE2 to tell MAINB what SUB it chained to

1095 NSUBMAIN=4

1100 OPEN "b:store2" FOR OUTPUT AS 3

1105 IF NSUB=5 GOTO 1125

1110 PRINT#3,NSUB

1115 PRINT#3,TRETRT,TWATER,TINIT,ALPHA ,HALFL,RADIUS,NZ ,NR,NTIME,TOTIME ,COOLTI, N
SUBMAIN

1120 GOTO 1135

1125 PRINT#3,NSUB
1130 PRINT#3,TRETRT,TWATER, TINIT ALPHA,HALFL,RADIUS,NZ,NR,NTIME, TOTIME,COOLTI,R

HO,CP,H, NSUBMAIN

w
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1135 CLOSE 3

1140 ' a

1145 ! .

1150 'Putting arguments into COMM1 to run the SUB to get the heating 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 NRECCQUNT=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 = &HBB0O

1250 BLOAD "b:fire.scen",0 ,

1255 ON ERROR GOTO 1260 - '

1260 IF INKEY$<>"" THEN BEEP ELSE GOTO 1265 .

1265 ! )

1270 'Chaining to the SUB \

1275 IF NSUBs4 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 1is heating or cooling

IS

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 LNPUT#BﬁTRETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,TOTIME;COOLTI,N
SUBMAIN

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 TO NTIME

" 1370 FOR IMD=1 TO NZ

1375 FOR JMD=1 TO NR

1380 ! ' \

1385 INPUT#7,Z{IMD),R(JMD),TIME(LMD), TEMP(IMD,JMD,LMD)
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1390 NEXT JMD,IMD,LMD
1395 CLOSE 7
1400 !
1405 °
1410 IF TOTIME = COOLTI THEN GOTO 1815 'don't need to do cooling part
1415 'Storing arguments in COMM1 to get the cooling results
1420 '(first calculate the "ntime"™ for the cooling portion alone)
1425 NCTIME = NTIME - FIX( (TOTIME-COOLTI)/ (TOTIME/(NTIME-1)) )
1430 NCOOLT = NTIME - NCTIME + 1 '(the "ntime" for the cooling part)
1432 if ncooltz1 then ncoolt=2: nctimeznctime-1 .
1435 OPEN "c:comm1" FOR OUTPUT AS 6
1440 IF NSUB=5 GOTO 1455 '
/1“”5 PRINT#6,TWATER, TRETRT,ALPHA,HALFL,RADIUS,NZ,NR, NCOOLT,TOTIME-COOLTI, NSUBMA
IN
1450 GOTO 1460 //
1455 PRINT#6,TWATER,/TRETRT,ALPHA,HALFL,RADIUS,NZ,NR,NCOOLT,TOTIME-COOLTI ,RHO,CP
,H, NSUBMAIN /
1460 CLOSE 6 |
1465 ' /
o+ ° |
1475 'Storing codes, parameters in STORE2

1480 OPEN "b:store2" FOR OUTPUT AS 3

1485 IF NSUB=4 THSN NOPCODE=44: PRINT#3,NOPCODE: GOTO 1495

1490 IF NSUB=5 THEN NOPCODE=55: PRINT#3,NOPCODE: GOTO 1505

1495 PRINT#3,TRETRT, TWATER,TINIT,ALPHA,HALFL ,RADIUS,NZ,NR,NTIME,NCTIME,TOTIME,C
OOLTI,NSUBMAIN

1500 GOTO 1520

1505 PRINT#3,TRETRT, TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR,NTIME,NCTIME,TOTIME,C
OOLTI,RHQ,CP,H,NSUBMAIN '
1510 !

1515 ! .

1520 'Storing the heating results in STORE2 so can have them when chain back to

MAIND in cooling section

1525
1530
1535
1540
1545
1550
1555
1560
1565
1570
1575

1580
1585
1590
1595
1600
1605
1610
1615
1620
1625
1630
1635

FO™ LMD=1 TO NTIME
FOR IMD=1 TO NZ

FOR JMD=1 TO NR

1
PRINT#3, TEMP( IMD,JMD,LMD)
NEXT JMD,IMD,LMD

CLOSE 3

'
t

'Preparing to chain to a CAN sub
'storing the current record number of COMMC into the first rec no of COMMC

NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1

t

t

CLOSE 1,2

1

'Displaying "please Wait" symbol

CLS:SCREEN 1,0,0,0

COLOR 0,0 .
DEF SEG = &HB80O

BLOAD "b:fire.scn",0
ON ERROR GOTO 1260 .
IF INKEY$<O"" THEN BEEP ELSE GOQOTO 1265
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1640 ’ .

1645 'Chaining to the SUB

1650 IF NSUB=4 OR NSUB=u44 THEN CHAIN "cani"

1655 IF NSUB=5 OR NSUB=55.THEN CHAIN "can2"

1660 '

1665 !

1670 'Reading the rest of the parameters from STORE2

1675 IF NOPCODE=44 THEN INPUT#3,TRETRT,TWATER,TINIT,ALPHA,HALFL,RADIUS,NZ,NR, NT
IME,NCTIME,TOTIME,COOLTI,NSUBMAIN: GOTO 1685

1680 INPUT#3 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 TO NTIME

1705 FOR IMD=1 TO NZ

1710 FOR JMD=1 TO NR

1715 !

1720 INPUT#3,TEMP(IMD,JMD,LMD)

1725 NEXT JMD,IMD,LMD \ \

1730 CLOSE 3 '

1735 !

1740 !

1745 'Reading the TCOOL value from COMM2 one at a time = the cool temp
1750 ' and calculating the true cooling curve temperatures
1755 OPEN "c:comm2" FOR INPUT AS 7

1760 FOR LMD=NCTIME TO NTIME

1765 FOR IMD=1 TO NZ

1770 FOR JMD=1 TO NR

1775 !

1780 INPUT#7,Z2(IMD),R(JMD),TIME(LMD),TCOOL

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: GOSUB 2910

1825 IF JOK<>-1 THEN GOTO 1820 ELSE FLETH=VAL(ANSR$)

1830 IF (FLETH>0!) AND (FLETH<=20!) GOTO 1890

1835 IF FLETH>20! THEN GOTO 1855

1840 GET 1,46: PRINT COMMENT$

1845 GET 1,12: PRINT: PRINT COMMENTS$

1850 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1850 ELSE GOTO 1820
1855 CLS: GET 1,47: PRINT COMMENT$ -

1860 GET 1,24: PRINT COMMENT$:FLETH

1865 JRECNO=48: GOSUB 2785

1870 IF JOK<>=~1 GOTO 1855 .

1875 IF (DY$="n") OR (DY$="N") GOTO 1890 ELSE GOTO 1820
1880 !

1885 '

1890 'Getting the ZLETH value

1895 CLS: JRECNO=49: GOSUB 2310

1900 IF JOK<>-1 THEN GOTO 1895 ELSE ZLETH=VAL(ANSR$) &
1905 IF (ZLETH>0!) AND (ZLETH<=30!) GOTO 1965

1910 IF ZLETH>30! THEN GOTO 1930



1915
1920
1925
1930
1935
1940
1945
1950
1955
1960
1965
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
2020
2025
2030
12035
2040
2045
2050
2055
2060
2065
2070
2075
2080
2085
2090
2095
2100
2105
2110
2115
2120
2125
2130
2135
2140
2145
2150
2155
2160
2165
2170
2175
2180
2185
2190
2195

324

GET 1,50: PRINT COMMENT$

GET 1,12: PRINT: PRINT COMMENT$

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 1925 ELSE GOTO 1895

CLS: GET 1,51: PRINT COMMENT$ '

GET 1,24: PRINT COMMENT$;ZLETH

JRECNO=48: GOSUB 2785 .
IF JOK<>-1 GCTO 1930

IF (DY$="n") OR (DY$="N") GOTO 1965 ELSE GOTO 1895

|

'Getting the FXNUT value

CLS: JRECNO=52: GOSUB 2910

IF JOK<>=~1 THEN GOTO 1970 ELSE FXNUT=VAL(ANSRS$)
IF (FXNUT>0!) AND (FXNUT<=100!) GOTO 2040

IF FXNUT>100! THEN GOTO 2005

GET 1,46: PRINT COMMENTS

GET 1,12: PRINT: PRINT COMMENTS$

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 2000 ELSE GOTO 1970 \
CLS: GET 1,53: PRINT COMMENT$ N
GET 1,24: PRINT COMMENT$;FXNUT .

JRECNO=48: GOSUB 2785

IF JOK<>=1 GOTO 2005

IF (DY$="n") OR (DY$="N") GOTO 2040 ELSE GOTO 1970

L

1

*Getting ;the Znut value | : '
CLS: JRECNO=54: GOSUB 2910

IF JOK<>-1 THEN GOTO 2045 ELSE ZNUT=VAL(ANSR$)

IF (ZNUT>0!) AND (ZNUT<=50!) GOTO 2115

IF ZNUT>50! THEN GOTO 2080

GET 1,50: PRINT COMMENT$

GET 1,12: PRINT: PRINT COMMENT$

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 2075 ELSE GOTO 2045
CLS: GET 1,60: PRINT COMMENT$

GET 1,24: PRINT COMMENT$;ZNUT

JRECNO=48: GOSUB 2785

IF JOK<>=1 GOTO 2080

IF (DY$="n") OR (DY$="N") GOTO 2115 ELSE GOTO 2045

1]

]

IEEZ 222222 R2 2R R 2222222222 RS2 X2 2RS 22 222XXR22R3 2222222 2RSSR R )
'calculating lethality and nutrient fraction retained !
CLS: LOCATE 12,1: GET 1,198: PRINT COMMENT$

t

LET CORG=10!"(37!): LET CNUT=10!"(37!) tarbitrarily set
IF RHO=0! THEN RHO0=1500! 'when nsubzl

| B

'number of elements:

NELE = (NZ-1) * (NR=1)

1

"Total and elemental volumes
PI = 3.14159265#
VTOTC = PI * (RADIUS"2) * (2!%*HALFL)
ICOUNTR=1 .
FOR NLOOP=1 TO NELE STEP (NZ=1)
ICOUNTR=ICOUNTR + 1
FOR MMD=NLOOP TO (NLOOP+(NZ-2})




2200

2205
2210
2215
2220
2225
2230
2235
2240

325

\
VELE(MMD) = PI * (HALFL/(NZ-1)) * ((R(ICOUNTR)"2) - (R(ICOUNTR-1)"2))

NEXT MMD
NEXT NLOOQP

'

‘calculate original number of organisms in half-can, and in each element
ORGO = (1!/2!*VTOTC) * CORG * RHO

FOR MMD=1 TO NELE

ORGEO(MMD) = VELE(MMD) * CORG * RHO

NEXT MMD

2245 !

2250
2255
2260
2265
2270

2275 !

2280
2285
2290
2295
2300
2305
2310
2315
2320

'calculate original amount of nutrient in half-can, and 1n each element
XNUTO = (1!/21%WTOTC) * CNUT * RHO

FOR MMD=1 TO NELE

XNUTEO(MMD) = VELE(MMD) ® CNUT ® RHO

NEXT MMD

\
'

'calculate TCNT (average of four radial temps, at each time value)
FOR LMD = 1 TO NTIME
MCOUNT=0
FOR IRMD = 1 TO (NR-1)
FOR IZMD=1 TO (NZ-1)
.
MCOUNT=MCOUNT+1 '
TCNT(MCOUNT,LMD) = (TEMP(IZMD,IRMD,LMD)+TEMP( IZMD+1,IRMD,LMD)+TEMP(IZMD

» IRMD+1,LMD)+TEMP(IZMD+1, IRMD+1 LMD) )/4!

2325
2330
2335

2340 '

2345
2350
2355
2360
2365
2370
2375
2380
2385
2390
2395
2400
2405
2410
2415
2420
2425
2430
455

2435
2440
2445
2455
2450
2455
2460

NEXT IZMD
NEXT IRMD
NEXT LMD A
'calculate TAVG (the average TCNT at start and end of time increment)

FOR LL=1 TO (NTIME-1)

FOR MMD = 1 TO NELE

TAVG(MMD,LL)Y=(TCNT(MMD,LL) + TCNT(MMD,LL+1))/2!

NEXT MMD
NEXT LL
1
‘calculate the lethal rate, the total number of organisms left
'at end of time increment, and lethality at end of time increment
DTIME = TOTIME /(NTIME-1)/60!

XLETH(1)=0!
FOR LL=1 TO (NTIME-1)
ORGTOT = O!
FOR MMD=1 TO NELE
IF (TAVG(MMD, LL)-121!)/ZLETH <=37! THEN RATEL(MMD,LL)=0!: GOTO 2425
RATEL(MMD,LL)=( 1!/FLETH) * 10”((TAVG(MMD,LL)=1211)/ZLETH)
IF LL>1 GOTQ 2445
IF (-12!*RATEL(MMD,LL) *DTIME)<-37! THEN ORGELE(MMD,1)=10!"=37!: GOTO 2
ORGELE(MMD,1)= ORGEO(MMD) * 10!"(-12!#RATEL(MMD,LL) *DTIME)
GOTO 2455 ’
IF (~-12!#*RATEL(MMD,LL) *DTIME)<~37! THEN ORGELE(MMD,LL)=10!"-37!: GOTO
ORGELE(MMD,LL) =ORGELE(MMD,LL-1) * 10!~ (-12!1 * RATEL(MMD,LL)*DTIME)
ORGTOT = ORGTOT =+ ORGELE (MMD, LL)

NEXT MMD
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2465 IF ORGTOT<1! THEN ORGTOT=1!

2470 XLETH(LL+1)= .u434294482# % LOG(ORGO/ORGTOT) /‘12!

2475 NEXT LL .

2480 ! ) ' °

2485 !

2490 'calculate the nutrient destruction rate, the total amount of nutrient
2495 'left at the end of time increment, and nutrient fraction retalned at
2500 'end of each time increment .

2505 FRANUT(1)=1! :

2510 FOR LL=1 TO (NTIME-1)
2515 XNUTOT = 0!

2520 FOR MMD=1 TO NELE .

2525 IF (TAVG(MMD,LL)-121)/ZNUT < -37! THEN RATEL(MMD,LL)=0!:GOTO 2535

2530 RATEL(MMD,LL)=(1!/FXNUT) * 10" (( TAVG(MMD,LL)-121!)/ZNUT) ,
2535 IF LL>1 GOTO 2555

2540 IF (12!®#RATEL(MMD,LL)*DTIME)>37! THEN XNUTE(MMD,1)=10!"=37!:GOTQ 2565 <
2545 XNUTE(MMD,1)= XNUTEO(MMD) # 10! ~(-12!%*RATEL(MMD,LL)®#*DTIME)

2550 GOTO 2565. '

2555 IF (121*RATEL(MMD,LLY*DTIME)>37¢ THEN XNUTE(MMD,LL)=10!"=37!:GOTO 2565

v

2560 XNUTE(MMD,LL) =XNUTE(MMD,LL-1) * 10!"(-12!*RATEL(MMD,LL)*DTIME)
2565 XNUTOT = XNUTOT + XNUTE(MMD,LL)

2570 NEXT MMD ¢

2575 IF XNUTOT<1! THEN XNUTOT=1!

2580 FRANUT(LL+1)= (XNUTOT/ XNUTO)

2585 NEXT LL

2590 '

2595 T3 3 036 36 3 3 6 3 36 56 3 36 3 S K 3 36 36 0 16 9 36 36 36 36 3 3 X KK N 3 K M I N K I I I 3 K K I I I W I I kN I I KKK X KN
#%N %

2600 !

2605 '

2610 '"Going to the results display section

2615 GOTO 3750 -

2620 !

2625 ! .

2630 'Back from results display, ask if want to go to MAIN or back to SUB
2635 CLS: JRECNO=61: GOSUB 2785

2640 IF JOK<>-1 THEN GOTO 2635

2645 IF (DY$="y") OR (DY$="Y") THEN GOTO U475

2650 '

2655 !

2660 'when want to go to MAIN:

2665 OPEN "b:commb" FOR OUTPUT AS 7

2670 ' -

2675 ! 5 \

2680 '#¥* ywrite info to commb

2685 CLOSE 7

2690 ! _ .

2695 !

2700 'storing the current record number of COMMC into the first rec no of COMMQ
2705 NRECCOUNT=LOC(2): LSET COMMC$=STR$ (NRECCOUNT) : PUT 2,1 -
2710 CLOSE 1,2

2715 !

2720 !
2725 CLS: SCREEN 1

2730 COLOR 1,1



b

2735

2740
2745
2750
2755 !
2760
2765

327

DEF SEG = &HB80O
BLOAD "b:sandel.secr",0
ON ERROR GOTO 2750

2770 !

2775
2780
2785
2790
2795
2800
2805
2810
2815
2820
2825
2830
2835
2840
2845
2850
2855
2860
2865
2870
2875
2880
2885
2890
2895
2900
2905
2910
2915
2920
2925
2930
2935
2940
2945
2950
2955
2960
2965
2970
2975
2980
2985
2990
2995
3000

005

010
3015

IF INKEY$<>"" THEN BEEP ELSE GOTO 2755 . o ' -
! .

CHAIN "main"

]

!

1 - k]
] . -

1

' - b

'getting and checking Y/N SUBROUTINE ’
JOK=0

GET 1,JRECNO . .

COMMENT 1Y$="You did not enter Y or N = You entered: "
COMMENT2Y$="You did not enter a value"

PRINT COMMENT$; N ) :

LINE INPUT "", ANSY$

JY=0 ,
JY = JY+1 . %
DY$=MID$ ( ANSY$,JY,1) ‘ . .

IF DY$="" THEN GOTO 2890 ) : -

IF DY$=" " THEN GOTO 2845 ‘ ’ '

IF (DY$="Y"™) OR (DY$="y") OR (DY$="N"™) OR (DY$="n") THEN JOK=~1: RETURN

PRINT COMMENT1Y$,ANSY$ -

GET 1,12: PRINT: PRINT COMMENT$

DUMMY$ INKEY$: IF DUMMY$="" THEN GOTO 2880

RETURN

PRINTLCOMMENT2Y$

GET 1,12: PRINT: PRINT COMMENTS

e

DUMMY$=INKEY$: IF DUMMY$="" THEN GOTO 2900 . .
RETURN .
! .

1

t

' getting and CHECKING FOR REAL NUMBERS

JOK=0

GET 1,JRECNO

COMMENT1R$="You did not enter a REAL number - You entered: " '
COMMENT2R$=""you did not enter a valuye"

PRINT COMMENTS;

LINE INPUT"",ANSR3 .

JFLAGR=0 'flag to check that number exists
IFLAGR=0 'flag to check for decimal points .
JR=1 .
CR=LEN(ANSR$)

IF KR=0 THEN GOTO 3050
WHILE JR<{=KR
DR$=MID$ ( ANSR$,JR, 1)
IF DR$=" " THEN GOTO 3035 !
IF (ASC(DR$)>47) AND (ASC(DR$)<58) THEN JFLAGR--1' GOTO 303%
IF DR$="." THEN IFLAGR=IFLAGR+1: GOTO 3030 /
PRINT COMMENT1R$,ANSR$ A
GET 1,12: PRINT: PRINT COMMENT$ .

K



. 3020

3025
3030
3035
3040
3045
3050
3055
3060
3065

DUMMR$=INKEYS$: IF DUMNRs ="" THEN GOTO 3020
RETURN

IF IFLAGR>1 GOTd 3010,

JR=JR+1 '
WEND . -

IF (DR$<>™ ") OR ( JFLAGR=-1) THEN JOK=-1: RETURN
PRINT COMMENT2R$

GET 1,12: PRINT: PRINT COMMENTS

DUMMR$=INKEY$: IF DUMMR$="" THEN GOTO 3060
RETURN

3070 !

3075
3080
3085
3090
3095
3100
3108
3110
3115
3120
3125
3130
3135
3140
3145
3150
3155
3160
3165
3170
3175
3180
3185
3190
3195
3200
3205
3210

'getting and CHECKING FOR INTEGER NUMBERS
JOK=0 .

IFLAGI=0

GET 1,JRECNO

COMMENT1I$="You did not enter an INTEGER value -
COMMENT21$="you did not enter a value”

PRINT COMMENTS;

LINE INPUT "",ANSIS$

NI=LEN(ANSIS$)

IF NI=0 THEN GOTQ 3195

JI=1

WHILE JI<K=NI

DI$=MID$(ANSIS$,JI,1)

IF DI$=" " THEN GOTO 3180

You entered: "

IF (ASC(DI$)>47) AND (ASC(DI$)<58) THEN IFLAGI=-1: GOTO 3180

PRINT COMMENT11$,ANSIS$
GET 1,12: PRINT: PRINT COMMENTS$

DUMHI$ INKEY$: IF DUMMISz"" THEN GOTO 3170
RETURN

JI=zJI+1

WEND N
IF (DI$O>™ ") OR (IFLAGI=-1) THEN JOK=-1: RETURN
PRINT COMMENT2I$

GET 1,12: PRINT: PRINT COMMENTS

DUMMI$=INKEY$: IF DUMMI$z"" THEN.GOTO 3205
RETURN '

3215 !

3220
3225
3230
3235
3240
3245
3250
3255
3260
3265
3270
3275
3280
3285
3290
3295
3300

1]
\J

' Table Creation subroutine
IF N1STTHRU=1 GOTO 3290
NROW=7 : NCOLUMN=1 t
SCREEN 0,0,1,1

CLS

‘printing table heading

GET 1,55:PRINT COMMENTS$

GET 1,56:PRINT COMMENTS;
GET 15T7:PRINT COMMENT$

GET 1,59:PRINT COMMENTS
N1STTHRU=1

LOCATE NROW,NCOLUMN

GET 1,JRECNO !
BLANK$=" "

328

-
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3305 NBLANK=INSTR({COMMENTS$ ,BLANKS)
3310 FINAL$=LEFT$(COMMENTS , NBLANK-1)
3315 IF IDIFF=1 THEN DIFF$=STR$(OLD): PRINT FINALS$;TAB(S53);VAL(DIFF$);TAB(67);:
GOTO 3325
3320 IF NMARKSUB=1 THEN .PRINT FINALS; IAB(SB) OLD; TAB(67), ELSE PRINT FINALS$;TAB
(53) ; NOLD; TAB(67 )
3325 LINE INPUT NEWVALUES k
3330 NRTEMP=CSRLIN: NCTEMP=POS(0)
3335 IF LEN(NEWVALUE$)=0 THEN GOTC 3360
3340 IF NMARKSUB=1 THEN GOSUB 3520 ELSE GOSUB 3630
3345 IF {(NOK=-1) THEN NROW=CSRLIN: NCOLUMN=PQS(0O): RETURN
3350 LOCATE NRTEMP-1,NCTEMP:PRINT "
":LOCATE NRTEMP-1,NCTEMP
3355 GOTO 3315
3360 LOCATE NRTEMP-1,NCTEMP:PRINT "
" :LOCATE NRTEMP-1,NCTEMP

3365 IF IDIFF=1 THEN NEWVALUE$=STR$(OLD): PRINT FINAL$; TAB(S53);VAL(DIFF$);TAB(6
7); VAL(NEWVALUE$) :GOTO 3375
3370 IF NMARKSUB=1 THEN NEWVALUE$=STR$(OLD):PRINT FINALS$ ; TAB(53) ;OLD; TAB(67); VA
L(NEWVALUE$) ELSE NEWVALUE$=STR$(NOLD):PRINT FINAL$;TAB(53);NOLD;TAB(67);VAL(NE
WVALUES$)
3375 NROW=CSRLIN: NCOLUMN=POS(0)
3380 RETURN
3385 !
3390 !
3395
3400 ! :
3405 ' Erase Lines in table and show error page subroutine
3410 SCREEN ,,2,2
3415 CLS
3420 GET 1,JRECNO: PRINT COMMENTS;
3425 GET 1,24: PRINT COMMENTS; N
3430 GET 1,JRECNO2: PRINT COMMENTS$;
3435 IF NMARKSET<>3 THEN GOTQ 3445
3440 IF NMARKSUB=1 THEN PRINT XNEW1,XNEW2, XNEw3 GOTO 3460 ELSE PRINT NEW1, NEW2,
NEW3:GOTC 3460 .
3445 IF NMARKSET<>2 THEN GOTO 3u55 :
3450 IF NMARKSUB=1 THEN PRINT XNEW1,XNEW2:GOTO 3460 ELSE PRINT NEW!,NEW2; GOTO
3460
3455 IF NMARKSUB=1 THEN PRINT XNEW1 ELSE PRINT NEW1
3460 GET 1,12
3465 PRINT: PRINT COMMENTS
3470 DUMMEL$=INKEY$: IF DUMMEL$="" THEN GOTO 3470
3475 SCREEN ,,1,1
3480 LOCATE NROW,NCOLUMN
3485 LOCATE NROW-1,NCOLUMN:PRINT "

": LOCATE NROW-1,NCOLUMN
3490 IF NMARKSET=1 THEN GOTO 3510 ‘
3495 LOCATE NROW-2,NCOLUMN:PRINT "
- " :LOCATE NROW-2, NCOLUMN
35007 IF NMARKSET=2 THEN GOTO 3510
3505 LOCATE NROW-3,NCOLUMN:PRINT "

": LOCATE NROW-3,NCOLUMN
3510 NROW=CSRLIN: NCOLUMN=POS(0)
3515 RETURN .
3520 '
3525 !



330

3530 ! , ' .
3535 ! .
3540 'checking Real2 numbers (in table) .
3545 NOK=0
3550 JFLAGR2=0
3555 IFLACR2=0
3560 JR2=1
3565 NR2:=LEN(NEWVALUES)
3570 WHILE JR2=<NR2
3575 DR2$=MID$(NEWVALUES$,JR2,1)
3580 IF DR2$=" " THEN GOTO 3605
3585 IF DR2$="." THEN IFLAGR2=IFLAGR2+1: GOTO 3605 i
3590 IF (ASC(DR2$)>47) AND (ASC(DR2$)<58) THEN JFLAGR2z=1: GOTO 3605
3595 NOK=0 .
3600 RETURN
3609 IF IFLAGR2>1 THEN NOK=O: RETURN
3610 JR2=JR2+1
3615 WEND
3620 IF JFLAGR2:0 THEN NOK Q ELSE NOK=z-1
3625 RETURN
3630 '
3635 !
3640 '
3645 !
3650 ' checking Integer2 numbers (in table)
3655 NOK=0
3660 IFLAGIZ2=0
3665 NI2=LEN(NEWVALUES$)
3670 JI2=1 .
3675 WHILE JI2<=NI2
3680 DIZ2$=MID$(NEWVALUES,JI2,1)
3685 IF DI2%=% " THEN GOTO 3700 i
3690 IF (ASC(DI2$)>47) AND (ASC(DI2%$)<58) THEN IFLAGI2=-1: GOTO 3700
3695 NOK=0: RETURN
3700 JI2=JI2+1
3705 WEND
3710 IF IFLAGI2=0 THEN NOK=0 ELSE NOK==1
3715 RETURN
3720
3725 !
3730 '
3735 1ll»I!{lllll!lIllilllllll.lll'liillllilll‘llllllllillllll!ll*lllll!llll!il
3740 '
3745." RESULTS DISPLAY SECTION
3750 ' initializing the values
3755 NRADIUS=NR
3760 NZLEN:=NZ
3765 FOR I=1 TO NRADIUS
3770 RR(I)=R(I)::NEXT
3775 FOR I=1 TO NZLEN :
3780 ZZ(I)=Z(I):NEXT .
3785 '
3790 !
3795 ' this 1s the pouch results displays
%300 CLS:SCREEN 1:COLOR 9,1: KEY OFF
05 LOCATE 2,1:GET 1,150:G0SUB 5240 :PRINT COMMTU0$;
3810 LOCATE 5,1:GET 1,151:GOSUB 52UO:PRINT’ COMMTH 0$ ;



w—y,

331

3815 LOCATE 7,1:GET 1,152:GOSUB 5240:PRINT COMMTU40$;
3820 LOCATE 9,1:GET 1,153:GOSUB 5240 :PRINT COMMT40%~
3825 LOCATE 11,1:GET 1,218:GOSUB 5240 :PRINT COMMTUOQ$;
3830 LOCATE 13,1:GET 1,219:GOSUB 5240 :PRINT COMMTHO$;
3835 LOCATE 15,1:GET 1,220:GOSUB 5240 :PRINT COMMT40$;
3840 LOCATE 17,1:GET 1,245:GOSUB 5240 :PRINT COMMT40%;
3845 LOCATE 19,1:GET 1,221:GOSUB 5240:PRINT COMMTU4O0$; -
3850 LOCATE 23,1:GET 1,154:GOSUB 5240:PRINT COMMTUYOS$; '
3855 GOSUB 5135
3860 IF(VAL(ANSWERI$)>=1) AND (VAL(ANSWERI$)<=z8) THEN ICHOICE=VAL(ANSWERI$):GOT
0 3870
3865 LOCATE 24,1:BEEP:GET 1,251:G0SUB 5240:PRINT COMMTU40$; :GOTO 3855
3870 IF ICHOICE=1 GOTO 4035 .
3875 1IF ICHOICE=2 GOTO 4150 }
3880 IF ICHOICE=3 GOTO 4210 ‘
3885 IF ICHOICE=4 GOTO 4390 ] : . .
3890 IF ICHOICE=5 GOTO 4275 N
3895 IF ICHOICE=6 GOTO 4330 ) }
3900 IF ICHOICE=T 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 COMMTU4O0$;:LOCATE 2,1:GET 1,231:G0SU
5235:PRINT COMMT40%;

3930 GET 1,232:G0SUB 5235:VAR$=COMMTU40$:VAR!=TINIT!:GOSUB 5045
3935 GET 1,233:G0SUB 5235:VAR$=COMMTUO0$ :-VAR! =TRETRT! :GOSUB 5045
3940 GET 1,234:G0SUB 5235:VAR$=COMMT 403 ;VAR!2TWATER! :GOSUB 5045
3945 GET 1,239:GOSUB 5235:VAR$=COMMTA0$:VAR!=TOTIME! :GOSUB 5045
3950 GET 1,240:G0SUB 5235:VAR$ =COMMTU40$:VAR!=COOLTI!:GOSUB 5045
3955 GET 1,241:G0SUB 5235:VAR$=COMMT404$:VAR! =NTIME:GOSUB 5045
3960 GET 1,262:GOSUB 5235:VAR$=COMMT40$:VAR!=RADIUS! :GOSUB 5045
3965 GET 1,244:GO0SUB 5235:VAR$=COMMTU4O0$:VAR! =HALFL! :GOSUB 5045
3970 GET 1,246:GOSUB 5235:VAR$=COMMTU40$:VAR!=NR:GOSUB 5045
3975 GET 1,264:GOSUB 5235:VAR$=COMMTY403$:VAR! =NZ:GOSUB 5045
3980 GET 1,266:G0SUB 5235:VAR$=COMMT40$:VAR!=ALPHA! :GOSUB 5045
3985 IF (NSUB=4) OR (NSUB=44) THEN GOTO 4005

' 3990 GET 1,248:G0OSUB 5235:VAR$=COMMT40$:VAR!=RHO! :GOSUB 5045

. 3995 GET 1,249:GOSUB 5235:VAR$=COMMTUO$: VAR =CP! :GOSUB 5045
4000 GET 1,265:GOSUB 5235:VAR$=COMMT40$:VAR! =H! :GOSUB 5045
4005 GET 1,161:LOCATE 23,1:GOSUB 5235:PRINT COMMTU0S$; ,
4010 GET 1,162:LOCATE 24,1:GOSUB 5235:PRINT COMMT40$;:LOCATE 24,13:PRINT CHR$(2
4,
4015 GOSUB 5255
4020 GOTO 3795
4025
4030 '
4035 ' graphic display section
4040 CLS:LOCATE 2,1:GET 1,155:GOSUB 5240 :PRINT COMMTU40S$;
J0o45 JRECNO=155
4050 !
4055 ' displaying the r, z length increments
4060 GOSUB 5075 ‘
4065 ' inputing graphic parameter
4070 !
4075 GOSUB 5285
4080 !




