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INTRODUCTION 

Ventilation of puultry laying houses has been st,udied bl 

research men for l.l8arlT ha.lt a. century. The objectives ot 80_ of 

the first studies •• re directed toward providing fresh air and. 

iaprodng aanitation. With el1vancing knowledge or ventl1at.1ng 

requ.1reawnta am the increaa1ng use of electricity on farms, the 

objec'ii v.. and. goals of poultry hOUle nntilation 1.rlqulri.. ha .... 

been broadened as tol~""8: 

A. Control of EnYiroDlIUlt 

1. Provide more UDiform tUld higher I1in1mwI temperature. 

in order to: 

a.. .Maintain higher s" production duriD& cold spella. 

b. Protect, water pipe' from. freezing, and 

c. Provide more comfortable enYironmlat tor work:men. 

2. Provide low humidity in the house in order tot 

a. ldaintaln dry litter 

(1) More a.d.equat. sanita.tion 

(2) Lese litter required 

b. Reduce moisture damage to structure 

J. Provide fresh air without. drafts. 

4. Re.ru.ove odors anCt carbon dioxide. 



B. Reduction ot Labor 

1. Autoatic COl'ltrol of YentUa Uon. 

2. Fever ell" to be oleaned it dr.r lltt,er 18 maintained. 

3. Lea. work in chang1l1g litter. 

Res..,.. workers have provided conaiderable W'ormat1on tor 

practical duign ot poultry ventilating ~8. How8 .. r,.,.t at 

the Moea.ary data is bidden 111 num.eroua vol88. ot books and 

tecbn1cal aagazine.J thU8, a considerable amount of work 18 in­

volved in the collection of design. data. Attar these data an 

collected, several calculationa are necea8a:ry to determir1e the 

wntUating rates for variable waather conditions. Seftral 

authorities have anal.yzed the tonaulu used in the design of 

..,.t1laUng 878taae. Howenr, tbe7 did. not presant adeqllate 

procedures and data tor the rapid solution ot poul tl7 venti.­

lating probleu in the field. 

Baaent1al.lT, the data neC888." tor design of a ventUat1ng 

qat. if.. (a) heat and moisture balance tor lqing house, 

(b) indoor and outdoor relative humidity and temperature and 

(c) house construction and size. 

After these design data have beea collected, the following 

tonaulu appql 
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!!!l Balance &u!tion: 

Qs • Allav (Ti -To) + M<;> (Ti -To) 

vthere: 

Q., is the sells1ble heat produced in the house (Btu/hr) 

A is the exposed area (tt2) 

U av is the average heat transmission coefficient 

( Dtu/hr/ft2/ oy) 

'1'i is the inside temperature (OF) 

To is the outsids temperature (OF) 

.M is the air flow (lbs!br) 

Cp 18 the arpecific heat of air (Btu/lb) 

Moisture Balance Eguation. 

)II. We 

Wi - Wo 

Where: 

M is the air now (lbs/hr) 

W" is the moisture to ba reaoftd trona the houe 

(lbs/l~r) 

is 

(11;,:; l~O/lb dl7 air) 

Vo 18 the moisture contained in the outs1de air 

(lb. ¥/lb dry' air) 

Heretofore, 1t has been Mee.Barr to deterJldne the values that 

should b. substituted in the fomulas md solve the foraulaa .eYWal 



t1mea tor dl.tterent weather conditione in ordar to deteali .. the 

rates of theoretioal air· now. 

Rather than spend the large amount ot t1ae requ1Hd tor 

theoret1oal design, most ot the lUn 1n the field have ruorted. 

to the use of a constant rate or air flow or two. three, or 

four ctm per bird. Sinoe bouse construction, relative lna1d1t7 

and temperature may take on a wid8 range of value., it is doubt. 

ful that a constant rate of air flow 1& autficient,q accv8:te 

for all inatall.ationa.Thus, it is evident that, in order to 

apP17 the,. tormulas to praotical probleu, a rela.t1v.q rapid 

and reliable JDethod tor dulgn1rlg poultry vent1latirlg 87Btaa 

suitable to yariable weather oondit1on8 is nettded. 
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In vuwof the above statements, a atud;1 was conducted. with 

objeoUft8 .. tollo., 

1. 1'0 determine practical values ot the foUo'lf'1llg data tor 

ue in design of TentUating 8)"8tau tor poultl7 lqiDg 

houses. 

a. Heat and moisture balance tor house, 

b. Indoor and outdoor design temperature. and 

c. Indoor and outdoor design relative huIdd1t7. 

2. To develop graphical solutions , with scales tor practical 

use, of the theoretical heat balance and. moature balm_ 

equations for the Tentilation of poultry lqing bou8e8. 



FAOILITIES 

The pubUshed records of previows research on poultry" house 

wnt1lat1oll are a:nilable in the V. P. I. library. 

Continuous records of outdoor teperature and relat1'V8 .bwI1di tor 

tor Blaokaburg, Virginia since 191.&0 vere ;;:'lade available by the 

Agr1cultural Experiment Station. 

Office space vas obtained in the Agricultural &lgineering 

Bu.ild1ng. Consultants tor the studJ' were Prot •• aor J. L. donea, 

Mechanical Engineering Department, Dr. J. H. Byatan, Poult17 

Department, Prot_or U. F. Earp, Agricultural &1gineer1ng 

Departmmt; and Mr. James ;1. Sta.nlor, Agricultural FagineariDg 

Department. 
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AliALYSIS OF DE5IGI. DATA _ ..... _- ......-

ibe data needed for design of a ventilating 87stem are: 

<a> water to be removed from the house, (b) SfJIl8ible heat avail­

able and (c) indoor and outdoor design temperatures and relative 

ma.1dit1e8~ In addition, t.he beat loss from the building JIIlSt be 

calculated4J 

Ae an introdnotion to beat and moisture balance .in poultrr 

houses, a section on the chicken t 8 bot\v temperature regulation 

18 preaented. 

~ T!!2!tature Ree!!;t1on. 

V.tabolism, according to~'J.b8ter I is defined ae, 

ftTt1& chemical changes :1D 11 Ting cells, b7 which the 
energ' 11 provided tor the vital pl'Ooeaaea and 
activities, and new material 18 aaaim1lated to 
repair the vute. It 

Bual metabolieh 18 the a1n1taua rat. of metabolism and is measured 

by the min1mum rate of heat prod.u.ct1on (9). In add:1t1on to the 

basal beat production there a:re incrementa of hea.t production due 

to II\l8cularactlvit7, digution of food, and produotion of eIP (54). 

According to Hill (32) the change or metabolism with changing 

env1romlental temperature is ahom in Figure I. The boq t.perature 

or the ben 18 near 106 OF. 1£ the hen' e boqy temperature 18 1'4 

rema1D constant, the heat produ.ced must eqnal the heat diasipated. 

Ob.lckeDI dissipate beat b7 radiation, conduction" convection, and 

b7 evaporation ot water from· the lungs. Since chickens have no 



t 
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_.at glands, no heat can be dissipated 'b7 eva.poration or water 

from the skiD. 

Figure I show an ~8a of physical regulation and of chemical 

regulation. It is notevorih7 that the d1atance trom basal utabolism 

to decreasing bod;r temperature is considerab17 greater than the 

distance from basal metabollsm to increasing bot\r temperature. 

This indicates that poultry can withstand low temperatures better 

than high temperatures. 

Concerning the regulation of bo~ te.'Uperature of tarm anlmals, 

Barre and Sammet (5) state: 

"In cold weather the rate or heat generation ria .. 
through an inorease in metabolio rate stimulated br 
secretion of tbJroXina and adrenaline (substances that 
appear to act as governors on the rate or metabolism) , 
by the consumption ot larger quantities of h1gh-energy 
feed, and by' increased IlU.soular aotint7, such as b7 
working or shivering. Cooling b7 ev&poraUcm 1a reduced. 
bJ' restr1et1ng secretion of _t or decrau1ng the rate 
of resp:Lrat1on. Surface loa,ee b7 radiation, conduction" 
and convection ar, reduced b7 loweriDg tbe akin tempera­
ture through restriction of blood circulation. 111 the 
subcutaDeoua tissue. Thq are reda.oed. also bT in­
creasing surface 1nsulation. e.ccompl1shed b7 increasing 
the aRDunt or 8uboutaMous tat, b7 thickeniJIg and 
rutting the coat of fur or feathers or b7 waring 
more clothing, .. appropriate for the particular 
specieS} by huddling together, and bJ' drawing OD the 
eensible heat or the bod;r through reduction of the 
t1aaue temperature, part1oula.rl,.. in the bod;y extrud­
ties and near the sk1n surface. 

