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This paper is a study of ventilation problem in the horse 

barn at 19212 Gouin St. and a recommended solution. 

The relativJ humidity readings whi~h were tahen by using a 

sling psychrom~ter wer~ quite high l 8 0 ~{. or over) The 

temperature drop across the in~ide layer of air was 

substantial, the surface t~mperature of the ceiling was 

likely o fall below th~ tempera ure ( sue ) 

Condensa .... ion would th:::..u occur on ·he ceiling ;-;urface. 

Because it i .s an exi s i r1g -lld bui l ~1 in :l' ~nd becaiJse f t"he 

layout, natural v ~ni .... i lation s not pa·ac · ical. 

T h .., En er'-·, n f res l1 ci. i r , mod ._.l 4 0 U • r the De l -Air heat 

exchanger, mod~l A-300 tseries 1JU0) for th3ir easy-clean. 

fast _efrost f~- ures, simplicity of installation, and costs 

-re rccomm .... ndJd. 
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Environmental modification is a basic reason agr1cultural 

structures are built and the level of importance in 

environmental conditiGns has a signif1cant impact upon many 

phases of agricultural production. 

Proper housing of animals is essential to th~ efficient 

operation and profitable managem~nt of a farm. Proper 

hou.sing means, first. o· all, providing shelter from the 

elements- rain, snow, and wind. H~wever, nt equal or greater 

importance is th_ fact that a farm building must also 

provide, in addition o more protection, optimum atm~ spheric 

condition fo · animals. 

The bnilding should prot e c -nimals fr om e x tremes of heat 

and col from .su den temperature ~~hange. ,and from drafts. 

Ventila~ion - insu .-tion is vn e of 'h - most neglected, but 

one of the most impn rJant -sper s of staLling. ln l i vestocl: 

bJJ_i ld ings proper ven il- i n Anj insulation e-n mak_ the 

difference beJween profic ani 0SS. These b1:til dings cost 

m .... re, Lut be~aus _ good ventilati _n improves feel conversion 

- n d sa n i t - t ion , i t s \_, o 5 t i s so _ n _) £ f 5 J t h y g l:' ea t e r _ ro f it~ . 

An ef ."ici-nt farw ventila l.ng sys em is necessary, f"rst, 

f r reg1Jl- ting inside temperatures and secnnd, for removing 

~xe;..,sslve quantit1e.s of moisture and oclors given off by 

Livesto;Y. . 
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Many Livestock buildings are hot and oppressive in s pring 

and fall, and damp and 0~ld in win er. Heat i s supplied 

primari l::l by t.he animals. 

sensibl ':.> an~__ l at. 3 n t, h =- at . The t.cdv- he:tt gi r ~n cff by 

conve<:_:+ ion and radiation th::1 · aff·3 t...ts the temperature <) f the 

air and surrounding is s -=> nsible h -~at. Th _ lat8nt heat of 

v a p or i z at i ') n i s re le ·- s <.J d d u. r i 1 J' c ,_ n ::l ~~ n s at i on of t h '? m o i s tu r :> 

that has bt3 n ~ .spira d by th .... animal-:; n li 

refe.r.s 

not ba me asur?'-- wi h a ·hurmGme er, 

Animals .-111 ri n · n o rmal r : spirat.i 'Tl, and 

he lt · g 11 e r t. he em p e r t1 re , 1 e g r: a , ..J r the m is t. ur-- . Tl Li. s 

moisture shouJ cl be remov ~ d f ec~m Luil Jing5. 'fb --; .·:tmoun . of air 

t r:::mo e l1 :: moi.s llr' the 

vent.i l c1ti o n 

~ Lnds into tb - bui.Lding 

materials. an cl Dumpn~~s in a barn 

lso contribute~ t~ we l i · t(jr, and 

rctpid c _,rro:s j ~·n of me l:.a 1 pa. t~ .. 

ec::us ... E high humidity, t. h e :t i r· i n E:d d ~· t. h .. b : · n Lh~ c me s 

fi · uf1 y c1nd contami na t.~'~d wi t~h .'_. ·L:i l ';> 4~,Jors such a s .:unmunia, 

lastLy, 

f:,ll CJCt::::f" ncr. ... llJ'S . 

I j 
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The problem of moist~re condensation as it relates to high 

value of relative humidity and poor insulating material, 

involves the change from the gaseous state of water, known 

as water vapor,to the liquid state (water) or the solid 

state (frost or ice). There are many examples of ml_ istu.re 

condensation in a barn such as swe~ting and frosting of 

Hind( ws, (> ndens ti _ n Hi thin a wall and condens tion on the 

ceiling s rfacr:::. 

The ceiling of such livestock usually are more vulnerable 

tnan any other plac _.!:' .• E urtht-~rmor -·, w- ter dripping f r<:)m the 

ceiling rn:ty ea 1se mut_;h mc\rc J:un: ge than w ter rnnning d<wn 

the w·ll r 1inrlow. 

The condensa i<Jn on t..h-=· ceiling ~~urf- ce w· s the sev ~rest 

pro b le m -J f the b - r n n d .i. t s so ln t . ion i ::.. t h •:::! l_ b j e c t of t hi c 

paper. 

In H·nter, v~ntilation is a critic-l factor 

mu.st, as.s t.ltrough the structDrE- t.o keep it dry, 

Enoug}·l air 

yet it must. 

be l:ept ·to a miniml.Jm t.o prevent. hea loss. l"'Jore air movement 

is regJJir..~d in spring -nd fall when t11e t.r..;mpe rat.ur _. 

differential is less. 

Vent.ilation systems can use natural or f~rced air. 

ITorc.:ed ai .L s e a s i er to ·--on r o 1 but will incur t h .., ex p8 n se 

3 



•f pu.rchasing, 

possible to use 

maintaining and nperating tans. It was not 

natural ventilation because of low inside 

temperature. Therefore, ±or~ed air is the only solution 

to t.his problem. 

Since energy conservation is a concern, researchers have 

been exploring the p~ssibilities of minimizing the cost of 

veut.ilation. Heat exchangers have rev _aled a great potent,ial 

to lower the energy cost ventilation. 

A hea .- 4·changer is a device which provid .Js for transfer 

f 0 internal thermal _.ne I gy 1- etw .J1_,TL tw:1 or more fluids at, 

diff _.ring temperat;nres. Heat transfc 4 b: ·ween the fluids 

~ake pl-~e through a sep r tin~ wall. bin~e the fluiis are 

separat.ed by he-t transfer surface. th_y do not mix. 

_:(:>rnmon examples ~)£ such be-t exl.;han ers ar-:.. the shell-and-

tnb~ ex\.._,:hangers, aut ,m L.il·: cadia·tors. cond~n.sers. 

~ v a po r - or c; , - i r p re he a 1::- r ,::. , a n rl " d · :\r " coo .l i n g t \_ Hers . If n ·::> 

phase change -->Ccur:s in any of -_,he flu.ids in the c:xchanger. 

it is som3times r-:..ferred t\_ as a sensible heat exchanger. 

There - r ___ n ... • in t .... rnal i.hermal energy .sou.rce.s in a heat 

excll·-nger, ruling out ·ircd heaters, electric heaters~ and 

nuclear fu.e.l elements. If the fluids are immiscible, the 

s .... p-rating walL m··y b~ elimi.n3ted, ··nd the interface between 

the l11ids su v::s -s a h:;at transfer surfac ... as in a dire--t 

conLac .. h .... at. .... xchang.Jr. 