4085 ' going to temp-time graph

4090 IRECN02=197:IRECN0O3=196:IRECNO1=215
4095 XXMIN=0:XXMAX=TOTIME ’

4100 YYHVAL=150:YYLVAL=0

4105 N=NTIME

4110 DXX=(XXMAX/(N=TY)

4115 §9R I=1 TO N

4120 XX(I)=(I-1)%*DXX:NEXT

4125 FOR I=1 TO N .

4130 YY(I)=TEMP(ZPOSITION,RPOSITION,I) :NEXT"
4135 GOSUB 5335

4140 !

41ys

4150 ' lethality vs time graph

4155 XXMIN=0:XXMAX=TOTIME :N=NTIME

4160 YYHVAL=1:YYLVAL=0 |
4165 FOR I=1 TO N

4170 YY(I)=XLETH(I)sNEXT

4175 IRECNO1=215:IRECN02=212:IRECN03=211
4180 DXX=(XXMAX/(N=1))

4185 FOR I=1 TO N

4190 XX(I)=(I-1)®DXX:NEXT Vs
4195 GOSUB 5335

4200 !

4205 !

4210 ' nutrient fraction vs time 1nitialization section graph
4215 XXMIN=0:XXMAX=TOTIME:N=NTIME

4220 YYHVAL=1:YYLVAL=0

4225 FOR I=1 TO N

4230 YY(I)=FRANUT(I):NEXT

4235 IRECNO1=215:IRECNQ2=216:IRECNO3=217

4240 DXX=(XXMAX/(N-1))

4245 FOR I=1 TO N

4250 XX(I)=(I-1)¥*DXX:NEXT

4255 GOSUB 5335

4260 !

4265 !

4270 ' setting the lethality vs time table

4275 CLS:N=NTIME

4280 DXX=(TOTIME/(NTIME-1))

4285 FOR I=1 TO NTIME

4290 XX(I)=(I-1)%*DXX

4295 NEXT )

4300 FOR I=1 TO N ) -,

4305 YY(I)=XLETH(I):NEXT

4310 IRECNO4=222:IRECN0OS=225

4315 GOTO 4810

4320 !

4325 !

4330 ' setting the nutrient fraction vs time table
4335 CLS:N=NTIME

4340 DXX=(TOTIME/(NTIME-1))

4345 FOR I=1 TO NTIME *
4350 XX(I)=(I-1)%*DXX

4355 NEXT

4360 FOR I=1 TO N .
4365 YY(I)=FRANUT(I):NEXT

& .

~
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4370 IRECNO4=223:IRECNO5=224
4375 GOTO 4810
4380
4385
4390 ' printing options table menu
4395 CLS:SCREEN 1
4400 LOCATE 2,1:GET 1,163:GOSUB 5240:PRINT COMMT40$;
4405 LOCATE 4,1:GET 1,164:GOSUB 5240:PRINT COMMTH0$;
4410 LOCATE 7,1:GET 1,165:GOSUB 5240:PRINT COMMT40$;
4415 LOCATE 9,71:GET 1,166:GOSUB S240:PRINT COMMTH40$;
4420 LOCATE 23,1:GET 1,214:GOSUB S240:PRINT COMMT40$;
yu25 GOSUB 5135 :
4430 IF (VAL(ANSWERI$)>=1) AND (VAL (ANSWERI$)<=2) THEN ICHOICEZ2=VAL(ANSWERI$) :G
OTO 4440 .
4435 LOCATE 24,1:BEEP:GET 1,260:GOSUB 5240 :PRINT COMMTH40$; :GOTO 4425
4440 IF ICHOICE2=1 THEN IITIME=1:NSTART1=1:NSTART2=z1:NEND1=NRADIUS:NEND2=NZLEN:
GOTO 4555
4y45 IF ICHOICE2=2 THEN JRECN0=229:CLS: GOSUB 5075: LOCATE 2,1:GET 1,163 :G0SUB 52
40;PRINT COMMTuU40$; :GOTO 4460
4450 '
4y55 ¢
4460 ' asking value to start and where to end printing
4465 N1=NRADIUS:N2=NZLEN:GET 1,205:GOSUB S240:VAR1$=COMMT40$:GET 1,2073GOSUB 52
40:VAR2$=COMMT40$ :GET 1,206:GOSUB 5240:VAR3$=COMMTU0$ :GET 1,208:GOSUB 5240:VARY’
$=COMMT4 0%
4470 ' getting the start,and end dimensions for the print
Ly75 LOCATE 23,1:PRINT VAR1$ :GOSUB 5135
4480 NSTART1=VAL(ANSWERI$):IF NSTART1>N1 THEN LOCATE 24,1: BEEP GET 1,255:G03SUB
5240 :PRINT COMMTUO$; :GOTO 4475
4485 NROW=24:GOSUB 5220
4490 LOCATE 23,1:PRINT VAR2%$;:GOSUB 5135
4495 NEND1=VAL(ANSWERI$):IF NSTART1>NEND1 THEN LOCATE 24,1:BEEP:GET 1 256:G0SUB
5240 : PRINT COMMT40$;:GOTO 4490
4500 IF NEND1>N1 THEN LOCATE 24,1:BEEP:GET 1,255:GOSUB 5240:PRINT COMMTU40Q$;:GOT
0 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:G0SUB
5240 :PRINT COMMT40%$;:GOTO 4510
4520 NROW=24:GOSUB 5220
4525 LOCATE 23,1:PRINT VAR4$;:GOSUB 5135
4530 NEND2=VAL(ANSWERI$):IF NEND2>N2 THEN LOCATE 24,1;: BEEP GET 1,255:GOSUB 5240
¢PRINT COMMTU0$;:GOTO 4525
4535 IF (NENDZ(NSTARTZ) THEN LOCATE 24,1:BEEP:GET 1,256:GOSUB 5240:PRINT COMMTY
0%$; :GOTO 4525
4540 NROW=24:GOSUB 5220
4545
4550 ' printing the numbers in the table
4555 CLS:ISTART1=NSTART1:ISTART2=NSTART2
4560 LOCATE 2,1:GET 1,182:GOSUB 52U40:PRINT COMMT40$;
4565 LOCATE 4,1:GET 1,209:GOSUB 5240:PRINT COMMTHO0$;
4570 INC=5
4575 DTIME=TOTIME/(NTIME-1)
4580 FOR ITIME=1 TO NTIME
4585 TIME(ITIME)=(ITIME-1)*DTIME:NEXT ITIME
- 4590 FOR ITIME=1 TO NTIME
4595 FOR I=NSTART1 TO NEND1
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4600 FOR J=NSTART2 TO NEND2

4605 INCzINC+1 . \

4610 LOCATE INC,1:TTIME$=STR$(TIME(ITIME)) :TTIME$=LEFT$(TTIMES,6) :TIME(ITIME)=V
AL(TTIMES$) :PRINT TIME(ITIME);

4615 LOCATE INC,9:print using "#.###4";rr(i) 'RR$=STR$(RR(I)) :RR$=LEFT$(RRS,6)
$RRCI) =VAL(RR$):FRINT RR(I);

4620 LOCATE INC,19:print using "#.####";22(j) YZZ$=STR$(Z1(J)):21$=LEFT$(Z7%,6
Y:ZZ(J)=VAL(ZZ$):PRINT 22(J);

4625 LOCATE INC,30:TEMP$=STR$(TEMP(J,I,ITIME)) :TEMP$=-LEFT${TEMP$,8) :TEMP(J,I,IT
IME)=VAL(TEMP$) :PRINT TEMP(J,I,ITIME);

4630 IF INC>=19 THEN 4635 ELSE 4735

4635 INC=5

4640 LOCATE 21,1:GET 1,186 :GOSUB 5240:PRINT COMMT40$;

4645 IF (I>=NEND1) AND(J>=NEND2)AND(ITIME>=NTIME) THEN 4655 ELSE 4650

4650 LOCATE 22,1:GET 1,187 :GOSUB 5240:PRINT COMMT40$%; y

4655 LOCATE 23,1:GET 1,188:GOSUB S240:PRINT COMMTUO0$;

4660 '

4665 ' error checking subroutine for X/Y/P + printing table to printer

4670 ANSWERY$=INPUT$(1)

4675 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:GOTO 4700

4680 IF(I>=NEND1)AND(J>=NENL AND( ITIME>=NTIME) THEN 4685 ELSE 4690

4685 IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=-1:GOTO 4700

4690 IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=1:GOTO 4700

4695 IF(ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=-1:GOTO 4700
4700 !

4705 IF IFLAG=2 THEN CLS:GOTO 4750

4710 IF IFLAG=0 THEN 3795

4715 IF IFLAG=1 THEN FOR II=5 TO 24:NROW=II:GOSUB 5220:HNEXT

4720 IF IFLAG=-1 THEN BEEP:IF(I>=NEND1)AND(J>=NEND2) AND(ITIME>=NTIME) THEN 473Q
ELSE LOCATE 24,1:GET 1,257 :GOSUB 5240:PRINT COMMTA40$; :GOTO 4670

4725 IF (ITIME>=NTIME)AND(I>=NEND1)AND(J>=NEND2) THEN 4730 ELSE GOTO 4735

4730 NROW=22:GOSUB S220:LOCATE 24,1 :GET 1,258:GOSUB 5240 :BEEP:PRINT COMMTU0S$; :G
0TO 4670 )

4735 NEXT J:NEXT I:NEXT ITIME

4740 GOTO 4640

448 *

4750 OPEN "1lpti:"™ AS #10

4755 WIDTH #10,100 .

4760 CLS: LOCATE 12,1: GET 1,198: GOSUB 5240: PRINT COMMT40$

4765 GET 1,227 :GOSUB 5240:PRINT #10,COMMTUO$:PRINT #10,:PRINT #10,

4770 GET 1,190 :PRINT #10,COMMENTS$; : PRINT #10,:PRINT #10,

4775 FOR IITIME=z1,TO NTIME

4780 FOR I=ISTART1 TO NENDI1 -

4785 FOR J=ISTART2 TO NEND2 v

4790 PRINT #10,USING" #4834 . #4804 "eTIME( IITIME);RR(I);2Z(J); TEMP(J,I,IITIME)
4795 NEXT J:NEXT I:NEXT IITIME

4800 CLOSE #10:GOTO 3795

4805 *

4810 ' table for lethality and nutrient fraction

4815 CLS

4820 LOCATE 2,1:GET 1,182:GOSUB 5240 :PRINT COMMT40$;

4825 LOCATE 4,1:GET 1,IRECNOU:GOSUB 5240:P RINT COMMTU4OS$;

4830 INC=5:NVAR=1

4835 FOR I=NVAR TO N

4840 INC=INC+1

4845 LLOCATE INC,5:PRINT XX(I) :LOCATE INC,24:PRINT USING "#.###""""1;YY(I);



4850
4855
4860
4865
4870
4875

Lggo !

4885
4890
4895
4900
4905
4910
4915
4920
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IF INC>=19 THEN 4860

NEXT

LOCATE 21,1:GET 1,186:GOSUB 5240 :PRINT COMMTHLOS;
M (I>=N) THEN 4875 ELSE 4870

LOCATE 22, 1:GET 1,187:GOSUB 52U40:PRINT COMMTU0$;
LOCATE 23,1:GET 1,188:GOSUB 52L40:PRINT COMMT40$;

' error checking subroutine for X/Y/P + printing table to printer
ANSWERY$=INPUTS$(1)

IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:GOTO #4920

IF(I>=N) THEN 4905 ELSE 4910

IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=-1:GOTO 4920
IF(ANSWERY$="Y") OR (ANSWERY$="y") THEN IFLAG=1:GOTO 4920

IF(ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=-1:GOTO 4920

IF IFLAG=-1 THEN BEEP:LOCATE 24,1:IF I>N THEN GOTO 4940:ELSE GET 1,257:GOS

UB 5240:PRINT COMMT40$;:GOTO 4890

4925
4930
4935

IF IFLAG=2 THEN CLS:GOTO 4955
IF IFLAG=0.THEN 3795
IF IFLAG=1 THEN FOR II=S 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:G0SUB 5240:BEEP:PRINT COMMT4Q$%; :G

OTO 4890

4945

4950

4955
4960
4965
4970
4975
4980
4985
4990
4995
5000
5005
5010

5015 '

5020
5025
5030

]
'

' printing a table for lethality and nutrient fraction results
OPEN "lpti:" AS #10

WIDTH #10,100

CLS: LOCATE 12,1: GET 1,198: GOSUB 5240: PRINT COMMT40$

GET 1,227:GOSUB 5240 :PRINT #10,COMMT40$:PRINT #10,:PRINT #10,
GET 1,IRECNOS:PRINT #10 COMMENTs;:PRINT #10,:PRINT #10,

FOR 1=t TO N

PRINT #10,USING "MBG 4488040 #4H 48" 3 XX( 1)

PRINT #10," ",

PRINT #10,USING "#i# . #pst”" """ YY(I)

NEXT I e
CLOSE 10:GQOTQ 3795 .

~
‘

' exit of this subprogram
CLS: SCREEN 2: SCREEN 0: COLOR T7,1,1 : GOTO 2635

5035 '

5040
5045
e

5050
5055
5060
5065
5070
5075
5080
5085
5090
5095
5100
5105

'
'subroutine that print parameter and comment in the process parameter tabl

LOCATE NROW,1:PRINT VAR$:LOCATE NROW,32:PRINT VAR!
NROW=NROW+ 1 .
RETURN : )

1
1

' printing value subroutine

LOGATE 9,1:GET 1,192:GOSUB 5240 :PRINT COMMT40$;
LOCATE 2,1:GET 1,JRECNO:GOSUB 5240:PRINT COMMT40$;
LOCATE 6,1:GET 1,168:G0O3SUB 5240:PRINT COMMTA40$;
NROW=11:NCOLUM=5S

FOR I=1 TO NRADIUS '
LOCATE NROW,NCOLUM:PRINT I;"™)";:print using "#.###""""";RR(I) ; :NROW=NROW+1

¢ NEXT
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5110 NROW=11:NCOLUM=23

5115 FOR I=1 TO NZLEN

5120 LOCATE NROW,NCOLUM:PRINT I;")";:print using "#.###~°""";22(I)

5125 NROW=NROW+1:NEXT

5130 RETURN '

5135 '

5140 '

5145 ' error checking subroutine for integers

5150 ANSWERI$=INPUTS$(1).

5155 IF ASC(ANSWERI$)>=49 AND ASC(ANSWERI$)<=58 THEN RETURN )

5160 LOCATE 24,1:BEEP:GET 1,250:G0SUB 52uU0:PRINT COMMT4O0$;:GQTO 5150

5165 RETURN

5170 !

5175 !

5180 ' error checking subroutine for r/z

5185 ANSWERY$=INPUT$(1)

5190 IF (ANSWERY$=mR") OR (ANSWERY$="r") OR (ANSWERY$="z") OR (ANSWERY$="Z") TH
EN RETURN )
5195 LOCATE 24,1:GET 1,259:GOSUB 5240:BEEP:PRINT COMMTL40$;: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 COMMTU0$=LEFT$(COMMENT$, 39) : RETURN

5245 ! : )

5250 !

5255 'error checking subroutine for X :

5260 ANSWERY$z=INPUT$(1)

5265 IF (ANSWERY$="X") OR (ANSWERY$="x") THEN RETURN

5270 LOCATE 24,1:GET 1,254:GOSUB 5240:BEEP:PRINT COMMT40$; :GOTO 5260
5275 '

5280 '

5285 ' i1nputing graphics parameters

5290 LOGATE 23,1:GET 1,194:GOSUB 5240 :PRINT COMMTL0%;

5295 N=NRADIUS:GOSUB 5145:RPOSITION=VAL(ANSWERIS$)

5300 IF RPOSITION>N THEN BEEP LOCATE 24,1:GET 1,253:GOSUB 52U40: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 COMMT4O$;:

L)

- GOTO 5315

5325 RETURN

5330 '

5335 !

5340 ' plotting graph

5345 ' draws titles

. 5350 CLS:LOCATE 1,1

5355 GET 1 IRECNO3 GOSUB 5240 :PRINT COMMT40S$;
5360 LOCATE 2,1:GET 1,IRECNO2:GOSUB S240:PRINT COMMTHO$;:LOCATE 21,1
53?5 9ET 1,IRECNO1:GOSUB 5240:PRINT COMMT4Q$,
5370

5375 ' print x-axis number

/
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5380 LINESET=0' 3
5385 DXX=(XXMAX/(11-1)) -
5390 NXXPIX=-(250/(11=1)) ’

5395 FOR I=1 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

5420 IF LINESET=1 THEN NROW=19:LINE(33+NXXPIX,140)~(33+NXXPIX, 145),2:NCOLUM=INT
(3+(NXXPIX/7.96)) ELSE NROW=20:LINE(33+NXXPIX,140)-(33+NXXPIX,155),1:NCOLUM=INT
(4+ (NXXPIX/7.96))

5425 IF I=1 THEN LOCATE 19,3:PRINT XX(1)
5430 LOCATE NEOW,NCOLUM:PRINT XX

5435 NEXT

5440 ' )

5445 ' printing y-axis numbers

5450 TEMPMAX=YY(1)

5455 TEMPMIN=YY(1)

5460 FOR I=2 TO N o

5465 IF YY(I)<TEMPMIN THEN TEMPMIN-YY(I)

5470 IF YY(I)>TEMPMAX THEN TEMPMAX=YY(I)

5475 NEXT » .

5580 YYMAX=TEMPMAX :

5485 YYMIN=TEMPMIN

5490 IF (YYMAX>YYHVAL) THEN 5495 ELSE YYMAX=YYHVAL

5495 IF (YYMINKYYLVAL) THEN 5500 ELSE YYMIN=YYLVAL

5500 NYYSET=6 .

5505 YYSPACE=(YYMAX-YYMIN)/(NYYSET-1)

5510 YYMIN2=YYMIN

5515 NYYPIX=-(124/ ( NYYSET-1))

5520 FOR I=1 TO NYYSET

5525 NYYPIX=NYYPIX+(124/(NYYSET-1))

5530 NROW=INT(18-(NYYPIX/7.96)) \

5535 IYYMIN$=STR$ (YYMIN2)

5540 NCHAR=LEN(IYYMINS)

5545 IF ASC(MID$(IYYMIN$,1,1))=32 THEN IYYMIN$ MID$(IYYMIN$ 2,NCHAR=-1) :TYYMIN=V
AL(IYYMINS)

5550 IF NCHAR>4 THEN IYYMINS$=MID$ ( IYYMINS ,1,4) :IYYMIN=VAL(IYYMINS)

5555 LOCATE NROW,1

5560 PRINT IYYMIN$

5565 YYMIN2=YYMIN2+YYSPACE

5570 LINE(26, 140-NYYPIX)-(32,140-NYYPIX),1

5575 NEXT ~

5580 !

5585 ' draw axis lines _

5590 LINE(33,140)-(283,140) 1 '

5595 LINE(33,140)~(33,16),1

5600

5605 !

5610 ' drawing the curve

5615 FOR I=1 TO N

5620 XX(I)=33+{((XX(I)/XXMAX)®*250)

5625 YY(I)= MO—(((YY(I) YYMIN)/(YYHAX-YYMIN))’1214)

5630 MEXT 5

5635 FOR 1=2 TO N
5640 LINE (XX(I-1),YY(I-1))=(XX(I),YY(I)),3:NEXT

5645 FOR I=1 TO N

£
I



5650
5655

5660

5665
5670
5675
5680
5685
5690
B);

5695
5700
5705
5710
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LINE(XX(I)=2,YY(I)=2)=(XX(I)+2,YY(I)+2),2
LINE(XX(I)+2,YY(I)=2)=(XX(I)=2,YY(I)+2),2

NEXT ‘

COOLXX=33+ ( (COOLT I<XXMIN)/ ( XXMAX-XXMIN) ) #250

YYLINE=140!

FOR I=1 TO 13 .
LINE(COOLXX,YYLINE)=(COOLXX, YYLINE-5),1:YYLINE=YYLINE-10:NEXT

GET 1,161:LOCATE 22,1:GOSUB 5240:PRINT COMMT40$;

GET 1,162 :LOCATE 23,1:GOSUB 5240:PRINT COMMT40$;:LOCATE 23,13:PRINT CHR$(2

GOSUB 5260 ,
GOTO 3795
. 379 &\
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5

6

7

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
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ALPHAD
%% % % MENU®S * % % # '
1 Do process calculations for a can
2 Exit to MAIN selection menu (with can/pouch choices)
Seléct an 1item:' from the menu (enter 1 or 2 and RETURN)
You did not enter either 1 or 2
Cooling Water Temperature (deg C)

Enter 1 to let h=zinfinite, 2 to specify h

The number must be 1 or 2

Number :

Initial Food Temperature (deg C)

Retort Temperature (deg C)

PRESS ANY KEY TO CONTINUE )
The Initial and Cooling Water Temp must be <= Retort Temp
Initial Temp: Retort Temp: Watér Temp:

Total Processing Time (heat + cool) (<10000 sec) |
Time at Which Cooling Starts (sec)

Total Time and Cooling Time must be>0, Total>=Cooling, & Total<=10000
Total Time: Cooling Time:

Number of Time Increments (>=2, <=21)

You did not enter a number between 2 and 21

Number of Time Values: y

Thermal Diffusivity (m®*¥2/sec)

The Thermal Diffusivity must be > 0

You entered the following value(s):

Food Density (kg/m##3)

The Food Density must be > O

Food Density:

Specific Heat of Food (kJ/kg-deg C)

The Specific Heat must be > O .



3

'/‘_‘:.“;

30
31
32
3
34
35
36
37
38
39
40
41
42
43
43

46
4
ug
49
50
51
52
53
54
55
56
57

5‘

s 340

Specific Heat:

Can Radius (m)

Can Half-Length (m)

Thermal Diffusivity must be between 1.0e-07 and 9.99e-07

The Can Radius and Half‘—length must be > 0 ’ L
Radius: Half-Length: »
The Number of Radial Values (2<=nr<=z10)

The Number of Axial Values (2<=nz<=10)

The Number of Radial and Axial values must both be between 2 and 10
NR: NZ:
Canvective Heat Transfer Coeff (W}rr;**?_‘—deg c)
The surface convective heat transfer coefficient must be > 0
H:
Thermal Diffusivity:
What is the F-value for the contaminant at Tref=121 deg C) - in minutes?
The F~!:_alue cannot equal O i '
A F-value greater than 20 minudtes is unusual
Do you want to reenter the value (Y or N and RETURN)?
What is the z-value for the contaminant (at Tref=121 deg C) -~ 1in deg C?
The z-value cannot equal O

|
A z=value greater than 30 deg C is unusual
What is the F-value for the nutrient (at Tref=121 deg C) - in minutes?
A F-value greater than 100 minutes is unusual
What is the z-value for the nutrient (at Tref=121 deg C) - in deg C?

ARGUMENT LISTING FOR SUBROUTINE

Enter the new value and press RETURN

Press RETURN alone 1if you want to keep the old value



58
59
60
61
62

.

ARGUMENT

A z-value greater than Sb deg C is unusual

Do you want to redo the CAN calculations (Y or N and RETURN)?

63

64
65
66
67
o8
69
70

°

7.
12
73.

- T4
15
76
7

78

79
80
81
B2

83
84
85
86

e

OLD

|
34

NEW



87
88
89

90 -

91
92

93

94
95
96
97"
98

99 -

100

101

. 102

103

104

105

106
107
108

109

110

i1

112

113

114

~t

342



115
116
117

118

119

120

121

122

123,

.124
125
126
127
128
129
130
N

132
133

134

¥35
136
137
138
139
140
14
142

143

il



144
145
146
7
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
‘ 163
164
165
166
167
168
169
170

171

RESULTS DISPLAY MENU
1) Temp-Time Graph
2) Lethality-Time Graph
3} Nutrient Fraction-Time Graph
Enter 1, 2, ... 8
GRAPHIC DISPLAY MENU
X(m) . Y(m) Z{m}
At which X do you want Temp-Time Graph
At wéich Y do you want Temp~Time Graph
At which Z do you want Temp-Time Graph
Select the I position 1, 2or ...)
Press "X" %t exit to results menu or
Press -PrtSc to print graph
' PRIN?ING MENU
Choose the printing options dlm;nsion
1y Prant all the data \

&

2) Print specific data

Here 1s a 1ist of varaious -values

X(m) Y (m) Z(m)
Y(m) X(m) Z(m)
Z(m) Y(m) x(m)

= 344



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

X
Y
z
Which X are you starting at(1,2 or ...)
Whichk Y are you starting'at(1,2 or ...)
Which 2 are you starting at(71,2 or ...)
Which X do you want to stop(1,2 or ...)
Which Y_do you want to stop(1,2 or ...)
Which Z do you want éo stop(1,2 or ...)

ENTER X", "Y"\OR nZv

, RESULTS

TIME(s) X(m) Y(m) Z(m) TEMP(degC)
185
Z(m) Y(m) X(m) Temp(deg C)
Press "X" to exit to results menu
Press "Y" to continue

Press "P" to print specified data

TIME(sec) X{(m) Y(m)
TIME (s3) RADIUS(m) Z-VALUES (m)
Radi1(m) Z-values(m)

Select the ;xis to be-plotted: R or Z
Select the R position (1, 2, or ...)
Select the Z position (1, 2, or ...}

TEMPERATURE(deg C)

TEMP VS TIME

*® 2P LEASE WAITH®s»
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Z(m) TEMP(deg C)

TEMPERATURE(deg C)



202
203
204
205
?06
207
208
209
210
211

212

213

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

1) R, Z

2y Z, R
Z-value Radius
Which R are you starting at(1,2, or..:)
Hh;ch Z are you starting at(1,2, or...)
Which R do you want to stop(1,2, or...)
Hhich Z do you want to stop(1,2, or..,)
TIME(s) R(m) ‘Z(m) TEMP(deg C)
z RADIUS TEMPERATURE
LETHALITY
LETHALITY vs TIME
ENTER 1, 2 OR 3
ENTER 1 OR 2
TIME (sec)
NUTRIENT FRACTION vs TIME
FRACTION -
4) Temp-Time Table
5) Lethality-Time Table
6) Nutrient Fraction-Time Table
8) Exit
TIME (sec) LETHALITY
TIME (sec) NUTRIENT FRACTION
TIME (sec)
TIME (sec)

7)Y Process Parameter Table

RESULTS

NUTRIENT FRACTION
\

LETHALITY

\

RESULTS ¢

I

~



229

230

231
232
233
234
235
236

- 237
238

239
240

241

22

243

244
25
246
247
248

249

250

251
252
253
254
255

256

Process Parameter Table

Initial Temperature(deg C)
Retort Temperature(deg C)
Water Temperature(deg C)
Fh-1/Slope of Heating Curve(sec)
Fé-1/Slope of Heating Curve(sec)
Heating Curve Lag Factor
Cooling Curve Lag Factor
Total Processing Time(sec)
Time When Cooling Starts(sec)
Number of Timg Increments
Half X-Length(m)
Half Y-Length(m)
Half Z-Length(m)

7) Process Parameter Table
Number of R-values
Nymber of Y-values
Food Density(kg/m5'3)
Food Specific Heat(kJ/kg—deg()
You did Aot enter an integer, try again
You did not enter 1,2,...,8 atry again
You did not enter X, Y or Z -try again

The value was too big - try again
You did riot enter nyn
Value 18 too big, try again

End value can not be < then start value

2571You did not enter X, Y or P
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259

260

261

262

) " 263
264

265

266

267

"There is no more data,enter P or X

You did not enter R or Z - try again
You did not enter 1 or 2 - try again
You did not enter 1, 2 or 3 -~ try again

Can Radius (m)

Number of Z-values
H(W/m#%2.degC)
Thermal Diffusivity(m®#2/sec)

You did not enter X or P
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= APPENDIX 3.7

Program Listing of MAINE

w
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10
20

30

4o

50

60

70

80

90

100
110
120
130
1o
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
u20
430
Bu0
450
460
470
480
490
500
510
520
530
540

550
560

570

BRRRBNRARE M A I N E SUNESEENRR ;

- - - -

'Initialization and Dimensioning
DIM TEMP(51),TIME(51),TAVG(50)
DIM TEMPOBJ(11),TIMCOOL({11)" '
DIM FXNUT(4),ZNUT(4),WTFACT(4)
DIM FRANUT(4,11), OBJFN(11), FRAQPT(4)
DIM XX(11),YY(11), XCURVE(21),YCURVE(21)
'curve=-fitting .
DIM ZCCF(4),ACCF(4,4),C1CCF(4),YCCF(35),UCCF(35,4)

DIM WCCF(4,1),BCCF(4,4), I2CCF%(4,3), XCCF(35), YI1CCF(35),

DIM Y2CCF(35), R3CCF(35), E2CCF(4)
DIM XXCURVE(401),YYCURVE(401)
1

1
1

'Setting up the text screen

KEY OFF

SCREEN 0,0,0,0

WIDTH 80

COLOR 7,1,1

CLS

, -

1

tInitializing the temp range TEMPORBJ
TEMPOBJ(1)=110!: FOR IME=2 TO N
TEMPOBJ( IME)=TEMPOBJ(IME-1) + 2!: NEXT IME
?