-The processes of adjustment to cold enviromaent 
are reTereed. in hot weatberJ metabolism is reduced, 
evaporation of moilture increued. blood circulation 
increased in the extremities and subcutaneous tissue, 
surface insulation reduced, etc." 
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Hill (32) discussed high environmental temperatures as fo110118' 

"In a hot environment, animals u.1nta:in stability of 
bod7 temperature by increasing the amount of water vapor­
ized trom the lungs and skin. It is to be noted at th1a 
poin't that the daIleetic fowl (as with all birds) po.leeee. 
no awat glands m ita skin and that no heat los8 can be 
effected, therefore, by water evaporation from its peri­
pheral surface unless extemal.lJ St,,>pl1ad. As a. reetU.t, 
it must depend upon vaporization from the lungs in order 
to keep cool in a bot environmental temperature :In con­
trast to sweating animals which accomplish trom 40% to 
95% of their heat 10SS81 unGer similar eircumatanc. via 
the skin. As the temperature rises, so does the per­
centage of the total heat produced which is d1I;a1pated 
as heat of vaporization." 

An approximate relationship shOlf"ing the p!rcentage of total 

heat whiob appears in latent form. versus enviromr.tental temperature 

is plotted in Figl.U.~e II. As the environmental temperature approaebe. 

the body te.."Tlpera.ture of the chicken, 106 of, heat transfer b7 

radiation, conduction and convection decrease to zero, theretore, all 

heat must be d1Bsipated 1>7 evaporation ot water troa the lungs. 

This is shown as 100 per cent of the total heat in latent form at 

a temperature of apprOxlLl&tely 106 OF (Figure II). 

Molsture Balance for House: ................... ~ .................... -- ............... 
The moisture balance maybe stated. as fol101f8: 

+ Moisture sources - moisture stored • moisture removed 

Chickens elimina. te oonsiderable moisture. Below temperatures 

ot about 70 of, a large part of this moisture is excreated. 111 the 

dropp1ngsJ the remainder is evapor'ated from the lungs. Water ex­

pired and water excreted w111 be considered separate17. other 

sources of mo1eture will also be included in the analysis. 
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Wa .. §xPired St Chickensl :;;·a.tchell and Kel.ley (S4) derived 

the following formu.la from Hari t a res-pirat1on exper1m.enta on geese 

reported in 191'1. 

o.0643Bt 
w. 1.14 e 

Where: . .F 
~ is the percentage heat production which is dis-

sipated as hea.t of va.porization of water. 

t is the temperature in °0. 
'Ibey stated thcat the temperature ra."lge tor Heri' 8 uper1menta 

1la8 60 to 104 °F1

• The per cent of total heat in latent form versus 

temperature from this equa.tion ilc shown in F'igura II. 

The amount of water expired at a given temperature ..,. be 

calcula ted it the total heat production is known. For example, 

it a hen produces 50 Bt,u/hr at 40 0" the heat produced in latent 

fors 18 , Btu/hrJ that is, 10 per oent ot the total heat (see 

Figure II). Five Btu/hr divided by 1033 Btu/lb (the heat of 

v&pori_tion of water at the ch1eken's body temperature, lo6 OF) 

equals o.00481~ pounds of water .expfred/bour. This calculation 

shows that the water expired is direc~ proportional to the per 

cent of heat in latent lorm. Aocording to th18 information the 

quantity or expired moisture increues wi til temperature as 

illustrated in Figure II. 



.. 17-

Barott and Pringle (3) indi('!ated from t,h~1ir basal metabolism. 

experiments) t .. hat below the temperature tor basal metabolism, about 

70 0, for hens in their experiments, the rate of water respiration. 

is practically oonsta..~t Eh,d as near as theil" chart oan be read, 

amounts to 0.60 1Il1114,-rams of "IintRJr/grm.1 live weight/hour 

(O.Olh4 pounds/POlUld of live we1ght/dr~.y). ?his does !lot agree with 

Hitchell and Kelley's (51..) work which indicated a '~ntinllOus rise 

in water expired as tht:1 temperature increased. 

Since the da.ta. used by 111.t.chell and Kelley (54) was obtained 

in experim.cm.ts on geese above a temperature of 60 Or, the bual 

metabolism work of i3arot t and Pringle (3) seems to be the best 

informJ!t1on available on moieture respiration and Will be used. 

herein as the water e:xpired by chickens. The moisture exp:1red 

by ohiakene of various sizes was calculated from Barott and 

Pr1ngle t s (3) ea.ta by the author and tabulated in Table II. 

evaporated frOlt the droppings soon after being voided. It seems 

that this l:a:ter vat")or should be included as vaporized .moisture. 

However, since no estimates for this factor are available, it is 

included in t.ht analysis of moistlrre in the droppings. 

Wat.r ~ted .!t! ~~8: Total water el1m.1.nated by 

chickens W&$ calonlated by I'iitcheU "''''ld Kallay (54). They 

state the w.ater balance for chiokens as follows: 
I 



Water Oonwmed. • water ftpOriaed .. water excreted. in dropping. + 
vater stored • lIstabol1c water produced. 

They us1m16d that the d:ry matter consumed by the chickens vas 20 

per cent indigestible and. that the lIdxed excreta containea 27 per 

cent of d.ry matter. Also, the stored water was computed trOll the 

dail.7 gain in wight and the metabolic water was taken as 48 per 

cent or the dry matter consumed. They cited research work to sub-

stantiate their estimates and calculations. 

Their results were presented in grams/day/hen. The units were 

changed to lbs/day/l00 hens and the data tabulated in Table I. It 

is noted that more water was ellminatad than consumed. This mdicates 

that considerable metabolic va.ter was produced. 

The water excreted in the droppings m.a:r be obtain~d by sub­

tracting th.e vater expired f~~ the total lvate:r eliminated. Thia 

caloulation was laade and the results tabulated as ahOWu. in Table II. 

\\hlte (79), at the ~~e~71vania ;t,xperiment Station, reported 

on tests that included 405 buds of New Hampshire, Barred Pl,mouth 

Rock, Rhode Isl8.l'ld Red, and White Leghorn breeds. The weight 0:£ 

the droppiDgs and 76 per cant moi6ture conta"lt (wet basis) was gi .... 

in lihite's results. i'.oisture e:JtCXl."eted in the droppirlgS was cal-

28.7 lb/d:::::!/lOO h~1f:l. Data for the 

Iusllok at al. (85) at the New ,Jersey Statio.'1 reported that the 

droPPin.6& voided by l.a White 1$gborn hens in a 14 day test amounted. 

to 2~9.6 pounds. Sl:lce the moistll:ra content wat1 71.8 per cent 
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TABLE I 

Weight iD Water Total Water 
Po_de Consumed ~ 54l l!:l:iminated {54~ Connente 

:3 35.0 39.2 White Leghoms 

4 41.0 47.3 White Leghorns , 4B.8 55.8 White Leghoms (malee) 

3 36.8 41.8 'llhito 2l\vlnouth Rook 

4 42.6 49.0 White Pllmouth Rock 

S h9.0 $2.1 ~\Jhite Plymouth Rook 

6 5h.6 61.6 \~hi te PlJmouth Rock 

1 59.0 69.8 \\lhite P~outh Rock (males) 

* Water in PoundJI/day/lOO hens 



TABU: II 

Average Wt. Total WaterM Water Expired Water korete4 
of hena 
(~l1llds) El~ted (54) below 10 Of ~Jl ~ dro1U!!es' 

3 41.8 4.; 37., 

It 49.0 ,.8 43.2 , ,2.1 1.2 Wt..9 

6 61.6 8.6 $).0 

7 69.8 10.1 )9.7 (ule) 

.. Water in pounds/day/l00 hens 

H For ~~h1te Plymouth Rocks,; however, Ta.ble I indicates very little 
difference in DlOisture production or the t.wo different breeds 
considered. It w1ll be assumed that the •• .figures apply to all 
birds at the sartle wight. 
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(vet bae1a) in their teat, the vater voided in the dropping, would 

be )0.7 pomds/dtr3 /lOO hene. Thiaagr ... rather clo8el7 With 

wbeeler (77) reported that the amount of water el:.hninated by' 

grow1l1g chiokens varied almost directly' With the protein level Df 

the diet. He stated that increasing the amount of soYbean meal or 

fish and meat protem resulted in proportionaJ. increases :in water 

eliminated. The opinion was expressed tha.t these teeds may be a 

factor in causing wet litter. 