4 



A heat exchanger consists of the active heat exchanging 

elements such as a core or a matrix containing the heat 

transfer surface, and passive fluid distribution elements 

such as headers, manifolds, tanks, inlet and outlet nozzles 

or pipes, or seals. Usually thPrJ are no moving parts in a 

he a exchanger~ hoHever. there are exceptions such as a 

rotary regenerative ""XchangJr, in whi~h the matrix is 

mechanic-lly driven to rotate at some design speed. 

The heat transf~r surface is th: surfact of exchanger core 

Hhich is in direct con act with fluids and through which 

heat is transferred by conduction. That portion of the 

surface Hhich also separat~A · he fluids is referred to as 

primary or direct surface. To increase heat transfer area, 

-ppendages known as fins may be intima~ely connected to the 

primary surfacA J~ provide Jxten ed, secondary, or indirect 

surface. 

Heat ~xchangers arA used in the process, power, 

automotive, air conrlitioning, refrigeration, cryogenics, 

heat recovery, alternate fu Jls, and manufacturing 

industries, -s well as key crmponents of many products 

av-ilable in the marketplace. These heat JxchangJrs may be 

c:lassif ied according to the transfer proce.sses, degree of 

surf;: c.., c..)mpactnessJ con.struction f :-atur ].S, floH 

arr-ngem8nts, number of fluids, -nd fluid phase changes or 

p _ OC JS ;-; f IH1Ct i 1. rt. 



In various construction modifications, undoubtedly, shell-

and-tube exchangers are the most commonly used basic heat 

exchanger configurati,n in the process industries. The 

shell-and-tube heat exchanger provides fairly large ratios 

of heat ~ransfer area to volume and weight. It provides this 

surface in a form that is relatively easy to construct in a 

wide range of sizes and that is mechanically rugged enough 

to withstand normal shop fabricati~n stresses. shipping and 

field erection. and e x ternaL stresses en .... ountered under 

normal _pJrating conditions . The fjh .... 11-- nd -tube excnanger 

can be cleane 'l r·3asouabl y e ·· si .ly and those components most 

sub .i c; ~ f- 'lu e - g c. skets an ubes-can be easily replaced. 

c ~ .. -
._)pe'~ l cons . ru ,_; t i on feat u r ~ s a L l c• w t b i s type t > meet a 1 most 

any conceivable scrvi~e. including ,xtr~mely low -nd high 

temper tures _n l pr_.c-su.:t: .... s , 1 r: g ,3 ~empe r·· ure diff ., r ·nti::ils, 

vaporizing and ..;ondensing s e rvices, - nd severely .. ouling and 

corrosive luids . 

D .... l-Air is anot-her }~ind 1 .f heHt ex_;hanger fc·r the winter 

heating ani v .... ntilation in agricu.l ·tural 

applications. Del-Ai ·~ Exchangr::..r al.::io use the energy in the 

waste exhaust air to preh~-t the in~oming fr~sh air. This 

miu .i.rnizes the h~at 1-'ss and t:.herefore greatly r:;duc~s and 

o · ... n e .Liminat ..~.s .suppl iment::d. beat. The Del-Air Exchanger 

\- i 1 1 p .... - h ...,at o1.Jtdo .Jr a· r t0 Y.i'i thin 6 b -7 0 ~lo of room 



II. Q~JE~11YE~ 

The objectives of this paper are tL: 

ta) Find the cause of water vapor condensation on the 

ceiling. 

(b) Recommend a prop~r system to overcome this pr_blem. 

7 



Experimental evidence on the direct effect of climate on 

dom3stic livestock has been obtained from two sources : 

direct observations ln the field, and observations on 

animals kept in controlled - temperature laboratories or 

psychrometric chambers. The disadvantage of ire et 

observations is that it is difficult to set up adequately 

controlled experiments in the field, whil~ th~ disadvantage 

of observations in a psychrometric chamber is that even in 

the largest chaml _r only B small number of animals can b ~ 

studied, while it is known that there is a profound 

difference in the ·ndividual response of animals cf the same 

breed to climatic tress (PaynJ and Hanc ck, 1957). 

All domestic li ·estock are h' meotherms. That is, they 

at empt to m intain their bu y t~mperatu es within the range 

most suitable f r optimal bi _logical activity.ln ordJr to do 

this they mlJst pr Jserve a therm-l balance bet.ween thei l. heat 

producticJn or g~in frcJm the _..nvironment and their h~at loss 

to the environment. 

~etabolic he-t production depends on (a) basal heat 

prod1Jction for maintaining essenti.3l body p.roce.sscs such as 

1_~cdy tP.mperotnr~, (b) dige::;ti ;e heat product.ion dep::,ndlng on 

th~ type of digestive system of the -nimal . nd on the 

q u .:1 n ~ l. t_, y ::-1 n d g u a J. it y _) f t h _. f o o d t ha t it i n g e s t .c:. , ( c ) 

mUS C Jl.n hPat. production depencU ng on the amount that the 



animal moves ab(:>Ut in foraging, and (d) increased metabolism 

due to productive processes such as growth and reproduction. 

Of the methods of heat loss, evaporative loss is potentially 

the most important. This subject is discussed in detail by 

Findlay and Beakley (1954). 

Evaporative heat loss d~pends upon the ambient air 

temperature, the amount of -vailable moisture, the area of 

ev3porating surfac~, the absolu~e humidity and the degree of 

air movement. 

It has been exeprimented in horse that below 35 oc there is 

a rise in vaporisation per unit surface area wjth incr~asing 

::tir temp_Jrature and hat this rise is less in tropical than 

in tempera·ture type horse. 

The am _)nnt of av- i lable moisture depends partly on the 

quantity of swea produc~d by the animal. Al thougl1 both 

temperatur~ and tropical breed of horse possess sweat 

glands, those of th~ latter are larger and more numerous, 

accJrding to AustrBlian work (Nay and H-yman, 1956) 

The mov_J to a fully intensive system of husbandry took 

place gradually during the ~fifties'. This change in housing 

was acceleiated by devel pments and it was then fully 

'controlled environments'soon came into being, and their 

suc~ess encouraged producers to do li~ewise, but it llas to 

b r~aljzed that the total cost of controlling temperature 



and humidity may be as high as a considerable percent of the 

total fixed capital invested (Ffiske 1966). 

Insulation helps to CiJnserve heat so that room 

temperatures ·emain within the optimum range required ; 

similarly it helps to exclude solar radiation in the summer 

which can raise environmental temper-tures well above the 

level required. Heat to be cons3rved comes from stock as 

well as any supplied arti icially, and the less of the 

la·_,ter the bet.ter, because of cost (~v.P. Blount 1969). 

As hot a1r rises he t losses through the roof prove 

greatest which is why this structure must be insulated as 

completely as possible, p:rticul-rly as its surface is 

considerably greater than that of the walls. The latter loss 

more heat proportional to the area of gl-ss winJows present, 

unless these have been donbl,~ glazed. Some sets of data, 

(a satisfactory range of temperature~, (b) he t input and 

(c) sources o heat los~; hcJ_S been indicated by 

(W.P.Blount 19~9;. 