' opening and readying the associated files
QPEN "c:alphae™ AS 1

FIELD 1,80 AS COMMENT$

|

OPEN "b:commc" AS 2
FIELD 2,80 AS COMMC$
L]

' getting the pointer to current record number of commc
GET 2,1: NRECCOUNT=VAL{ COMMC$)
BLANK$=" ": LSET COMMC$=BLANK$: PUT 2,NRECCOUNT+1

! Al

' 1)

' Checking if control has come from MAIN or from SUBs
-OPEN "b:store2" FOR INPUT AS 3

INPUT#3,NOPCODE

CLOSE 3

t

' Not coming from MAIN:

IF NOPCODE=0 THEN GOTO 570

IF NOPCODE=1 THEN GOTCO 2390

IF NOPCODE=2 THEN GOTO 3180

IF NOPCODE=3 OR NOPCODE=4 THEN GOTO 6540
1

¥

' Coming from MAIN:
§
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580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
T30
T40
750
760
770
780
790
800
810
820
83d
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140

OPEN "b:comma™ FOR INPUT AS 4 . , . . e

! #% read info from comma##

' s
CLOSE 4 {
A\
1

"1f want to g0 to BALLST

'getting the arguments used for the SUB:
N1STTHRU=0

1]

'determining MODEL wanted

IF MODEL=0 THEN NOLD=1 ELSE NOLD = MODEL
JRECNO=40: NMARKSUB=0: GOSUB 8280
NEW1=VAL({NEWVALUES$)

IF (NEW1>=1) AND (NEW1<=3) THEN GOTO 760
JRECNO=41: JRECNQ2=42: NMARKSET=1: GOSUB 8620
GOTO 700

MODEL=NEW1

]

'determining temperatures

IF TINIT=0! THEN OLD=45! ELSE OLD=TINIT
JRECNO=8 : NMARKSUB=1: GOSUB 8280 \
XNEW1=VAL(NEWVALUES) .

IF TWATER=0! THEN OLD=60! ELSE OLD=TWATER

JRECNO=9 :NMARKSUB=1: GOSUB 8280

XNEW2=VAL( NEWVALUE$) i
IF (XNEW1>0!) AND (XNEW2>0Y) AND (XNEW2<=90!) THEN GOTO 880
JRECNO=10: JRECNO2=11: NMARKSET=2: GOSUB 8620

GOTO 790

TINIT=XNEW1: TWATER=XNEW2

t

tdetermining time values

IF TOTIME=0! THEN OLD=4500 ELSE OLD=TOTIME

JRECNO=13: NMARKSUB=1: GQOSUB 8280
XNEW1=VAL(NEWVALUES$) .

IF (XNEW1=>1800!) AND (XNEW1<=9000!) THEN GOTO 970
JRECNO=14: JRECNO2=15: NMARKSET=1: GOSUB 8620

GOTO 910 ’

TOTIME=XNEW1

]

»

'determining number of time values

NBA=51

t

‘determining (1/slopes) of heating and cooling curves
IF FH=0! THEN OLD=1000! ELSE OLD=FH
JRECNO=16: NMARKSUB=1: GOSUB 8280
XNEW1=VAL(NEWVALUES)

IF FC=0! THEN OLD=1000! ELSE OLD=FC
JRECNO=17: NMARKSUB=1: GOSUB 8280

XNEW2=VAL (NEWVALUES)

IF (XNEW1>700) AND (XNEW2>700) THEN GOTO 1120
JRECNO=18: JRECNO2=19: NMARKSET=2: GOSUB 8620
GOTO 1030

fH:XNEw1: FC=XNEW2

‘determining lag factor of heating curve

351
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1150 IF JH!=0! THEN OLD=1.5 EL%E OLD=JH!

. 1160 IF MODEL=1 THEN JRECNO=20 ELSE JRECNO=21 ////

1170 NMARKSUB=1: GOSUB 8280

1180.XNEW1:VAL(NEWVALUE$)

1190 IF (XNEW1>0) THEN GOTO 1230

1200 IF (MODEL<> 1) AND (XNEW1=0) THEN GOTOC 1210 ELSE GOTO 1230
1210 JRECNO=z22: JRECNO2=z23: NMARKSET=1: GOSUB 8620

1220 GOTO 1150

1230 IF MODEL=1 THEN JH!=XNEW1: GOTO 1280

1240 IF ABS(XNEW1-1.866)>.01 THEN JH!=XNEW1: GOTO 1280

1250 JRECNQ=25: JRECNO02=23: NMARKSET=1: GOSUB 8620

1260 GOTO 1150

1270 ' A

1280 'deterhnining lag factor of cooling curve

1290 IF MODEL<>3 THEN GOTO 1400

1300 IF JC!=0! THEN OLD=z2! ELSE OLD=JC! .

1310 JRECNO=26: NMARKSUB=1: GOSUB 8280 | - \
1320 XNEW1=VAL(NEWVALUES$) i
1330 IF XNEW1>0 THEN GOTO 1360

1340 JRECNO=27: JRECN0O2=28: GOSUB 8620

1350 GOTO 1300 )

1360 IF ABS(XNEW1-1.866)>.01 THEN JC!=XNEW1: GOTO 1400

1370 JRECNO=29: JRECNO2=28: NMARKSET=1: GOSUB 8620

1380 GOTO 1290°
1390 ' .
1400 'getting the target process lethality (userleth) from the user
1410 IF USERLETH=0! THEN OLD=1.1 ELSE OLD=USERLETH '
1420 JRECNO=30: NMARKSUB=1: GOSUB 8280

1430 XNEW1=VAL(NEWVALUES$)

1440 IF (XNEW1>=1!) AND (XNEW1<=2.5) THEN GOTO 1470
1450 JRECNO=31: JRECNO2=-32: NMARKSET=1: GOSUB 8620
1460 GOTO 1410

1470 USERLETH=XNEW?

1480 '

1490 !

1500 'Getting the FLETH value

1510 CLS: JRECNO=33: GOSUB 7700

1620 IF JOK<>=1 THEN GOTO 1510 ELSE FLETH=VAL(ANSR$)
1530 IF (FLETH>Q!) AND (FLETH<=20!) GOTOQ 1640

1540 IF FLETH>20! THEN GOTO 1580

1550 GET 1,34: PRINT COMMENTS . ,

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 GET 1,24: PRINT COMMENT$;FLETH ‘ R
1600 JRECND=36: GOSUB 7460

1610 IF JOK<>-1 GOTO 1580 ’ ' .-
1620 IF (DY$="n")> OR (DY$="N") GOTO 1640 ELSE GOTO 1510
1630 ' :

1640 'Getting the ZLETH value

1650 CLS: JRECNO=3T7: GOSUB 7700 ,
1660 IF JOK<>~1 THEN GOTO 1650 ELSE ZLETH=VAL(ANSR$) ‘

1670 IF.(ZLETH>O!) AND (ZLETH<=30!) GOTO 1780 )

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 GOTO 1650

¢

3

¢
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1720
1730
1740
1750
1760
1770
1780
-1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
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CLS: GET 1,39: PRINT COMMENT$

GET 1,2U: PRINT COMMENT$;ZLETH \
JRECNO=36: GOSUB T460

IF JOK<>=1 GOTO 1720 .

IF (DY$="n") OR (DY$="N") GOTO 1780 ELSE GOTO 1650

1

NOPCODE=1
'

'getting the FXNUT value for each nutrient

KME=1: KREC=46: GOSUB 9550

KME=2: KREC=47: GOSUB 9550 - \
KME=3: KREC=48: GOSUB 9550

KME=4: KREC=z49: GOSUB 9550

1

'getting the ZNUT value for each nutrient ° .-
KME=1: MREC=51: GOSUB 9720 ' X N
KME=2: MREC=52: GOSUB 9720 )

1890 KME=3: MREC=53: GOSUB 9720
1900 KME=4: MREC=54: GOSUB 9720
1910 ' )
1920 'getting the weighting factor WTIFACT for each nutrient
1930 KME=1: NREC=61: GOSUB 9890 . : .
1940 KME=2: NREC=62: GOSUB 9890 ,
1950 KME=3: NREC=63: GOSUB 9890
1960 KME=4: NREC=64: GOSUB 9890
1970 '
1980 ! -
1990 'set TIMCOOL(1)=TOTIME at first TEMPOBJ to check that TOTIME is ok’
2000 TIMCOQL(1)=TOTIME
2010 °
2020 ' e
2030 ' copying arguments into COMM1 to run the SUB chosen
2040 OPEN "c:comm1"™ FOR OUTPUT A4S 6
2050 NSUBMAIN=z=5
2060 PRINT#6,MODEL; TINIT; TEMPOBJ( 1) ; TWATER ;NBA; TOTIME; TIMCOOL(1) ;FH;FC;JH!;JC!;
NSUBMAIN
2070 CLOSE 6
2080 '
. 2090 '
2100 'putting info into STORE2 to tell MAINE what SUB it chained to
2110 OPEN "b:store2" FOR QUTPUT AS 3
2120 PRINT#3,NOPCODE '
2130 PRINT#3,MODEL; TINIT; TEMPOBJ( 1) ; TWATER;NBA; TOTIME; TIMCQOL(1) ;FH;FC;JH!;JC?
2140 PRINT#3,USERLETH;FLETH;ZLETH: NSUBMAIN
2150 PRINT#3,FXNUT(1);FXNUT(2);FXNUT(3);FXNUT(4)
2160 PRINT#3,ZNUT(1) ;ZNUT(2);ZNUT(3);ZNUT(4)
2170 PRINT#3,WTFACT(1);WTFACT(2) ;WTFACT(3);WTFACT(4)
2180 CLOSE 3
2190 !
2200 ! ' -
22210 !
2220 ' chaining to BALLST X
2230 'storing the current record number of COMMC into the first rec no of COMMC
Sggg yRECCOUNT:LOC(Z): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1
2260 CLOSE 1,2

1
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2270 !

2280 'Displaying "Please Wait" symbol

2290 CLS:SCREEN 1,0,0,0 \ .

2300 COLOR 5,1

2310 DEF SEG = &HB800 : o

2320 BLOAD "b:clock,scr",0 . .

2330 ON ERROR GOTO 2340 ‘

2340 IF INKEY$<>"" THEN BEEP s

2350 CHAIN "BALLST" .

2360 1 _

2370 ! - »

2380 |§§!§§*i*‘**§*ll** nopcode 1 I*‘l***l***l***!****tf‘l***l**l*l!i*l*******l

2390 'Comlng back from BALLST first time

2400 'Calculating lethality to see if TOTIME is big enough

2410 OPEN "b:store2" FOR INPUT AS 3

2420 INPUT#3,NOPCODE

2430 INPUT#3,MODEL,TINIT,TEMPOBJ(1),TWATER,NBA,TOTIME,TIMCOOL(1),FH,FC,JH},JC!

2440 INPUT#3,USERLETH,FLETH,ZLETH, NSUBMAIN .

© 2450 INPUT#3,FXNUT(1) ,FXNUT(2),FXNUT(3),FXNUT(4) |

2460 INPUT#3,ZNUT(1),ZNUT(2),ZNUT(3),ZNUT(Y)

2470 INPUT#3, WTFACT(1) WTFACT(Z) JWTFACT(3), NTFACT(M)

2480 CLOSE 3

2490 !

2500 'Getting TEMP results from COMM2 with user TOTIME

2510 OPEN "c:comm2" FOR INPUT AS 7

2520 FOR ITIME =1 TO NBA

2530 INPUT#7,TIME(ITIME),TEMP(ITIME)

2540 NEXT ITIME i .

2550 CLOSE 7

2560 '

2570 'Calculating lethality with user. TOTIME

2580 DTIME=TOTIME/(NBA-1)/60!

2590 FOR KMEz1 TO (NBA-1) °

2600 TAVG(KME)= (TEMP(KME) + TEMP(KME+1)) / 2! ~

2610 IF (-121! + TAVG(KME))/ZLETH <~35! THEN RATEL=0! : GOTO 2630

2620 RATEL=1/FLETH * ( 1017 ((=1211+TAVG(KME) ) /ZLETH) )

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 is ok

2680 IF XLETH/USERLETH<.5 THEN TOTIME=TOTIME+TOTIME*.5 ELSE TOTIME=TOTIME+TOTIM
®11/31

2690 CLS: GET 1,43: PRINT COMMENT$:PRINT

2700 GET 1,44: PRINT COMMENTS$

2710 PRINT TOTIME:PRINT °

2720 GET 1,12: PRINT COMMENT$ :

2730 DUMME$ INKEY$: IF DUMME$="" THEN GOTO 2730

2740 GOTO 1990

2750 !

2760 ITEMP=!

2770 !

2780 ! ‘ .

2790 'Once TOTIME 1s ok, now getting cooling times for each TEMPOBJ

2800 ! .
2810 'getting the temp-~time array using timcoolz=totime

2820 TIMCOFL(ITEMP):TOTIME

\
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- 2830 !
! 2840 NOPCODE= 2 .
o 2850 DCOOL=TOTIME/4! ] .o
: . 2860 '
: 2870 OPEN "c:comm1" FOR QUTPUT AS 6
2880 NSUBMAIN=5
2890 PRINT#6,MODEL; TINIT;TEMPOBJ(ITEMP) ; TWATER; NBA TOTIME ; TIMCOOL(ITEMP) ;FH;FC;
JH!;JC! ;NSUBMAIN
2900 CLOSE ‘6
< - 2910 1
2920 ! .
2930 'putting info into STORE2 to tell MAINE what SUB it chained to
c 2940 OPEN "b:store2" FOR OUTPUT AS 3
2950 PRINT#3, NOPCODE
. 2960 PRINT#3, ITEMP,DCOOL
2970 PRINﬁ&} MODEL; TINIT;TEMPOBJ(ITEMP) ; TWATER; NBA; TOTIME ; TIMCOOL( ITEMP) ; FH;FC; ’
JH!;JC!
2980 PRINT#3,USERLETH ; FLETH; ZLETH; NSUBMAIN
“ 2990 PRINT#3,FXNUT(1);FXNUT(2);FXNUT(3) ;FXNUT(4)
3000 PRINT#3,ZNUT(1);ZNUT(2);ZNUT(3);ZNUT(4)"
3010 PRINT#3,NTFACT(1);WTFACT(2);WTFA§T(3);WTFACT(H)
3020 PRINT#3,0LDLETH \ - ‘ .
3030 FOR JME=1 TO ITEMP ?
3040 PRINT#3,TIMCOOL(JME); TEMPOBJ(JME);FRANUT(1,JME);FRANUT(2,JME) ;FRANUT(3,JME
);FRANUT(M,JME);OBJFN(JME)
3050 NEXT JME
3060 CLOSE 3
° 3070 ' ,
3080 '
3090 'chaining to BALLST
3100 'print screen message to wait
3110 CLS: LOCATE 12,30: GET 1,45: PRINT COMMENTS$
3120 'storing the current record number of COMMC inte the first ree no of CoOMMC

T

3130 NRECCOUNT=LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1,

3140 CLOSE 1,2 \ §

3150 CHAIN "BARLST" -

316Q t \ /\\ . . i .

\ 3170 '
3180 "HERNREEEAENRERRE nopcodez) FEENERERNRASNESERNSNEBRRINERNNESRNS
3190 ‘'read info from STOREZ2
3200 OPEN "b:store2" FOR INPUT AS 3
3210 INPUT#3, NOPCODE \
3220 INPUT#3, ITEMP,DCOOL
3230 INPUT#3,MODEL,TINIT,TEMPOBJ(ITEMP),TWATER,NBA,TOTIME, TIMCOOL(ITEMP) FH,FC,
JH!,JC!
~3240 INPUT#3,USERLETH,FLETH,ZLETH,NSUBMAIN 3
- 3250 INPUT#3,FXNUT(1),FXNUT(2),FXNUT(3),FXNUT{Y)
) 3260 INPUT#3,ZNUT(1),ZNUT(2),ZNUT(3),ZNUT(4)

3270 INPUT#3,WTFACT(1),WTFACT(2),WTFACT(3),WTFACT(4)
3280 INPUT#3,OLDLETH
3290 FOR JME=1 TO ITEMP

. 3300 INPUT#3,TIMCOOL(JME),TEMPOBJ(JME),FRANUT(1,JME),FRANUT(2,JME), FRANUT(3 JME

{ , ) ,FRANUT(#4 , JME) ,0BJFN(JME) :
3310 NEXT JME . ’ .
3320 CLOSE 3
3330 !

e bt e et Yl g 1 men
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3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3450
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590

3600

I'd
<
-
ot
(ITEMP, =TIMCOCL . ITEMP, -DC00_: ©
z

P

| .

' Read temp-time info from COMMZ2
OPEN "c:comm2"™ FOR INPUT AS 7
FOR ITIME =1 TO NBA
INPUT#7,TIME(ITIME), TEMP(ITIME)
NEXT ITIME

CLOSE 7

*Calculating ietnhality with TIMCOOL(itemp) i
DTIME:TOTIME/( NBA-1¥)/6C!

FOR KMEz= 5 TO (NBA-1)

TAVG(KME )= (TEMP(KME) +» TEMP{KME+1)) / 2!

IF (=121! + TAVG(KME))/ZLETH <-=35! THEN RATEL=0! : GOTO 3480
RATEL=1/FLETH # ( 1017 ((=1211+TAVG{KME) )/ILETH) )

IF KMEz1 THEN XLETH=RATEL®DTIME ELSE XLETH=XLETH + RATEL®*DTIME
NEXT KME

-

¥

'AsSs1gning lethalities -0 var:iables
XNEWLETH=XLETH
IF TIMCOOL(ITEMP)=TOTIME THEN OLDLETH=XLETH

' compare tWo Zethalit:ies
IF ABSIXNEWLETH=JSERLET A,
N

1,40
IF (XNEWLETHXUSERLETH) A

THAEN GOTT 3657

ETH=ANEWLETH: GZTCD 23772

!
LD
IF (XNEWLETHCUSERLETH) AND (

L{ITEMP)=TIMCOOL{ITEMP)+DCOOL: OLDLEZTH=XNEWLETH: GOTO 287¢C
3610 IF (XNEWLETH>USERLETH) AND (OLDLETH<USERLETH, THEN DCOOL=DCOOL/1.9:
L(ITEMP)=TIMCOOL(ITEMP)-DCOOL : GLDLETH=XNEWLETH: GQJTO 28775 -
IF (XNEWLETHCUSERLETH) AND (OLDLETH>JSERLETH, THEN DCOOL=DCOOL/2.7%:
L(ITEMP)=TIMCOOL(ITEMP)+DCOOL : OL}\)LETH:XNEHLETH: S0TO 28790

3620

3630
3640
3650
3660
3670
3680
3690
mp)

3700
3710
3720
3730
3740
3750

101"

3760
3770
3780
3790
3800
3810
3820
3830
3840

£ 7Ti
CLOLETH> USERLETE, THEN DCOOL:,3®DCOCL:
L

OLDOLETHCUSERLETH, THEN DCDOL=1, 7 ¥DCOOL:

TIMCOOL

TIMCOO

TIMCOO

TIMCOO

'now that TIMCOOL(1temp., 1s found, do nutrient retention calculations

CLS: LOCATE.12,30: GET 1,45:; PRINT COMMENTS
13

'calculating nutrient fraction retained, for each nutrilent, at TEMPOP J(1te

t
DTIME=TOTIME/50!/ 60!

FOR KME=1 TO 4

FOR NME=1 TC 50
IF (=121'+TAVG(NME) )/ZNUT(KME)<~35 THEN RATEN=0!: GOTO 3750 .
RATEN= 1/FXNUT(KME) & (10!"( (=12114TAVG(NME))/ZNUT(KME)) )
IF NMEz1 THEN XNUTOT=1!*® 101" (~12! #*RATEN®DTIME) ELSE XNUTOT=XNUTOT*
(=121 *RATEN*DTIME)
NEXT NME
FRANUT(KME,ITEMP) =XNUTOT/1!
NEXT KME ?
1
|
'Calculating the value of the objective function for TEMPOBJ(itemp)
t
'Doing the calculation
XNUMERATOR= WIFACT(1)*FRANUT(1,ITEMP) + WTFACT(2)*FRANUT(2,ITEMP) + WTFACT
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(3)*FRANUT(3,ITEMP) + WTFACT(4) *FRANUT(4,ITEMP)

3850
3860
3870
3880
3890
© 3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
3000
4010
4020
4030
LOH0
4050
4060
4079
4580
U090
4100
4110
4120
4130
4140
4150
4160
B173
41892
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400

DENOMINATOR=WTFACT( 1) + WTFACT(2) + WIFACT(3) + WTFACT(4)
OBJFN(ITEMF} = XNUMERATOR / DENOMINATOR

'LPRINT"itemp,timcool,ob)fn=",ITEMP; TIMCOOL(ITEMP) ; OBJFN( ITEMP)

1

' L

'Deciding control pathway: do another TEMPOBJ, or do curve-fitting
IF ITEMP=11 THEN GOTO 3950 ELSE ITEMP=ITEMP+1: GOTQ 2790

'

!

!

TRASSRABRBENRERE Flndlng equation of ObJECtiVE function RELARSR RERAERAEEE
1 \

'Curve-fitting the objective function values

|

ACCFS=" ### #8.8 #88.084°°77 SRE K777 48 494°°°70

CCCF$=" ##.#484°° "7 .77

MICCF%=235

1 L4
"1PRINT i

'1IPRINT "pParabolic least-squares fit by";
'1IPRINT "Gauss<Jordan elimination®

GOSUB 415¢

]

GOSUB 425C 'set up tne matrix .

GOSUB 4717 ‘'square up the matrix )
GOSUE 4897 'Sauss-Jjordan soliutlon

GOSUB 4350 'print results

GOTC 5890 'getting maximum of the objective function equation
)

'get the data

N1CCF%=ITEMP

N2CCF%=4 '

FOR ICCF%=1 TO NICCF% -
XCCF(ICCF%)=TEMPOBJ{ICCF%)
Y1CCF(ICCF%)=0BJFN(ICCF%)

'"1IPRINT XCCF(ICCF%),Y1CCF(ICCF%)

NEXT ICCF%

L3CCFE=(NICCF%=1) ® 2 +1

RETURN ’ -

1

]

FOR ICCF$=1 TO NICCF%
UCCF(ICCF$,1) = 1
FOR JCCF$=2 TO N2CCF%
UCCF(ICCF%,JCCF%) =UCCF(ICCF%,JCCF%-1) # XCCF(ICCF%)
NEXT JCCF%
YCCF(ICCF$)=Y1CCF (ICCF%)
NEXT ICCF3% , e
RETURN
1]
'calculate the residuals and print results
STCCF=0
S8CCF=0
T6CCF=0 - :
FOR ICCF%=1 TO N1CCF$%
Y2CCF=0
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481c
4420
4430
4qug

uusC

YU s
8470
4480
4490
4500
8510
4526
4530
U540
4550
4560
457C
4580
9]

4590
4600

;U613

462¢C
46372
4647
4653
4650
4677
4680
4690
4700
471¢
4727
473C
4740
475G
476C
4770
4780
CCF%)
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920

4930
4830
4950
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FOR JCCF%= 1 TC N2CCF%
Y2CCF=Y2CCF + C1CCF(JCCF%) * JCCF(ICCF%,JCCF%)
NEXT JCCF%
RICCF(ICCF% )= Y2CCF-YCCF{ ICCFE)
Y2CCF(ICCFE)= Y2CCR
T&CCF =THCCF + RICCF(ICCFY, ®R3CCF(ICCFE.
STCCF =STCCF + YCCF(ICCF%:
SBCCF =S8CCF + YCCF(ICCF% ) ®YCCF (ICCFS) .
NEXT 1CCF3 ‘ .
C3CCF=SQR( 1~ TKCCF/ . SBCCF-STCCF#STZCF/NICCFS))
IF (N1CCF$=K2CCFY) THEN E5CCF=SQR{ T6CCF)
IF ‘N1CCF$<>N2CCFY. THEN ESCCF:=SQR{T6CCF/{ N1CCFg~N2CCF%) )
FOR JCCF$z1 TO N2CCF$
E2CCF(JCCF%, =ESCCF#SQR{ABS(BCCF{JCCFY,JCCFL)))
NEXT JCCFS
'1PRINT " be Y ycalce resid"
FOR ICCF%$=' T7 NICCFY% -
TIPBINT USING ACCFS;ICCFS;XCCF(ICCFS),YCCF(ICCF%),Y2CCF(ICCFS) ,R3CCF( ICCF

NEXT ICCF%
'1IPRINT ‘
'"IPRINT "coefficlents errorg"
'IPRINT USING CCCF$;CICCF( ) ,E2CCF(1);
YIPRINT 7 Constant term"
FOR ICCF%=2 T2 N2CCF% .
'IPRINT JEING CCCF&;S?CCE(ICCFl),EZCCF(ICCFi)
NEXT ICCF3 '
YIPRINT
'1IPRINT "correlation coefficient 1s";C3CCF
RETURN 'from printout
1)
YJeef and Yecef converted to acef and zcef
''nicefs nrowecf%2 number of rows
' n2ccfd ncolecf% number of columns
FOR KCCF$=1 TO N2CCF% '
FOR LCCF%=7: TO KCCF%
ACCF(KCCF% ,LCCF%)=0
FOR ICCF%=1 TO N1CCF¢ » $
ACCF(KCCF%,LCCF%)=ACCF(KCCF$,LCCF%) + UCCF(ICCF%,LCCF%)*UCCF(ICCF%,K

IF (KCCF%<>LCCF%) THEN ACCF{LCCF%,KCCF%) = ACCF(KCCF%,LCCF%)
NEXT ICCF%
NEXT LCCF%
ZCCF(KCCFE) =0
FOR ICCF%=1 TO NI1CCF%
ICCF(KCCF%) =ZCCF(KCCF%) + YCCF(ICCF%)®*UCCF(ICCF%,KCCF%)
NEXT ICCF%
NEXT KCCF%
RETURN
¥
' Gauss~Jordan matrix 1inversion and solution
E1CCF%=0 'becomes 1 for singular matrix
I5CCF%=1 'print inverse matrix if =zero
N3CCF%=1 'number of constant vectors

FOR ICCF$=1 TO N2CCF3%
FOR JCCFE=1 TO N2CCF%

BCCF(ICCF% ,JCCF%) =ACCF(ICCF%,JCCF%)



4960
4970
4980
4990
5000
5010
5020

5030

5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520

S

NEXT JCCF% -
WCCF(ICCF% ,1)=ZCCF ( ICCF%)
I2CCF$(ICCF$,3):0

NEXT ICCF$

D3CCF=1

FOR ICCF%=1 TO N2CCF%
]

' search for largest (pivot) element -
B1CCF=0
FOR JCCF%=1 TO N2CCF%
IF (I2CCF%$(JCCF%,3)=1) THEN 5150
FOR KCCF%z=1 TO N2CCF%
IF (I2CCF%(KCCF%,3)>1) THEN 5820
IF (I2CCF$(KCCF$,3)=1) THEN 5140
IF (B1CCF>=ABS(BCCF(JCCF%,KCCF%))) THEN S140-
I3CCF3=JCCF%
I4CCFI=KCCF¥%
B1CCF=ABS(BCCF(JCCF%,KCCF%))
NEXT KCCF3% :
NEXT JCCF%
I2CCFS(I4CGF%,3)=I2CCF%(IU4CCF%,3)+1
I2CCF%(ICCF%,1)=13CCF%
I2CCF%(1ICCF%,2)=I4CCF%

'i1nterchange rows to put pivot on diagonal

IF (I3CCF%$=I4CCF%) THEN 5360

D3CCF=-D3CCF

FOR LCCF%=1 TO N2CCF%
H1CCF=BCCF (I3CCF%,LCCF%)
BCCF(I3CCF%,LCCF%)=BCCF(I4CCF%,LCCF%)
BCCF(I4CCF%,LCCF%)=H1CCF

NEXT LCCF%

IF (N3CCF%<1) THEN 5360

FOR LCCF%=1 TQ N3CCF%
H1CCF=WCCF( I3CCF% ,LCCF%)
WCCF(I3CCF% ,LCCF%) =WCCF(I4CCF%,LCCF%)
WCCF(I4CCF% ,LCCF%)=H1CCF

NEXT LCCF%

'divide pivot row by pivot element
P1CCF=BCCF( I4CCF%,I4CCF%)

D3CCF=D3CCF¥®pP1CCF

BCCF(IU4CCF% ,IUCCFE) =1

FOR LCCF%=1 TO N2CCF$%
BCCF(IMCCF%,LCCF%)=BCCF(£MCCF$,LCCF%)/P1CCF
NEXT LCCF% ’
IF (N3CCF%<1) THEN 5480

"FOR LCCF%=1 TO N3CCF3%
WCCF(I4CCF% ,LCCF%) =WCCF(I4CCF%,LCCF%)/P1CCF
NEXT LCCF% -

t

'reduce nonpivot rows
FOR L1CCF%=1 TO N2CCF%
IF (L1CCF%=IUCCF%) THEN 5590

TCCF=BCCF(L1CCF%, ILCCF%)
BCCF(L1CCF%,I4CCF%) =0

FOR LCCF%=1 TO N2CCF%

359
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5530 BCCF(L1CCF$,LCCFi)=BCCF(L1CCF1.LCCFl)-BCCF(IuCCFS,LCCF&)'TCCF
5540 NEXT LCCF%
5550 IF AN3CCF%$<1) THEN 5590
5560 FOR LCCF%=1 TO N3CCF% !
5570 WCCF(L1CCF%,LCCF2)=WCCF(L1CCF%,LCCF2) -WCCF(IU4CCFS, LCCFZ)'TCCF
5580 NEXT LCCF% .