Vandell (65) conducted tests on four pens of laying hene. Two 

pena were· fed three parts maah and one part grain. The other two 

pens were fed grain and mash ad lib. J less than 1/2 mash was eaten 

by these b:irds. Those on the three parts mash ra.tion soon ha.d a 

litter moieture content of 48 per cent (wet basis) compared to 33 

per cent for those on the ad lib. diet. l3y switching the rations 

for one week the misture content of the litter cl"umged to 49 per 

cent for the forn,er 33 per cent peri and to 42 per cent for the 

former 48 per cent pen. This -work lndicat.es th.-"1t water eliminated 

varies considerably In. th oiet. fed. 

Jull (38) reported ~t tests at the Illinois Station haTe 

provided the following figures on lTater consumption of hens produc1ng 

eggs. 

First Yr. Egg Prod./Ran 
tbs. F.:lter Gons./Day/lOO Hens 

180 
25.6 



Al:tJ:w>ueh neither the weight of the hens nor the diet wu reported .. 

this evidence indicates that the rate of lay In;f'luences the water 

eonsU1l18d. and perhaps water eliminated. 

other Sources of 1'1oisture' In arper;br4ents, water spilled from -_ ........ __ ._- , 

waterers amounted to about three per cant of the water C011SUltled 

(14, )6) and water eYaporated from waterers "las about two per cant 

of water consumed (2<). This represents a rather small quantity 

ot moisture and since the ataOlIDt is not known, for actual laymg 

houses, these sources are not included in the 3l1alysis. Good 

management sr~uld reduce wa.ter spilled on the litter. .usa, hel'll 

laying eggs Ii.lCf3 void more water in the droppings than given by 

~1itchell and ?:elley (5h); thUi quantity iB unknol'm and is oluitted. 

There is a small. amount of water on the egg when lcid which ia 

evaporated; this source of water is considered negligible. 

Stapleu')n (69) stated tha.t u."'lless the area was well drained 

water may seep in thltough floors ?laced on gr.Jund. Giese (22) 

indicated that organic .matter decay lllay ca.usa an L"lcrease in litter 

moisture. Hawver, he states that the decay process is slow; there-

tore, the small aJil0U-"lt obtained from. this sow'CS may be neglected. 

Rain and snow, where houses are not well constructed" might be an 

important source of moif3tllI-e. 

.'>t.... t to h- p' .L".oul.S pure _ ~ : .. emove«: It is assumed that tOl" good construe-

tion, rain, snow,. and ground water seepage will be negligible. Water 

brought in by the '9'entilating air must be considered, but this water 



is not ueually- a cource of moir:;tv.re wa.nll a.ir leaving the 

bouse should. contain at least a$ rluch 'Water as the entering air. 

Thus, the tlain source of I:lOisture .in paul try houses is the water 

Mitchell and Lelley (Sh) is about 7 to 10 pounds hi€~her than the 

values presented by~'.hite (19) snd Yushok at al (G$). However, 

sinee the evidence lnCLl..Cates that the moisture excreted .in the 

droppi'Jgs varies conGiderabl~:' 1'l.rith the diet fed (65, 77) and the 

rate of lay (;6), it se81'JlS a,f.tflisable to use the higher values. 

Since the upper 11r:li t of litter mQi:'$ture cl:>nteut is considered. 

to be 40 per cent (wet basis) (1, 14) .. if the droppi..llg$ are dried 

to 35 per cent, a sxnall factor of satety l>i1J.l be included. There-

fare. using the moisture content of fresh droppings as 17 per cent 

t1!ilount of water to be ava:porated !rOlll the dropping. 

and. removsd. by vectllition is calculated as followe: 



53 I: 68.9 as the weight of droppings at 77 per cent H. C. 
r.n 

('Wet basis) 

15.9 • 24.4 poUtlCls as 1ieig;ht of.' 
~ 

at 35 per cent M. O. 

(wet ) 

24.1+ - 15.9 : 5.5 pounds o!~· water re!lJ.aining in droppings at 

cent 

be evayorated from the 

droppL'1gs 

The water to be evapora~3d from the drop~ings plus the water ex-

pired equeJ.s the ·total 'tmter to be removed by vent.llatiol1. The water 

to be removed by ventilation based on these ca.lculatior.AS is given 111 

Table III. 

In these estimates no al1.owance has been made for water absorbed 

by new litter added to ttle hou.s~ or' the water that may be ramoved in 

wet 11ttez'J such factors cannot Le est:iJllat~d w:l.thout specific L"1form-

ation on each probleJil. The desitn engineer ln~ include such value. 

when applica.ble J however, the IIJatcr to be rerr...oved as pres&nted in 

Table III is suggested for general design. 

Diffusion of moisture through 14alls has been menti.oned as a 

Mans af moisture disposal (69). If vapor barriers are ueed with 

insulation., as recommended for good construction, this value should. 



TABLE III 

fOTJ.L WATER TO BE ltDOVID BY VDfTlIATIOI* 

AT_age 1ft, Water to .... ** Water expired 
of beD eraporatecl 
~22"1 b *9Il!!ae below zg or ~ ~l , 3l.S 4.) 

4 36.) S.8 , 37.7 7.2 

6 44.S 8.6 

1 so. 1 10.1 

... Water in P01lDdlJ/day/lOO heu 

** See Table II 

42.1 

44.9 
S3.1 

60.2 (aalu) 



be Tf'Jr7 eullJ theretore, 1D the absence of better iIltormation 

and .e an add1t1onal eat •• faotor, diffusion ot Tapor through 

the valla 18 neglected. 

Heat Bal_ •• - .......... ~-
S1Dce heat 18 lID" critical dJ.tr1n& pv1od8 of low outdoor 

temperatlD"8 than at IItI.7 other t1u, w.. analpie deall With tbe 

coldMt .sign periods. The eouroes of heat considered arel 

1. P.roduoed b7 b1rdl 

2. Generated. in 11 ttc 

3. Rad1ated from •• 

4. Tranaterrec1 troa earth through floor 

Beat d18a1pation 18 cona1d8red at tonow. 

1 •. Tranatwred through vall.e and ceiling 

2. Raaoved by Tent1lating air 

3. Used u latClt heat to eTaporate mo1eture 

.!!!!1 Produce<l!l Ch1.u... M1tobaU and Kellq (SIl) IJaCie 

eat1aatu at the beat production of act1ve, non..prod.uc1Dg heu 

(s .. Figure III). The eat_tee were baaed on the tol101l1ngs 

1. Bual hlat production vu taken trom prev10u ruearoh (.$.3). 

2. Heat due to Toluntary aotiv1" vas assumed to be approx1-

mate17 one hal! the basal heat on the bu18 ot vork reported 

by H1tobeU, Card, and Ham1l ton ($2). 

J. The heating etfect of tbe t.ed 1IU taken u 68 calor1 •• /l00 

crams of drJ matter consumed. This:1a the heat il'1craaent 

or wheat tor chickeaa (SU). 
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HEAT PRODUCED BY CHICKENS 

Vs. 
BODY WEIGHT 

70~----------------------------~~~~~~~ 

60 

50 

40 

30 

20 

• WHITE PLYMOUTH ROCKS 
X WHITE LEGHORNS 

• RHODE ISLAND REDS (BASAL) 
A WHITE PLYMOUTH ROCKS (BASAL) 

o RHODE ISLAND REDS (BASAL) 

2 3 4 

WEIGHT (POUNDS) 

FIGURE m 
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TheT recognized. that, an increment ot heat show-d be addec1 for 

bens produolq elP J but, 80 allowaaoe was ad. tor egg produtton 18 

their .staatee. lear the end of the work t.hey e.tiaate that the 

eneru requirement or the hen i. increased by" 9S calories and heat. 

production by 2.3 calories on tbe d~ ill which an egg is produ.ced. 

Thus the beat producUon would be increased :3.8 Btu/hI' 1£ 8A au 
.ere produced each day-

Buott and Pringle (3) reported on the b •• a.l metabolism of 

hode l.land. Reel chickena troot hatch to one year of age. A curve J 

baaed on their work, sbowing the basal heat production at a tempera­

ture ot /80 0,.. is shown in Figure III. No estimates were made tor 

aot1 va, producing hens. 

Duk •• (16) gives the average bual .-tabollam tor _tun ban_ 

over 12 aontbs of age, at a temperature of approxi.aa tel1 75 0" .e 

2.4 calorie. per kllograa at boq weigbt per hour) whioh amoWltI to 

4.315 stu/lb or bodJr .e1ght/hr when engin •• ring Wlita are applied. 