Th_ overall heat transfer coetficiont is the rate at which 

1ea~ will flow from one side to another of any given 

material or combination of materials fJ v7/m2 u C) . If 

buildjng rn-teri-ls get compr:;.ssed or w::t they lo.se muc]:-1 of 

~..~heir 1 nsulation properties. V .... ry careful watch is ll(-:!Cessary 

that these materials receive careful attentinn 

l j 



during building construction. 

The main requirements to calculate U are (iJ 'k' value of 

insulating materials, and (ii) certain factors, e.g. 

Some internal. external. surface-to-air and cavity. 

of U . internal surface resistanc(:;s and external surface 

resistances were indicated by W.P. Blount l1969) . 

For many years medir:~al men h,_ ve recognized that a 

considerable number of diseases are produced by impurities 

in ~ir. and Dr. Parkes, in " l"L nual of Hygiene " gives an 

extensive list of such diseases 18f4. 

I t ....., ~ s u n n ., ,:::: e ss a r y t h c n to o r g t_l e. =-i. length the importance 

of a study rf ventilati-n. 

Whilst fresh air is necessary to pr _ vid~ oxygen. it also 

functions as a dil1J ant o bact .Jria. including ~.P.L.O, 

viruseSS, ~tc., as W9ll as to no·ious gases su~h as CQ~. CQ. 

H2S, ammonia, me'_.hane, l~t~. (Scly-nski 1966). 

The -bility to maintain d~sir.,d environmental condit1ons 

in livestock buildings is dependent on the design and 

performance of ~he ventilati, n systems. Th3se systems must 

pryvide the c~=.>rlt:!ct qu.3ntities of ai.r flo~·~ in the proper 

distribution patterns to meet the needs of each application. 

Selection of a ~orr~ct ven ilation system requires an 

11n erst3nding of the principles lnvolving air flow 

nd ,ysioLrgicctl respons~s of livestock (Hellickson Walker 

1~83). 

1 



Ventilation systems for livestock structures are of two 

types, natural or mechanical. 

Natural ventilation is the movement of air through 

specied building openings by the use ~f the natural forces 

produced by wind and tempera ure difference. The ventilation 

rate depends on the wind spee~ nd direction, design and 

location c·f outlet and in.L:, t op~~nings. 

latural venti ation is the old~st form of ventilation and 

has been used for as lon as housing h~s be3n providJd for 

nimals.Simplici y, l~w ini t ial cost and low ene rgy cost are 

primary f:c ors that mahe i ~hJ most common type of 

venJil ti•n. However, v .... n · i la i o n th- t l s cL.::: pendent on 

natu-al forc e s is inhe ren ly vari c ble and consJquently has 

num:.rous lind tatlrns Hel i cl-::son \'~a Lk..~r 1983). 

Wh is n3tural ventilati~n not usel more wide]y ? A major 

reason lS hat a natural ventiLation system la~ks control of 

the airflow through the building. Yet, with th_ advent of 

microprocessors for continuous monitoring and contr~ 1 , and 

~ensors that are accura e y .... t inexpensive, control of the 

ven~ilation rate in a n: ur- v ..,nt.i lf". ion SJl::;t Jm may no 

longer be a proll_m fR.L.Brockett and L.D.Albright 1984). 

Curr '-J ntly, utomatical..ly controlled natural ventilation 

sy. t.ems are e · ng lJSed in ~ nimal hou.sing. One exampl~ is a 

set' p d:, veJ .JP.Crl by tbr~ 2~ ·ot tis h F'a rm Blli.lcl L ngs l nvestig~ t .L )n 

1 ? 
·~ 



TT ' +-ul1 l u . This system is for a swine buil1ing with eave 

openings, a iampered chimney. and adjustable sidewall vents 

are opened or closej to :chieve a desirable air temperature 

insije the building (Bruce, 1~79). 

The ba~ic idea behind the control program is to compare 

the average inside temperature with he pre-determined 

optimu.m "temperature. If he temperatu·e is within the 

acceptable range, he mi ~·roproce .sor continnes moni torlng 

the sensors. If th inside emperature dose not fall within 

th_ acceptable rang, the program b .... ings by reading the 

sensors and calculating a r1ew ventilation rate based on the 

steady- state ener y balance. The revised ventilation rate 

is compare to he minimum acceptable air flow for 

controlling mois ure and c~n amination levels in the 

building. The largest of thJ flows is t ken as the new 

1entilation rate. 

The program adjusts all positive (airflow into the 

buildingJ vent~ as a unit and all negative (airflow out of 

th8 bujlding) vents as a unit to achi_vJ the required 

ventilatio1 rAte. Eoch sep:r-te vent adjustment is then 

moJi .ied to achieve approxim3tely Pqual airflows per 

m..;ter length through the n-:Jgativ-' vents -nd the positive 

"ents. T1is basGd on the premise that equally distributed 

flr:Hs will promot.~ compl~te · ir m.ixing in the buildin~. 

1 3 



When the building reaches an acceptable average inside 

temperature. the control system con inues to monitor the 

inside temperature. When the inside temperature is no longer 

within the specified rang , the whole process begins again 

by reading the Hind pressure differ nee, 

solar sensorrs. 

temperature, 

Th~- computer program is written in Pascal and 

and 

was 

implemented on 3.n I Btv1 f C-XT using a turbo-pascal 

compiler. 1he flow ch-rt tfigure 1) illustrates program 

l· gic 'B. L. Brocl~ett and L. D. Albright, 1984 l. 

Mechanica~ ven ila ion systems are uf three types, bas .... d 

on the m~ans of achieving ir mLvement: (aJ Exhaust, (b) 

Pressure and lC) Neutral. Exhaust systems use fans that draw 

air out o the structur~. thereby r3ducing inside pressure 

and creating air flow through ventilation inlets. Pressure 

sys·ems mechanically fore.... air into the building and 

discharge air hrough outl~ts. Neutral pressure ventilation 

systems employ dual-acting fans that simultaneously draw air 

0ut of and force air into the building creating a pressure 

difference in the ventilation system but not in the 

livestock Luilding (Hellickson Walker, 1983) 

S ·nee f :.tns -r~ used m re and more their construction~ 

i ~~t-11-tiGn and running ar_ very impor ant factors to be 

·pp·eciats The ~ubject w-s 'i.svussed i.n detail by 

lLl 



Nicroprocessors allow increased sophistication in 

environmental control of agricul tu.ral structures. This 

enhanced level of contr~l is possible since microprocessors 

or microcomputer c~ntrol systems allow logic and decision 

making to be added to he fu.uctions provided by the control 

system. A microprJcessor Lased, ventil-tion control system, 

typic-lly consists of the micr~processor or microcomputer, 

an analog to digi al con;crsion unit, control circuitry, 

e:nvironmental somJ means of displaying or 

recording inf rmati n, e.g. a di ital display, a printer or 

magne ic tape. Uorm-_lly _, i.npu 1-ta are received from the 

environment-1 S:)nso~s, e.g. dry b1lb emperature, dew point 

emperatur J, oq .s ... ernpera u.re, solar radiation, static 

pr~ssure, etc .. con;erted t~ digital signals and are forward 

t~ the milJropro~,..;essor where thee; _. V~i lues artJ compared Hi th 

reference v-lues r ~·gram __ cl in <") system. The 

microproces.sor .sys ·ern Lh~u sends ou signals to th--=! control 

circuit, which activates thJ necessary environmental control 

equipment, f :.H1S, evaporate cooler, etG., to bring 

the 8nvironmental condition into the d __. .sired ranges. 