5590  NEXT L1CCF%

5600 NEXT ICCF%

5610 !

5620 'interchange columns

5630 FOR ICCF%=1 TO N2CCF%

5640 LCCF$=N2CCF%~-ICCF%+1

5650 IF (I2CCF$(LCCF%,1)=I2CCF3(LCCF%,2)) THEN 5730
5660 I3CCF3=I2CCF3%(LCCF%,1)

5670 I4CCF%=T12CCF%(LCCF%,2)

5680 FOR KCCF%=1 TO MN2CCF%

5690 H1CCF=BCCF(KCCF%,I3CCF%)
5700 BCCF(KCCF%,I3CCF%)=BCCF(KCCF%,I4CCF%)
5710 BCCF (KCCF%,I4CCF%)=HICCF

5720 NEXT KCCF%

5730 NEXT ICCF%

5740 FOR KCCF%=1 TO N2CCF%

5750 IF (I2CCFI(KCCF%,3)<>1) THEN 5820

5760 NEXT KCCF3%

5770 E1CCF%=0

5780 FOR ICCF%=1 TO N2CCF%

5790 C1CCF(ICCF%)=WCCF(ICCF%,1)

5800 NEXT ICCF%

5810 IF (I5CCF%=1) THEN 5860

5820 E1CCF%=1

5830 '1PRINT "ERROR - matrix 1s singular or inverse matrix is zero "

5840 '1PRINT "Curve-fitting cannot be done here"

5850 IERRFLAG=1 ) |

5860 RETURN

5870 '

5880 !

5890 IF IERRFLAG=1 THEN GOTO 5900 ELSE GOTO 5940 :
5900 OBJOPT=0BJFN(1): b
5910 FOR INOT=2 TO 11: IF OBJFN(INOT)>OBJOPT THEN OBJOPT=OBJFN(INOT) :IOPT=zINOT
5920 NEXT INOT ,
5930 TEMPOPT=TEMPOBJ(IOPT) :COOLOPT=TIMCOOL(IOPT) :FOR KME 1 TO 4: FRAOPT(KME)=FR
ANUT(4,IOPT):NEXT KME: GOTO 10020

5940 'getting the maximum of the objective function equation, in range 110-130
c

5950 ! first get x,y values of the curve

5960 FOR ICCF=1 TQO 401

5970 IF ICCF=1_THEN XXCURVE(1)=110! ELSE XXCURVE(ICCF)=XXCURVE(ICCF-1)+.05
5980 YYCURVE(ICCF)= CI1CCF(1) + CI1CCF(2)*XXCURVE(ICCF) + C1CCF(3)*(XXCURVE(IC
CF)~2) + CICCF(Y4)*(XXCURVE(ICCF)"3)

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 TO 401
6050 IF YYCURVE(JMAX)>YCURMAX THEN YCURMAX=YYCURVE(JMAX) :IIMAX=JMAX

6060 IF YYCURVE(JMAX)<YCURMIN THEN YCURMIN=YYCURVE(JMAX)

©



6070
6080
6090
6100
" 6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
IN
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
) :FR
6370
6380
390
4qQo
6410
6420
6430
64 40
6450
6460
6470
6480

6430
6500
6510
6520
6530
6540
6550
6560
6570

6580
6590
. 6600

3611

" NEXT JMAX

'"find COOLOPT corresponding to TEMPOPT

'getting the temp~time array using COOLOPT=TOTIME
COOLOPT=TOTIME '
TEMPOPT=XXCURVE(I IMAX)
1

KOPCODE=3 : OLDLETH=Q!
DCOOL=TOTIME/ 4!

] ~
OPEN "c:comm1” FOR OUTPUT AS 6
NSUBMAIN:S

PRINT#6,MODEL; TINIT; TEMPOP T3 TWATER ; NBA; TOTIME ; COOLOPT; FH ; FC; JH! ;JC! ; NSUBHA

CLOSE 6

*

‘putting info into STOREZ2 to tell MAINE what SUB it chained to
OPEN "b:store2" FOR OUTPUT AS 3

PRINT#3,NOP CODE

PRINT#3,DCOOL

PRINTS3I,MODEL; TINIT;TEMPOPT;TWATER ;NBA; TOTIME ; COOLOPT;FH;FC;JH! ;JC!
PRINT#3,USERLETH; FLETH; ZLETH; NSUBMAIN
PRINTS3,FXNUT(1) ; FXNUT(2) ; FXNUT(3) ; FXNUT(H)
PRINT#3,ZNUT(1);ZNUT(2); ZNUT(3); ZNUT(4)
PRINT#3,WTFACT(1) ; WTFACT(2) ;WTFACT(3);WTFACT(4)

PRINT#3,0LDLETH

FOR JME=1 TO 11
PRINT#3,TIMCOOL{JME ) ;TEMPOBJ(JME) ; FRANUT( 1,JME) s FRANUT(2,JME ) ; FRANUT( 3,JME
ANUT( 4 ,JME) ; OBJFN(JME)

NEXT JME

PRINT#3,YCURMAX;YCURMIN

FOR LME=1 TO 401 STEP 20

PRINT#3,XXCURVE(LME) ;YYCURVE(LME)

NEXT LME

CLOSE 3

!

! ’
tchaining to BALLST

tprint screen message to wait

CLS: LOCATE 12,30: GET 1,45: PRINT COMMENT$ "«
'storing the current record number of COMMC into the first rec no of COMMC

NRECCOUNT=LOC(2): LSET COMMC$=STR$ (N\ECCOUNTY: PUT 2,1
CLOSE 1,2
CHAIN "BALLST"

1
TERRNRNRRRERRIRRS nopoode=z3 or U MEEEEEEAENENEERUEANRERRRNRRRNERAANNR

‘read info from STORE2
OPEN "b:store2" FOR INPUT AS 3
INPUT#3,NOPCODE

INPUT#3,DCOOL
INPUT#3,MODEL,TINIT ,TEMPOPT,TWATER ,NBA, TOTIME ,COOLOPT,FH,FC,JH! ,JC!

INPUT#3,USERLETH,FLETH, ZLETH,NSUBMAIN b s
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6610 INPUT#3,FXNUT(1),FXNUT(2),FXNUT(3),FXNUT(4)
6620 INPUT#3,INUT(1),ZNUT(2),ZNUT(3),ZNUT(4)
6630 INPUT#3,WTFACT(1),WTFACT(2) ,WTFACT(3),WIFACT(Y4)
6640 INPUT#3,0LDLETH
6650 FOR JME=1 TO 11 R
6660 INPUT#3,TIMCOOL(JME) ,TEMPCBJ(JME) , FRANUT( 1,JME) ,FRANUT(2,JME) ,FRANUT(3,JME
), FRANUT( 4 ,JME),OBJFN(JUME)
6670 NEXT JME
6680 INPUT#3,YCURMAX,YCURMIN : \
6690 FOR LME=1 TO 401 STEP 20
6700 INPUT#3,XXCURVE(LME ) ,YYCURVE(LME)
6710 NEXT LME
6720 CLOSE 3
6730 '
6740 ' , '
6750 'Read temp-time info from COMM2
. 6760 OPEN "c:comm2" FOR INPUT AS 7
6770 FOR ITIME =1 TO NBA
6780 INPUT#7,TIME(ITIME), TEMP(ITIME)
6790 NEXT ITIME .
6800 CLOSE 7
6810 ' .
6820 'Calculating lethality with COOLOPT temp values
6830 DTIME=TOTIME/ (NBA-1)/60!
6840 FOR KME=1 TO (NBA-1)
6850 TAVG(KME)= (TEMP(KME) + TEMP(KME+1)) s/ 2t
6860 IF (-121! &+ TAVG(KME))/ZLETH <<35! THEN RATEL=0! : GOTO 6380
6870 RATEL=1/FLETH * ( 10}{‘“((-121!+TAVG(KHE))/ZLETH) ) ’
6880 IF KME=z1 THEN XLETH=RATEL*DTIME ELSE XLETH=XLETH + RATEL®DTIME
6890 NEXT KME ‘
6900 '
6910 !
6920 'Assigning lethalities to variables
6930 XNEWLETH=XLETH
6940 IF NOPCODE=3 THEN OLDLETH=XLETH
1

6950

6960 '

6970 NOPCODE = 4

6980 ' compare two lethalities .

6990 IF ABS(XNEWLETH~-USERLETH)< .05 THEN GOTO 7060

7000 IF (XNEWLETH>USERLETH) AND (OLDLETH>USERLETH) THEN DCOOL=.9%DCOOL: COOLOPT
=COOLOPT-DCOOL: OLDLETH=XNEWLETH: GOTO 6190

7010 IF (XNEWLETH<USERLETH) AND (OLDLETH<USERLETH) THEN DCOOL=1.1%#DCOOL: COOLOQP
T=COOLOPT+DCOOL: OLDLETH=XNEWLETH: GOTO 6190

7020 IF (XNEWLETH>USERLETH) AND (OLDLETH<USERLETH) THEN DCOOL=DCOOL/1.9: COOLOP
T=COOLOPT-DCOOL: OLDLETH=XNEWLETH: GOTO 6190

7030 IF (XNEWLETH<USERLETH) AND (OLDLETH>USERLETH) THEN DCOOL=DCOOL/2.1:; COOLOP
T=COOLOPT+DCOOL: OLDLETH=XNEWLETH: GOTO 6190

7040 ‘

7050 !

7060 ‘'calculating nutrient fraction retained, for each nutrient, at TEMPOPT
7070 DTIME=TQTIME/S50!/60!

7080 FOR KME=1 TO 4

7090 FOR NME=1 TO 50

7100 IF (~1211+TAVG(NME) )/ ZNUT(KME )<-35 THEN RATEN=0!: GOTO 7120
7110 RATEN= 1/FXNUT(KME) * (10!"( (~121!+TAVG(NME))}/INUT(KME)) )

7120 IF NME=1 THEN XNUTOT=1!% 10! "(~121 #*RATEN*DTIME) ELSE XNUTOT=XNUTOT*

¥
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101~ (=121 *RATEN*DTIME) .

7130 NEXT NME

T140 FRAOPT(KME)= XNUTOT/H

7150 NEXT KME - ,

7160 ! .

7170 Y

7180 GOTO 10020 'results display section

7190 °*

7200 !

7210 'Ask if want to go to MAIN or back to BALLST

7220 CLS: JHECNO=66: GOSUB 7460 i
7230 IF JOK<>=-1 THEN GOTO 7220 v
7240 IF (DY$="§") OR (DY$="Y") THEN GOTO 650 .

7250 !

7260 ' when want to go to MAIN

7270 OPEN "bicommb" FOR QUTPUT AS 7

7280

7290 '#%¥% yrite 1nfo to commb Re#

7300 CLOSE 7

7310 ! . .
7320 'storing the current record number of COMMC into the first rec no of COMMC
7330 NRECCOUMNT:LOC(2): LSET COMMC$=STR$(NRECCOUNT): PUT 2,1

7340 CLOSE 1,2 - a

7350 '

7360 CLS: SCREEN 1s COLOR 1,1

7370
7380
7390
7400
10
7420
7430
7440
7450
7460
470
7480
7490
7500
7510
7520
7530
7540
7550
7560
7570
7580
7590
7600
7610
7620
7630
7646

7688

7670

DEF SEG = &HBB00O

BLOAD "b:sandcl.scr",0
ON ERROR GOTO 7400

IF INKEY$<O>"" THEN BEEP
t

CHAIN "MAIN"

t

1

f

'getting and checking Y/N SUBROUTINE

JOK=0 )

GET 1,JRECNO

COMMENT 1Y$="You did not enter Y or N = You entered: "
COMMENT2Y$="You did not enter a value"

PRINT COMMENTS;

LINE INPUT "', ANSY$ \ -
JY=0

JY = JY+1

DY$=MID$ (ANSY$,JY,1)

IF DY$="" THEN GOTO 7630

IF DY$=" " THEN GOTO 7540

IF (DY$="Y") OR (DY$="y") OR (DY$="N") OR (DY$="n") THEN JOK==1: RETURN
PRINT COMMENT1Y$,ANSYS [
GET 1,12: PRINT: PRINT COMMENTS$

DUMMY$= I NKEY$ ¢ IF :DUMMY$="" THEN GOTO 7610

RETURN

PRINT COMMENT2Y$ -

GET 1,12: PRINT: PRINT COMMENT$

RuMyEs= INKEY$': IF DUMMY$="" THEN GOTO 7550

1



7680
7690
7700
7710
7720
7730
7740
7750
7160
71770
7780
7790
7800
7810

7820

7830
7840
7850
7860
7870
7880
7890
7900
7910
7920
7930
T340
7950
7960
7970
7980
7990
8oco
8010
8020
8030
8040
8050
8060
8070
8080
8090
8100
8110
8120
8130
8140
8150
8160
8170
8180
8190
8200
8210
8220
8230
8240

?

" getting and CHECKING FOR REAL NUMBERS
JOK=0 ]
GET 1,JRECNO

COMMENT 1R$="You did not enter-a REAL number

COMMENT2R$="you did not enter a value"
PRINT COMMENTS ;

LINE INPUT"",ANSR$
JFLAGR=0

IFLAGR=0

JR=1

KR=LEN(ANSRS$)

IF KR=0 THEN GOTO 7950
WHILE JR<=KR
DR$=-MID$ (ANSRS ,JR,1)

IF DR$=" " THEN GOTO 7920

v

You entered: "

IF (ASC(DR$)>47)-AND (ASC(DR$)<58) THEN JFLAGR=-1: GOTO 7920

IF DR$="." THEN IFLAGR=IFLAGR+1: GOTO 7910

PRINT COMMENT1R$,ANSR$
GET 1,12: PRINT: PRINT COMMENTS

DUMMR$=INKEY$: IF DUMMRS$z="" THEN GOTO 7890

RETURN

IF IFLAGR>1 GOTO 7870
JR=JR+1

WEND

PRINT COMMENT2R$
GET 1,72: PRINT: PRINT COMMENTS$

UMMR$ INKEY$: IF DUMMR$="" THEN GOTO 7970

RETURN
1

A
t

'getting and CHECKING FOR - INTEGER NUMBERS
JOK=0

IFLAGI=O
GET 1,JRECNO

-

COMMENT1I$ "You did not enter an INTEGER valup

COMMENT2I$="you did not enter a value"
PRINT COMMENTS;
LINE INPUT "",ANSI$
NI=LEN(ANSI$)
IF NI=0 THEN GOTO 8240
JI=1
WHILE JI<=NI .
DI$=MID$ (ANSI$,JI,1)
IF DI$=" " THEN GOTO 8210

‘IF (DR$<>" ") OR (JFLAGR=-1) THEN JOK=-1: RETURN

IF (ASC(DI$)>u47) AND (ASC(DI$)<58) THEN IFLAGI—-1

PRINT COMMENT1I$ ,ANSI$
GET 1,12: PRINT: PRINT COMMENTS$

DUMMI$:INKEY$: IF DUMMI$="" THEN GOTO 8190

RETURN
JI=JI+1
WEND

IF (DI$<>"™ ") OR (IFLAGI=-1) THEN JOK=-1: RETURN

PRINT COMMENT2I%

“

You entered:

GOTO é210

'flag to check that number exists
'flag to check for decimal points

L

364
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’ !

8250 GET* 1,12: PRINT: PRINT COMME{NTS
8260 DUMMI$=INKEY$: IF DUMMI$="" THEN GOTO 8260

8270 RETURN Lo )
8280 ' ) /
8290 ' ) ‘
8300 ' ' -
8310 ' ‘ .
8320 ' Table Creation subroutine
8330 IF NI1STTHRU=1 GOTO 8430
8340 NROW=7:NCOLUMN=1
8350 SCREEN 0,0,1,1
8360 CLS
8370 'printing table heading
8380 GET 1,55:PRINT COMMENTS
8390 GET 1,56:PRINT COMMENTS;
8400 GET 1,57:PRINT COMMENT$
8410 GET 1,59:PRINT COMMENTS$
8420 N1STTHRU=1
8430 LOCATE NROW,NCOLUMN
8440 GET 1,JRECNO .
8450 BLANK$=" "
8460 NBLANK=INSTR(COMMENTS$,BLANKS$)
.81470 FINALS$=LEFT$(COMMENTS , NBLANK=-1)
8480 IF IDIFF=1 THEN DIFF$=STR$(OLD)> PRINT FINAL$;TAB(53);VAL(DIFF$);TAB(67);:
GOTQ 8500 '
8119Q“IF NMARKSUB=1 THEN PRINT FINAL$ ; TAB(53) ;0LD; TAB(67); ELSE PRINT FINALS;TAB™
(53);NOLD; TAB(67);
8500 LINE INPUT NEWVALUES$
8510 NRTEMP=CSRLIN: NCTEMP=POS(0)
8520 IF LEN{NEWVALUE$)=0 THEN GOTC 8570
8530 IF NMARKSUB=1 THEN GOSUB 8890 ELSE GOSUB 9110
8540 IF (NOK==~1) THEN NROW=CSRLIN: NCOLUMN=POS(0): RETURN
8550 LOCATE NRTEMP-1,NCTEMP:PRINT "
":[LOCATE NRTEMP~1,NCTEMP .
8560 GOTO 8480 N
8570 LOCATE NRTEMP-1,NCTEMP:PRINT " :
".[LOCATE NRTEMP-1,NCTEMP
8580 IF IDIFF=1 THEN NEWVALUE$=STR$(OLD): PRINT FINAL$;TAB(S3);VAL(DIFF$) ; TAB(6
7);VAL(NEWVALUES$ ) :GOTO 86Q0 '
8590 IF NMARKSUB=1 THEN NEWVALUE$=STR$(OLD) : PRINT FINAL$;TAB(53);0LD; TAB(67);VA
L(NEWVALUE$) ELSE NEWVALUE$=STR$(NOLD) :PRINT FINAL$;TAB(53);NOLD; TAB(67); VAL(NE
WVALUES$) ' .
8600 NROW=CSRLIN: NCOLUMN=POS(O0)
8610 RETURN .
8620 ' \
8630 ' .
8640 !
8650 '
8660 ' Erase Lines in table and show error page subroutine
8670 SCREEN ,,2,2 \
8680 CLS
8690 GET 1,JRECNO: PRINT COMMENT$; - .
‘8700 GET 1,24: PRINT COMMENTS;
8710 GET 1,JRECNO2: PRINT COMMENT$; ' |

8720 IF NMARKSET<>3 THEN GOTO 8740
8730 IF NMARKSUB=1 THEN PRINT XNEW1,XNEW2,XNEW3:GOTO 8770 ELSE PRINT NEW1, NEWZ,

NEW3:GOTO' 8770



e

8740
8750
8770
8760
8770
8780
8790
8800
8810
8820

8830
8840

8850
8860

8870
8880

. 366 .

IF NMARKSET<>2 THEN GOTO 8760
IF NMARKSUB=1 THEN PRINT XNEW1,XNEW2:GOTO 8770 ELSE PRINT NEWT NEWZ GOTO

IF NMARKSUB=1 THEN PRINT XNEW?! ELSE PRINT NEW!
GET 1,12
PRINT: PRINT COMMENT$ .
DUMMEL$=INKEY$: 'IF DUMMEL$="" THEN GOTO 8790
SCREEN ,,1,1
LOCATE NROW, NCOLUMN ,
LOCATE NROW-1,NCOLUMN:PRINT " '
- ": LOCATE NROW-1,NCOLUMN
IF NMARKSET=1 THEN. GOTO 8870
LOCATE NROW-2,NCOLUMN:PRINT "
":LOCATE NROW-2,NCOLUMN
IF NMARKSET=2 THEN GOTO 8870
LOCATE NROW-3,NCOLUMN:PRINT "
": LOCATE NROW-3,NCOLUMN \
NROW=CSRLIN: NCOLUMN=POS(0)
RETURN

+ 8890 !

8900
8910
8920
8930
\ 8gu0
8950
8960
8970
8980

8999

3000
9010
9020
9030
3040
9050
9060
9070
9080
9090
9100
9110
9120
9130
3140
9150
3160
9170
9180
9190
9200
9210
9220
9230
g240
9250
9260

1

1

1 ’ } ) ¢
tchecking Real? numbers (irr table)s

NOK=0 '

JFLAGR2=0

IFLAGR2=0 o
JR2=1

NR2=LEN(NEWVALUE$)

WHILE JR2=<NR2 .
DR2$=MID$ (NEWVALUES$,JR2,1) ) h

IF DR2$=" " THEN GOTO 9060

IF DR2$="." THEN IFLAGR2=IFLAGR2+1: GOTO 9060 .

IF (ASC(DR2$)>47) AND (ASC(DR2$)<58) THEN JFLAGR2z-1: GOTO 9060 .
NOK =0

RETURN

IF IFLAGR2>1 THEN NOK=0: RETURN :

JR2=JR2+1 _ , -
WEND .

IF JFLAGR2=0 THEN NOK=0 ELSE NOK==1 :
RETURN

<
1

1
!
|

' checking Integer2 numbers (in table)

NOK=0

IFLAGIZ2=0

NI2=LEN(NEWVALUE$)

JI12=1

WHILE JI2<=NI2 o
DI2$=MID$(NEWVALUE$ ,JI2,1)

IF DI2$=""" THEN GOTO 9250

IF (ASC(DI2$)>47) AND (ASC(DI2$)<58) THEN IFLAGI2=-1: GOTO 9250

NOK=0: RETURN.
JI12=JI2+1

WEND



9270

9280
9290 '
9300
9310
9320
9330
9340
9350
9360
9370
9380

IF IFLAGI2=0 THEN NOK 0 ELSE NOK=z=~1
RETURN

1
1
L]
' the "goto MAIN preparation" subroutine ,
OPEN "b:commb" FOR OUTPUT AS 7
1) f
1)
L

-

*® yrite info into b:commb *#

CLOSE 7

9390 '

9400

CLOSE 1,2,

9410 !

9420
9430
U440
9450
9460
9470

‘9480

CLS: SCREEN 1
COLQR 4,1

DEF SEG = &HB80QO

BLOAD "b:sandel,ser",0

ON ERROR GOTO 9470 -
IF INKEY$<>"" THEN BEEP

9490 !

9500
9510
9520
9530
3540
9550
9560
9570
9580
9590
9600
9610
9620
9630
3640
9650
9660
9670

9680 !

9690
9700
9710
9720
9730
9740
9750

~ 9760

9770
9780
9790
9800

9810
9820

9830

RETURN

'

'

f

'

'

'‘Getting the FYNUT value subroutine 0 ‘
CLS: JRECNO=KREC: GOSUB 7700

IF JOK<>~1 THEN GOTO 9560 ELSE FXNUT(KME) VAL(ANSRs)
IF (FXNUT(KME)>0!) AND (FXNUT(KME)<=2000!) THEN RETURN
IF FXNUT(KME)>2000! THEN GOTO 9630 & .
GET 1,34: PRINT COMMENTS

GET 1,12: PRINT: PRINT COMMENT$

DUMMMA$=INKEY$: [F DUMMMA$="" THEN GOTO 9620 ELSE GOTO 9560
CLS: GET 1,50: PRINT COMMENT$

GET 1,24: PRINT COMMENT$; FXNUT(KME)

JRECNO=36: GOSUB 7460

IF JOK<>~1 GOTO 9630

IF (DY$="n") OR (DY$="N") THEN RETURN ELSE GOTO 9560

1
|

'Getting the ZNUT value subroutine

CLS: JRECNO=MREC: GOSUB 7700

IF JOK<>-1 THEN GOTO 9730 ELSE ZNUT(KME)=VAL(ANSR$)

IF (ZNUT(KME)>0!) AND (ZNUT(KME)<=50!) THEN RETURN

IF ZNUT(KME)>50! THEN GOTO 9800

GET 1,38: PRINT COMMENT$

GET 1,12: PRINT: PRINT COMMENT$

DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 9790 ELSE GOTO 9730
CLS: GET 1,60: PRINT COMMENTS$

GET 1,24: PRINT COMMENT$;ZNUT(KME) ~
JRECNé 36: GOSUB T460

IF JOK<>~1 GOTO 9800
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9840 IF (DY$="n") OR (DY$="N") THEN RETURN ELSE GOTO 9730

9850 !

9860 !

9870 !

9880 ! \

0890 ' Getting ‘the weighting factor subroutine

9900 CLS: JRECNO=NREC: GOSUB 7700

9910 IF JOK<>-1 THEN GOTO 9900 ELSE WTFACT(KME)=VAL(ANSR$)

9920 IF (WTFACT(KME)=>0!) AND (WTFACT(KME)<=z1!) THEN RETURN L

9930 CLS: GET 1,65: PRINT COMMENTS$

9940 PRINT:GET 1,24: PRINT COMMENT$;WIFACT(KME)

9950 PRINT:GET 1,12: PRINT COMMENTS$

9960 DUMMMA$=INKEY$: IF DUMMMA$="" THEN GOTO 9960 ELSE GOTOI' 9900

5970 !

9980 !

9990 '

10000 !

10010 !

10020 THEERENRREMAEIHNREFNIEEHRANH RN IR R NN RN RN RN R NNRAN R R
10030 ! .

10040 '

10050 ' RESULTS DISPLAY SECTION

10060 !

10070 ! o

10080 NPOINTS = 11

10090 IF IERRFLAG=0 THEN OBJOPT=Y CURMAX

10100 !

10110 ' initializing the values

10120 FOR I=1 TO NPOINTS:XX(I)=TEMPOBJ(I) :NEXT

107130 FOR I=1 TO NPOINTS:YY(I)=OBJFN(I) :NEXT

10140 !

10150

10160 ' this is the results display

10170 CLS:SCREEN 1:COLCR 9,1,1:KEY OFF A

10180 LOCATE 2,1:GET 1,150:GOSUB 11840:PRINT COMMT40%;

10190 LOCATE 5,1:GET 1,151:GOSUB 1 1840: PRINT COMMTY40$;

10200 LOCATE T7,1:GET 1,152:GOSUB 11840:PRINT COMMTU40$;

10210 LOCATE 9,1:GET 1,190:GOSUB 11840: PRINT COMMTU0$;

10220 LOCATE 11,1:GET 1,191:G0SUB 11840:PRINT COMMT40%; .
10230 LOCATE 13,1:GET 1,153:G0SUB 11840:PRINT COMMTUO$;

10240 LOCATE 23,1 :GET 1,154:GOSUB 11840 :PRINT COMMT40$;

10250 GOSUB 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:PRINT COMMTUO0$; :GOTO 10250
10280 IF ICHOICE=1 GOTO 10630 'objective fnc graph

10290 IF ICHOICE=2 GOTO 10750, 'objective fnec table )
10300 IF ICHOICE=3 GQTO 11170 'nutrient retention table ¢
1Q31O IF ICHOICE:Q GOTo 10330 'process parameter table

10320 IF ICHOICE=5 GOTO.L11630 'exit

10330 !

10340 ' Process parameter table

10350 SCREEN 1:COLOR 9,1,7:CLS:NROW=3

10360 LOCATE 1,1:GET 1,157:GOSUB 11830:PRINT COMMT40$;

10370 GET 1,159:GOSUB 11830 :VAR$ =COMMTU4O$:VAR! =TINIT!:GOSUB 11660
10380 GET 1,161:GOSUB 11830:VAR$ = COMMT40$ :VAR! =TWATER! :GOSUB 11660
10390 GET 1,162:GOSUB 11830:VAR$ =COMMTUO0$:VAR!=FH!:GOSUB 11660

1

\
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10400 GET 1,163:GOSUB 11830:VAR$=COMMTH0$: VAR!I=FC! :GOSUB 11660

10410 GET 1,164:GOSUB 11830:VAR$=COMMT40$: VAR =JH! :GOSUB 11660

10420 GET 1,165:GOSUB 11830:VAR$=COMMTULO3 : VARI=JC! :GOSUB 11660

10430 GET 1,166:GOSUB 11830 : VAR$=COMMTU0$: VAR! =TOTIME!;:GOSUB 11660

10440 GET 1,171:G0SUB 11830 :VAR$=COMMTLU0$: VAR! sFLETH!:GOSUB 11660

10450 GET 1,172:GOSUB 11830:VAR$=COMMTU0$: VAR!=ZLETH!:GOSUB 11660

10460 GET 1,169:G0SUB 11830 :VAR$=COMMT408$: VAR =FXNUT(1):GOSUB 11660

10470 GET 1,201:GOSUB. 11830 : VAR$=COMMTU0$: VAR =FXNUT(2) :GOSUB 11660

10480 GET 1,202:GOSUB 11830 :VAR$=COMMTU0$: VARI=FXNUT(3) :GOSUB 11660

10490 GET 1,203:GOSUB 11830:VAR$=COMMTL0$: VAR =FXNUT(Y4) :GOSUB 11660

10500 GET 1,170:GOSUB 11830:VAR$=COMMTY40$: VARI=ZNUT(1):GOSUB 11660

10510 GET 1,204:G0SUB 11830:VAR$=COMMTY0$: VAR =ZNUT(2):GOSUB 11660

10520 GET 1,205:GOSUB 11830 :VAR$=COMMTU0$: VARI=ZNUT(3):GOSUB 11660 -
10530 GET 1,206:GOSUB 11830:VAR$=COMMT40$:VAR!=ZNUT(4):GOSUB 11660

10540 GET 1,185:GOSUB 11830:VAR$=COMMT40$: VARI=WTFACT(1) :GOSUB 11660

10550 GET 1,186:GOSUB 11830:VAR$=COMMTU0$: VARI =WTFACT(2) :GOSUB 11660

10560 GET 1,187:GOSUB 11830:VAR$=COMMTUO$: VARI =WTFACT(3) :GOSUB 11660

10570 GET 1,188:GOSUB 11830:VAR$=COMMT40$ : VARt =WTFACT(4) :GQSUB 11660

10580 GET 1,173:LOCATE 24,1:GOSUB 11830:PRINT COMMTHO0$;

10590 GET 1,174 :LOCATE 25,1:GOSUB 11830:PRINT COMMTU40$;:LOCATE 25,13:PRINT CHR$
(2u4);

10600 GOSUB 11870 ’
10610 IF IFLAG=~1 THEN GET 1,181:GOSUB 11830:BEEP:LOCATE 25,1:PRINT COMMT4C$;:
OTO 10600

10620 GOTO 10160

10630 ! ,

10640 '

10650 ' preparing objective function temperature graph

10660 N=11

10670 FOR I=1 TO N ,

10680 XX(I)=TEMPOBJ(I) :YY(I)=0BJFN(I) :NEXT

10690 ' setting the x-axis, y-axis minimums and maximums

10700 '

10710 XXMAX=130!

10720 XXMIN=110}

10730 YYLVAL=0!

10740 GOSUB 11930

10750 !