Thi .... 1_ is plotted in Figure III. A small acreale in beat 

production was noted tor laJ'ing hens, but Duk.. atated that no 

conolusion aa to the amount could be dnwn trom his work. He points 

out that his work agrees closely with l6.1:tchell and Haines (5.3) who 

reported an average baaal beat. production ot ·;4.9 calori •• per cia1 

per Kilogram of bodT ".1ghtlt tor non-laJ'ing hene. This quant1t, 1s 

equal to 4.11 Btu/lb of bo~ weight/hour (See Figure III). 
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It appears that the batal heat prochlct1on .....urad bT H1tcbel1 

and HaiDe. 18 wrUled by Duk.. and 18 closel7 related to the Yalu .. 

found b7 larott and. Pringle. The slightly higher val .... pfta.ted. 

by Duott and Pringle ...,. be due to the J'OlUlPr ch101cena Qed 1ft 

their ltOl'k. M.1.:tcbell and Ken.,. (SU) ued the basal heat prodw:f:,ion 

ot Mitchell and. Ha1ne. (,l) in estimating the beat produ.0e4 b7 aotive 

non-laytng hene. Thus. the ba8al heat production ueel in Httohell 

and leUq'. ('4) eatimates tor DOn-].qing hens .... to be approld.­

mateq correct. 

Recent oalorbleter tea. reported b7 Ota at al (S9) ,1Tt the 

total heat proc!u.ction of actlve fift-lb. lay1ng heu .. S3.' Btu/hr 
at a talperatu:re ot about 1,0 or. M:1tcheU and. KeU.,. oalculated the 

heat production of acti ... t1ve-lb. non-lqing hens as 46.2 Btu/hr 

nth about l.8 Btuj'hr to be added. tor the dq that an eg, :1a pro­

duced. The env1romlental tamperature tor lti. tohell and Kell.,.·. (S4) 

data 18 pr .. 'UIl8d. to be that(> f· bual _tabol1lm, 62 Or in the 'WOrk 

of iti.tchell and Ha1ne8 ($3). 0b10kene prodace JIQ'l'e heat at low 

telaperatu:N8 (),S9). Thu, tor the lower range ot teperatv .. , 

with which this report is concerned, it .... that the estimate. 

aade b7 Mitchell and Kellq are on the COll8U'V'atift side. 

Barre and s ... t (h) uaed heat production eetiatea aade by 

M1tchell ad Ken.,. (S4) to approximate the heat pro<h1ct1on of a 

to'O.'r-lb. ben wben la,-1ng ea.. H1tchell and Kellq" e,t1llate ot 

heat production tor a non-laJing tOllr-lb. hen vas approx1matel7 
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40 Btu/hr. Th18 .st:1mate vas based on the beat production tor 

maintenance, vollllltar:r aot1v1t,", and a heat 1Dcremant· of feeding 

12 g. of dr7 mattar per da7. Barre and S_' (4). tak1Dg ftlu •• 

of feed coneuaption tros .Jull (38) as 109 g. per hen pC' day tor h .. 

producing 31, egge per year and usum1ng the beat production pro­

portional to the teed OOIl8'tlJ1J8d, arT'ived a' 60 Btujbr for the heat 

prodllction of a t~hen when produc1rlg eg'. That is, ~ : ItJ • 
x • 60. Theyadld.t that this proportion 18 a rough alslIIlption. 

In an ~8i. of the poul'tl7' nntUating problem, 01 ... (22) 

states that research b7 Mitchell and Xalley ($4) and Barott and. 

Pr1ngle (,3) ind1cates, Rt,be average heat prodnot;1.on for a 4-lb. hen 

11 40 Btu per hour. Th18 is cona1derahlJ' lower than IhJIIMted b7 

Samm.et and Barre •••• but has been verU1ed 111 correapoDdence 

from Barott who .tates further that coabua\ion of fat g1V8. O'Nr 

twice &8 _oh heat aa the combu.\1on ot carbobJ'dratea or protein 

tor the aGe unit weight. 1t Fram this sta1#emGnt it 8eems that the 

estimate ot Barre and Sa8et (4) may be high. Apparent17 the 

estimates of Mitchell and Kelley represent the beet information 

available and their Yalueswill be used in this anal7sia. 

Other _So .... v ........ _· .... of Heat, Litter decompoa1\1on vas considered. --
an important source of heat by Stapleton and Cox (68). TheS8 men, 

after oondu.cting a heat balance teat on a poultry house conta1n1hg 

l40 six-lb. ben., concluded that 2284 Btu/br was produced 10 the 
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litter. In the writer·s opin1on, their conclusions were not c0m­

pletely' valid since solar radiation and espeoiaJ.q heat production 

of the ohickens could not be detln1tely determined. Furthermore, 

handbook value. for air infUtration and calibrated electric tans 

were used to determine the -.lr changeJ it is known that the v1nd 

might attect the.e values coneiderably. Heat production was obta.ined 

from Strahan (11) who had used the estimates made b7 Mitchell and 

KeUey (S4). Therefore , it seema that some heat wu produced in the 

litter, but that the amount is uncertain. 

~81a !!!.!!!! Aylilabltu Little :1nfOl'llatloB is ava1lable 

on the hut produced in deep litter. !lew shallow litter lIOllld 

produce Ter:f little heat, it q-. Therefore, th1I beat source .. 

'fiber. available, is considered as a factor of satet7. Heat £rem 

the earth mau help eone1.derable in preventing rap1d temperature 

drops during short cold spella. As no information is waUable 

on this topic, this source 1s likewise cona1dered as a factor of 

safety-. 

Since the coldut periods usually occur as n1ght, solar 

radiation wlll not be oon8idered &I a source of beat. Thus, the 

heat produced by the chickens 18 the onl.T source of heat used in 

th1I analTsis tor design during the crit1cal cold periods. 

Mitchell and Kelley (S4) su,gp.ted that ).8 Btujbr be added 

to their estimate. of heat produot1au for the dIq' 111 Which an e. 

is produced. After talking with poultl:7JD.en, it seems advisable to 



add about 3 Btu/trr /hen einee not aU hens would lay each dar. 

The la:rger increase ot heat production usedbJr Barn and Sammet (4,) 

for laying hens doe. not ses to ba justU'ied. 

Part of the heat produced by chickens 18 given ott as latent 

heat in the expired looisture. For examplEu 

SU.lb. hen expires 0.00358 lb, moia ture/hour (Table II) 

Hea't, of vaporir.ation at body temperature of hen = 1033 Btu/D-

0.00),8 x 1033 :: 3.7 Btu/hr 

This amount must be subtracted. tram the total. heat 1n order to get 

the s8Dsible heat prodl1ced. On tbe basta of the above lDtor. ... tion .. 

the eenaible heat produced bas been computed as abolll in fabla IV. 

Bene and Sammet (4) subtracted a portion ot'the $enBible heat 

produced b7 bene as an allowance tor evaporation of water from the 

litter. ~.ulg cold snaps, unles. the cold outside air il alloveti 

to infiltrate under the tloorj the air temperature 1:n. the boule will 

be lower than the temperat1u-e ot the Utter) theretore, no allowance 

:should be made tor transfer or heat to the litter when d.eaip1ng 

tor critical cold poriods. Thus" the eenaible beat avaUeble tor 

the ooldest design periods 18 taken as the heat produced b7 the 

birds &8 given :in Table IV. 

Since eh1ekens produce more heat in cool enTi.ronmente, it 18 

believed that the values in Table IV are conaervaUTe, U 8uch~ 

they' abould be applicable for us., with ,at.V I in the coldaat 

periods of winter. 
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TABLE IV 

HEAT PRODUCED BY HENStt 

Average Weight Heat prodaced Heat produced a Lawnt beat b Bensible 
of bella bynon~ tv laJ1.nI heat 
(pounds) hens (,4) beDs eroduced Eroduce4 

.3 33.0 36.0 1.8 34.2 

4 39 • .3 42.} 2.5 39.6 

5 46.2 49.2 3.1 46.1 

6 51.2 54.2 3.7 ,0.5' 

1 S8.S (males) ---- 4.4 54.1 

* H$at in Btu/br/han 

a Calculated by ad.ding .; Btu/hr to colman 2 

b Calculated from the repired moisture as given b7 Barott and Pr1ngle (3) 
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Ipdoor Pt.!. T!!I)!ratp'l 

W1llbaa (SO) Nport,1ns research at theOklahoa Pubandl. k­

per1aeAt statiol1 .tat,., "Long eoat1Dued ""Ada 1ft t.aperatur. 

either downward. or llpward t1.o aot, B •• to .It.et .g prod.u.otioa 

near17 a8 JItlch aa the sudden chang •• eith'r dowftWard Or upward. 

The oha.apa 1a tread clowll1l&l"d ... to .tt.ct the 'II produot1oa 

_1" tn. the ehaapa upward." 