Progr-_ming change.'3 can be in -~orporated into th... control 

sys .. m allow wide ranges of environmental control. 

t:1i croproc_.::i~ .Jt' ...:on t r(J l. tr8mendous 

pc ~n i...:i- 1. ·j or improvjng r:-nvi onm_.ntal cont,ro.J in 

1 f 



agriclltural structures and are clearly the system for the 

future. Currently they are prirr1arily experimental and are 

quite expensive~ but system costs are expected to come down 

with increased development and USe (Vosper, 

F.C., L.H.Soderholm . J.F.Andrew and D.s.Bnndy. 1982). 

1 f) 
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In Hinter, ventilation is a Gritical factor. Enough air 

must pass through the structure to keep it dry, yet it must 

be kept to a minimum level to prevent heat loss. In fact 

most of the heat requirements during the cold months are for 

replacement of heat lost in the ventilation exhaust. 

Paying the heat bill ca11 be one of the most painful jobs a 

farmer has to do each winter. And producers have looked 

every where for relief - upward. to the sun, for solar 

heating. Downw - rd, to th~ earth, for sheltered buildings. 

They have alt~red winter v ntilation rates :::..c: 
<-toJ low as 

possible, _ nd ventilation ma.n1J.facturers hav ~ increased the 

efficiency of fans and developed rers tile c~ntrols. 

But all thg while, ventil-tion fans continue their 

rhythmic robbery, pumping out. heat.3d -ir with monotonous 

and costly regularity. 

A syst_m that requires heat for warming ventilation 

air ac>::::·- unts for 70% to 90 % of Lhc total winte.t' energy 

requirements in a confinement animal building. Tb-t]s why 

there is justifie int~rest in those devices that use 

the outgoing air to its heat the incoming air. 

Those devices are called heat exchangers, and they r~cover 

heat fr~m the exhausting stream of air, transferring it tL a 

sep:rate strP-m of incoming fresh -ir. They do that by 

c~nduct·on, through the material that separates those 

18 



airstreams, perhaps aided by fins or plates which extend 

into both airstreams (Meredith Corp ration 1981). 

Many new requiremen· s for hectt exchangers have arisen in 

the rapid evolution of technology sin~e World War II, 

particularly in the aerospace and nuclear fields. 

The procedures of thermal ·nd hydraulic design of heat 

exchangers are based on the laws of thermodynamics and the 

laws of transport phenomena. 

The laws of thermodynamics apply a priori and are well 

established. The equations of transport phen\)mena apply a 

poste iori and are l~ss ~stablished. 

The importance of these equotions in the field of 

8ngineering wa,... pointed ..JUt by Wilhelm Nussel t as early as 

1923. Uus~.el t was a m~chanical engin er, and most of his 

publications w~re d~roted to the solution of problems 1n 

this field. Since 19~3 the field of chemical engineering has 

raising an awareness of a vast number of new heat 

transf~r roblems. Some examples are heat transfer with and 

without phass change, heat and mass transfer in separation 

proces.ses, heat tr-nsfer in tubular reactors for catalytic 

reacti_.~ns heat and mass transfer in porous media and in 

drying, and so on. 

Heat-' tr·nsfJr 1s also important to thos_ working in 

non .JugineE, ring f L ; ld .:; . Examples of some of these areas 
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include geology, meteorology ast.rophysics. medicine, and 

The same statement may be made about mass transfer 

and momentum transfer. 

Heat exchangers include all types cf equipment 1n wh1ch 

the transfer of heat is import~nt or even the rate -

controlling process tSchlunJer 1S83). 

The first cri t.erion that a he::1t. ex ltanger shouLd satisfy 

is the fulfillment of the process requirements: to 

accomplish the thermal change on the streames Hithin the 

allowable pressure drops, and to retain the capability to do 

this in the pres3nce ~f fouling until the next scheduled 

mainten nee period. However. it must be recognized that the 

design pr<)cess is frau.ght Hi tlt uncertainties: The physical 

properties are seldom known to a high degree of percision, 

the design methods incorpor-te basi~ ~Jr elations of various 

degrees of expcrim£Sn .al scai..,ter. the exchanger.s are 

c:onstru~ted <:)nly with'_n cer ain dim nsion~l limits, t.he 

actual oper- ing and proces.s st.xeam 

characteristics v ry from day to day, and the fouling 

cho.rac eristics are J.ittle more than guesses and vary with 

time in any c-se. Therefore, meeting process requirements is 

-t best only a matter r f statistical probability. At this 

• 4 poln ·~, too lit, tle is kuown about -. i ther the st3tisti~~s of 

in ·.vidu;;1 J. qiJ j ts 0 i ... he ir inter~ et ion in he~ at exchanger 



trains and with other process plant components to allow for 

a quantitative treatment. Henc~, the designer must assure 

himself of a reasonable probability of success by judicious 

overdesign and by taking advantage of the operational 

flexibilities and res8rve capacity inherent in the rest of 

the plant. 

The second criterion is th~t the heat exchanger must 

withstand the service conditions of the plant environm-nt. 

The immediate consideration here ic the mechanical stresses, 

not only ·n normal operation but in shipping, installation, 

startup shutdown and otf-specific3tion operation caused by 

p 1 ant ups c t .c and c o ru~ e i v ab l c a c \~id e ut s . There are external 

mechanical stresses imposed by the piping on he exchanger 

by both ste dy st-te and tr:nsient flow and temperature 

variations of the str-ams. ,he e'changJr must resist 

corrosion by the service and process streams and by the 

environment; t...his is mostly a matter _;f proper mat~rials 

selection, but mech:nical design does hav_ some effect. 

Third, the exch-nger must be maintainable, which 1.1sually 

me::tn.s choo.sing configuration that permits cleaning 

requ·red and repl~cement of tubes, gaskets, and any other 

components that are esp8cially vulnerable to corrosion, 

erosirjn, vibrr.-jtion, or aging. This requirement may also 

lace limit-~ions on positiJning the exchanger and providing 

c]ea. space u und it. 
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Fourth, and directly consequent upon the second and third 

criteria, the designer should consider the advan -ages of a 

multishell ar·angement with flexible piping and valving 

pro,ided to allow one unit to be taken out c f service for 

maintenance without severely upsetting the rest of the 

plant. 

Fift.h, the exchaHger shculd c.:.>st as little as possible, 

consistent with the c bove criteri -_ beir1g satisfied. 

Finally, the e may be limitations on exc hanger diameter, 

length, weight, and / or tube specifications due to site 

requirements lifting and .servicing c apabili ·ties, and 

maintaining -.n in·ventory of replacement tubes and gaskets 

Kenneth J. Bell 1983). 

It is of utmost importance thc t the eff~cts and selection 

of constructional elements in sh~ll-and-tube exchanger must 

be taken into account su c h as: Shell type, Tube bundle type, 

Tube diameter, Tube length, Tube layout pattern and pitch, 

Baffle type spacing and cut. 

Shell type; The basic sh~ll type is TEMA E, with entry and 

oDtlet nozzles at the opposite ends in single shell pass. 