10760 *

10770 ' table for objective function vs temp

10780 CLS:SCREEN 1: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$;:LOCATE 5,1:GET 1,189:G0S
UB 11830:PRINT COMMTUOS$;

10810 N=NPOINTS:INC=6:NVAR=1: J=1

10820 FOR I=NVAR TO N

10830 INC=INC+? .

10840 LOCATE INC,1:PRINT TEMPOBJ(I); :LOCATE INC,13:PRINT TIMCOOL(I);:LOCATE INC
,28:PRINT USING “#.44887 """ ;YYCURVE(J) :J=J+40

10850 NEXT

10860 LOCATE 20,1: PRINT TEMPOPT;: LOCATE 20,13: PRINT COOLOPT;: LOCATE 20,28:
PRINT USING "#.#88¢""""";0BJOPT

10870 LOCATE 22,1:GET 1,173:GOSUB 11830:PRINT COMMT40$;

10880 LOCATE 23,1:GET 1,178:GOSUB 11830:PRINT COMMT4 0$;

10890 J=0 ! g

10900 ! ’ \

10910 ' error checking subroutine for X/Y/P + printing table to printer

o
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10920 ANSWERY$=INPUT$( 1) ,

10930 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:G0TO 10950

10940 IF ( ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAGz-1: GOTO 10950
10950 IF IFLAG=—1 THEN, BEEP:LOCATE 24,1: GET 1,179:GOSUB 11830 PRINT? conMruos,.
GOTO 10920

10960 IF IFLAG=2 THEN CLS:GOTO 11000

10970 IF IFLAG=0 THEN 10160

10980 ? ~
10990 ' ©
11000 ' printing a table for objective function results v RN

11010 OPEN Mlpti1:" AS #10

11020 WIDTH #10,100:CLS:LOCATE 12,1:GET 1,200:GOSUB 11830:PRINT COMMT40$;
11030 GET 1,197:PRINT #10,COMMENT$:PRINT #10,:PRINT #10,

11040 GET 1,198 :PRINT #10,COMMENT$:GET 1,199:PRINT #10,COMMENT$:PRINT #10.
11050 J=1 .

11060 FOR I=) TO N
11070 PRINT #10,USING " #4844¢ .00¢ " TEMPOBJ(I); TIMCOOL(I):
11080 PRINT #210,USING #8887 " : YYCURVE(])

11090 J=J+u0 E

11100 NEXT 1

11110 J=0

11120 PRINT #10,USING " #44448 308 " s TEMPOPT ;'COOLOPT;

11130 PRINT #10,USING ™ #4888 " ;OBJOPT

11140 CLOSE 10:GOT0O 10160

11150 ! ’

11160 !

11170 'screen for nutrient retention fraction

11180 SCREEN 2:SCREEN Q:COLOR 11,1,1:CL3

11190 LOCATE 3,1:GET 1,193:GOSUB 11830 :PRINT COMMENTS$;

11200 LOCATE 5,1:GET 1, 194:GOSUB 11830:PRINT COMMENTS$;

. 11210 LOCATE 7,1:GET 1,195:GOSUB 11830 :PRINT COMMENTS;

11220 LOCATE 8,1:GET 1,196:GOSUB 11830:PRINT COMMENTS;

11230 N=NPOINTS:INC=8:NVAR=1

112480'FOR I=NVAR TO N

11250'INC=INC+1

“4T26Q0'LOCATE INC,1:PRINT TEMPQBJ(I);:LOCATE INC,13:PRINT TIMCOOL(I); :LOCATE INC
»28

11270 'PRINT USING "#.##""""";FRANUT(1,I); :LOCATE INC,H3:P°RINT USING "¢, pp”"" "
3 FRANUT(2,1);:LOCATE INC,58:PRINT USING "#.#4"""""; FRANUT(3,I);:LOCATE INC,73
:PRINT USING "g.#8°""""; FRANUT(4,I);

11280 NEXT |

11290'COLOR 12,1,1 !

11300 LOCATE 14, 1:PRINT TEMPOPT; :LOCATE 14,13:PRINT COOLOPT; :LOCATE 14,28

11310 PRINT USING "“#.##""""";FRAOPT(1); :LOCATE 14,43 :PRINT USING "#.4##"""""; F
RAOPT(2) ; :LOCATE 14,58:PRINT USING "#. M"""" FRAOPT(3)‘ OCATE 14,73:PRINT US -
ING "#. 487" ""n, FRAOPT(U) N

11320 COLOR 11,1,1

11330 GET 1,173:LOCATE 21,20:GOSUB 11830:PRINT COMMTU4OS$;

11340 GET 1,178:LOCATE 22,20:GOSUB 11830 ::PRINT COMMT403%;

11350 !

11360 ' error checking subroutine for X/Y/P + printing table to printer

11370 ANSWERY$=INPUTS$(1)

11380 IF(ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:GOTO 11400

11390 IF( ANSWERY$="P") OR (ANSWERY$="p") THEN IFLAG=2:ELSE IFLAG=~1} :GOTQ 11400
11400 IF IFLAG=~1 THEN. BEEP: GET 1,179:LOCATE 24,20:GOSUB 11830:PRINT COMMTU4O0$:
:GOTO 11370

117410 IF IFLAG=2 THEN CLS:GOTO 11450

N
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11420 IF IFLAG=0 THEN 10160 i o,
11430 ]

11440 ! ° .

11450 ! printing a screen for nutrient fraction results

11460 OPEN '"lpti1:™ AS #10

11470 WIDTH #10,100:GET 1,45:LOCATE 12, 1:PRINT COMMENTS$

11480 GET 1,197:PRINT #10,COMMENTS$:PRINT #10,:PRINT #10,

11490 GET 1,195:PRINT #10,COMMENTS$:PRINT #10,

11500 GET 1,196:PRINT #10,COMMENTS;:PRINT #10, :PRINT #10,

11510'FOR I=1 TO N .

11520'PRINT #10,USING "##44 .44, ";TEMPOBJ(I); . o :
11530'PRINT #10,USING " {#4084¢# .44 "3 TIMCOOL(I);

J1S40'PRINT #10,USING " g.44>""" v:FRANUT(1,I);FRANUT(2,I);FRANUT(3,I);FRAN
UT(u,I)

11550'NEXT 1 .

‘11560 PRINT #10,USING "@#&##.4¢ " ;TEMPOPT;

11570 PRINT #10,USING " #a44008 .44 " ;COOLOPT;

11580 PRINT #10,USING " #.84"""" m.FRAOPT(1);FRAOPT(2);FRAOPT(3) ; FRAOPT(H4)
. 11590 CLOSE 10:GOTO 10160 ) -

11600 ' .

11610 !

a

11620 ' exit from this subprogram

11630 CLS: SCREEN 2: SCREEN 0: COLOR 7,1,1: GOTO 7210

11640 !

11650 ! ) .
11660 'subroutine that prints parameters and comments ih the process paranmeter
table . . -,

11670 LOCATE NROW, 1:PRINT VAR$:LOCATE NROH,31:PRIN*"VAR.'

11680 NROWZNROW«1

11690 ‘RETURN

11700 !

IANARN

11720 ' error checking subroutine for integers

11,30 ANSWERI$=INPUT$(1) | .

11740 IF ASC(ANSWERI$)>=49 AND-ASC(ANSWERI$)<=58 THEN RETURN

11750 LOCATE 24,1:BEEP:GET 1,155:GOSUB 11840:PRINT COMMTH40$; :GOTO 11730
11760 RETURN )

11770 ! . R . ,

11780 ‘

11790 ' put a blank line subroutine

11800 LOCATE NROW,1:PRINT" " :RETURN
11810 ! , .
11820 !

11830 ' reduce record length to 39 characters

11840 COMMTY40$=LEFT$ (COMMENT$,39) :RETURN

11850 !

11860 !

11870 ‘'error checking subroutine for X

11880 ANSWERY$=INPUT$(1)

11890 IF (ANSWERY$="X") OR (ANSWERY$="x") THEN IFLAG=0:RETURN
11900 IFLAG=~1:RETURN

11910

11920 !

11930 ' plotting graph

11940 ' draws titles

11950 SCREEN 2

11960 CLS:LOCATE 1,1



11970
11980
11990

372

GET 1,182:GOSUB 11830:PRINT COMMT40$;
LOCATE 2,1:GET 1,183::PRINT COMMENT$; :LOCATE 21,12
GET 1, 184:GOSUB 11830:PRINT COMNT40$;

12000 !

12010
12020

12030

12040
12050
12060
12070
12080
12090
12100

LINESET=0

DXX=( ( XXMAX=-XXMIN)/(11-1))

NXXPIX==(350/(11=1))

FOR I=1 TO 11 ¢

NXXPIX=NXXPIX+(350/(11-1))

XX=XXMIN+(INT((I-1)*((XXMAX-XXMIN)/(11-1))))

LINESET=LINESET+1

IF LINESET=3 THEN LINESET:1

IF LINESET=1 THEN NROW=19:LINE(83+NXXPIX,140)-(83+NXXPIX, 145) 1:NCOLUM=IN

' print xbaxis number

T(9+(NXXPIX/7.96)) ELSE NROW=20:LINE(83+NXXPIX,140)-(83+NXXPIX,155),1:NCOLUM=IN
T(10+ (NXXPIX/7.96))

12110

12120

12130
12140
12150
12160
12170
12180
12190
12200
12210
12220
12230
12240
12250
- 12260
12270
12280
12290
12300
12310
12320
12330
12340
12350

12360

12370
12380
12390
12400
12410
12420
12430
12440
12450
12460
12470

12480

LOCATE NROW,NCOLUM:PRINT XX

NEXT

L

' printing y-axis numbers

TEMPMAX=YY(1)

TEMPMIN=YY(1)

FOR I=2 TO N .

IF YY(I)XTEMPMIN THEN TEMPMIN=YY(I) ¢
IF YY(I)>TEMPMAX THEN TEMPMAX=YY(I)

NEXT T
YYMAX=TEMPMAX

YYMIN=TEMPMIN .
'IF (YYMAX)YYHVAL) THEN 26105 ELSE YYMAX=YYHVAL "
IF (YYMINCYYLVAL) THEN 12250 ELSE YYMIN=YYLVAL

IF (YYMAX<YCURMAX) THEN YYMAX=YCURMAX

IF (YYMIN>YCURMIN) THEN YYMIN=YCURMIN

NYYSET=6

YYSPACE=( YYMAX-YYMIN)/( NYYSET-1)

YYAXNUMBER= YYMIN ,
NYYPIX==(115/(NYYSET~1))

FOR I=1 TO NYYSET

NYYPIX=NYYPIX+(115/(NYYSET-1))

NROW=INT( 18-(NYYPIX/7.96))

LOCATE NROW,1

PRINT USING "g.88""""";YYAXNUMBER

YYAXNUMBER=YYAXNUMBER+YYSPACE >
LINE(78,140-NYYPIX)~(83,140-NYYPIX),1

NEXT

1 ]

' draw axis lines . -
LINE(83, 140)-(433,140),1

LINE(83,140)-(83,25),1

\]
1

' drawing the symbols

FOR I=1 TO N

XX(I) 83+ (((XX(I)=XXMIN)/ (XXMAX~XXMIN) )*#350)
YY(I) 1&0 ((CYY(I)=YYMIN)/(YYMAX-YYMIN))#*#115)

ION=YY(I)
}3%88 éEOSITION XX(I):YPOSIT

230

GOSUB 1 820 12850,12890,12920,12950,12990, 13040, 13080 13110,13150,13
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12510 NEXT

12520 !

12530 'drawing the index table

12540 XPOSITION=5001:YPOSITION=19 :
12550 FOR I=1 TO N

12560 ON I GOSUB 12820,12850,12890,12920,12950,12990,13040, 13080, 13 10,13150,13
230

12570 YPOSITION_YPOSITION+16

12580 NEXT

12590:NROW-1 :LINE(480,1)=-(639,185),1,B

12600 FOR I=1 TO N -
12610 NROW-NROW+2 LOCATE NROW, 70 PRINT TIMCOOL(I);:NEXT .
12620

12630 ' plotting the curve fit
12640 IF IERRFLAG=z1 GOTO 12750
12650 IPOINTS=0 .

12660 FOR I=1 TO 401 STEP 20
12670 IPOINTS=IPOINTS + 1
12680 XCURVE(IPOINTS)= 83+(((XXCURVE(I)-XXMIN)/(XXMAX-XXMIN))’350)
12690 YCURVE(IPOINTS)=140=(((YYCURVECI)=YYMIN)/(YYMAX-YYMIN))#115)
12700 NEXT I

12710 FOR I=2 TO 21

12720 LINE (XCURVE(I-1),YCURVE(I-1))~ (XCURVE(I) YCURVE(I)) 1

12730 NEXT N ) a

~12740 *

12750 ' getting the userts choice

12760. GET 1,173:LOCATE 22,10:GOSUB 11830:PRINT COMMT4Q$;

12770 GET 1,174 :LOCATE 23,10:GOSUB 11830:PRINT COMMTU0$; :LOCATE 23,22:PRINT CHR
$(24); )
12780 GOSUB 11870

12790 IF IFLAG=-1 THEN GET 1,181:G0SUB 11830:BEEP:LOCATE 24,10:PRINT COMMTU0$;:
GOTO 12780

12800 GOTO 10160 :

12810 ¢ *

12820 ' circle - .

12830 CIRCLE(XPOSITION,YPOSITION),5,1

12840 RETURN 0

12850 'point

12860 CIRCLE(XPOSITION,YPOSITION),5,1

12870 PAINT (XPOSITION YPOSITION),1 1

12880 RETURN

12890 ' box

12300 LINE(XPOSITION-3,YPOSITION-3)~(XPOSITION+3,YPOSITION+3),1,B
12910 RETURN ‘

12920 ' box full

12930 LINE(XPOSITION-3,YPOSITION=-3)-(XPOSITION+3,YPOSITION+3),1,BF
12940 RETURN

12950 ' x

12960 LINE(XPOSITION-3, YPOSITION-S)-(X§OSITION+3 YPOSITION+3),1
12970 LINE(XPOSITION-3,YPOSITION+3)~(XPOSITION+3,YPOSITION-3),1
12980 RETURN

12990 'star

13000 LINE(XPOSITION-3,YPOSITION=3)~{XPOSITION+3,YPOSITION+3),1
13010 LINE(XPOSITION=3,YPOSITION+3)=(XPOSITION+3,YPOSITION=3),1
13020 LINE(XPOSITION+4,YPOSITION)=(XPOS ITION~4,YPOSITION),1
13030 RETURN .

13040 ' plus+

iy,
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\

13050 LINE(XPOSITION-3,YPOSITION)=(XPOSITION+3,YPOSITION);? 2
13060 LINE(XPOSITION,YPOSITION-3)~(XPOSITION, YPOSITION+3), @ o
13070 RETURN ) v
13080 'ellipse \ %

13090 CIRCLE(XPOSITION,YPOSITION), u, 1, y93/2

13100 RETURN

13110 'full ellipse

13120 CIRCLE(XPOSITION,YPOSITION) ,H, 1.. .3/2

13130 PAINT (XPOSITION,YPOSITION),1,1

13140 RETURN

13150 'hexagon

13160 LINE(XPOSITION-4, YPOSITION-Z) (XPOSITION+4 YPOSITION=2) ,1
13170 LINE(XPOSITION-4,YPOSITION+2)=(XPOSITION+4,YPOSITION+2) ,1
13180 LINE(XPOSITION=U,YPOSITION=2)~(XPOSITION=12,YPOSITION),1
13190 LINE(XPOSITION+4,YPOSITION=2)=(XPOSITION+12,YPOSITION), 1
13200 LINE(XPOSITION-4,YPOSITION+2)~(XPOSITION=~12,YPOSITION),1
13210 LINE(XPOSITION+4, YPOSITION+2) (XPOSITION+12,YPOSITION), 1*
13220 RETURN

13230 'hexagon

13240 LINE(XPOSITION=U,YPOSITION=2)~(XPOSITION+4, YPOSITION.2),
13250 LINE(XPOSITION=U,YPOSITION+2)=(XPOSITION+4,YPOSITION+2), 1
13260 LINE(XPOSITION-4,YPOSITION~2)~-(XPOSITION-12,YPOSITION), 1
13270 LINE(XPOSITION+4,YPOSITION=2)=(XPOSITION+12,YPOSITION),1
13280 LINE(XPOSITION-4,YPOSITION+2)~-(XPOSITION-12,YPOSITION),1
13290 LINE(XPOSITION+4, YPOSITION+Z)~(XPOSITION+12,YPOSITION), 1
13300 PAINT(XPOSITION, YPOSITION) 1,1 .
13310 RETURN

13320 !

13330
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ALPHAE

N R R MENU®S® » »

8 Initial Food Temperature (deg C)

9 Cooling Water Temperature (deg C)

10
"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

The Initial and Cooling Water Temp. must be >0 and We{ter Temp. <90 deg C
Initial Temp: Water Temp:

PRESS ANY KEY TO CONTINUE

Total Processing Time (heati.ng + cooling) (sec)

The total time must be between 1800 and 9000 sec ‘
Total Processing Time:

Heating Curve fh (1/s8lope) (>700 sec)

Cooling Curve fc (1/slope) (>700 sec)

The fh and fc¢ values (1/slope) must be > 700 sec

™~

f‘h:u fe:

Heating Curve Lég Fac;:or (must be>z0;>1=1ag,<1=jump)

Heating Curve Lag Factor (must be)0;>1=lag,<1zjump)

You entered Jh (lag factor) =0; for the model you've chosen Jh can't = 0
Lag Factor (heating curve):

You entered the f‘ollgwing value(s):

The Heating Curve Lag Factor can't be between 1.856 and 1.876 inclusively
Cooling Curve Lag Factor (must>0) (>1=lag,<1=jump)

You ent;ared Je=0; for the model you've chosen .}c can"t = 0

Lag Factor (cooling curve): “

The cooling curve lag factor can't be between 1,856 and 1.876 inclusively
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30 Process Lethality (1.0<=1ethalit;<=2.5)

31 The process lethality must be between 1.0 and 2.5
32 Lethality: l

33 What is the F-value f?r the contaminant (at Tref=121 deg C) - in minutes?
34 The Fevalue cannot equal 0

35 A F-value Agreater than 20 minutes is unusual

36 Do you want ?g reenter the value (Y lor N and RETURN)?

37 What is the z~value for the contaminant (at Tref:121‘ deg C) « in deg C?
38 The z-value cannot equal 0

39 A z-value greater than 30 deg C is u.nuaualo

40 Model (1e-basic,2-basic modified, 3-general)

41 The model number must be between 1 and 3

42 Model: \

43 The total processing time you supplied was too short for the lethality desi
rﬁﬁ The processing time was automatically increased to: (sec)

45 # % %% pPILEASE WAIT®*H82

46 What is the F.value for Nutrient #1 ( at TreF=121 deg C) in minutes?
47 What is the F-value for Nutrient #2 (at Tref=z=121 deg C) - in minutes?

48 What is the F—value’ for Nutrient #3 (at Tref=121 deg C) - in minutes?

49 What is the F-value for Nutrient #4 (at Trefz121 deg C) - in minutes?

50 A F-value greater than 2000 miﬂnutes is unusual

51 What is the z-value for Nutrient #1 (at Tref=121 deg C) - in deg C?

52 What 1{s the z-value for Nutrient #2 (at Tref=121 deg C) - in deg C?

53 What is the z-value for Nutrient #D3\(at’Trei‘=121 deg C) - in deg C?

54 What is the z-value for Nutrient #4\(at Tref=121 deg C) -~ in deg C?

55 ARGUMENT LISTING FOR SUBROUTINE .

56 Enter the new value and press RETURN .

57 Hit RETURN alone if you want to keep the old value,

-



58

59 ARGUMENT

377

OLD . NEW

60 A z~-valué greater than 50 deg C is unusual

61 What 1is the
62 What is the
63 What 1is the
64 What 1is the
65 You did not
66 Do you want
67

68

69

70

71

72

73

T4

75

76

77

78

79 v

80

Bﬁg .
82
83
84
85
86

)

weighting factor for Nutrient #1 (between 0 and 1)

weighting factor for Nutrient #2 (between 0 and 1) ?

weighting factor for Nutrient #3 (between 0 and 1) ?

weighting factor for Nutrient #4 (between O and 1) ?
n

enter a weighting factor value between 0 and 1

to redo the process calculations (Y or N and RETURN)?

“
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87 '

89
90
191

92

93

94

95

96,

97 j ’ .
98

99

100

101

102 -
103

104

105

106

107

108

109

110

111

112

113
114



115
116
7
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

143

AN

%

\®©

379
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144
145
146
147
148
149
Viso
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

17

MENU
1) Objective Function vs Temp Graph
2) Objective Function vs :I'emp Table
5) EXIT The Result Display Section
Enter 1, 2 ... :
you did not enter an integer, try again

You did not enter 1, 2 ...5 - try again

Process Parameter Table

Initial Temperature(deg C)
Retort Temperature(deg C)
Water Temperaturefdeg C)
Slope of Heating Curve(sec)
Slope of Cooling Curve(sec)
Heating Cu;‘ve Lag Factor
Cooling Curve Lag Factor
Total Processing Time(sec)
Time When Coc;ling Starts(sec)
Number of Time Increments
F-Value of Nutrient #1(min)
z-Value of Nutrient #1(deg C)

3

F-Value of Microorganism(min)

I

380
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) y
172 z-Value of Microorganism(min) L
173 Press """ to exit to menu or .
174 Pre%}s -PrtSc to print graph
175 RESULTS
176 Retort, Cooling Objective
177 . Press Y to continue L 4
178 i’ress P.to print specified dafa
179 You did not enter X or P ’ °
180 There is no more data, enter P or X
181 YOU DID NO’i‘ ENTER "X »g
+ 182 0bj. |
183 Function Obj. Function vs Retort Temp. Icooltime
(?39 Retort Temp (deg C) )
185 Weighting Factor #1
186 Weighting Factor #2, . ‘ .
187 Weighting Factor #3 ’
188 Weighting Factor #4
189 Temp(C) starts at(s) Func. Value :
190 3) Optimal Nutrient Retention
191 4) Process Parameter Table R
192 Weighting Factor #4 §
193 OPTIMAL NUTRIENT : '
194 RETENTION FRACTION \\
195 Retort @ooling Nutrient Nutrient i _Nutrient * Nut
rient ,
196 Temp(C) starts at(s) #1 #2 #3
a4 :
197 Results - .
198 Retort Cooling Objective
199 Temp(C) starts at (s) - Funetion value -
200 *% % PLEASE WALIT***

B ) /(\"



201
202
203
204
205

206

F-V;lue
F-Value
F-Value
z-Value
z~Value

z=Value

of Nutrient #2(min)
of Nutrient #3(min)
of Nutrient #4(min)
of Nutrient #2(deg C)
of Nutrient #3(deg C)

of Nutrient #4(deg C)

3 - »

382
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APPENDIX 3.8

Program Listing of SUB1 (BALLST)
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0

TTe——

1000
1005
1010
1015
1020
1025
1030
1035
1040
1045
1050

' 1055
1060
1065
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1140

yil

SN 384

(222 2222322222222 222122 R 2222222222223 22222 22222222 2222222 2222322 2]

1]
1]
1]
L
' BALLST )

' SUBROUTINE BALLST PRODUCES VECTORS OF TIME AND TEMPERATURE VALUES

' ACCORDING TO BALL'S MODEL (BASIC, MODIFIED AND GENERAL - DEPENDING

' ON WHETHER THE VALUE OF THE PARAMETER 'MODEL' IS 1,2 OR 3).

' IT ALSO OUTPUTS VALUES OF G! AND M! ,

' THE CONTAINER OF FOOD IS INITIALLY AT UNIFORM TEMPERATURE TINIT!,

' SUBJECTED TO TEMPERATURE TRETRT! IN A RETORT FOR THE FIRST COOLTI! SECS,

THEN DUMPED IN WATER AT TEMPERATURE TWATER! AND LEFT THERE FOR THE REST
OF THE TOTAL MODELLING TIME, TOTIME!. .

Y T R R R e T T e T T I I RN LIt L]
PARAMETERS:

tinit! ="INITIAL TEMPERATURE - DEG C - INPUT

tretrt! ="RETORT TEMPERATURE - DEG C - INPUT

twater! ="WATER TEMPERATURE - DEG C - INPUT

fh! ="SLOPE OF HEATING CURVE - SEC = INPUT

jh! ="HEATING CURVE LAG FACTOR - INPUT

fc! ="SLOPE OF COOLING CURVE - SEC - INPUT

je! ="COOLING CURVE LAG FACTOR - INPUT

totime! ="TOTAL MODELLING TIME - SEC - INPUT

coolti! ="TIME AT WHICH COOLING STARTS - INPUT

time! ="ARRAY OF TIME VALUES - SEC - OUTPUT

temp! ="ARRAY OF TEMPERATURE VALUES - DEG C - OUTPUT

g! ="tretrt!-temaxba - DEG £ - OUTPUT

m! ="tcmaxba-twater! - DEG, C - QUTPUT

' Nba ="NUMBER OF time! AND TEMPERATURE VALUES WANTED - INPUT

. w W W W % s - @ W e o e w® w =

‘41&5~H,MODEL ="MODEL NUMBER TO BE USED - INPUT o

1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275

llli.#li~?‘11l§ﬁli!ﬁ*‘l!illlilllil*'l‘l.l!llll!l*ﬂi*ﬁ!lﬁll!liIliﬂllllf
e——

bhsgba -"HEATING HYPERBOLA CONSTANT -~ SEC

dtimeba ="time! INTERVAL FOR EVALUATING TIME AND TEMPERATURE - SEC
dummxba ="DUMMY VARIABLE .

rba g"DUMMY VARIABLE FOR COOLING HYPERBOLA

sba ="DUMMY VARIABLE FOR HEATING HYPERBOLA

temaxba® ="MAXIMUM TEMPERATURE ATTAINED AT CONTAINER CENTRE - DEG C
testarba ="HYPERBOLIC/LOGARITHMIC CURVES SWITCHOVER TEMPERATURE - DEG C
tistarba ="HYPERBOLIC/LOGARITHMIC CURVES SWITCHOVER TIME - SEC

yJjcba ="DUMMY VARIABLE FOR jc!