H.tar .t a1 (34) conducted "at. 1a New York etat. lUling two 

20' X 2.0' pensJ one pen was i.n8ulatAd. The u.rd..Daulated and ih. 

lllaulated pens a1nta1ned. a temperature 41tf.re.ne. of abo. 12 0, 

aDd 20 ." re8p.otlw17. He eODclu4ecl that tuperatve drop. oaued. 

a check 111 egg productioa and that the activit)" of the b1J'da de­

Cftaaed. and. prodao\lon lagged. au the te.pen:ture w.nt below 

10 or tor lROre thaa thl:tee or tour hour •• 

)fa,..,. and Carriok (49) at the Indiana Ex.per1mlnt St.ation 

reported. temperature. u low a. -at 0, 1ulde OpeA troa.t hou .... 

III a briel r.port, ooneerrd.Dg til... low taJaperaturee, tbeT stat., 

"1.'b18 reaal.ted. 1a a drop 1n 'II produotion tro. De ..... r to F.bruary 

of O'I'er S~ 1a the tm1DaulatM partlallT open front pens, a drop 

of 3'" 1n the 1naulat.fKt pea alii no cleorea .. in the production 111 

the heated. pana where temperatures Han 40 or were a1Dtained. n 

BruckMr (12) 8W11111t.r11e4 Cornell UniveraitT' 8 r ••• arch work 

OIl _vironMlSal temperature. Parte of bill sw.ar¥ are quoted. as 

follows: 



"Single Comb White Leghorn pullets can adjust themselV88 
to d1tferent envirODaCts rea.diq; prov1d1ng the change ia not 
too sudden and too extreme. 

"SUdden and extreme drops in tel!lperaturoe affect mash 
consumption materially, gra1n conaaption show a slight 
inerease as a rule. Total tood :intake is lowered slightly. 

"It a poul t%7' house is to be a:rtif1e1~ heated, 
terap ... tUN8 betwtin )$ d.egNe8 and. $0 QagN88 are to be 
preferred to those above $0 degrees. 

-!he use of tauporary sau:reee of heat during cold weather 
giVN pro1l11ae of being a practical JIletbocl of prtmmtial produot1on 
slumps during sudden cold 1fa'nJ8. '1'his practice tailed to here_ 
winter egg production 81gnit1eant~.· 

Gutter1dge et al (25) presented data obtained from four :rear. of 

research at Ottawa, Canada on heated., insula:ted, sand-insulated, and. 

uninaulated. pens. No signlf'icant difference is noted 1n the eu pro­

duction recordl for the difterent pen.. C-utter1dge COB18nta on t1w 

.tu~ as follows. 

"Experiments covering tour 78""' have con811tentll' shown 
as high egg production m un1nnlated, Ullh$atAld pens as under 
conti tiona of heat ar in8ulatlon. Mean temperatures in the 
pan during the winter months of 31.6 0" 39.1 or, am 42 Opt 
gave as higb egg produotion as did those of 45 • .3 or. )0.6 0" 
or $9.9 OF. Body weight gain also was not affected by tem­
peratures within this range, yar1ations 1il1oh did occur being 
obviO'Wl17 unrelated to environmental temperature and caused 
b7 other factors. 

"It is concluded that la71ng p\1ll.ets will prodU.oe well 
under a -1'7 vida range of temperatl1'r$8 and conditione of 
humidiV, and that neither anit1cial heat nor inaulat1on. 
as herein def1ned, would be jtLIt1tiGd 'Wldar t.perature 
eonditions swlar to or 1.. 8eftr8 than tho •• aper1enoed 
in this area. TIl_ conolusions have been ur1ved at 'Wl.der 
conditione of aeveN cold and there.fore COIl8t1tute as ..... 
test of the housing aondi tiona investigated.· 
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It is of interest t.:) note that the u..'I'linsulated pe!l..$ contained 

considerable iX'..sulation aocording to Virginia standards. Also the 

pens wers :1..'1 a. continuous row with interior partitions bet_en the 

heated, insulated, 8.-lld uninsulatsd pens in that ordc. A1 though 

the outside minimum temperatures each year were -2, or.t -)8,0" 

-19 OF;t a..'I'ld -21 OF, the indoor IT'J..nimums were o:nly lO of, 16 Opt J 

26 of, and 20 of, r&-,eetivelyJ for the uninS"'alated houses. Tn 

several ca.ses there was little or no differenoe of temperatura 

in the d1.tterent unheated pens. 'emparature fluctuations or the 

frequency of low tempera.tures were not given for the various pens. 

This does not seam. t..o represent a true test of the seyere outdoor 

conditions. It does indieate that hens may l~ as well in unheated 

as in heated ho1lSes provided there are no sudden SG-vere obe.naes in 

the house temperature. 

Using the average weekly outside temperature as recorded at a 

looal wea.ther etation, Hays (27) working at Amherst, Nasllaohueette 

reported on winter pause inoidence of laying hens. Winter pause 18 

defined as the cessation of egg production from Novetnber 1 to March 1. 

He states that winwr pause decrease. annual egg production. l"rom 

observation covering ten years and over 2,000 Rhode Island Red hene, 

he states, "Low temperatures of winter seem to stimulate a. higher 

incidence or pause. • Complete housing oondi tiona were not specified. 

Research re!lorted by the U.B. D. A. (61) is quoted ae !ollow, 



"In poultry-house teats at Beltsville relating to the 
.ffect of heat and hUilidi ty on egg production, 6 teata were 
conducted, each vl1th 10 l~g hens. One pair of teats was 
at SS Or, another at about 62 OJ', and a tlrl.rcl at about 36 or. 
Grea.test egg production and eggs averaging the most weight 
wre .from l.3-montb-old hIna in an environment of l6 or and. 
7$% relative humidity and from· lo-month-old hens a.t ,s or and 
68% relative h1a1d1V." 

BUTt and Sammet (4) as agricultural engineers considered the 

proper d.ee1gn t-.perature tor poultr7 lqing boUM8. The7 state 

than an opta_ tempere.ture hal not been •• tabllahedJ howe"ler'1 
--~ 

research 1ndicates tit.at above 70 0, or below 10 OJ' prodnetion 18 

adversely affected. Since the probleas of freezing water fountain. 

and ccaf'ort for workers must be laced, they assumed a temperature 

range of 30 to 70 of as desirable tGm.pa ratures. 

Ash'b7 .t al (1) in a U. S. D. A. sumDlar:r ot poul:try house des1gn 

feature. gives 'fable Vasa guide to minimum teItlperaturee in lay1n.g 

houses. The zones given in the table are trom the U. S. D. A. zone 

map and range from 1 in the north to 4 1n the south. 

T}J3LE V 

RECONlf!llDJrD INOOOR ~mJn'iL1M TEl1PER..f;.TUF..E FOR POULTRY (1) 

Zone Ordina:r or Extreme'" I 

1 32 lS 
2 40 20 
.3 45 25 
4 $0 )2 

Since this work is concamed with winter ventilation only, the 

research work on high emriroDmental temperatures and egg produotion 

18 not reviewed here. 



No defini to env'ironaental temperature standards oan be 

established f'rolil the reeearob data. reviewed. However, the data 

substantiates the conclueion of' Darn and Sewnet (4) that below 

10 of or above riO Oj~ pro<iu.ction is decreued. Tbey raised the 

lower limit to 30 0'i~ in order to pr"vent freezing of water and to 

provide mOI"e comfortable l«>rking conditions. Thus, forord.inar'7 

weather, the praotical range of indoor design temperatures is 

cons idered as 30 t..o 70 or. Dnrlng extremely cold snaps, a m1n:i.mum 

of 25 of or even 20 of might be more economical tor Virginia con­

ditions than providing heat or extra insulation for the few 

extremely cold periods. 

The evidence indicates that sudden te..llperature i'luctuatioM 

should be avoided. It seems that low t..emperaturu are not as 

detir1mental to egg production as rapid change. in temperature. 

Indoor, Des¥p, ~elativ, J:!lmidi!:l' 
&11 th (66), at the ~ebraaka E:xperiment ~tation, reported. re­

t:earch covering e1g..~t houses of birds for a period of seven year •• 

His conclusions stated.. "No correlation was found between humidity 

and winter egg production. 1f 

Huttar at al (.34), :in test. already mentioned. states, "Relat1T8 

humidit,7. ranging trom 40 per cent to 95 per aent but never rema1n1ng 

above 90 per cent longer than twer.rty-four hours, seemed to have no 

effect on pen oonditions or on the aotivity of the birds throughout 

thie test. u 
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Gutter1dge at al (2S) reported that, aae.tr1ction of "f'8Dtuat:1on 

to a lIin1a1D, aU wntUatora being completely closed With .. relUlt1ng 

temperature of 45.6 OF and very high htDDidi 'by and carbon dioxida 

aontent of the air had no d.et'r1msntal etteot upon egg production." 