Tube bundle type; The tube bundle type d:termines mainly-

as far as the th~rmohydraulic calculation method is 

concern~d-the possible bundle-to-shell bypass. In mechanical 

esign ~onsider-tions, it is selected mainly on account of 



compatibility with thermal expansion considerations such as 

fixed tubesheet. various types of floating head, and U-tube 

bundle, just to name the most important types. Not all 

combinations of baffle type, 

posc.ible. 

shell type, and tubepasses are 

Tub_. diameter; Thermohydraulic considerations favor small 

tube diameter. Also, greater surface density within a given 

shell is possitle with sma l diameter tubes. Tube cleaning 

practices limit tub~ diameters t o a minimum of approximately 

20 mm OD. F, r reboilers and condens ~ rs, other tube diameter 

selection considerations will apply. 

Tu.be length; In gen':!ral, he long~r the tube. the lower 

the cost of the exchanger for a given surface. This is due 

to the resulting smaller sh~ll diameter, thinner tubesheet 

and flanges, and fewer holes to 

drill. Th~ limitations are accommodating shell-side flow 

areas with reasonable baffle spacing, and practical design 

considerations. Usual lengi.h-t,o - shell diameter ratios range 

from about S to 10 for best performance. 

Tub~ J ayout pattern a.nd p ·.tch; A good practice for tube 

layout calls for minimum pitch of 1. 2 5 times tu. be diameter 

c.nd/or minimum webb thickness betw~en t.ube.s of 

approximately 3.2 mm to -ssure sufficient str~ngth for tube 

oJ.ling. the sm- J.lest pitch in a triangul·· r :3()o 



layou is preferred for turbulent and laminar flow in clean 

service and 90° or 45o layout with 6.4 mm clearance for 

cases where machanical clPaning is required. 

Baffle type, spacing, -nd cut; The function of the cross 

baffle is to direc . the flow across the tubefield as well as 

to mechanically suppc,rt the tubes against sagging and 

possible vibration. The mos common type is the segmental 

baffl ~, with a baffl: cu resulting in a baffle window 

iTaborek 198.3 

The Enercon Heat, E_ chang ~r is made in Canada and it has an 

exciting track re_ord. 

Enercon is easy to ins all, light W3ight and compact. It 

has simple el~ctrical insJallation-you plug it into a 110 

1olt grounded outle It is ~elf-Gleaning. The fans are easy 

to clean or replace, and he pl-sti~ is corrosion xesistant. 

A manual vari-tle spJed f3n control pro ides up to 350 cfm 

and allows flexibili y in -ir volume tu meet minimum 

vent"lati0n r equi rGments. The dual f n system provides the 

m-ximum efficiency from the exGhanger. 

And p3rh- ps m0st import.-ntly the unit can be easily 

-d-.pt8d to u ilLze the he-t exchanger in buildings with pit 

v en '..1 i 1 a t ion ( 1'1 c ~ _, d it h ..; o rp or 3 t i ou 19 8 1 J • 

e] -I i.r heat exchang~~ ·s WE.r ~ designed by pr( ucers f ->r 

och JC CI"S. The devel~p~ment and testing the exchang r has 



taken place 1n both the lab and the field under extreme 

climatic conditions for a number of years. The experience 

gained by Del-Air Systems Ltd. has made the unit one of the 

best in the field. Only Del-Air ex .hanger have an automatic 

rapid defrost, a definite requirement in any cold weather 

heat recovery system. By reversing the fresh air intake fan, 

defrosting is achieved rapidly and positively. This allows 

the Del-Air exchanger o operate at a constant, high 

efficiency. 

Del-Air exchangers unique intake nozzle design provides 

positive air distributio n throughollt the room, eliminating 

the need for duct"Y7ork. Ths novel, in - wall design allows 

installation ill rooms and p ~ sso gt_,-way without occupying 

limited head room. Moisture from the exchanger is exhausted 

outside the building, elimin-ting the need for in-barn 

drains or over - the-pit mounting. All units are pre-wired to 

be plugged into a st:nd-rd 110 volt outl~L (EDEN ENERGY 

EQUIPMENT LTD. 1982;. 



A. To make the insulat i on o f t he c e i l ing he avier 

By locking at the barn, it has been thought that the water 

dripping fr~m ceiling, might be from pool insulation ~f the 

,:::::eiling. Hhen the c:old ir com_s into contact with the 

ceiling, 

condens tion then occurs. In fact, dripping) near the 

exit door was more than any other places l Figure ) . 

Therefore, WC<'d chips \ whict1 \~ere avail~ ble on t,he roof 

f igur:: 2 J we re spread .~ rnun Lhe cold si.de of the c iling, 

near e it. ct~)or l 30 ·m tr :=:,_.e if there would b·-=- any changes 

in vap.~ r con,_ eu sat ion. Tb_ flll)-ving we_l-: we saw that 

there was no signific-nt dirferen-~ of w~t€r dripping from 

the ceili1g. Then the ec ~ i,_,n w _.r __ m=tde to measnr~:.:; the 

rel~ ive humidi y inside the barn. 

B . To find the rate o f ventilatio n r e qui r e d 

1-Prin~iple of p~ratinn of a sling psycrometer. 

Rel-:: tj.ve humidity is he ratio of the actua.l water vapor 

pressure in the air to the saturated water vapor pressure 

a.t a gi .ren air emperature and l• c· 
.:J usually mea.surecl by t.wo 

crdin-ry thermom~ters, secured tc a common base. The bulb of 

on_ -'f the thermometers is exposed and tht.... tempt_.rature 

r _,- j ng t~-~k _,n with this thermometer is the s ~-me s that. 

a~ .... n wjth ~ny nther ordina y mercury thermometer. This is 
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called the dry-bulb t3mperature to distinguish it from the 

reading talren with the other thermometer. The bu.lb of the 

other thermometer is enclosed in a small cloth bag which is 

(moistured with waterJ nd which, due t, evaporation of this 

Hat.er, will gi 7 e a lower · ~mperatur~. This is called the 

we'-bulb tempera ure. SLh.,h a Ct')D bina ti _ n wet and dry bulb 

t;:,mperatu is c-lled a psychrometer. 

In c~rder to obtain a Lr1 __. w .t-bul b rea ing a sufficient 

peri_d of ime must ~ lapse for evaporation of the water to 

take place and to bring tl1e we ·t-bulb reading to a stat.ionary 

point. To expenditure this condition, Lhe w__.t-and dry-bulb 

th __.rmometers m:ty be - tac.lied t _ a handle and whirled through 

the - ir 1nit both temp__.rature r~ading become stationary. 

Such an -ppara~us i~ known-- a 5ling psychrometer (fig 3). 

For r __.ading the r __.lati ve humidity He ,iu.st have to ad.iu.st the 

ry-bulb temp__.r-tture on w__.t - bu.lb t:;mperatu.re. 

tYI showes perc__.nt of relativ_ humidity. 