B0 U0 00000 00000000000 000 2000 5230 000 ORI 3E 0 0000 0600 0 N
OTHER VARIABLES, INTEGER:

Iba ="DUMMY . ‘

Jba ="DUMMY

Mba ="DUMMY VARIABLE FOR MODEL

ncoolba ="NUMBER OF 'VALUES CALCULATED FOR TOTAL COOLING CURVE
ncoolhba ="NUMBER OF VALUES CALCULATED FOR HYPERBOLIC COOQLING CURVE
ncoollba ="NUMBER OF VALUES CALCULATED FOR LOGARITHMIC CODLING CURVE
nheatba ="NUMBER OF VALUES CALCULATED FOR TOTAL HEATING CURVE

nheathba ="NUMBER OF VALUES CALCULATED FOR HYPERBOLIC HEATING CURVE

nheatlba ="NUMBER OF VALUES CALCULATED FOR LOGARITHMIC HEATING CURVE
BRI AN IGO0 IR0 000 53

.- w e W @ W w M e 4 e W s 4 w e e w w wm . -

1

tINITIALIZATION AND DIMENSIONING
DEFINT I-N =



‘. 385

1280 DIM TIME(1001), TEMP(1001)
1285 !
1290 ' GETTING ARGUMENTS THAT WERE STORED IN COMM1 BY THE CALLING PROGRAM
1295 OPEN "c:commi™ FOR INPUT AS 1
1305 INPUT #1,MODEL,TINIT!,TRETRT!,TWATER!,6NBA, TOTIME!,COOLTI!,FH!,FC!,JH!,JC!,
nsubmain
1310 close 1
1315 !
1320 ' INPUT PARAMETER CHECKING SECTION AND ERROR MESSAGE WRITING
1325 IF((TINIT!<=TRETRT!) AND (TWATER!<=TRETRT!)) THEN GOTO 1345
1330 PRINT “THERE IS A PROBLEM WITH INPUT DATA TINIT!,TRETRT! OR TWATER! "
1335 PRINT "THE PROGRAM WAS STOPPED"
1340 STOP ,
1345 IF (FH!>0!) AND (FC!>0!) THEN GOTO 1365
1350 PRINT "THERE IS AN ERROR IN FH! OR FC! INPUT DATA"
1355 PRINT "THE PROGRAM WAS STOPPED"
1360 STOP
1365 IF ((JH!>0!) OR (MODEL=1)) AND ((JC!=>0!) OR (MODEL<>3)) THEN GOTO 1385
1370 PRINT "THERE IS AN ERROR IN JH! OR JCIn
1375 PRINT "THE PROGRAM WAS STOPPED"
1380 STOP
1385 IF(TOTIME!>0!) AND (COOLTI!>0!) AND (TOTIME!>= COOLTI!) THEN GOTO 1405
1390 PRINT "THERE IS AN ERROR IN TOTIME! OR COOLTI!" -
1395 PRINT "THE PROGRAM WAS STOPPED"
1400 STOP
1405 IF ((ABS(JH!=1,866)>.01) OR (MODEL=1)) AND  ((ABS(JC!=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,NBA"
1435 PRINT "THE PROGKAM WAS STOPPED"
1440 STOP
1445 IF (MODEL>=1) AND (MODEL<=3) THEN GOTO 1470
1450 PRINT "THERE IS AN ERROR IN THE MODEL NUMBER SPECIFIED, MODEL"
1455 PRINT "THE PROGRAM WAS STOPPED"
1460 STOP ,
1465
1470 DEF FNZ(X)=(1!=-.453461/X+.0514065/X/X)/ (. 453461/X/X/X=11/X/X)
1475 !
1480 ' FINDING tcmaxba, g! AND m!
1485 TCMAXBA=TRETRT!-(TRETRT!-TINIT!)*JH!%101"(~COOLTI!/FH!)
1490 GY=TRETRT!-TCMAXBA
1495 MI=TCMAXBA-TWATER!
1500 ' CALCULATING time! VALUES
1505 DTIMEBA=TOTIME!/CSNG(NBA=~1)
1510 FOR IBA=1 TO NBA
1515 TIME!(IBA)=CSNG((IBA-1)%DTIMEBA)
1520 NEXT
1525 ' DETERMINE NUMBER OF VALUES ON HEATING AND COOLING CURVES
1530 NHEATBA=INT(COOLTI!/DTIMEBA)+1
1535 NCOOLBA=NBA-NHEATBA
1540 'DETERMINE NUMBERS OF VALUES ON HYPERBOLIC & LOGARITHMIC HEATING CURVES
1545 IF MODEL>1 THEN GOTO 1575 'ﬂv
1550 ' LOGARITHMIC HEATING ONLY
1555 NHEATLBA=NHEATBA



1560
1565
1570
1575
1580

386

NHEATHBA=0

GOTO 1655

'HYPERBOLIC/LOGARITHMIC HEATING
TCSTARBA=TINIT!+.343*(TRETRT!-TINIT!)
IF TCSTARBAKTCMAXBA THEN GOTO 1600

1585'PRINT " HYPERBOLIC MODEL NOT POSSIBLE FOR HEATING CURVE"
1590 'PRINT " LOGARITHMIC MODEL ONLY USED"

1595
1600
1605
1610
1615
1620
1625
1630
1635
1640
1645
1650
1655
1660
1665
1670
1675
1680
1685
1690
1695
1700
1705
1710
1715
1720
1725
1730
1735
1740
1745
1750
1755
1760
1765
1770
1775
1780
1785
1790
1795
1800
1805
1810
1815
1820
1825
1830
1835

GOTO 1555

SBA=.43429 44824 %LOG(JH! /.65T) .
TISTARBA=FH!*SBA .
NHEATHBA=INT (TISTARBA/DT IMEBA)+1 '
NHEATLBA=NHEATBA-NHEATHBA

AHBA=(.343% (SBA-.22673))/ (.45346-SBA) B(TRETRTI-TINIT!)
BHSQBA=FNZ ( SBA) #FH1"2

' HYPERBOLIC HEATING CURVE CALCULATION

FOR IBA=1 TO NHEATHBA
TEMP!(IBA)=TINIT!+AHBA*(SQR(11+TIME! (IBA)" 2/BHSQBA) 11)

NEXT

' LOGARITHMIC HEATING CURVE CALCULATION

IF NHEATLBA<=0 THEN GOTO 1690

DUMMXBA= (TRETRT!~TINIT!) *JH!

JBA=NHEATHBA+1

FOR IBA=JBA TO NHEATBA

TEMP { (IBA) = TRETRT! -DUMMXBA* 101" (~TINE! (IBA)/FH!)

NEXT

' COOLING CURVE CALCULATIONS

IF NCOOLBA=0 THEN GOTO 1850

'"FINDING COOLING CURVE CONSTANTS

YJCBA=1,41 '

BCSQBA=(.173%FC!)"2

ACBA=.3*(TCMAXBA-TWATER! )

RBA=.434294 4828 #LOG(Y JCBA/ .657) - .
IF MODEL<>3 THEN GOTO 1745

YJCBA=JC!

RBA=.4342944826%LOG(YJICBA/ .657)

BCSQBA=FNZ (RBA)*FC1"2

ACBA=(.343%(RBA-.22673))/ (.45346-RBA) *( TCMAXBA-TWATER!)
TISTARBA=FC!#RBA

IF TISTARBA<(TOTIME!-COOLTI!) THEN GOTO 1770

NCOOLLBA=0

KBA=NBA

GOTO 1790

NCOOLHBA=INT ((COOLTI!+TISTARBA)/DTIMEBA)+1-NHEATBA
NCOOLLBA=NBA-NHEATBA~NCOOLHBA

IF NCOOLHBA<=0 THEN GOTO .1810

KBA=NHEATBA+NCOOLHBA

JBA=NHEATBA+1

FOR IBA=JBA TO KBA

TEMP! (IBA) =TCMAXBA-ACBA® (SQR(11+ (TIME! (IBA)-COOLTI!)"2/BCSQBA)=11!)
NEXT

IF NCOOLLBA<=0 THEN GOTO 1850

JBA=NHEATBA+14NCOOLHBA

DUMMXBA= (TCMAXBA-TWATER! ) #Y JCBA

FOR IBA=JBA TO NBA

TEMP! (IBA) =TWATER!+DUMMXBA# 10!~ (~11/FC! *( TIME! (IBA)=COOLTI!))
NEXT S

1840 '

-
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1845 /)

5 : (L

1850 'PRINTING THE TIME, TEMP INFO INTO COMM2 FILE
1855 OPEN "c:comm2" FOR OUTPUT AS 2

1860, FOR IBA=1 TO NBA,~ I

1865 PRINT#2,TIME!(IBA);TEMP! (IBA)

1870 NEXT IBA

1875 CLOSE 2

1880 !

1885 ' CHAINING BACK TO THE SUBMAIN PROGRAM THAT CALLED BALLST
1890 IF NSUBMAIN=1 THEN CHAIN "maina"

1895 IF NSUBMAIN=2 THEN CHAIN "“mainb"

1900 IF NSUBMAIN=3 THEN CHAIN "mainc"

1905 if nsubmain=4 then chain "maind"

1910 if nsubmain=5 then chain "maine"

1915 print "Unreasonable nsubmain value"

1920 print "Can't chain back to a submain"

1925 print "Program SUB1 was terminated"

1930 stop .

A
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APPENDIX 3.9

Program Listing of SUB2 (CAN1)‘
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1000 !
1005 !
1010 !
1015 ! -
TO20 1 BATIIA N0 U000 00 0000 06 00 006 3000000000090 2100006300 5 36 0000 000000 00 063000 0 0
1025 ' SUBROUTINE CAN? CALCULATES A MATRIX OF TEMPERATURE VALUES INSIDE A
1030 ' FINITE CYLINDRICAL CONTAINER OF FOOD. THE CONTAINER IS INITIALLY AT A
1035 ' UNIFORM TEMPERATURE AND FROM TIME=0 IS SUBJECTED AT ALL ITS FACES TO
1040 * A NEW TEMPERATURE. THE HEAT TRANSFER COEFFICIENT IS ASSUMED TO BE
1045 ' INFINITE, SUBROUTINE CAN1 REQUIRES FUNCTION SUBPROGRAMS XJO AND XJ1
1050 !
1055 ' CAUTION !,..... CAN1 OPERATES ENTIRELY IN DOUBLE PRECISION, EXCEPT
1060 ' ’
1065 ' | FOR ARGUMENTS WHICH ARE INPUT AND OUTPUT IN REAL®Y
1070 !
10;5 U B0 O0 O IR O00 000 00 000000 000000000000 0000 00 000000 00 50 0030 0000030 00000 0 3
1080 ' SUBROUTINE PARAMETERS:
1085 ' tbath! ="TEMPERATURE TO WHICH SURFACE IS SUBJECTED - DEG C - INPUT
1090 ' tinitt ="INITIAL TEMPERATURE OF CONTAINER CONTENTS - DEG C - INPUT
1095 ' alpha! ="THERMAL DIFFUSIVITY OF CONTENTS - M##2/SEC - INPUT
1100 '-halfl! ="HALF OF TOTAL LENTH OF FINITE CYLINDER - M - INPUT
1105 ' radius! ="radius OF FINITE CYLINDER - M - INPUT )
1110 * NZ ="# OF z! VALUES AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT
1115 ' NR ="# OF RADII AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT
1120 ' NTIME ="# OF time! VALUES AT WHICH TEMP IS TO BE EVALUATED - INPUT
1125 ' z! ="VECTOR OF z! VALUES FOR TEMPERATURE EVALUATION - M - INPUT
1130 ' R! ="VECTOR OF radius! VALUES FOR TEMPERATURE EVALUATION - M - INPUT
1135 ' time! ="VECTOR OF TIME VALUES FOR TEMP EVALUATION - DEG C - INPUT
1155 ' resultel! ="THREE DIMENSIONAL result ARRAY - DEG C - OUTPUT
TTBO " SERIBIIEEE I 00000000000 000000 000 00003000 3000 00 00000000 3030 0000000000030 0000000000 06 3000 0000 00 0000 00 0 0 00 30 0 30
1165 ' INTERNAL PROGRAM VARIABLES USED; ARRAYS
1170 ' ZF1ct,2F2e1,2zl1c1%e1 ) , FUNCTIONS OUTLINED I
N
1175 ' RF1el,RF2¢1, RL2e1 )} PRYGRAM DESCRIPTION
1180 ' ROOTc1, ROOTScl )
TIBG 1 MM I R0 I 0000 0030000000000 I 0056
1190 ' INTERNAL PROGRAM VARIABLES USED; REAL
1195 ' DUMM1ic1,DUMM2c1,SUMIc1,SUM1Xe1,SUM2e1,SUM2Xe1 ) FUNCTIONS QUTLINED IN
1200 ' TERMc1,TERMMc1,TERMNe1 ) PROGRAM DESCRIPTION
1205 ! NNGSRBNEEENANSRRN R RRAB RN RE AR RRR R R BN RN AR R RN ER R BRI RN RN
1210 ' INTERNAL PROGRAM VARIABLES USED; INTEGER )
1215 ' Ic1,de?,IRc1,ISUMXe1,I3UM2Xe1,ITIIMECY,IZc ) FUNCTIONS OUTLINED IN
1220 ' Me1,Net ) PROGRAM DESCRIPTION
1225 ¢ HHHEBBMRANENB NN RN N IR RN NN RN RN RN
1230 ' INTERNAL PROGRAM VARIABLES USED; LOGICAL
1231 ' IFLAGe1%= UNDERFLOW MEMORY FLAG

1

1232 1223222332222 2222222222 R R X222 2R RYRRRRR RS XXX 22222 R 2R ] 2]

1233 ' DECLARATION SECTION

1234 DEFDBL A-H,0~Z

1235 DEFINT I-N

1236 OPTION BASE 1

1237 DIM ZF1C1(100),ZF2C1(100),2F3C1(100) 'subroutine CAN1
1238 DIM RF1C1(100),RF2C1(100)

1239 DIM ZL1C1%(100),RL1C1%(100)

1240 DIM ROOTSC1(30),RO0TC1(100),UZC1(100),URC1(100)

1241 DIM Z1(10),R1(10),TIME!(21),RESULTC11(10,10,21)

1242 DIM A1X0(6),A2X0(7),A3X0(7) ‘'subroutine XJO




= i 400

1243 DIM B1X1(6),B2X1(7),B3X1(7) 'subroutine XJ1 .
1250 !

1255 RESTORE 1272

1260 FOR IC1=1 TO 30

1265 READ ROOTSC1(IC1) .

1270 NEXT

1272 DATA 2.4048256,5.5200781,8. 6537279 11.7915344,14,9309177

1274 DATA 18.0710640,21, 2116366 24,3524715,27.,4934791,30. 6346065

1276 DATA 33.7758202,36.9170984,40.0584258,43,1997917,46, 3411884

1278 DATA 49,4826099,52,6240518,55.7655108,58.9069839,62.048 4692

1280 DATA 65.18996”8,68.331“693,71.u729816,7u.6145006,77.7560256

1282 DATA 80.8975559.84.03909OB,§3}Q806298.90.3221726.93.4637188

1284 ! ‘

1286 PI=3,141592654¢

1288 !

1289 !

1290 'Getting arguments that were stored in COMM1 by calling program
1292 OPEN "c:commi® FOR INPUT AS 1 :
1293 INPUT#1,TBATH!, TINIT! ,ALPHA! ,HALFL},RADIUS!,NZ,NR,NTIME, TOTIME! ,NSUBMAIN
1294 CLOSE 1 - .

1295 !

1296 ' -

1297 'Calculating 2! ,R!,TIME! arrays

1298 IF (1<NZ) AND (1<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 stopped™:STOP
1301 ! N

1302 DZ=HALFL!/CSNG(NZ=-1)

1303 FOR IZC1=1 TQ NZ

1304 Z!1(IZC1)=CSNG(IZC1-1)%#DZ

1305 NEXT IZC1

1306 i !

1307 DR=RADIUS!/CSNG(WNR=1)

1308 FOR IRC1=1 TO NR ‘

1309 RI(IRC1)=CSNG(LRC1~1)*DR °

1;}? NEXT-TRC1 g

1312 DTIME=TOTIME!/CSNG(NTIME-1)

1313 FOR LC1=1 TO NTIME

1314 TIME!(LC1)=CSNG((LC1~1)#*DTIME)

1315 NEXT LC1

1316

1318 !

1320 ' PARAMETER CHECKING SECTION

1325 IF ALPHA!>0! GOTO 1350

1330 PRINT "PROBLEM DETECTED WITH NON-VECTOR INPUT DATA TO SUBROUTINE CAN1'"
1335 PRINT "alpha! , halfl1 , radius! , NR , NZ , NTIME"

1340 PRINT "PROGRAM WAS STOPPED"

1345 STOP

1350 IF (HALFL!>0!) AND (RADIUS!>O!)GOT0 1515

1355 GOTO 1330 \

1510

1515 v INITIALIZING COUNTERS AND LOGIC ARRAYS J
1520 FOR ICt1=1 TO 100

1525
1530

1535

ZL1C1%(IC1)=0
RL1C14(IC1)=0

NEXT



v h Lo1

1540 FOR JCti=1 TO 30

1545 ROOT. 1)=RQOTSC1(JC1)
1 = ROOTC1(JC1)
555 GOSUB 6000 'subroutine XJ1

1560 RF1C1(JC1)=21/RQQTC1(JIC1)/XJ1 .
1565 NEXT »
1570 ' START OF TIME LOOP

1575 FOR ITIMEC1=1 TO NTIME

1580 IF TIME!(ITIMEC1)>0! GOTO 1620

1585 FOR IRC1zt TO NR

1590 URC1(IRC1) =SQR{PI/4!)

1595 NEXT

1600 FOR IZC1=1 TO NZ

1605 UZC1(IZC1) =SQR(PI/4!)

1610 NEXT

1615 GOTO 2005

1620 DUMM1C1 = CDBL(-ALPHA!*TIME!(ITIMEC1))

1622 !

1625 ' Z~LOOP

1630 FOR IZC1=1 TO NZ

1635 NC1=0 ~.

1640 SUM1CT = 04
1645 IFLAGC1%=0
1650 SUM1XC1=0# -
1655 FOR ISUMIXC1=1 TO 2
1660 NC1zNC1+1

1665 IF N<=100THEN GOTO 1690
1670 PRINT "NUMBER OF ROQTS REQUIRED IN Z LOOP GREATER THAN 100"

1675 PRINT "ITIMECY was";ITIMEC1,"™ NC1 was";NC1

1680 PRINT "PROGRAM WAS STOPPED"

1685 STOP

1690 DUMM2C1 = CDBL(2%NC1=-1)

1695 IF (ZL1C1%(NC1)<>0) THEN GOTO 1710

1700 ZF2C1(NC1) = ((=11)"(NC1+1))/DUMM2C1

1705 ZL1C1%(NC1) = -

1710 TERMC1=( (DUMM2C1*PI/21/CDBL(HALFL!))"2) * DUMMIC1

1715 IF (TERMC1>-88#) THEN GOTO ‘1730

1720 TERMC 1=-88#

1725 IFLAGC1%=-1

1730 ZF1C1(NC1) = COS(DUMM2C1#pI/2!% CDBL(Z!(IZC1)/HALFL!))

1735 TERMNC1=ZF2C1(NC1) ® ZF1CI(NC1) * EXP{TERMC1)

1740 SUM1XC1=SUM1XC1+ABS(TERMNC1)

1745 SUM1C1=SUM1C1+TERMNC1

1750 NEXT ISUMIXC1

1755 IF (ABS(SUM1XC1/SUM1C1)>.00014) AND (SUM1XC1>.0000000001#) AND <1FLAGC11,0
) THEN GOTQ 1650

1760 IF (ABS(SUM1C1)<,0000000001#) THEN SUMIC1=0# -

1765 UZC1(IZC1)=SUMIC1

1770 NEXT 1ZC1

1772 !

1775 ' R-LOOP

1780 FOR IRC1=1 TO NR

1785 MC1=0

1790 SUM2C1=0#

1g85 IFLAGC1%=0

1800 SUM2XC1=0#

1805 FOR ISUMIRC1=1 TO 2




ko2

1810 MC1=MC1+1

1815 IF (MC1<=100) THEN GOTO 1840

1820 PRINT " MORE THAN 100 VALUES REQUIRED IN R LOOP"
1825 PRINT "“ITIMEC1 IS";ITIMEC1," MC1 is";MCt
1§29”PRINT "THE PROGRAM WAS STOPPED"

1835 STOP

1840 IF (MC1<=30) THEN GOTO 1930

1845 IF (RL1C1%(MC1)<>0) THEN GOTO 1930 - ,
1850 ROOTC1(MC1) = ROOTC1(MC!) + PI , .

1855 DROOTC1 = ~.00014

1860 X0=ROOTC1(MC1) _

1865 GOSUB 5000 *subroutine XJO

1870 Y2C1 XJo

1875 Y1C1 = Y2C1

1880 ROOTC1(MC1) = ROOTC1(MC1) + DROOTC1

1885 X0=ROOTC1{MC1) .

1890 GOSUB 5000 !subroutine XJO

1895 Y2C1 = XJO,

1900 DROOTC1 = ~DROOTC1* Y2C1/(Y2C1-Y¥1C1)

1905 IF (ABS(DROOTC1)>.00000000014) THEN GOTO 1875

- 1910 X1=ROOTC1(MC1)

1915 GOSUB 6000 'subroutine XJ1

1920 RF1C1(MC1) = 21/ROOTC1(MC1)/XJ1

1925 RL1C1%(MC1) = =1 '
1930 X0=ROOTC1(MC1¥*-% CDBL(R!(IRC1)/RADIUS!) )

1935 GOSUB 5000 'subroutine XJO

1940 RF2C1(MC1) = XJO:

1945 TERMC1=( (ROOTC1(MC1)/CDBL(RADIUS!))"2) * DUMMIC1

1950 IF (TERMC1>=-88#) THEN GOTO 1965

1955 TERMC1=-.38¢ ,

1960 IFLAGC1%z=1 y

1965 TERMMC1=RF1C1(MC1) ® RF2C1(MC1) ¥ EXP(TERMC1)

1970 SUM2XC1=SUM2X¢1+ABS(TERMMC1)

1975 SUM2C1=SUM2C 1+TERMMC1 ., )

1980 NEXT ISUMIRC?Y

1985 IF (ABS(SUM2XC1/SUM2C1)>.00014) AND (SUM2XC1>, 0000000001#) AND (IFLAGC1%=0
) THEN GOTO 1800

1990 IF (ABS(SUM2C1)<.00000000014#) THEN SUM2C1=0#

1995 URC1(IRC1)= SUM2C1

2000 NEXT IRC1

‘2002 !

2005 FOR IZCi1=1 TO NZ
2010 FOR IRCi=1 TO NR
2015 RESULTC1!1(IZC1,IRCT,ITIMEC1)=TBATH!~ (TBATH!-TINIT!)®4!/CSNG(PI)*CSNG(UZC!
(1IZC1)® UYRC1(IRC1)) .

2020 NEXT IRC1

2025 NEXT IZCi

2030 NEXT ITIMEC! ,

2035 ' .

2040 ! e

2050 'Printing Time, Position and Temp data into COMM2 file

2055 OPEN "c:cqmin2" FOR OUTPUT AS 2

2060 FOR LC1=1 TO NTIME

2065 FOR IC1=1 TO NZ

2070 FOR JC1=1 TO NR
2075 PRINT#2,Z1(IC1),R!(JC1),TIME!(LC1),RESULTCHI(ICY,JC1,LCT)

’

2080 NEXT JC1,IC1,LCH

]
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2085
2090
2095
2100
2105
2110
2115
2120
2125
2130

T 2135

5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200

5210 |

5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450

L4o3

CLOSE 2
1

*Chaining back to the submain program that called CANI

IF NSUBMAIN=1 THEN CHAIN "MAINA"

IF NSUBMAIN=2 THEN CHAIN "MAINB"

IF NSUBMAIN=3 THEN CHAIN "MAINC"

IF NSUBMAIN=4 THEN CHAIN "MAIND"

IF NSUBMAIN=5 THEN CHAIN "MAINE"

PRINT "unreasonable nsubmain value in CAN1- can't chain back to subMAIN"
PRINT "program was stopped™:STOP

?

.’
' -

tsubroutine XJO

IF ICOUNTX0=1 GOTO 5200

RESTORE 5090

FOR IX0 = 1 TO 6

READ A1X0(IX0)

NEXT

DATA -2.2499997,1.2656208,-.3163866, .0444479,-,0039444,,00021Q0

FOR IXC = 1 TO 7 .

READ A2X0(IX0)

NEXT

DATA .79788“56,-.00000077,—.00552740,-.00009512,.00137237,“.00072805
DATA .00014476

FOR IXO = 1 TO 7

READ A3X0(IX0)

NEXT

DATA ~-.78539816,-.04166347,-.00003954,.00262573,~-.00054125,-.00029333
DATA .00013558

' Testing for negative or zero x0

XJO = 1# a
ON SGN(X0)+2 GOTO 5230,5270,5290

CcLs

PRINT *"Message from subroutine xjo:"

PRINT "argument was.-ve"

STOP

ICOUNTXO0=1

RETURN

' Choosing method of calculation

IF X0 > 3! GOTO 5400 R
' Method of calculating xj0 for x0 < or = 3,
XX0 = XO%XQ/9%

YX0 = 1#

FOR IX0 = 1 TO 6

YX0 = YXO * XXO

XJO = XJO + A1X0(IXO)¥*YXO0

NEXT"

ICOUNTXO0=1

RETURN

' Method of calculating xj0 for x0 > 3.
XX0 = 3#/X0

YX0 = 14

FOX0 = A2{0(1)

THETAGXO = X0 + A3X0(1)

FOR JX0 = 2 T0 7




,THETA1X1 =

0 Lo4

YX0 = YXO¥*XXO0

FOX0 = FOX0 + A2XO0(JXO0) *YX0
THETAOXO = THETAOXO + A3X0(JXO)*YXO
NEXT

XJO = FOXO* COS(THETAOXO)/SQR(XO0)
ICOUNTXO=1 ’

RETURN

1

t
t

'subroutine XJ1

IF ICOUNTX1=1 GOTO 6200

RESTORE 6080

FOR IX1 = 1 T0 6 X
READ B1X 1(IX1)
NEXT

DATA -.56249985,.21093573,-.03954289,.00443319,-.00031761, .00001109
FOR IX1 = 1 TO T

READ B2X1(IX1) . .

NEXT .
DATA .79788456,.00000156,.01659667,,00017105,-.00249511,.00113653
DATA -,00020033

FOR IXt = 1 TO 7

READ B3X1(IX1)

NEXT

DATA <2.35619449,.12499612,.00005650,-.00637879,.00074384,.00079824
DATA -.00029166

' Testing for negative or zero x1

XJ1=14

ON SGN(X1)+2 GOTOQ 6230,6270,6300

CLS

PRINT "Message' from subroutine xj1 : "

PRINT "argument was -ve'

STOP

ICOUNTX1=1

RETURN

t

' Choosing method of calculation

IF X1 > 3! GOTO 6430

'Method of calculating xji1 for x1 < or = 3.0
XJ1 = .54

WX1 = X1%X1/9%

ZX1 = 1#

FOR KX1 = 1 TO 6

ZX1 = ZX1%WX1

XJ1 = XJ1 + BIX1(KX1)#zZX1

NEXT

XJ1 = XJ1¥X1

ICOUNTX1=1

RETURN

Method of calculating xjt for x1 > 3.

ZX1 =
Fi1X1 = (1

1 + B3X1(1)
FOR LX1= 2 7
IX1 = ZX1%3X1
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- <
6500 F1X1 = F1X1 + B2X1(LX1)*2X1
6510 THETA1X1 = THETA1X1 +3B3X1(LX1) *#ZX1
6520 NEXT ..
6530 XJ1 = F1X1% COS(THETA1X1) / SQR(¢X1) J
6540 ICOUNTX1=1 .
6550 RETURN ' ,

-

‘u.) )
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APPENDIX 3.10

<

‘Program Listing of SUB3 (CAN2)

9

406 .



1000
1005
1010
1015
1020
1025
1030
1035
1040
1045
1050
1055
1060
1065
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1140
1145
1147
1150
1155
1160
1180
1185
1190
1195
IN

1200

1205
1210
1215
1220
1225
1230
1233
1235
1240
1245
1250
1255
1260
1265
1270
1272
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2 EZ222 22 R2222 R RSS2SR RS RSR S22 S RS 2222222222 R SRR 2222 ]

CAN2
SUBROUT INE CAN2 CALCULATES A MATRIX OF TEMPERATURE VALUES INSIDE A
FINITE CYLINDRICAL CONTAINER OF FOOD. THE CONTAINER IS INITIALLY AT A
UNIFORM TEMPERATURE AND FROM TIME=0 IS SUBJECTED AT ALL ITS“FACE§/TO
A NEW TEMPERATURE. A FINITE HEAT TRANSFER COEFFICIENT H EXISTS AT ALL
THE FACES. SUBROUTINE CAN2 REQUIRES SUBROUTINES BETART AND GAMMRT;
IN TURN GAMMRT REQUIRES THE SUBROUTINES XJO AND XJ1.

CAUTION !...... CAN2 OPERATES ENTIRELY IN DOUBLE PRECISION, EXCEPT

FOR ARGUMENTS WHICH ARE INPUT AND OUTPUT IN REAL¥Y

&ﬁ***‘l!i&*iﬁ&i‘ﬁﬁ****lﬁi*%lii***ilii!ﬂ*!li*¥iiﬁ*lb**%*!—l&l&&&ili‘l***l

SUBROUTINE PARAMETERS:

tbath! ="TEMPERATURE TO WHICH SURFACE IS SUBJECTED - DEG C - INPUT
tinit! ="INITIAL TEMPERATURE OF CONTAINER CONTENTS - DEG C - INPUT
alpha! ="THERMAL DIFFUSIVITY OF CONTENTS - M#*%2/SEC - INPUT

rho! ="DENSITY. OF CONTENTS - KG/M##3 — INPUT

cp! ="SPECIFIC HEAT OF CONTENTS - J/KG-DEG C - INPUT

halfl! ="HALF OF TOTAL LENTH OF FINITE CYLINDER - M - INPUT

radius! ="radius$OF FINITE CYLINDER - M - INPUT

H!="HEAT TRANSFER COEFF 1CIENT ON SURFACE - J/M¥¥2-SEC-DEG C - INPUT
NZ ="§ OF Z VALUES AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT

NR ="# OF RADII AT WHICH TEMPERATURE IS TO BE EVALUATED - INPUT

NTIME ="# OF TIME VALUES AT WHICH TEMP IS TO BE EVALUATED - INPUT
TOTIME! ="TOTAL PROCESSING TIME - SEC - INPUT

z! ="VECTOR OF Z VALUES FOR TEMPERATURE EVALUATION - M - INPUT

R! ="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

E 2222222 R3S R SRS SRS R R E2SRR SRS XSRS RRSSISER SRS 2 N
INTERNAL PROGRAM VARIABLES USED;$ARRAYS

BETA,BETAF 1¢2,BETAF2c2, BETAF3c2, betal 1c2%,betal2c2$ )FUNCTIONS OUTLINED

GAMM,GAMMF 1c2,GAMMF2¢2, GAMMF3c2, gamml1c2%,gamm1202% ) PROGRAM DESCRIPTIO

(2 XX EI2TER XTSI RS ERIES RS2SR SE RS SRR S RS SSSRSSS RS S AL RS RS S ]

INTERNAL PROGRAM VARIABLES USED;$REAL

BC ="CYLINDER BIOT NUMBER

BP ="PLATE BIOT NUMBER )

DUMM1c2, DUMM2c2, SUM1c2, SUMIXc2, SUM2¢2, SUMZXcZ ) FUNCTIONS OUTLINED IN
TERMc2, TERMMc2, TERMNG2 ) PROGRAM DESCRIPTION
DRC2,DZC2, DTIME »

B 36362600000 06 T 0 IE 326 36 36 636 00K 3% 3 0 3 60330 36 06 33 0 R K06 3 006U 36 06 0 K00 06 230 U 0 AN KKK R
INTERNAL PROGRAM VARIABLES USED;$INTEGER

Ic2,IRe2,ISUMIXc2,ISUM2Xc2, IIIMEC2,1Zc2 ) FUNCTIONS OUTLINED IN
nb,Ng,NBETA2c2, NGAMM2¢2 ) PROGRAM DESCRIPT ION
§*!*!****,***Ii*ﬂ!**l******ll*{****i****!**&ii***l******i*****&********
INTERNAL PROGRAM VARIABLES USED; $LOGICAL ,

iflach% = UNDERFLOW MEMORY FLAG
HRRARFE RN AR RNFRR IR NR AR AR NN RN R RN R R R RN



Lo8

1273 'Initialization and Dimensioning

1275 DEFDBL A-H,0-1

1280 DEFINT I-N

1285 OPTION BASE 1

1290 DIM BETAF1€2(100),BETAF2Cc2(100),BETAF3C2(100) 'subroutine CANZ2
1295 DIM GAMMF1C2(100),GAMMF2C2(100),GAMMF3C2(100)

1300 DIM BETAL1C2%(100),BETAL2C2%(100),GAMML1C2%(100) ,GAMML2C2%(100)
1305 DIM RESULTC2!(10,10,21)

1310 DIM Z!(10),R!(10),TIME!(21)

1315 DIM UZC2(100),URC2(100)

1320 DIM XB(40),RO0TSB(40),BETA(100) 'subroutine BETART
1325 DIM XG(3§),ROOTSG(36),GAMM(100) 'subroutine GAMMRT
1330 DIM A1X0(6),A2X0(T7),A3X0(T) 'subroutine XJO

1335 DIM B1X1(6),B2X1(7),B3X1(7) 'subroutine XJ1

1340 ! . -

1345 !