Lippincott and Card (48) in their text book, .Poul!tl Production, 

state, "There is no condition under which poultry is kept, u.nleas it 

is a atate ot starva.tion, that is more surely and ~ fatal to 

profitable produotion than dampness in the roosting and soratch1ng 

At another point, "Damp air compels foWls to increase their 

alread1' rapid respil'ation. It is not uncommon to see chickens; 

confined in a clamp house, panting on a day that 16 rather oold. 

ThIlt such a condition iti undesirable is 60 obvious as to neeG no 

argument. Relative humidity in an ideal poultq bowse would naver 

exceed. 75, or perhaps 80 per cent. u 

Oliver (~) in his theoretical. ~ ... 18 of air flow in poult". 

hous" states, "mat litter material will remain relat1vaq dry 

lfbere the relative humidity of the air next to the 11tter ia BO% 

or leas, and Will still be quite serviceable where 90% relative 

h:umidit)r prevail..s part of the time. f1 He give~ no e.x:per1mental 

ev1dence to verit'.r his Staterllflj,1t. 

Ail an. aid in dater.mizlirJg, the value oJ: relative humidity that 

should be used. for deaign .. act-llall"elat1v$ humidit;y records ~ 

checked on tbree aroilable experiments. Otis and \~hite (60) at the , 

University of iil.nneeota e.xperimanted with insulatfid houses and 
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natural draft ventilation. The relative humidity ranged from 70 

to 90 per cent during January r.nd February. Most or the time 

the relative humidity was between 75 and S5 cent. In the 

cooler period::! or inside te::nper.qture j the relative hl.LTidity was 

in the higher range (t1es.r S; per cent) ~nd during the warmer 

periods, the relative humid1ty was in the lower range (near 75 

per cent). This was a well in~ulated two story house and the 

inside temperatures ranged from about 45 to 65 of as the outside 

temperature varied from about -15 to 40 of. 

White and Schwantes (78) at \he Hinneaota Agricultural Ex­

periment station pre.ented oontimtou8 reoords or relative humidity 

for a1x two-week winter periods. The relative humidity varied 

from about 70 to 87 per oent. with an approximate awrage of 80 

per cent. The houses we" •• 11 insulated. Natural draft, straw 

lott J and. ran ventilating 81'8'... were used. No oomparison could 

be .ade for the different ventilating systems sinoe the weather 

was not the same tor all charlie. 

Bat.. (6) shows six hour ..... rages of "lat! va humid! ty 1n 

two 20' x 20' poultry hou8es at Cornell Univereit,y. House A, 

equlpped with e. single speed fan, had an average heat transm18-

a10n coefficient of 0.137 and house B with natural dratt yentlla­

tion possessed an average heat transmission coefficient of 0.29. 

In house A with a 300 ctm air change the relative humidity ranged 

from S8 to 82 per cent with a ... k:ly aye rage of 74 per cent. For 
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the 5aa~e outside conditions, in hou.se B the relative hwn1dity 

ranged. from 59 to SO per cent if.iit.h a 'WElekl3 average ot 73 per 

cent. ,r'or a one week period. ot the year 0.1' ora, in house A, 

with a ventilating rate of 520 elm, the relative h~d1~y ranged 

from. 4S to 83 per cent. with a weekly average of 70 per oent. For 

the SQ.r.lC out3ide conditions, house .ts had a range of relative 

humidity from 49 to 61 per cent with a 'Weekly average of 69 per 

cent. The records of temperatures and relative humidities trom. 

Ba.test (6) work are reproduced in Figures VIr and VIII in tbe 

appendix. 

Bates states that in 1950 the condition of the litter in 

house A was better than in house B. One high value 1n the litter 

moisture contents is stated as 37 per cent in A and 41 per cent 

in B. /\160, "The birds could scratoh the litter in A rea.dily 

_hile it was dif'f'lcult for them. to do so in B. It Since there was 

ver,r little difference in the relative hurr4dity in the tw~ houses, 

other factors must have contributed to the cOl~tion or the litter 

ill the houses. 

The analysiS of research literature lails to show a..ny oorrel­

ation betw~.n relative humiditr and egg production. 

Since mair!taining dry litter i8 a major objective ot ventila­

tion I an absolute naxi.mum. of 90 per cent will be considered as 

sat1s.t:actory tor short. periods; ordinarily, a I'l\ximum of eo per 

cent will be used tor design. Tilese mui U1UlJl.'S are in general 
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agre_nt with reporte ot the vano •• inve.tigations and the 

actual condit 10M reported 1n insulated house". 

No minim.wb. relative humidity will be set, since under 

winter operation, unless heat is added, the lo~est relative humidity 

ol::ta.lna ble will not be too low. 

OU,tdoor'Design Temperature: 

Only one reference to s, method of determining outdoor design 

teI~era.ture was found. Barre and Sammet (5) state, "Outdoor de-

8ign teln.peratures for heatl.ng usually are assUilled as 1.5 of higher 

than the extreme recorded low temperature for the locality I 

although this guide car..not be applied urJ.:formly.'~ 

The extreme low temperature for Blacksburg, Virginia was -27 or 
on December 30, 1917. This would give a. te.mperature for design of 

-12 Op it the above recommendation were follovled. It is evident 

that $Uch 8. low design temperature is not. practical in this area. 

Since no information was available on outside design tem­

peratures tor animalatructures, a study of a.ctual weather records 

ter Blacksburg" Virginia was underta.ken. Th~ :r'Rnge of tempera­

tures from -5 of to 20 OF were considered. I""ftini.mwn temperatures 

and the a.mount. of tUtte tha.t the te.mperature remained below -5, 

0, S J 10) 15, a.nd 20 of were recorded from Agricultural Experi­

Il8nt Station Records. A twelve year continuous temperature record 

from November 1, 1940 to April 1, 19S2 was examined. (The data 

tor temperatures below 10 of are given in Table VI in the appen­

dix) • It appeared that approx.1.mately 5 OF would be a satisfactory 
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outdoor design teIO~rature. 'rheretore, tht? d;0.ta was a,nalyzed 

tor the number or e:rpected failures if 5 or were considered the 

d.esign temperature. ,~ i'ail11re W8,$ counted when the temperature 

rewAined (a) betlfeen '3 and 5 OF for ten hours or more ·\'),nd (b) 

below .3 of tor t.hree hours or more. 

The results showed eight tallures in 12 years or an average 

e! 0.667 failures per year. Drs. R. A. Bradley and D. 3. Duncan 

of t he statistics department indicated that a. Poissom distribution 

.hould appl;r to thi! type of data; if so, the following calcula­

tions apply! 

x • _ ......... 8 ..... · __ : 0.667 
l2 

0.661, .... 0.0556 
12 

8- - O.2'l6 x - .,J 

-oX is the average number 01' failures per year, and 

ax is ttle standard variation, aocurate for two years 111 

three. 

Therefore, the. expected number of failures per year should 

tall between 0.431 arl.d. 0.903 two-tbirds of the tima. Several ot 

the failures counted. in the aa.alysie fire tor tw.o, three ,and 

tour degrees, which are not considered to be severe. Thus, S Of 

18 taken as the outdoor design tUpGrat,ure tor Blacksburg, Viraia1a. 



In the writer' e opinion, other eectlons or the sta.te use this 

information by ,making compari,ons according to the 'Weather in 

their locality. Sinee 0 ~ is recommended for residential heating 

design at Blacksb\1r~, Virginia (28), 1_t, arpears that the praetiCetl 

nnter design temperature for poultry ventilation. may be considered 

.e liTe degrees higher than the he8,t:lne, des:i.gn temperature where 

the tem.perature nuetu!ttions are, similar to those at Blacksburg. 

In the writer's opinion, this general analogy should only be 

applied in adj~oent states or .tth caution in other areas. 

Outdoor Design Relative, .tlw4!!itl: 

Barre and Sammet (it) used an outdoor design relative humidity 

01 80 per cent for the purpose ot drawing their air flow chart. 

10 re$earoh information was tOQnd 011 this -pa.rticular topio. Since 

a relat1w humidity ot 100 per cent exists during rainy or foggy 

periods and these conditions may last tor several days, 100 per 

cent relative humidity will be used for design during the critical 

periods. It 1s believed that this value should be &ppJJ.c.ablo to 

t.he bumid east. 

The 'Water eliminated in the droppings must be evaporated 

from the litter before it ean be rellX'J"fed. by ventilation. Aocord-

ing to Thomthwaite (73), evaporation of moisture from a tree 

water surface is proportional to the ditference in the va.por 

pressures at the wa.ter 8urface and. the vapor pressure ot the over-
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lJr1ng air. Ashby at, a1 (1) state that thi8 bae10 principle applies 

to eftporatlon ot water trom poultry litter. The amount of ex­

posed surface area and air mowment also aftect evaporation. 