2-Experim~nt-l procedure 

The value of 

Two se s of data wer~ taken from inside temperature and 

relat've humid'ty by us'J of .sling psychrometer. One reading 

Ha~· iJ.:1l::en on Fc·urth of F_~bru.::~.ry \CU ·side temp. -J..3°C) and the 

other one Fourth of March 1~85 (outsid~ temp.O oC;. The~.re 

was no n __ d to take any da~a for summer and fall season, 

b ... causc natnrcl vontil-tion were being u.sed, even in 9t,b :->f 
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FIG. 3 . A SLING PSYCHROMETER 

DRY BUL 8 HERMOMETER 
E NO CAP--

w ET BULB THERMOMETER 
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November (outside temp. 3vC). 

It was measured the walls segments. windows sizes, heights. 

doors, the wall thickness and its insulation, the number of 

average Animal Unit hcuscd and their weights. By using all 

these informat.ion, h:, exposure fac .or, sensible 

and la ent heat produced ly animal and lastly the rate of 

ventilation for diJ ferent '- ut.side a nd uniform inside 

temper-ture were c-lculateJ. 

C. Recomme nded Solution 

1-Principles of Op _.ration _)f the ENERCON ~ S FRESH AIR He3t. 

Exchatg~r. 

The u.b ...... s arc the rJasic Ci)ffiP _)n _.n t, provldiug the heat 

transfer surface betwe~n on_ fluid flowing inside the tubes 

and Jhe _)her flui~ flowing across the tubes (fig. 4a2 ). 

The tubesheet is a round meta.L pl;-t

sni taLly drilled and groov::..d fo the tubes. 

that has been 

The shell is the cylinderical element surrounding the 

tubes and containing th_. sh_.ll - side fluid. It is commonly 

made by rolling a metal plate of the appropriate dimensions 

into a cylinder and welding the longitudinal joint. 

Tbe sbell side nozzles provid ' the inlet and outlet ports 

for ..,h ..... shell-·side fluid . 

l'ube sid...... channels and nozzles guide th•3 tu.be-sid f.Luid 



into and out of the tubes. 

The last major component for is the baffle array. The 

baffles serve two purposees: First, and most important, th~ 

baffles support th tubes against bending and vibration; 

second, they guide the fl~w back and forth across the tube 

field tL improve heat transfer rate. 

The Enercon unit is a molded plastic drum 27 in. in 

diameter, 66 ln. long, with molded pl,stic transfer plates 

inside. The self-Gont ined fan unit also is in a mclded 

plastic housing containing two 8-in. axial fans with the 

con rol incorporated in the housing (fig. 4aJ. 

The exchanger has two 8-in. ports at each end for 

connection to air ducts. The fan assombly attaches o the 

intake end of the unit and pushes the warm r~om air through 

the unit and out the 8-in. tube o the outside of the 

building. The intake fan pulls air through the unit from the 

8-in. intake nbe. After thi=:. lncoming air pass s through 

he exchanger it i.s expPlled into the room. 

The Canadian tests showed Ener~on's unit recovers between 

59 and 79% of Jscaping heat. 
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Figure 4a: 

SHELL AND SHELL-SIDE NOZZLES 

TUBES 

TUBE-SIDE CHANNEL7 

>\ ! ~~1 
\:BAFFLES ~ [§1 \ \ 

TUB!:-SIOE CHANNEL 
AND NOZZLES 

TUBE SHEET~ 
CHANNEL COVER--> 

2 Diagram of a typkal (fixed-tubesheet) ~hell-and-tube heat exchanger. 

Small Enercon exchanger 
has fan compartment with 
manual control, . 

·----------
Diagram of a typical Enercon Exchanger 
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2-Principles of operation of the Del-Air Heat Exchanger 

The top fan tA) takes warm, stale, moist air from the 

room, forces it through the exhaust passages of the core 

(B)) and then outside of the building through the exhaust 

outlet I c) 0 The inlet fan (D) draws outside fresh air 

through the fresh air inlet (E), through the alternate 

(inlet.) of the core and into th_, inl_,t nozzle 'F) (fig. 4b). 

Tests carried out undJr controlled conditions of 

temperature and relative humidity produced the results shown 

below. During the tests the following variables were 

controlled: 

Inside temperatu ·e 20oC 

Inside relative humidity 7;% 

Inside negative pressu:re ~5 Pa 

f:vlodel Outside 
temp. 1 (.) , J 

A-800 -18 
Serie.s 
JOOO -30 

-40 

Fresh air 
in (.>C) 

6.4 

4.5 

2.0 

Total 
energy 

saved( kw) 

6.8 

10 3 

12 .6 

Total Efficiency 
moisture 

.removed 
( lit) 

415 64% 

442 69% 

450 70% 

~ 1 ·' t ~ s f 1' •...1 m D £ H E HE R G Y E GU I P ME N T LT D. 
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Figure 4b 

. -
.1.. ~lC.-1-J ~l.OCt"T'( - CJ E I 

. (. st~ard . \~lb..~~J 

, 
\. ..... ,., ...... , 

"' \ 

8 / 
/ 

OUTSIDE INSIDE 

Diagram of a typical Dei-Air Exchanger 
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Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Calculate Number of Animal Units 

Numbe r of Animal Unit = 21 

Sensible Heat Produced by Each An1mal 
::t t t1 . 4 5 ,_, c 

qs - sr-:o W I A. U. 

Latent Heat Pro duced by Each Animal 
a 4.4.:; oC 

ql - 200 ~v /A. U. 

Amount of Vapor Produced by Each Animal 
at 4 . 4 ._) · l f 

Wp - .12. 0 g· 1 S-A.U. 

Finding The Exposure Factor 

E. F. = L Ai Ui / N+ p. F. ) /N 

E. · - c:xposu ~e facto ·c l W I A.U.oc 

ar~- ~f ~he specific b u ilding 
component for whi e h t.h .-- (J j va1 u . .-- wafj 
d ~te rm i n_;d (m ) 

Ui - ov .... ra1 \_.o_;fficient. of heat transfe r 
for p3rLic u lar structur e ( w/m2oCJ 

N - number of an ima l units hou sed hg ) 

W/A U.cC 



Where 

ON lOR DMl._lY QQ T QL (Moisture Balance) 

V ql w - ------- X ---------
2460 Wi - Wo 

V specific volum~ in ll I kg D.A.) 
at inside \~ondi tion. 

ql - lat _.n heat. in W I Animal ). 

Wi - w-ter v~p~r in lgr HzO / kg D A. 
-t insi }_, ~ondition. 

vo- -¥3.ter vapor in ( r HzO I kg D.A.) 
Eit . .)11t.;j ·de condi t ·on. 

2460 1-. t ~~n 

w- t _.r 
heat cf evaporation of 

in ( 1 I s- A. U. ) . 

01 - v.;:; n t i l. - i 0 r r a t :, in ( 1 I S -A . D . ) . 

For the 01 ts'd~ temp_.ratur~ of -13u~, R.H. ->f ~~; 7 5 and 

inside ternper~ture of 4.4J uC, R.H. of % 70. 

Ql - 21.41 l I S-A.U. 

Tot-J. Ql- 449.61 J. I S-A.U. 

~3 fj 



VE~111A110~ fOR 1EMfERA1~EE ~QN1EQ1 (Heat Balance) 

Qs -

Where 

V 

1005 (ti -to 

E. F. = __ ·pc.sure fac or l w 1 A.u.-c 1 

s p e ""' i. f i ~ v' 1ln me in ( 1 I kg D . A . 
at in:3i e emp_.ra ure. 

qs = ensil->le he~ t ( \~ I Animal 

lUll. = sp3cif ic; hc.at. of air ( W. c /kg C 

ti - in si· ~ tern 

to - LU sidG temp ratur~uc 

F'or th~ out.side temper·1ture f -13 1 C, :1~ 'lb of R..H . and 

inside temperatu.re of 4. 45•) l../ ~o '? J of R. H .. 