1350 'Getting arguments that were stored in COMM? by the calling submain

1355 OPEN"c:comm1™ FOR INPUT AS 1

1360 INPUT#1,TBATH!,TINIT!,ALPHA! ,HALFL!,RADIUS!,NZ,NR,NTIME, TOTIME! , RHO!,CP!,H
!, NSUBMAIN

1365 CLOSE 1

1370 !

1375 ' . , 0
1530 'SETTING UP INPUT ARRAYS '

1540 DZC2=HALFL!/CSNG(NZ=-1)

1550 FOR IZC2=1 TO Nz

1560 Z1(IZC2)=CSNG((IZC2~-1)#*DZC2)
1570 NEXT IZC2

1580 DRC2=RADIUS!/CSNG(NR-1)

1590 FOR IRC2=1 TO NR

1600 R!(IRC2)=CSNG((IRC2~1)#*DRC2)
1610 NEXT IRC2 .

1620 DTIME=TOTIME!/CSNG(NTIME~1)

1630 FOR LC2=1 TO NTIME

1640 TIME! (LC2)=CSNG((LC2-1)¥DT IME)

1650 NEXT Lc2 N

1660 '

1670 'PARAMETER CHECKING SECTION

1680 IF (ALPHA!>0!) AND (RHO!>0!) AND (CP!>0!)GOTO 1730

1690 PRINT ™ PROBLEM DETECTED WITH NON-VECTOR INPUT DATA IN CAN2: "

1700 PRINT " ALPHA!, RHO!, CP!, HALFL!, RADIUS!, H!, NR, NZ, NTIME "

1710 PRINT " PROGRAM HAS BEEN STOPPED "

1720 STOP .

1730 IF (HALFLI>0!) AND (RADIUS!>0!) AND (H!>0!) GOTO 1740 ELSE GOTO 1690
1740 IF (NZ>1) AND (NR>1) AND (NTIME>1) GOTO 1750 ELSE GOTO 1690

1750 FOR IC2= 1 TO NZ

1760 IF (Z!(§C2)<O!) OR (Z!1(IC2)>HALFL!) GOTO 1780 ELSE GOTO 1820

1770 NEXT -

1780 PRINT "PROBLEM WITH VECTOR DATA IN CAN2: " «

1790 PRINT " TIME!, Z!,0R RIM

1800 PRINT "™ THE PROGRAM HAS BEEN STOPPEDY

1810 STOP

1820 FOR IC2= 1 TO NR

1830 IF (R!(IC2)<0!) OR (R!(IC2)>RADIUS!) GOTO 1780 ELSE GOTO 1850

1840 NEXT



s

1850
1860
1870
1880
1930
1940
1950
1960
1970
1980
1990
2000

409

FOR IC2= 1 TO NTIME ~ ,
IF (TIME!(IC2)<0!) GOTO 1780 ELSE GOTO 1880

NEXT

1

L ] ’ .

"INITIALIZING COUNTERS AND LOGIC ARRAYS

FOR IC2= 1 TO 100
BETAL1C2%(IC2)=0

BETAL2C2% (IC2)=0
GAMML1C2%(IC2)=0 !
GAMML2C2%Z (IC2)=0

NEXT

2010 !

2020
2030

2040,

2050
2060
2070
2080

- 2090

2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230

' CALCULATING AND CHECKING BIOT NUMBERS

BP=CDBL (H!#HALFL!/ALPHA!/RHO1/CP!)

IF(BP<.02#) GOTO 2050 ELSE GOTO 2080

PRINT " MESSAGE FROM SUBPROGRAM CAN2 :"

PRINT " VERY SMALL PLATE BIOT NUMBER_DETECTED:"
PRINT " BIOT NUMBER WAS: ";BP

IF(BP>200#) GOTO 2090 ELSE GOTO 2120

PRINT " MESSAGE FROM SUBPROGRAM CANZ2 :"

PRINT " VERY LARGE PLATE BIOT NUMBER DETECTED:"
PRINT " BIOT NUMBER WAS: ";BP
BC=CDBL(H!®*RADIUS!/ALPHA!/RHO!/CP!)

IF(BC<.02#) GOTO 2140 ELSE GOTO 2170

PRINT " MESSAGE FROM SUBPROGRAM CANZ2 :"

PRINT " VERY SMALL CYLINDER BIOT NUMBER DETECTED:"
PRINT " BIOT NUMBER WAS: ";BC

IF(BC>200#) GOTO 2180 ELSE GOTO 2220

PRINT " MESSAGE FROM SUBPROGRAM CAN2 :"

PRINT " VERY LARGE CYLINDER BIOT NUMBER DETECTED:"
PRINT " BIOT NUMBER WAS: ";BC

?

' START OF TIME LOOP &
FOR ITIMEC2=1 TO NTIME

2240 IF(TIME!(ITIMEC2)>0!) GOTO 2320
2250 FOR IRC2=1 TO NR

2260 URC2(IRC2) = .54 .

2270 NEXT IRC2

2280 FOR I1€2=1 TO NZ

2290 UZC2(1ZC2) = .54 /

2300 NEXT IzC2 ‘

2310 GOTO 3050

2320 DUMMIC2 = CDBL(-ALPHA!®T IME!(ITIMEC2))

2330 ! \ ‘
2340 ' Z-LOOP

2350 FOR IZC2=1 TO NZ

2360 NB=0

2370 SUMIC2 = Of

2380 IFLAGC2%=0 -

2390 SUMIXC2=0# -
2400 FOR ISUMIXC2= 1 TO 2 o

2410 NB=NB+1

2420 IF (NB<=100) GOTO 2480

2430 PRINT " NUMBER OF ROOTS REQUIRED IN Z-LOOP GREATER THAN 100 "

2440 PRINT " ITIMEc2 WAS :"; ITIMEC2, " NB WAS: ";NB

2450

PRINT " THE PROGRAM NAS STOPPED"



2460
2u70
2480
2490
2500
2510
2520
2530
2540
2550

410

PRINT:PRINT:PRINT:PRINT:PRINT: PRINT

STOP |

IF (BETAL1C2%(NB)<>Q) GOTO 2550

GOSUB 3120 ' subroutine BETART

DUMM2C2=SIN(BETA(NB))

BETAF1C2(NB)=DUMM2C2/(BETA(NB) +DUMM2C2#*COS(BETA(NB)))
BETAF2C2(NB):BET@(NB)/CDBL(HALFL!).
BETAF3C2(NB)=BETAF2C2(NB)"2 i

BETAL1C2% (NB) =-1

TERMC2=DUMM1C2# BETAF3C2(NB)

2560 IF (TERMC2>-88#) GOTO 2590
2570 TERMC2=~884#

2580 IFLAGC2%=-1

2590 TERMNC2=BETAF1C2(NB)#COS (BETAF2C2(NB) *CDBL(Z1(1ZC2)) ) *EXP( TERMC2)
2600 SUM1XC2=SUMIXC2+ABS(TERMNC2)

2610 SUM1C2=SUM1C2+TERMNC2

2620 NEXT ISUM1XC2

2630 IF (ABS(SUMIXC2/SUM1C2)>.00014) AND (SUM1XC2>.0000000001#) AND (IFLAGC2%=0
) GOTO 2390 ,

2640 IF (ABS(SUM1C2)<.0000000001#) THEN SUM1C2:0#

2650 UZC2(IZC2)=SUM1C2

2660 NEXT IZC2

2670 ! \

2680 ' R-LOOP

2690 FOR IRC2=1 TO NR

2700 NG=0 ‘

2710 SUM2C2=04

2720 IFLAGC2%=0

2730 SUM2XC2=0# g

2740 FOR ISUM2YC2=1 TO 2

2750 NG=NG+1

2760 IF (NG<=100) GOTO 2810 ‘

2770
2780
2790
2800
2810
2820
2830

2840,

2850
2860
2870
2880

PRINT "™ MESSAGE FROM SUBROUTINE CAN2: "
PRINT " MORE THAN 100 VALUES REQUIRED IN R LOOP " .

PRINT " ITIMEc2 IS: ";ITIMEC2," NG IS : ";NG

PRINT " PROGRAM WAS STOPPED"

GOSUB 3590 ' subroutine GAMMRT

X0 = GAMM(NG)'PRINT "GAMM(NG)", GAMM(NG)

GOSUB 4180 ' subroutine XJO

IF (GAMML1C2%(NG)=-1) GOTO 2880

GAMMF1C2(NG)=(BC"2 + GAMM(NG)"2) #*XJo
GAMMF3C2(NG)=(GAMM(NG)/CDBL(RADIUS!))"2

GAMML1C2% (NG)=-1

X0 = GAMM(NG)*CDBL(R!(IRC2)/RADIUS!) 'PRINT"GAMM(NG),IRC2,R!,RADIUS!",, GAMM(

NG),IRC2,R!{IRC2),RADIUS!

2890
2900
2910
2920
2930
2940
2950
2960
2970
2558
3000

GOSUB 4180 «
GAMMF2C2(NG)=XJO/GAMMF1C2(NG) _
GAMML2C2% (NG) =1

TERMC2=DUMM1C2*GAMMF3C2(NG)

IF (TERMC2>-88#) GOTO 2960 -

TERMC2:=-88#

IFLAGC2% =—1

TERMMC2=GAMMF2C2(NG) *EXP( TERMC2)
SUM2XC2=SUM2XC2+ABS(TERMMC2)

SUM2C2zSUM2C2+TERMMC2 “
NEXT ISuM2YC2
IF (ABS(SUM2XC2/SUM2C2)>.0001#) AND (SUM2XC2>,0000000001#) AND (IFLAGC2%=C

3



P

) GOTO 2730

3010 IF (ABS(SUM2C2)<.0000000001#) THEN SUM2C2=0#
3020 URC2(IRC2)=BCRSUM2C2

3030 NEXT IRC2

3035 !

3037 !

3040 'Calculating Temperature result

3050 FOR I2C2=1 TO NZ

. 3060 FOR IRC2=1 TO NR

3070 RESULTC2!(IZ2C2,IRC2,ITIMEC2)=TBATH!- (TBATH{-TINIT!)*4!*#CSNG(UZC2(IZC2)*UR
C2(IRc2))

3072 NEXT IRC2

3074 NEXT IZC2

3076 NEXT ITIMEC2 f

3078 !

3080 !

3082 ' Writing results into COMM2

3084 OPEN "c:comm2" FOR OUTPUT AS 2

3086 FOR LC2=1 TO NTIME

3088 FOR IC2 = 1 TO NWZ

3090 FOR JC2 = 1 TO NR

3092 PRINT#2,Z1(IC2),R!(JC2),TIME!(LC2) ,RESULTC2!(IC2,JC2,LC2) ‘

3094 NEXT JC2,IC2,LC2

3096 CLOSE 2

3097 !

3098 IF NSUBMAIN=1 THEN CHAIN"MAINA"
3100 IF NSUBMAIN=2 THEN CHAIN"MAINBY
3102 IF NSUBMAIN=3 THEN CHAIN"MAINC"
3104 IF NSUBMAIN=4 THEN CHAIN"MAIND"
3106 IF NSUBMAIN=5 THEN CHAIN "MAINE"
3110 RETURN

3120 !

73130 !

3140 '

3150 !

3160 !

3170 'BETART subroutine

3180 PI=3.1415926544

3190 IF ICOUNTB=1 GOTO 3360

3200 RESTORE 3240

3210 FOR IB = t TO 40

3220 READ XB(IB)

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.&,0.5,0.6.0.7.6.8.0.9

3260 DATA 1,0,1.5,2.0,3.0,4.,0,5.0,6,0,7.0,8.0,9.0

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 -

N

3290 FOR IB = 1 TO 40 N
3300 READ ROOTSB(IB) ; w
3310 NEXT

3320 DATA 0.0,0.0316,0.00“7,0.0632,0.0774,0.0893,0.0998.0.1310.0-7987,0.2U25.
3330 DATA 0.2791,0.3111,0.4328,0.5218,0.5932,0.6533,0,7051,0.7506,0.7910,0.8274

3340 DATA 0.8603,0.9882,1.0769,1.1925,1.2646,1.3138,1.3496,1.3766,1.3978,1.4149
3350 DATA 1.4289,1.4729,1.4961,1.5202,1.5325,1.5400,1.5451,1.5514,1.5552,1.5708

L



3900
3910

h12

ROOT 1G=GAMM(NG=1)+TI
IF BC<.375# THEN DROGTG=-DROOTG

3920X0=ROOT1G'x0 is the input value for xjo0 subroutine ;

3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170

GOSUB 4180

X1=ROOT1G'x1 1is the input value for xj1 subroutine
GOSUB 4730 o
F1G=FNFUNCG(ROOT1G)
ROOT2G =ROOT 1G+DROOTG

X0=ROOT2G

GOSUB 4180

X1=ROQT2G

GOSUB 4730

F2G=FNFUNCG( ROOT2G)

SOLUTNG= RO0T1G—F1G'(ROOTZG—ROOTIG)/(FEG-F1G)
X0=SOLUTNG

GOSUB 4180

X1=SOLUTNG

GOSUB 4730

FSOLG=F NFUNCG { SOLUTNG)

IF ABS(FSOLG)<,0000014 GOTO 4150

ROOT 1G=R0O0OT2G

F1G=F2G \
ROOT2G=SOLUTNG

F2G=FSOLG

GOTO 4030

GAMM(NG)=SOLUTNG

ICOUNTG=1

RETURN

4180 !

4190
4200

. 4210

4220
4230
4240
4250
4260
4270
4280

4290

4300
4310
4320
4330
4340
4350 N
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460

1
t

'subroutine XJO
IF ICOUNTX0=1 GOTO 4380
RESTORE 4270 -
FOR IXO = 1 TO 6 i 3
READ A 1X0(IX0) "
NEXT
DATA -2.2499997,1 2656208.-.3163866,.04“”479.-.0039uuu .0002100
FOR IXO = 1 TO 7
READ¥A2X0(IX0)
NEXT
DATA .79788456,-.00000077,-.00552740,-,00009512, .00137237,~.00072805
DATA .00014476
FOR IXO0 =1 TO 7 -
READ A3X0(IX0) <
NEXT
DATA -.78539816,—.0&166397.-.00003954 .00262573,-.00054125,-,00029 333
DATA .00013558
' Testing for negative or zero x0
XJo = 14
ON SGN(XQ)+2 GOTO 4410,4450,4490
CLS
PRINT "Message from subroutine xjo:"
PRINT "argument was —ve"
STOP
ICOUNTXO=1
RETURN



3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460

3470°

3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580

413

DEF FNFB(ROOTB) =ROOTB*TAN(ROOTB)-BP
DROOTB=-.005

IF NB<>1 GOTO® 3440

FOR IB=1 TO 39

IF BP<XB(IB) GOTO 3450

ROOT 1B=ROOTSB(IB+1)

NEXT

GOTO 3450

ROOT 1B=BETA(NB—1)+TI

F 1B=FNFB(ROOT 1B)
ROOT2B= ROOT 1B+DROOTB

F2B=FNF B{ ROOT2B)
SOLUTNB=ROOT 1B—F 1B% (ROOT2B-ROOT 1B)/ ( F2B-F 1B)
FSOLB=FNFB(SOLUTNB)

IF ABS(FSOLB)<.000001# GOTO 3560
ROOT 1B=ROOT2B

F 1B=F2B

ROOT2B=SOLUTNB

F2B=FSOLB

GOTO 3480

BETA(NB) =SOLUTNB

ICOUNTB=1

RETURN

3590 !

' 3600

3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750

3760.

3770
3780
3790

3800

3810
3820
3830
3840
3850
3860
3870
3880
3890

1
]
1
]

"GAMMRT subroutine
PI=3,141592654#

IF ICOUNTG=1 GOTO 3830
RESTORE 3710

FOR IG = 1 TO 36

READ XG(IG) ’

NEXT
DATA 0.0
DATA 0.4
DATA 4.0

0.1,0.15,0.2,0.3
.0,3.0

\ ,20:0,30.0
DATA 40
FOR JG =
READ ROOTSG(JG

NEXT _

DATA 0.0,0.1412,0.1995,0.2814,0.3438,0.3960,0.4417,0.5376,0.6170,0. 7465
DATA 0.8516,0.9408,1,0184,1,0873,1,1490,1.2048,1.2558,1.4569, 1.5994 ,1.7887

,0
»0.
’5
o,
1

DATA 1,9081,1.9898,2.0490,2.0937,2.1286,2.1566,2.1795,2.2509,2.2880,2.3261

DATA 2.3455,2,3572,2.3651,2.3750,2,3809,2.4048

DEF FNFUNCG(ROOTG)=ROOTG*XJ 1-BC¥*XJ0 'actually xj1(root) and xjo(root)
DROOTG=~. 005

IF NG{>1 GOTO 3900

FOR IG = 1 TO 35

IF BCXG(IG) .GOTO 3920

ROQOT1G= ROOTSG(IG+1)
NEXT
GOTO 3920



Ly

4490 ' Choosing method of caleulation

4500 IF X0 > 3! GOTO 4600 ¥
4510 ' Method of calculating xjO for x0 < or = 3.

4520 XX0 = XO®X0/94#

4530 YXO0 = 1#

4540 FOR IX0 = 1 TO 6

4550 YXO0 = YXO # XXO

4560 XJO = XJO + AIXO(IXO)%YX0 -
4570 NEXT

4580 ICOUNTXO=1

4590 RETURN

4600 ' Method of calculating xjo for x0 > 3.
4610 XX0 = 3#/X0

4620 YXO = 1#

4630 FOX0 = A2X0(1)

4640 THETAOXO = X0 + A3X0(1)

4650 FOR JX0 = 2 TO 7

4660 YXO = YXO#XX0

4670 FOXO = FOXO0 + A2X0(JXO)*YXO

4680 THETAOXO = THETAOXO0 + A3X0(JXO)*YX0
4690 NEXT

4700 XJO = FOXO%® COS(THETAO0XO0)/SQR(XO)

4710 ICOUNTXO=1

4720 RETURN

4730 ¢

4740 ¢

4750 !

4760 'subroutine XJ1

4770 IF ICOUNTX1=1 GOTO 4930

4780 RESTORE 4820 .

4790 FOR IX1 = 1 TO 6

4800 READ B1X1(IX1)

4810 NEXT

4820 DATA -.56249985,.21093573,-.03954289, .00443319,-,00031761, .00001109
4830 FOR IX1 = 1 TO 7

4840 READ B2X1(IX1),

4850 NEXT

4860 DATA 79788“56,.00000156,.01659667,.00017105,-.002“9511,.00113653
4870 DATA -,00020033

4880 FOR IX1 = 1 TO 7

4890 READ B3X1(IX1)

4900 NEXT

4910 DATA -2.35619449,.12499612, .00005650,-.00637879,.00074384,.00079824
4920 DATA -,00029166

4930 ' Testing for negative or zero x1

4935 XJ1=14

4940 ON SGN(X1)+2 GOTO 4950,4990,5030

4950 CLS

4960 PRINT "Message from subroutine xj1 : "
4970 PRINT "argument was -ve"

4980 STOP

4990 ICOUNTX1=1

5000 «RETURN

5020 ! i

5030 ' Choosing method of calculation

5040 IF X1 > 3' GOTO 5160

5050 'Method of calculating xj1 for x1 < or = 3.0

L}



5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280

XJ1 = 5%

WX1 = X1%X1/94

ZX1 = 1¢

FOR KX1 = 1 TO 6

ZX1 =z IX1%wWX1

XJ1 = XJ1 + BIX1(KX1)y*zx1
NEXT

XJ1 = XJi1#x1

ICOUNTX1=1

RETURN

'Method of calculating xjt for x1 > 3.
WX1 = 3#/X1

ZX1 = 1§

F1X1 = B2X1(1)

THETAIX1 = X1 + B3X1(1)

FOR LX1= 2 TO 7

ZX1 = ZX18Wx1

F1X1 = F1X1 + B2X1(LX1)%*ZX1 ' ol
THETA1X1 = THETA1X1 + B3X1(LX1)#ZX1 : -
NEXT

XJ1 = F1X1# COS(THETA1X1) / SQR(X1)

ICOUNTX1=1

RETURN

415



416

APPENDIX 3.11

-Program Listing of SUB4 (POUCH1)



1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
144Q
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560

417

(2223222322322 222322 2222222222222 2222 1 X2 22222 X2 2 222 2222 RR R

SUBROUTINE POUCH1 CALCULATES THE TEMPERATURE-TIME CURVES AT A 3-D GRID
OF X,Y,Z LOCATIONS FOR A NUMBER OF TIME VALUFS IN A PARALLELLOPIPED-
SHAPED BLOCK OF CONDUCTION-HEATING FOOD. THE FOOD IS ASSUMED TO
INITIALLY BE AT A UNIFORM TEMPERATURE .THROUGHOUT AND IS SUBJECTED TO
A SUDDEN AND SUSTAINED TEMPERATURE CHANGE AT ITS SURFACE. .

IN POUCHN THE HEAT TRANSFER COEFFICIENT AT THE BLOCK'S SURFACE IS
ASSUMED TO BE INFINITE FOR THE CALCULATIONS.
HEBRRARERBERERAEBRREBRRRARLBUABRRDRRRNRREBRERRE RS RFRRERREARR SRR ERRRRR
SUBROUTINE PARAMETERS:

tbath! ="TEMPERATURE APPLIED AT SURFACE - DEG C - INPUT

tinit! ="INITIAL TEMPERATURE OF BLOCK - DEG C - INPUT

alpha! ="THERMAL DIFFUSIVITY OF MATERIAL - DEG C ~INPUT

halfx! ="HALF THE BLOCK DIMENSION IN THE X-DIRECTION - M - INPUT
halfy! ="HELF THE BLOCK DIMENSION IN THE Y-DIRECTION - M - INPUT
halfz! ="HALF THE BLOCK DIMENSION IN THE Z-DIRECTION - M - INPUT
NX.="NUMBER OF X-COORDINATE VALUES IN LOCATION MATRIX . - INPUT

NY ="NUMBER OF Y-COORDINATE VALUES IN LOCATION MATRIX ' - INPUT

NZ ="NUMBER OF Z-COORDINATE VALUES IN LOCATION MATRIX - INPUT

x! ="VECTOR OF X-COORDINATE VALUES FOR CALCULATIONS - M - INPUT
y! ="VECTOR OF Y-COORDINATE VALUES FOR CALCULATIONS - M = ‘INPUT
z! ="VECTOR OF Z-COORDINATE VALUES FOR CALCULATIONS - M -INPUT
NTIME ="NUMBER OF TIME VALUES FOR resultpl! CALCULATION — INPUT
TOTIME! ="TOTAL PROCESSING TIME - S - INPUT

time! ="VECTOR OF TIME VALUES FOR resultpl! CALCULATIONS - INPUT
resultpl! ="FOUR-DIMENSIONAL resultpl! ARRAY - QUTPUT

T2 63306 BR300 0500003230306 26 530303 0 3 3326 23 0 3636 3 0 336 0 36 3 3 308 36 6 3 3 3 % 3 4 M M

INTERNAL ARRAYS:

x!, y!, zt, time! )

x11p1%, ylipi%, zl1pi% )

xfipl, xf2p1, xf3pi ) AS QUTLINED IN PROGRAM
yf1p1, yf2pipl, yf3p! ) DESCRIPTION

zf1p1, zf2pi, zf3p1 )

uxpi,uypl,uzp? ' )

3036 30 000030 30 36 3006 3 3 36 36 36 96 3096 30 3 30 38 30 96 9% 6 36 3 35 38 3% 3 06 36 3 36 36 96 3 B 96 3 I3 I I A A3 306 I3k I I ¥ kKN R

INTERNAL REAL VARIABLES: .
DUMM1p1,DUMM2p 1, DUMM3p1, DUMMYp1 ) AS OUTLINED IN PROG%?M
SUM1p1,SUM1Xp1,SUM2p1, SUM2Xp1,SUM3p1,SUM3Xp1 ) DESCRIPTION

TERMp1, TERMLp1, TERMMp 1, TERMNp 1 Py~

DX,DY,DZ, DTIME ) .

Ze 3638 266 00 30 30 38 36 3 36 3 30 35 3 30 36 36 3 96 36 06 38 36 3F 36 3 2 26 3 3 36 W 2% 2 36 3 3 3 36 R 336 3 3% 33 M6 3 3 K I M H KN K
INTERNAL INTEGER VARIABLES:

Ip1,IXp1,I¥p1,IZp1,ITIMEP1 )

ISUM1Xp1,ISUM2Yp1,ISUM3Zp1 ) AS OUTLINED IN PROGRAM:DESCRIPTION
Np1,Mp1,Lp1 ="COUNTERS FOR X,Y AND Z ROOTS -

12 2222222222222 2222222222322 2223222222222 2222222222222 2222222
INTERNAL LOGICAL VARIABLES:

IFLAGp1%Z = EXPONENT UNDERFLOW TRUTH FLAG
B RRNR AN R RN RN AR RN RN R RN RN RN AR

Initialization and Dimensioning

\

@



1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710

418

DEFDBL A-H,0-Z

DEFINT I-N

OPTION BASE 1

DIM XF1P1(100),XF2P1(100),XF3P1(100)
DIM YF1P1(300) ,YF2P1(100),YF3P1(100)
DIM ZF1P1(100),ZF2P1(100),ZF3P1(100)
DIM XL1P1%(100),YL1P1%(100),ZL1P1%( 100)
DIM UXP1(100),UYP1(100),UzP1(100)

DIM X!(5),Y!(5),2!(5),TIME!I(21)

DIM RESULTP1!(5,5,5,21)

' o
!

'Getting arguments that were stored in COMM1 by calling program

OPEN "c:comm!”™ FOR INPUT AS 1

INPUT#1,TBATH! , TINIT! ,ALPHA! ,HALFX!,HALFY!,HALFZ! ,NX,NY,NZ ,NTIME, TOTIME! ,N

SUBMAIN

1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090

2100
2110

2120

CLOSE 1
1

¥

'Calculating X!, Y!, Z! and TIME! arrays

IF (1<NX) AND (1<NY) AND (1<NZ) AND (1<NTIME) GOTQ 1770 ELSE 1780
IF (NX<=5) AND (NY<=5) AND (NZ<=5) AND (NTIME<=21) GOTO 1830
PRINT* PROBLEM WITH NX,NY,NZ OR NTIME"

PRINT™ SUB2 WAS STOPPED"
PRINT"nx=";NX,"ny=";NY,"nz=";NZ,"ntime=";NTIME

STOP

1)

DX=HALFX!/CSNG(NX-1) )
FOR IXP1=1 TO NX ’

X1(IXP1)=CSNG(IXP1-1) *DX

NEXT IXP1

|

DY=HALFY!/CSNG(NY-1)

FOR IYP1=1 TO NY
Y!(IYP1)=CSNG(IYP1~1) *DY
NEXT IYP1

'

DZ=HALF.Z!/CSNG (NZ-1)

FOR IZP1=1 TO NZ
Z1{IZP1)=CSNG(IZP1-1) *DZ

NEXT IZP1

1

DTIME=TCOTIME!/CSNG(NT IME-1)
FOR LP1=1 TO NTIME
TIMEt(LP1)=CSNG((LP1,¢T)*DTIME)
NEXT LP1

' Parameter Checking Section
t
IF ALPHA!>0! THEN GOTO 2120

PRINT " PROBLEﬁ WITH NON-VECTOR INPUT DATA:"
PRINT "ALPHA!,’ HALFX!, HALFY! or HALFZ!"
PRINT "THE PRéGRAM WAS STOPPED"

STOP
1
IF (HALFX!>0!) AND (HALFY!>0!) AND (HALFZ!>0%!) THEN 2160 ELSE 2070



2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2449
2450
2460
2470
2480
2499

2500

2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
<2630
2640
2650
2660
2670
2680
2690

'
t
1
PI = 3.141592654+4
1

t

' INITIALIZING LOGIC FLAGS ,
FOR IP1=1 TO 100
XL1P1%(IP1)=0

YL1P1%(1IP1)=0

ZL1P13(IP1)=0

NEXT

1]

' START OF TIME LOOP
FOR ITIMEP1=1 TO NTIME

IF TIME!(ITIMEP1)>0! THEN GOTO 2390

FOR IXP1=1 TO NX :

UXP1(IXP1)=RI/4!