Therefore, the following points are considered aids to evaporation 

of litter moisture. 

1. l.ower absolute humidity of the air. There is less water 

in air of low relative humidity and low tempeI'ature. 

2. Higher JOOisture content ot llt.ter, UJ) to a point near 

:saturation • 

.3. Higher temperature of litter; beat 1s a critical faotor. 

i~. Air move14ent; which serves to bring air of lower a.bsolate 

bumidity L~to contact with the litter. 

5. Stirring the lit.ter; which usually brings litter with 

higher moisture content intoconbct with the air. 

6. Ua1ntaining a rough aurtaoeeo that a great.ersurtace 

area will be exposed to the air. 

It the lltter is to remain dry, beat mu~t be provided tor the 

evaporation of Jr.lOisture from the droppings. 'J,'h1$ heat my be 

transferred to the litter or generated in the litter. Acco.*ding 

to Stapletoll and Cox. (68) a. r::.I.thar large arnount of heat is 

g€.l'ler:::teti in deep litter. 

White ar.l.d 3chwantes (78) I "flO conducted testts on well in­

sulated Idying houaee in. :iir.d1eo(;ta, stated. that in .lour houses 

the littel' became objecticnablY wet until built-up litter W~8 



u .. ei. After this the UttAr naainecl in pod cond1\1on. In one 

other 811d1ar house the litter became objectionabl1 wet and was 

cbanged every thr.e to five weeks. 

Winter (83), Kennard et a.l (41, 42) and James (35) advoca\ed 

butl't-up litt.er on the ba.1s tha.t. it, produced. 80me heat J rema.1ned. 

dryer" and did not bave to be ohanged Wltil the end of the aeaeon. 

The_ MIl alao presented. in..formation on built-up litter manageaent. 

practices. 

Conoeming the decomposition and. possible heat produetion of 

built-up litter, the author consulted a baoteriologist, ilr. ii'. S. 

Orcutt, of Virginia Polytechnic Institute. He sta.ted that anerobio 

bacteria produce considerablY more beat than aerobic bacteria; 

therefore, eonditloftS that promote the growth ot anerobio baoteria 

8hould be best .troll the standpoint of heat prodaction in the 

litter. These conditions are~ <a) no oxygen, (b) higb te.rapera­

tares, (0) high moisture content, and (d) large numbers of 

bact..ria for starting the process. 

Some poultr,ymen have been rather cautious in recommending 

built-up litter bacau.. they believe i~ presents a disease hazard. 

Dr. ·P. P. Levine (46) of the New York Veterinary College, in 

personal correspondence, expressed hi. opinion that Utter 8houl.cl 

not be reused for rearing 'young ohiou. He did Dot expreas an 

opinion on laying hene. 
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According to Dr. W. B. Gross, a poultry disease specialist, 

at Virginia Polytechnic Institu.te, the moat important litter 

problem, trom the standpoint of diseasEl, is to keep the litter 

dry. He stated further that unless litter 13 kept 1n G. dry 

condition it .. COllstitutes a definite health ha.~d; this is 

particular ly ",rue for internal parasites and is probably ,more 

.erious when deep litter is employed. 

li"rom the standpOint of ventilation, a.rJ.Y heat produced in 

built-up llttel' would be help1~ul in evaporating and ramovi.ng 

aoisture. It is genera.l13 known that SOllle heat 13 produced 

in deep litter, but the amoWlt 01' heat fI'om this source is 

Wlcertdin ana perhaps quite variable. Although it a.ppears that, 

the ventilation problem would benefit troLl the use of built-up 

llt't,er, it is lett to poultrym.en to recolmolend tbis pra.ctice and 

to give advice on proper management practices. 

feci D-ring Ynt.eratyre: 

i4;ltehell and KelltiaY (54) su.ggested the application of the 

heat balance and £OOisture balanoe equations to poultry house 

ventilation. In their analJrsis they considered the re.rLoval of 

expired, JiOisture, but neglected the .ltlP1sture in the droppings. 

(it,h(;;:t'~'ir:..ters have since pointed out that the wisture in the 

droppings must be removed by vemila.tion if dry litter is to be 

mailltw.l.eci. 
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strahan (7la) J using the heat a.nd moisture produetion data 

presented by Mitchell and Kelley (54), further analyzed the 

poultry house ventilation problem. In order to explain Strahan's 

analysis, his air flow ehart is reprodueed. in Figure TV. On the 

ehart, tt A" represents the square teet of exposed Burfaee ,er animl 

unit (four-lb. bird), and "U" represents the average heat tr~;~-:s­

.mission coefficient expressed in ~u/hr/tt2/o,. In the construe­

t10n of th::t~ chart, ~trahan used the tt7ital heat production of 

four-lb. birds as 38.9 Btu!hr; 7.9 per cent of this heat being 

in latent form. A. te~'llperEi.ture of 35 OF was used to estimate the 

expired moistu.re. 

Accord1.."lg to Strahan the soUd curves on the chart represent 

the 'Way the air .flow mu.'3t vary in order to maintai.n a constant 

tfW'!'perat\.tN of 35 degrees in pcultry houses with tt AU" values ~.S 

shO't1n on the curves. The dotted line shows the aJ:r flow requlred 

to remove the respired Inotsture with inside C".ondtt:i.ons or 85 per 

cent relative humi.dity and a temperature of 35 0, J and outside 

conditions of 100 per cent relative hwnid1..ty and temperatures 8S 

indicated by the temperatures difference from the 3.5 of inside 

temperature. The moisture curve is I1m.1.tad strictly to these 

condition, Find ma.y not be us ed for other t e~peratures s.nd relative 

humidities. If the sensible heat produced is correct, the alr 

flow curves should apply for temperatures up to ;:; bout 70 of. 
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In Figure IV, it i! noted that the dotted line tor re.m,oving 

respired moisture crosses each ~olid line for temperature eontl"el 

at on~ one point; th1s shows ele~r17 that for a given set of 

conditions otly one rate of flow 1,vi.l1 satisfy beth the heat 

balance and the moisture balance e'1uations. Furthermore, when 

the outside temperature changes from the given point where 

lines intersect~ ne rate of air flow will satia!y both equations. 

It is evident the-At if a constant inside temp.erature is 

to be maintained, the a:l:r. flow must be variable; it must decrea!Se 

and increase direet~v wit!: the outside temperature. 

Barre and Sammet (4.) presented a graphical analysis (Figure V) 

of the heat and moisture balan6e equations with the expres;ged 

purpose of application to poultry venti] :itill[, problems. This 

particular chart has several limitations in its E!pplieation: 

1. The reL,tion of inside temperature to outside r::;.-

ture fixed. 

2. The curve for ulOisture removal applies only ltihen the 

inside am outside relative hum:1c'j.ties are 80 per cent. 

3. Several calculations are neeessar,y to use the chart. 

Further!':lCre, no inforr,Jilticn on. sensible heat available, 

except that produced by four-lb. birds, is presented. 

In order to use the chart the indoor or outdoor design t e.m­

peratv.re 1s chosen, the other telrtPerature is fixed and my be 

located by following a vertical line to the opposite side of the 
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chart. The exp03ure ratio, AUav/qa' tUlst be determined. The 

b.ir flow which is rea.d. at the right of chart in pounds per 

hour per Btu cf sensible hent, must b~ to cubic feet 

per minute before beir~ used for 

suffice to ill us-

trate !t~aning of th e above st(.ltementfl. Suppose it is 

to IU-lilltain em indoor temperature of 40 of; theIl, the outdoor 

eXpC3\ll"e , 
AUa./Qs.t is to be determined. AU~~v pre3ents no problem; it !lEiY 

be caleultted if the hous'3 construction, insulation, and size are 

known. For the purPOSB 'Of t.his problem, suppose \'ie assume 

AU = .300 for til house cO.'1taining ;00 four-lb. hens. According av 
to their method of analysis, the available s~n51.ble heat, QS1 

would be obtained by the !ollolfing procedure. 

Mitchell find Kallay give the total heat. production ns 

approxm.te1..v 40 Btu/hr for a fou:r-lb. h.an not producing eggs. 

As previously' explai...~ed Barre and Sa:runet assumed the heat pro-

duction for la.y1ng hens to ba proporticnal to the feed Cotlsu!'!ted. 