Qs - 26. 70 L I S-A.U. 

Tot ~tJ. Q;:; - 560. 'f U L I S-A.lJ. 
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Qs P = [~ - ~ ~- ~-~~-- J + E . F . J 6 T - q s 
Wi - Wo 

Where 

~sp = ~up limental h~at ( W I A.U. ) 

1_0 = specific heat of air (W . S I kgoC) 

Wp= wat~r vapor production \grH20IS·A . U.) 

E.F. = ex osurJ factor ( W I A. U.uC ) 

T = tempera ur~ differ~nc3 oc 

Wi - insi e water v por \gr H20 I kg aii) 

Wv - outsid~ water vapor(gr H20 1 kg air) 

qs - sensiole hJat ( W I Anim:l ) 

Fo r t h e outside temp-:raturJ ,_Jf -1.3oC, ~(. 75 cf R.H. and 

i n s i e temper ture of 4. 4.-r) J, ~~ 70 of B.. H .. 

Qsp - 138 . 44 W I A.U. 

:)s p - 2. 91 K W I A. US. 

J8 



, l le 1 

T Fo )l - t 
, ) g:r /kt! D.A. lL/S D.A. (L/0ec) 

----- ------ ---- - - - - - - - - - ·-- - -

~. l 42.81 8. J .L 

1. 26. '7 561 .96 I 

1 1 .2 2~ .. 3 481 . 53 

fl o.s:- r ) .. 39 L1~8.19 

2 . 4 13 . I, :379.89 

b 0.25 17. 13 359. '13 

0. l. 1 .65 350.28 

i - 4 gr H2 /kg JJ.A. 

1i .. 4: (.) J 

V 7. L/l~1-2; ]) . A. 
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Table 2 

T Gt 

~L/S D.A. (L/Sec) 

I) 123.38 2,590.98 

-f, 56.b6 1,187.76 

-lJ 34.29 72J.09 

23. J 6 486.36 

-2 1'"'.48 346.08 

12. J2 

-30 P.34 135. t34 

V - 790 L/kg D.A. 

oc 

I , h-, o ·- l 3 • 0 4 W/A.U. uC 



Ta le 3 

T w, • ;:; j,J Gt 
( 0 c) l grH2 U/}:g D. A (W/A.U. I (KW) 
----- -------------- ------ -----------

-10 1.2 18.56 0.:39 

-15 U.8 4.31J 

-2() _l • tl. 36U.6h 7.!57 

0.2~ 11. 4 ., 

-:30 748.40 15.72 

Wi - 4 (grH20/kg D. A. -

Wp =0. 1 ~. I) grH20/S A. U. ) 

E.F. - 13.U4 (W/A.U.) -

Ti - 4.4t> oc -

4 
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J:vlanuf acturs Eden En~rgy E11ercon 

Brand name Del-Air Enercon 

tvlodel A - SO ... l 400 

Unit cost $1645. $1695 . 

Sales tax $150. $15 . 

Ins allat.ion $100. $100. 

P dmini strati,)n $100. $1UO. 

Total Jost $1995. $ 20J). 
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VI. 

By usin the dat and the information obtained from an 

empl'"'~yee 

College), 

lwho was a diploma graduat3 from MacdJnald 

and assuming an Animal Unit of 500 kg , I found 

the following result . 

The rat.e of s ~nsibltJ heat, given Ly animal Has high. This 

is reason-: ble becau.se of it1cr ased met b:1li~._. activity and 

greater conversion f feed - o - h~at energy are used t 

cc"~u.nt.eract l'Jw ambient temper· t11re. 

The exposure =act~r was relatively high also, becaus0 of 

poor insulation nd the number of wlndows. As t.he f ormu.la 

for expo;::nL e fact.c·r ;,=:;Luws, by decre-s'ng resistance value, 

the valu_ o ov~ al hea 

he va l1.1e of >=>_"p _sur~ factor hen in er ..... ases. 

To cal,_ ulat.e the r21 te o V _;nt.i L_ttion £or humidity and 

temperature control.the ir1sid ..... tempcrRture was maintained at 

4. 4 5o C. This l s b.-:: c _ u. s ~ the .:-~.n i m- 1 s are ~ f f ~ c t e d by 

lcw ;luctuoting 

temperatures. 

;::,empe~r ~-tr1 res a.s well as by high or 

I . is therJfore impurtant to keep the 

temp~ra ure of the air in the ba n as uniform as possible. 

By plotting thA valu~s of ventilation rate requir~d for 

humidity and temp...,rature control, versus ()utside 

t...,mperature, we can see that as the outside temperaturG 

cl creases tbe v ...,nt ·.la tion rat,~ f _)r llumidi ty and temp _.rature 

contr ,1 ~lso ecreas~s. Thi~ me ns l~h.::J L less v ~ntilat. · i on i.s 



needed in cold weather than hot weather (fig.5). That is why 

most barns similar to this barn are hot and oppressive in 

summer and spring and da.mp and cold in fall and winter. 

If we look at the (tabl 3), up to -8 oc we do not need any 

supplemental heat, but from -goc th~ supplemental heat 

is required. By plotting the amount of supplemental heat 

required versus - utside temperature(fig.6), unlike the other 

graph as the outside tempcrdture decreases the supplementary 

heat increases, which is as expe. . .., t- cl. 

Th~ efficiencies calculated for the heat exchang:rs by the 

ccmpanies shows that these units are guite good to be used 

in tr1i.s .::;ase. Esp:cially tw0 Enercons units has been 

installed in new pigary building and they have been working 

very well for past 3 years. The only problem was that every 

almost 6 months they have to open the shell and clean it 

which is reasona le (b_cause of so much dust and odors). 

4.6 



V I I - ~Q~.Q1.Q.S.l.Q.N 

Based on the r~sults, we can conclude that animals give 

,££ moisture during normal respiration, and the higher the 

temperatur e. the greater the mois ure content. This moisture 

should be removed from buildings through the ventilation. 

Lack of heat makes moisture removal more difficult and 

then, cause condensation on ceiling. As the data shows th~ 

relative humidity in the barn was high % 80 whereas the 

accepted relative humidity is 50 - 75 percent (M i nistere de 

l'Agricultur ~ J and the temperature was 4.45 oC whereas the 

accepted temperature is 7 - 24 oC . Therefore as soon as 

ceiling reaches to d~w-point temperature condensation 

occures. 

It also can be concluded tha ~s the temperatur~ decrease, 

less ventilati0n is needed fJr moisturG removal. 

Based 0n the dRtas from th~ companies and their; 

~orrosion-proof cc>nstructi Jn, easy cleaning, 

durable, 

simple 

install-tion and costs either of this units could be used 

for ventilation purposes. 

4 '( 



VIII. EQO_ l I 

The inst llation of a ven~ilation system, En _.re on's Fre.sh 

Air Heat Exchanger Model 400 or the Del-Air Heat Exchanger 

t"1odel A-800 ( seri _.s lUOO is re~ommended a:s well as an 

imprc·vement in the in.su.lation of ·the barn. 