NEXT

FOR IYP1=1 TO NY

UYP1(IYP1)=RI/4!

NEXT

FOR IZP1=1 TO NZ

UZP1(IZP1)=RI/4! ,

NEXT

GOTO 3440

DUMM2P 1=CDBL(~ALPHA!¥TIME ! (ITIMEP1))

DUMMU4P1=CDBL (HALFX!)

! X-LOOP

FOR IXP1=1 TO NX

DUMM3P 1=CDBL(X! (IXP1))

NP1=0 .

SUM1P 104

IFLAGP1%=0 :
SUM1XP1=0#

FOR ISUM1XP1=1 TO 2

NP 1=NP1+1 -

IF NP1<=100 THEN GOTO 2550

PRINT "NUMBER OF ROOTS REQUIRED IN X LOOP GREATER THAN 100"
PRINT "ITIMEP1 WAS";ITIMEP1,"IXP1 WAS";IXP1

PRINT "THE PROGRAM WAS STOPPED"

STOP

DUMM1P 1=CDBL(2%NP1 =1)

IF XL1P1%(NP 1)<>OTHEN GOTO 2590

XF3P1(NP1)=(DUMM1IP1¥PI/21 /DUMMUP1)"2 -
XLTP1%(NP1)==1 ’

TERMP1=DUMM2P1*XF3P1(NP1)

IF TERMP1>-88# THEN GOTO 2630

TERMP1=-884#

IFLAGP1%=~1

XF1P1(NP1)=COS(DUMMTP1*PI *DUMM3P 1/2!/DUMM4P 1)
XF2P1(NP1)=XF1P1(NP1)/DUMMIP1/((=11)"(NP1+1))

TERMNP 1=XF2P 1(NP 1) *EXP(TERMP1)

SUM1XP1=SUM1XP1+ABS (TERMNP1)

SUM7P1=SUM1P1+TERMNP1

NEXT ISUM1XP1 !
IF (ABS(SUM1XP1/SUM1P1)>.0001#) AND (SUM1XP1>,0000000001#) AND (IFLAGP1%=0



e

) THEN GOTO 2470

2700
2710
2720
2730
2740
2750
2760
2770
2780

- 2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000

+3010

3020.

IF(ABS(SUM1P1)<.0000000001#) THEN SUM1P1=0#
UXP1(IXP1)=SUM1P1 -
NEXT IXP1

L

' Y-LOOP
DUMMY4P1=CDBL(HALFY!)

FOR IYP1=1 TO NY
DUMM3P1=CDBL(Y! (IYP1))
MP1=0

SUM2P1=0#

IFLAGP1% =0

SUM2XP1=0#

FOR ISUM2YP1=1 TO 2 #
MP1=MP1+1

IF MP1<=100 THEMN GOTO 2890
PRINT " MORE THAN 100 VALUES REQUIRED IN Y LOOP"
PRINT "ITIMEP1 WAS";ITIMEP1,"IYP1 WAS";IYP1
PRINT "THE PROGRAM WAS STOPPED"

STOP

DUMM1P1=CDBL{(2%MP1 -1) )

IF YL1P1%(MP1)<>O0THEN GOTO 2930
YF3P1(MP1)=(DUMM1P1#PI/21/DUMM4P1)"2 .
YL1P1%(MP1)==1

TERMP1=DUMM2P1%¥YF3P1(MP1)

IE. TERMP 1>~-88# THEN GOTO 2970

TERMP1=—88#

IFLAGP1%=-1 y
YF1P1{MP1)=COS(DUMMIP1*PI*DUMM3P1/2)/DUMMUP 1)
YF2P1(MP1)=YF1P1(MP1)/DUMM1P1/((=11)“(MP1+1))
TERMMP1=YF2P1(MP 1) *EXP(TERMP1)
SUM2XP1=SUM2XP1+ABS(TERMMP1)
SUM2P1=SUM2P{+TERMMP1

NEXT ISUM2YF1

420

3030%¢F (ABS(SUM2XP1/SUM2P1)>.00014#) AND (SUM2XP1>,0000000001#) AND (IFLAGP1%=0
) THEN GOTO 2810 C

3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150

3160
3170
3180
3190
3200
3210
3220
3230
3240

IF (ABS(SUM2P 1)< .00000000014#) .THEN SUM2P 1=0#
UYP1(IYP1)=SUM2P1

NEXT IYP1

1

' Z-LOOoP :

DUMMU4P1=CDBL(HALFZ!)

FOR 1ZP1=1 TO NZ

DUMM3P1=CDBL(Z! (IZP1))

LP1=0

SUM3P1=0#

IFLAGP1%=0 .

SUM3XP1=0# .

FOR ISUM3ZP1=1 TO 2

LP1=LP1+1

IF LP1<=100 THEN GOTO 3230

PRINT '"MORE THAN 100 VALUES REQUIRED IN Z LOOP"
PRINT "ITIMEP1 WAS";ITIMEP1,"IZP1 WAS";IZP1
PRINT "THE PROGRAM WAS STOPPED"

STOP
DUMM1P1=CDBL(2*¥LP1 ~1)
IF ZL1P1%(LP1)<>O0THEN GOTO 3270

-



421

J

3250 ZF3P1(LP1)=(DUMM1P1%¥PI/2!/DUMMUP1)"2

3260 ZL1P1%(LP1)==1

3270 TERMP1=DUMM2P1#ZF3P1(LP1) .

3280 IF TERM>-88# THEN GOTO 3310

3290 TERMP1:=-88i )

3300 IFLAGP1%==1

3310 ZF1P1(LP1)= COS(DUMM1P1*PI*DUMM3P1/2!/DUMM4P1)
3320 ZF2P1(LP1)=ZF1P1(LP1)/DUMM1P1/((~ 11)%(LP1+1))
3330 TERMLP1=ZF2P1(LP1)*EXP(TERMP1)

3340 SUM3XP1=SUM3XP1+ABS(TERMLP1)

3350 SUM3P1=SUM3P 1+TERMLP1

3360 NEXT ISUM3ZP1

3370 IF (ABS(SUM3XP1/SUM3P1)>.0001#) AND (SUM3XP1>.0000000001#) AND (IFLAGP1%=0
) THEN GOTO 3150

3380 IF(ABS(SUM3P1)<.0000000001#) THEN SUM3P 1=0#
3390 UZP1(IZP1)=SUM3P1

3400 NEXT IZP1

3410 '

3420 !

3430 'Calculating the temperature result . .

3440 FOR IXP1=1 TO NX .

3450 FOR IYP1=1 TO NY

3460 FOR IZP1=1 TO NZ

3470 RESULTP1!1(IXP1,IYP1,IZP1,ITIMEP1)=TBATH!~ (TBATH'—TIN&T')'SU /CSNG(PI™"3)*C
SNG(UXP1(IXP])*UYP1(IYP1)*UZP1(IZP1))

3480 NEXT IZP1,IYP1,IXP1

3490 !

3500 !

3510 NEXT ITIMEP1

3520

3530 !

3540 'Printing Time, Position and Temp data into COMM2 file

3550 OPEN "c:comm2"™ FOR OUTPUT AS 2

3560 FOR LP1=1 TO NTIME

3570 FOR IP1 = 1 TO NX

3580 FOR JP1=1 TO NY

3590 FOR KP1 1 TO NZ

3600 PRINT#2,X!(IP1),YI(JP1),Z1(KP1), TIME!(LP1) RESULTPi!(IP1,JP1,KP1,LP1)
3610 NEXT KP1,JP1,IP1,LP1

3620 CLOSE 2

3630 !

3640 !

3650 ' Chaining back to the submain program that called POUCH1

3660 IF NSUBMAIN=1 THEN CHAIN "MAINA"

3670 IF NSUBMAIN=2 THEN CHAIN "MAINB"

3680 IF NSUBMAIN=3 THEN CHAIN "MAINCY

3690 IF NSUBMAIN=4 THEN CHAIN "MAINDY

3700 IF NSUBMAIN=5 THEN CHAIN "maine"

3710 PRINT "Unreasonable nsubmain value" "

3720 PRINT "Can't chain back to a submain"

3730 PRINT "Program SUB2 was terminated"

3740 STOP a ,



——,

APPENDIX 3.12

Program Listing of SUBS (POUCH2)
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1000
1005
1010
1015
1020
1025
1030

“1035

1040
1045
1050
1055
1060
1065
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1140
1145
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235

423

B 3836 30 36 36096 30 30 308 06 36 3016 36 38 3 00 0 3 30 00 36 30 30 389638 30 30 36 38 36 06 0 06 00 9030 36 00 9 M3 96 36 30 0 00O 5 050 00 3630 36 00 00 06 36 00 KO0 3 0

i POUCH2 .
' SUBROUTINE POUCH2 CALCULATES THE -TEMPERATURE-TIME CURVES AT A 3-D GRID
' OF X,Y,Z LOCATIONS FOR A NUMBER OF TIME VALUES IN A PARALLELLOPIPED-
' SHAPED BLOCK OF CONDUCTION-HEATING FOOD. THE FOOD IS ASSUMED TO
' INITIALLY BE AT A UNIFORM TEMPERATURE THROUGHOUT AND IS SUBJECTED TO
' A SUDDEN AND SUSTAINED TEMPERATURE CHANGE AT ITS SURFACE.
' IN POUCH2 THE HEAT TRANSFER COEFFICIENT AT THE BLOCK'S SURFACE CAN BE
' SPECIFIED AND IS TAKEN INTO ACCOUNT IN THE CALCULATIONS.
(BRI EXEXTIXSSITE RS RS2SRRSR 222220 2222228 R SRR R2RLL R
' SUBROUTINE PARAMETERS:
' tbath! ="TEMPERATURE APPLIED AT SURFACE - DEG C - INPUT
' tinit! ="INITIAL TEMPERATURE OF BLOCK - DEG C — INPUT
' alpha! ="THERMAL DIFFUSIVITY OF MATERIAL - DEG C -INPUT
' rho! ="DENSITY OF MATERIAL - KG/M*#®3 ~ INPUT
* cp! ="SPECIFIC HEAT OF MATERIAL - J/KG-DEG C - INPUT.
' halfx! ="HALF THE BLOCK DIMENSION IN THE X-DIRECTION - M - INPUT
' halfy! ="HELF THE BLOCK DIMENSION IN THE Y-DIRECTION - M - INPUT
' halfz! ="HALF THE BLOCK DIMENSION IN THE Z-DIRECTION - M -INPUT
' h! ="HEAT TRANSFER COEFFICIENT AT SURFACE - J/SEC-M¥¥2-DEG C - INPUT
' NX ="NUMBER OF X-COORDINATE VALUES IN LOCATION MATRIX - INPUT
' NY ="NUMBER OF Y-COORDINATE VALUES IN LOCATION MATRIX - INPUT
' NZ ="NUMBER OF Z-COORDINATE VALUES IN LOCATION MATRIX - INPUT
' X! ="VECTOR OF X-COORDINATE VALUES FOR CALCULATIONS - M ~INPUT
' Y! ="VECTOR OF Y-COORDINATE VALUES FOR CALCULATIONS - M -INPUT
' It ="VECTOR OF Z-COORDINATE VALUES FOR CALCULATIONS - M -INPUT
' NTIME ="NUMBER OF TIME VALUES FOR resultp2! CALCULATION - INPUT
' TOTIME! ="TOTAL PROCESSING TIME - SEC - INPUT
' TIME! ="VEGTOR OF TIME VALUES FOR resultp2! CALCULATIONS - INPUT
' RESULTP2! ="FOUR-DIMENSIONAL RESULT ARRAY — OUTPUT
P ORRRRERRTARLRRRRBER R RRERRBRRERRRER R RN R R RRRRZRER R R RRARRERRRRRRRARBRRRRR
' INTERNAL ARRAYS:
' BETXF 1p2,BETXF2p2, BETXF3p2, BETXL 1p2% )
' BETYF1p2,BETYF2p2, BETYF3p2,BETYL1p2% ) AS OUTLINED IN PROGRAM
' BETZF 1p2,BETZF2p2, BETZF3p2, BETZL1p2% ) DESCRIPTION
' UXp2,UYp2,UZp2, )
! RERBERBERB R R AR RRRERRD R B R DR ERRR SRR RRBERR BRI R R BRRSBEERERRRARRRRRERRRR

' INTERNAL REAL VARIABLES:

- - w - w - -

' _DUMM1p2,DUMM2p2, DUMM3p2 , DUMMXp2 ) AS OUTLINED IN PROGRAM
™ SUM1p2, SUM1Xp2, SUM2p2, SUM2Xp2, SUM3p2, SUM3Xp2 ) DESCRIPTION

' TERMp2,TERMLp2, TERMMp2, TERMNp2 )

' BPzPLATE BIOT NUMBER )

' DX,DY,DZ,DTIME )

12401 !illllIIII‘!!‘!!!Il!Illil!i&il!!ﬂ!i'llii!ll!l!l*ill!il&iiilll!lll*illl

1245
1250
1255
1260
1265

1270
1275
1280

! INTERNAL INTEGER VARIABLES:

' Ip2,1Xp2,1Yp2,I1Zp2, ITIMEp2 ) AS OUTINED IN
' ISUM1Xp2,ISUM2Yp2, ISUM3Zp2 ' ) PROGRAM DESCRIPT ION
' Nb = COUNTER FOR X,Y AND Z ROOTS ) '

IR 2 X X222 R332 222222222222 2222222 22222222222 R22 S22 XRSZR ]

' INTERNAL LOGICAL VARIABLES: a

' IFLAGp2% = EXPONENT UNDERFLOW TRUTH FLAG
T ORRARERARNRE RN RN RN NS RN RN RN NN AR R R AN RN D RN RN RN N ERNN BN RRN R



1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345

-1350

1355
1360
1365
1370
1375

L2k

1

1 @

' Initialization and Dimensioning

DEFDBL A-H,0-Z ‘
DEFINT I-N

OPTION BASE 1 )

DIM BETXF1P2(100),BETXF2P2(100),BETXF3P2(100)
DIM BETYF1P2(100),BETYF2P2(100) ,BETYF3P2(100)
DIM BETZF1P2(100),BETZF2P2(100),BETZF3P2(100)
DIM BETXL1P2%(100),BETYL1P2%(100),BETZL1P2%(100)
DIM X!(5),Y1(5),Z!1(5),TIME!(21)

DIM XB(40),ROOTSB(40),BETA(100)

DIM UXP2(100),UYP2(100),UzZP2(100)

DIM RESULTP2!(5,5,5,21)

!
’
!

'Getting arguments that were stored in COMM1 by calling program »
OPEN "c:comml1"™ FOR INPUT AS 1
INPUT#1,TBATH! ,TINIT! ,ALPHA! ,HALFX!, HALFY! HALFZ' NX,NY,NZ,NTIME, TOTIME! ,R

o

HOt,cpt,HI, NSUBMAIN

1380
1385
1390
1395
1400
1405
110
1415
1420
1425
1430
1435
1440
1445
1450
1455
1460
1465
1470
1475
1480
1485
1490
1495
1500
1505
1510
1515
1520
1525
1530
1535
1540
1545
1550
1555
1560

CLOSE 1

'
1

' CALCULATING X!,Y!,Z!,TIME!
IF (1<NX) AND (1<NY) AND (1<NZ) AND (1<NTIME) GOTO 1405 ELSE 1410
IF (NX<=5) AND (NY<=5) AND (NZ<=5) AND (NTIME<=21) GOTQ 1425 ELSE 1410
PRINT "PROBLEM WITH NX, NY, NZ OR NTIME"

PRINT "SUB3 WAS STQPPED"

STOP

1

DX=HALFX!t/CSNG(NX=1)

FOR IXP2=1 TO NX

X1 (IXP2)=CSNG(IXP2~1)#DX

NEXT IXP2

'

DY=HALFY!/CSNG(NY-1)

FOR IYP2=1 TO NY
Y!(IYP2)=CSNG(IYP2-1)#%*DY
NEXT IYP2

1

DZ=HALFZ!/CSNG(NZ-1)

FOR IZP2=1 TO N2 \
Z1(IZP2)=CSNG(IZP2=1)%D2

NEXT 12P2

] ¢ °
DT IME=TOTIME!/CSNG(NTIME-1)

FOR LP2=1 TO NTIME

TIME!(LP2)=CSNG((LP2~1)#DTIME)

NEXT LP2

IF (ALPHA!>0!) AND (RHO!>0!) AND (CP!>0!)GOTO 1570
PRINT "PROBLEM WITH NON-VECTOR INPUT DATA:"

PRINT "ALPHA!, RHO!, CP!, HALFX!, HALFY!, HALFZ! or H!"
PRINT "PROGRAM WAS STOPPED"

STOP '

' PARAMETER CHECKING SECTION ,

~



a

1565 !

L25

1570 IF (HALFX!>0!) AND (HALFY!>0!) AND (HALFZ!>0!) AND (H!>0!) GOTO 1580

1575 GOTO 1545

1580 !

1585 !

1590 ' BIOT NUMBER CALCULATION
1595 DUMMXP2=CDBL(H!/ALPHA!/RHO!/CP!)
1600 BP=DUMMXP2*CDBL (HALFX!)

1605 !

1610 ' INITIALIZING LOGIC FLAGS
1615 FOR IP2 = 1 TO 3100

1620 BETXL1P2%(IP2)=0

1625 BETYL1P2%(IP2)=0

1630 -BETZL1P2%(IP2)=0

1635 NEXT

1640 ' T -
1645 ' START OF TIME LOGCP

1650 FOR ITIMEP2=1 TO NTIME

1655 IF (TIME!(ITIMEP2)>0!) GOTO 1710
1660 FOR IXP2=1 TO NX

1665 UXP2(IXP2)=.5¢4

1670 NEXT

1675 FOR IYP2=1 TO NY

1680 UYP2(IYP2)=.5¢#

1685 NEXT

1690 FOR IZP2 = 1 TO NZ

1695 UZP2(I1ZP2)=.5¢

1700 NEXT

1705 GOTO 2245

1710 DUMM2P2=CDBL(~-ALPHA!#TIME! (ITIMEP2))

1715 !

1720 ' x-LOOP

1725 BP=DUMMXP2#CDBL(HALFX!)
1730 FOR IXP2=1 TO NX

1735 DUMM3P2=CDBL(X!(IXP2))
1740 NB=0

1745 SUM1P2=0#

1750 IFLAGP2% =0

1755 SUM1XP2=0#

1760 FOR ISUMIXP2 =1 TO 2
1765 NB=NB+1

1770 IF(NB<=100) THEN GOTO 1795

1775 PRINT "MORE THAN 100 VALUES REQUIRED IN x LOOQP"
1780 PRINT "ITIMEP2 WASY;ITIMEP2, "NB WAS";NB

1785 PRINT "THE PROGRAM WAS STOPPED"
1790 STOP
1795 IF(BETXL1P2%(NB)<>0) GOTO 1830

1800 GOSUB 3350~ 'subroutine BETART

1805 DUMM1P2=SIN(BETA(NB))

1810 BETXF1P2(NB)=DUMM1P2/ (BETA(NB)+DUMM1P2*COS(BETA(NB)))
1815 BETXF2P2(NB)=BETA(NB)/CDBL(HALFX!)

1820 BETXF3P2(NB)=BETXF2P2(NB) 2
1825 BETXL1P2% (NB) z=1

1830 TERMP2=DUMM2P2¥BETXF 3P2( NB)
1835 IF(TERMP2>-884) THEN GOTO 1850
1840 TERMP2--88#

1845, IFLAGP2% =1

o
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1850 TERMNP2=BETXF 1P2(NB)*COS( BETXF2P2 ( NB) ¥DUMM3P2) *EXP (TERMP2)
1855 SUM1XP2=SUM1XP2+ABS (TERMNF2)

1860 SUM1P2=SUM1P2+TERMNP2

1865 NEXT ISUM1XP2

1870 IF (ABS(SUM1XP2/SUM1P2)>.0001#) AND (SUM1XP2>.0000000001#) AND (IFLAGP2%=0
) THEN GOTO 1755

1875 IF(ABS(SUM1P2)<.00000000014#)- THEN SUM1P2=0#

1880 UXP2(IXP2)=SUM1P2

1885 NEXT IXP2

1890 !

1895 ' Y-LOOP

1900 BP=DUMMXP2* CDBL(HALFY!)

1905 FOR IYP2=1 TO NY

1910 DUMM3P2=CDBL(Y!(IYP2))

1915 NB=0 . .
1920 SUM2P2:=0# <

1925 IFLAGP2% =0 ~

1930 SUM2XP2=0#

1935 FOR ISUM2YP2 =1 TO 2

1940 NBz=NB+1

1945 IF(NB<=100) THEN GOTO 1970

1950 PRINT "MORE THAN 100 VALUES REQUIRED IN Y LOOP™

1955 PRINT "ITIMEP2 WAS";ITIMEP2, "NB WAS";NB

1960 PRINT "THE PROGRAM WAS STOPPED"

1965 STOP
1970 IR(BETYL1P2%{NB)<>0) GOTO 2005
1975 GOSUB 3350 !subroutine BETART

1980 DUMM1P2=SIN(BETA(NB))

1985 BETYF 1P2(NB)=DUMM1P2/ (BETA(NB)+DUMM1P2*COS (BETA(NB)))

1990 BETYF2P2(NB) =BETA(NB)/CDBL (HALFY!)

1995 BETYF3P2(NB)=BETYF2P2(NB)"2

2000 BETYL 1P2%(NB) =-1

2005 TERMP2=DUMM2P2¥BETYF3P2(NB)

2010 IF(TERMP2>-884#) THEN GOTO 2025

2015 TERMP2=-88#

2020 IFLAGP2%=-1 )
2025 TERMMP2=BETYF 1P2(NB) #COS(BETYF2P2 ( NB) *DUMM3P2) ¥EXP ( TERMP2)
2030 SUM2XP2=SUM2XP2+ABS(TERMMP2)

2035 SUM2P2=SUM2P2+TERMMP2 ;
2040 NEXT ISUM2YP2

2045 IF (ABS(SUM2XP2/SUM2P2)>.0001#) AND (SUM2XP2>.0000000001#) AND (IFLAGP2%=0
) THEN GOTO 1930 '
2050 IF(ABS(SUM2P2)<.0000000001#) THEN SUM2P2=0#

2055 UYP2(IYP2)=SUM2P2

2060 NEXT IYP2

2065 !

2070 ' Z-LOOP

2075 BP=DUMMXP2# (HALFZ!)

2080 FOR IZP2=1 TO NI .

2085 DUMM3P2=CDBL(Z!(IZP2)) - \
2090 NB=0

2095 SUM3P2=0#

2100 IFLAGP2%=0

2105 SUM3XP2=0#

2110 FOR ISUM3ZP2=1 TO 2

2115 NBzNB+1

2120 IF(NB<=100) THEN GOTO 2145
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2125 PRINT " MORE THAN 100 VALUES REQUIRED IN Z LOOP"
2130 PRINT "ITIMEP2 WAS: ";ITIMEP2; * NB WAS :"; NB
2135 PRINT "PROGRAM WAS STOPPED"

2140 STOP
2145 IF(BETZL1P2% (NB)<>0) THEN GOTO 2180
2150 GOSUB 3350 'subroutine BETART

2155 DUMM1P2=SIN(BETA(NB))

2160 BETZF1P2(NB)=DUMM1P2/(BETA (NB)+DUMM1P2#COS (BETA(NB)))

2165 BETZF2P2(NB) =BETA(NB) /CDBL (HALFZ!)

2170 BETZF3P2(NB)=BETZF2P2(NB)"2

2175 BETZL1P2% (NB) ==1

2180 TERMP2=DUMM2P2¥BETZF3P2(NB)

2185 IF(TERMP2>-88#) THEN GOTO 2200

2190 TERMP2=-88#

2195 IFLAGP2%=-1

2200 TERMLP2=BETZF1P2(NB)*COS(BETZF2P2 (NB)*DUMM3P2)*EXP(TERMP2)

2205 SUM3XP2=SUM3XP2+ABS(TERMLP2)

2210 SUM3P2=SUM3P2+TERMLP2

2215 NEXT ISUM3ZP2

2220 IF(ABS(SUM3XP2/SUM3P2)>.00014#) AND (SUM3XP2>.0000000001#) AND (IFLAGP2%=0)
THEN GOTO 2105

2225 IF(ABS(SUM3P2)<.0000000001#) THEN SUM3P2=0#

2230 UZP2(IZP2)=SUM3P2

2235 NEXT 1ZP2

2240 !

2245 FOR IXP2=1 TO NX

2250 FOR IYP2=1 TO NY

2255 FOR IZP2=1 TO NZ

2260 RESULTP2!(IXP2,IYP2,I1ZP2,ITIMEP2)=TBATH!-(TBATH!-TINIT!) *81*CSNG(UXP2(IXP2
YRUYP2(IYP2) ®UZP2(IZP2))

2265 NEXT I1zp2, IYP2,IXP2

2270 ! 3

2275 !

2280 NEXT ITIMEP2

2285 !

2290 '

2295 'Printing Time, Position and Temp data into COMM2 file
2300 OPEN "c:comm2'" FOR OUTPUT AS 2 .
2305 FOR LP2=1 TO NTIME

2310 FOR IP2=1 TO NX

2315 FOR JP2=1 TO NY

2320 FOR KP2=1 TO NZ

2325 PRINT#2,X1(IP2),Y1(JP2),Z1(KP2),TIME!(LP2) ,RESULTP2!(iP2, jP2,kT2,1P2)
2330 NEXT ¥KP2,JP2,1P2,LP2

2335 CLOSE 2

2340 !

2345 !

2350 'Chaining back to the submain program'"that called POUCH2

2355 IF NSUBMAIN=1 THEN CHAIN "MAINA"

2360 IF NSUBMAIN=2 THEN CHAIN "MAINB* P
2365 IF NSUBMAIN=3 THEN CHAIN "MAINC"

2370 IF NSUBMAIN=4 THEN CHAIN "MAIND" , -

2375 IF NSUBMAIN=5 THEN CHAIN "maine"

2380 PRINT "UNREASONABLE NSUBMAIN VALUE"

2385 PRINT "CAN'T CHAIN BACK TO A SUBMAIN"

2390 PRINT '"PROGRAM SUB3 WAS TERMINATED" ?

2395 STOP

{

A
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- w = -

'BETART subroutine

PI=3.141592654#

IF ICOUNTB=1 GOTO 3470

RESTORE 3410

FOR IB = 1 TO 40

READ XB(IB)

NEXT

DATA 0.0,0.001,0.002,0.004,0.006,0,008,0.01,0.02,0,04,0,06
DATA 0,08,0.1,0.2,0.3,0.4,0.5,0,6,0.7,0.8,0.9

DATA 1.0,1.5,2.0,3.0,4.0,5.0,6.0,7.0,8.0,9.0

DATA 10.0,15.0,20.0,30.0,40.0,50.0,60.0,80.0,100.0,1.0D20
RESTORE 3450

FOR IB = 1 TO 40

READ ROOTSB(IB)

NEXT

DATA 0.0,0.0316,0.0447,0.0632,0.0774,0.0893,0.0998,0.1410,0.1987,0.2425
DATA 0.2791,0,3111,0.4328,0.5218,0.5932,0,6533,0.7051,0.7506,0.7910,0.8274

DATA 0.8603,0.9882,1.0769,1.1925,1.2646,1,3138,1.3496,1.3766,1.3978,1.4149
DATA 1.4289,1.4729,1.4961,1,5202,1.5325,1,5400,1.5451,1,5514,1,5552,1.5708

DEF FNFB(ROOTB)=ROOTB*TAN(ROOTB)-BP

DROOTB=-. 005

IF NB<>1 GOTO 3510

FOR IB=1 TO 39

IF BP<XB(IB) GOTO 3515

ROOT 1B=ROOTSB( IB+1)

NEXT

GOTO 3515

ROOT 1B=BETA(NB-1)+TI .

F1B=FNFB(ROCUT 1B) )
ROOT2B=ROOT 1B+DROOTB .
F2B=FNFB(ROOT2B)
SOLUTNB=ROOT 1B~F 1B*( ROOT2B-ROOT 1B)/ (F2B=F 1B)
FSOLB=FNFB(SOLUTNB)

IF ABS(FSOLB)<,.000001# GOTO 3570

ROOT 1B=ROOT28B

F1B=F2B

ROOT2B=SOLUTNB s
F2B=FSOLB

GOTO 3530

BETA(NB)=SOLUTNB

ICOUNTB=1

RETURN
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10

20

30

40

50

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380

1

L

'Setting up the text screen
KEY OFF
SCREEN 0,0,0,0

WIDTH 80

COLOR 7,1,1

CLS

1
)

' Opening and readying the ALPHA file
OPEN "c:alphai" AS 1
FIELD 1,80 AS COMMENT$

1
)

'"Printing the "OPTION NOT AVAILABLE" message
GET 1,1

PRINT COMMENT$

GET 1,12:PRINT COMMENTS$

DUMMS$=-INKEY$: IF DUMMS$="" GOTO 240

'
’

'Closing files so can chain back to MAIN
CLOSE |

1]
!

'Loading the please wait message
CLS: SCREEN 1: COLOR 0,0

DEF SEG=4HB80O )
BLOAD "b:fire,.sen",C

4
!

'Chaining back to MAIN
CﬁAIN "main"®

RRBABRER AR RS %ESSREST ENARRRERRRERSHERNY
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ALPHA1
1 Sorry, this option is not yet available

2

3

o o -

11

12 PRESS ANY KEY TO CONTINUE -