When nutside temperature was -13 ( C, inE:.icle temperature 

was 4.45 oC. Of course he inside t~mperature goes l~wer 

th-_n that by d~\~rea.sing he outside t.emp~r~ ture more. 

The cei 1 ing Tapor barri ::.,rs ·~n he Harm side of ceiling are 

strongly recommended in this situati_n. 
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Step 1 

Ste 2 

Step 3 

Step 4 

To Calculate N1~ber of Animal Units 

1 A . U . = 50 t... 1\: g 

Average rate of occupancy - 21 horses 

Weight of each horse = 500 kg 
21 X 500 kg 

Number of Animal Units = ------------- - 21 
500 kg 

T 1~ l e Sensi le He A 4.4 ... s ) 

qsfor horse a 4.4~ oc is 1.7 W I kg 

21 X 500 kg X 1.7 W/kg - 17.850.( 0 W 

q::; p _; r A . U . = 1 7 , 8 5 u I 2 1 - 8 50 . 0 u W I A . TJ . 

qs = 850 .00 W I A.U. 

To Calculate Latent Heat At 4.45 oC (q1) 

q1 1 ss c·f hor.se at 4. ·1S C is . 4 W/kg 

- tl } 2 ) 0 , r I 0 

q1 - 4 . 200 I 21 =200.00 W I A.U. 

To calculate Vapor Produced At 4.45 oC Wp 

Wp F0r hor::;e at 4.45 ic:-,..J .9 gr H2 0/kg.h 

21 A. .)00 X .9 -- 94 ~-~ 0 . (J 0 g H20 I b -

or 2.625 g 112 0 I sec. 

Wp - 2.625 I 21 - .125 g H2 / Sec. A.U. - -

~) ] 

) 



CALCULATION OF THE EXPOSURE FACTOR 

~vall 

'r~i nd()H 

Doors 

/jeiling 

L Ailh + P. F. 
E.F. - ---------------

Area 
( m2 ) 

252.40 

?r-o .._, I 

8.41 

.372.74 

3 .. -

.4 

1 .u 

5. ( 4 

The total A.U. =1. 5.48 w/ C 

The v- l ue of .. J<1und from t-bJ'"' 

0 
( H/m2v C) 

. 2f.)2b 

2.~ 

1.U 

.174 

AU 
( "~/0 (_, ) 

6:3.73 

67. 

8.41 

64.9.3 

Exp-'serl Perimeter lOu. h m X . 73 w/m-~ C t_F fr_)m table ) 

E . p . = 7 8 . .3 ~ w I I.) _, 

1 9 5 . 4 8 -~ 7 8 . 3 9 
E.F~ - 13 . 4 w; oc A. U. 

21 



V ql 
Ql --------- X 

2460 Wi- Wo 

Wi for 4 . 45 0 1 - 0.0(40 (kg U20 /kg D.A. ) -
from p .s y ~~h r omet r i c chart 

Wo for -13 oc - 0.0010 (kg H20 /lrg D. A. ) -
from psy.:;hrometric chart 

'-/ - for 4.45 oc - '7 or: l L /1'g D.A. ) - - I U ,) 

from psychrornetric chart 

785 200 
QJ. ------- - - X - 21.27 L /.s-A.U. 

2460 4.0 - 1.0) 

Total 01 - 446.67 L I ~3ec 



Total 

785 
Qs ------------- - ---

1005 ti -to) 

V - 78S L/}~g -

ti - 4.41 ~-: -

+ - - -1.3 ,·, t 
GU - J 

qs - 850 w/A.l -

E.F. - 13.04 H /" _; }\. l J. -

78. 
Qs - ----------- --- X [ s~u - 13.04 (5tl3J j 

1J05 ( .. r~l3 

Qs - 26.70 

Q... - 56). 70 [ l e: ( -. J .._,:.. -

. 4 



Qs P - [ -~~~~-~~------ + E. F .]6 T - qs 
Wi- Wo 

Wp - .1250 err H2 t 1 S 1 U . 

qs - 8. U W/A.U. 

T - 18 oc 

Qs J:' = l ~ ~ ~ ~-~- ~:: ~ -t 1 3 . ' 4 J l 18 ) - B b 0 
(4.U 1. IJ 

Qsp - 138.47 W/A.U. 

Total Qs p - 2. ~ 1 "W 



DATA 

Fourth of February 1' 85 

In~ ide t.he Barn 

\~~-t Bal 
( oF) 

.39 

3'3 

37 

36 

')7 
•J I • •-' 

Wet Balb 
·F 

27 

27 

27 

Aver-ge 27 

01Jtside T_,mp ..... ra ure 

Outs iclr.: .. . U. 

I n ~ i d (;! R . H . 

- -13 -

- ?2 -

- 8~ -

Dry Balb 
( ,., F) 

.38 

Ury B-lb 
'F 

30 

30 

30 

29 

30 

Pt_, r\_,.:, n t 

P~r . .:ent 



Fourth of March 1985 

Average 

Average 

Outside 

OIJ.tside 

In.sj de 

R .. H. 0n 

Inside the Barn 

Wet Balb 
oF 

41 

41 

41 

41 

C>n th.., Hoof 

~ve Bal b 
c F 

46 

45.5 

Temper tu re - (J -

K. B. - / ~) -

H. H. - 80 -

the roof - ~- 0 -

Dry B._ lb 

44 

44 

Dry Balb 
t.)F 

48 

47 

t) ,-, . ,__, 

f'er cen·t 

Percent 

Per .:en·t 



Average Number of Horses Housed 

Average Weight of Each Horse 

Average Height of the Barn 

Number of Windows 

Size of Each Window 

Number of the Doors 

Size of the Doors 

Wall Thickness 

Wall Components 
steel 
wood 
fiber glass 
breez block 
cement 

8 

= 21 

- 500 kg -

= 2.65 m 

= 18 

= 1.2 X 1.2 m2 

= 2 

= 2.05 X 2. 05 m2 

= 30 cm 
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PSYCHROMETRIC CHART 

LOW TEMPERATURES 

SI METRIC UNITS 

Barometric Pressure 101 .325 kPa 

SEA LEVEL 

~·i .. 

... ... 
",ot

,:1)'' 
.,..,"~' 

~ 
<._to >. 

fj I~ "l 

o.ooa 

0.007 

0.006 

0.005 

... 
c( 

>-
0 

~ 
0.004 ~ 

.3 

.~ 
l 

O.OOJ 

,/l'v 'f'i':ll, l'v¥~-t-'\:1 7~ I P ~: :A"\ I ~ ' I '!11- f" I '~:1 lh I l ' cJ.<I 0.002 

_;: ~:::> I "'VJ. "0:::-- ¥= :!). --;;. "1\1::.- -cfi: I ~ ~o '1 ', b- 1'V I \cV •, I ', I :::::o>l>l"'"l/ 'k 'l I ' J I I', I M I 3 -1 0.001 

-~ \-25 -20 

\ 
-15 

\ 
- 10 

0.70 0.72 0.74 

..._re PTepertilla1141 E.o.in DwWtioe liMs An For Ice 

-5\ \ 
0.76 0.71 

Vo .. _ ,.lfkl 

59 

Dry Bulb T tmperature • C 
\ 10 

0.80 
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