By this .I'l8thod they calculated. the tota,l heat production for a 

t()ur-lb. hen to be 60 Btu/hr. Pa.rt of the total heat i8 .in latent 

form :tn the expiX'ed moisture; thus, the :latent (apprc'x:Urately 

ten per cent at. 40 or acoording to the Iretho..1 used) IllU.3t be flub-

tracted since it is not aw:~ilablE:} to heat the house. Furthermore, 

they estimated the hea.t necessary to evaporate troisture in the 
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dropp1ngs as 11 Btu/br/hen and this value was also subtracted. 

from the total heat produced. Therefore, the total sensible 

beat production is eq~l to the total heat produotion minus the 

II Dtu/hr/hen allowed for theevapora.tion cf !rtOisture and 

.minus tr~ 6 IJtu/hr/hen which 1s given off' in the expired !Uoisture. 

The re&ult approxi.~mte1y 43 Btu/h:r/han er 21,5CD Btu/hr fer 

'00 lour-lb. henJ. This qU~'1.tity is the tot,al sensible heat 

to be used .for d4$sign. 

tc tho probl~n; we now divide 300 by 21,500 to get: 

0.014 

~tart Vii th 18 OF at the bottom of tho chi.iTt and proceed 

to the right side of tt, a ch;u'1i anc. read the ;5.11:' flow as 0.083 lbs. 

of air/hr/Btu of sensible h~t produced. 

rro convert the ventilati.on rate tc a useful figure multiply 

= 376 t'ihich is the fi:tdl 2~n3wer for' tne 

to .ina 4·· .... \.l 'I .. ~her. the outdoor t c!~per~:ture 

The ~"act thrt the !)oint of intersection of 10 of and 

AU /Q va,lue of 0.014 is belo'w the mcisture curve lnd1.cates av s 

rate 

*12.67 it] /lb is the vol\lllle of one pound of air at · 4"0 OF and t.o 

per cent relative bum1di1i7. 



that the moistw'e it;) not being NllI)ved as rapidly as produ.oed. by 

the chickens. 

Two points 01' interest. -.re to be not.ed. frVln this anal¥sis and 

chart. "irst, the autbors bave assu.med. a eliding scale of indoor 

and outdoor temperat.ures so that the tetrprat,u.x-& difterence varies 

fro~ a larg8 value at the lowest temperature to a small value at 

the highest te.mperature~ ~ I~O effort is uade to naintain a con-

stant temperdture~ :':-econdly, an increment of heat was set in 

reserve as an allowance to eva.porate the moisture in the cirop-

pings. 

Heed. (62) gave an a.nalysis of the heat and IAOist.urebalance 

equations which waa intended to supplement tt.l~t of Jtrahan 

(70, 71) 71a). 1'he analysis includes several detailed examples 

in which Qondensation 01' moisture on walls and windows waS con-

sidered as an important factor. 'Xhis ia good mterlal for one 

who desires to study the problem. from a mathematical viewpoint. 

~o additional information was gained from his analyGis. 

Oliver (58) stated tbe following purpose for his analys1s. 

ttWhat 1 propose to show in this article is that in 
certain locations, that is, ,,,here the average mean t.:)rn­
perature during the winter fllOnths i. 20 F or higher 
and where the rel.a.tive hum.:tdity is 70 per eent. or lee!!, 
tan ventilation can keep the house dry; and that where 
t .. he ~lati va humidity is above 80 per cent or t he mean 
temperature is mucb below 20 F', supple.mel1tal hea.t .must 
be c.dded at least a portion of the winter if or;." litter 
conUitions are to be maintained. n 
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The writer cannot subscribe to the above statement ot Oll.vcr 

lor two rf)a30ns. Fi,rst, according to Barre ,s.nd Sarrmt (4) with an 

AUa./t.~8 :: 0.005, the moisture produced may be re.itCvad with CO.r43tant 

out door ten~ratures as low as 10 of. ~;n thli.1 basis cf Barre and 

Sarzur..et's ax:pcsuTe ratio, .::.tr. Cliver's exail1ple hcu.c'3e posseased an 

1.,1; a./o.s :: 0.0167. Uoing thi::> exp03ura ratio on Barre anc. IS 

chart, 'file find, 23 of a3 the mird.mum ta::Il-~rature tor the remcval of 

all moisture produced in the house when bC per cent irldoor and 

outdoor relati va hun;;i(j: ty a.re used. rf'.:'1.er.l., for the asswned a..'Uount 

of in5ulatlon, Oll'ver is approximately correct for a constant, 

temperature of 20 OF. HOliever, the point is not proven for the 

mean temperatu.re and the ,!.:l.oon relative humidity. 

The second reason is that maan te;n;:eratures and relative 

humidlti6$ are not cOJll.PletelJr V(i.lj.d for sh.owi(~ the a.rrount of 

water removed from a house. low te~ra:tures the ;:~;ir 

much less water tr~ at high t$m~ratures. ins tance, at 

40 of a.nd 80 per cent rel&tive hwnicllty, the water vapor in the 

air amounts to 0.004169 lbs/lb of dry air; at 10 of and pOl' 

cent relative hum.td.ity, the water vapor' in the air amounts to 

O.Ot.,)llSO Ibs/lb of dry air. The average of tht.:;se values "Would 

be 2S of J eo cent relative hwn:i.dity, and 0,002670 Iba/lb of 

dry air. .I'~ctual1y, at 25 of and 80 per cent relative hUI1J.dity 

the '~ater vapor in the sir arou.nts to 0.002261 lbo/lb of dry air. 

The error if5 t'rDre than 15 per cent. 3:tnce both indoor and out-



door teaaperaturee and r.1at1 .... hWld.dlt1es are 1mrolv.d, the actaa]. 

error tor a particular day JM.1 be a8 mueh as twice this a&\tUl\. 

It is reco{!,nized that the error for 8- period or one week may not 

be as great ~8 indicated by the above calculation. 

Tn order to further illustra.te this point, the water re-

.moved frcm Cornell experin:ental house l'~ 'WttS calculated from. Figures 

VII and VIII and the results tabulated in Tsbles '!II and VIII in 

the appendix. Six-hour, daily and weekly 8.verages Ylere considered. 

The results lndicate that the error will be reduced. over a. period 

of one v!eek. However, the temperatures and relative hw:rd.dit.iss 

in Figures VIr and VIII did not fluctuate greatly and only two 

weeks data v~ere available. Th~refore, no dt:i.finite conclusion 

cancern.ing the magnitude of the error my be drawn from this 

amlysia. 

The air nOll must be 'variable to mir..tain a constant. 

te.m.per:iture or to mintain &sllding scale e,f te.tllpfJratures 

•• shown in Barre and Da.mlnet,·s woz·k (4). Since the ventilatil"C 

rate should be higher at the higber temperatul~S and lower at 

the lower temper'atu:ces I and since .w.ucb mre .c.:oisture is cc.ntained. 

at the S~ reht,ive .b.UJlidity in tb$warmel:' air, i-t. i:i possible 

i.e rsu:.ove more moisture than COtl$idered in the analysis by Oliftr. 

In order to COITect13 a.etera:d..rle the mout,ure .re.ttJ.)val, the 

above calculation. indicates tnat e&.ct.u.al air flow, relative 

bumid.itiea, a.nd teJl1jl8raturs. should De conaia.red oyer .. aborter 

period of tL.'""e than the c:ail¥ periods aS3wred by Oliver. 
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stapleton and Cox (68) COMUO\ed. an experiment o.n ·forced 

ventilation of laying bowes and present.ed oalculations and 

de&ign Cb~tl-t5 tor 100 six-lb. hezis producing 6500 Btu/hr and 

45 1bs. of wc:.tcr' p;;;r da.y or hens filth fJJ1 equivalent heat and 

moi~tureproduc'Lion. They st·':.l.te that their chart (F'igure VI) 

l'f1&.3 be used tu dE.terudIl(; the vantl1c.;.tion requirelnents of poultry 

hollS as. The wrIter i.n:t.erprets their a.rticle to sta.te that other 

sizea of birds ihay be used on the chart by establishing a ra.tio 

bet.w~n the r£ci.t produced o.nd the heat for which the cr.,.a.rt is 

constructed. There are t"b.ree parts to the chart. 'fthe use cf 

each part and it.) limitatior.ra '~i 11 be explained separately. 

l.n L.~G huVtOlrt sectio.t'l of the ch~t" lien repreuents the heat 

loss thro~ the weJ.ls and ceilir.t6 i..f'l Btu/hr/oF/100 birds. ;.B 

an axample of chart use, suppose the teml~rature difference is 

12 degrees tcr a house containing 100 six-lb. birds. Head along 

the light broken line t,c "C" = 100 or 50 and. the air flow 18 read 

at the bottom of the chart as 230 or Z58 cfmjlOO birds, respee-

tlvtsly. It "en calculated. for ea.ch prcble;~·~.1 the air flolN rrLY 

be deterclni.:d fc,r the usu3.1~,;inter range or j.r.l.d.ocr and C:'l.ltdcoI' 

t8S11per·~t,ures so long d.i:i tho t..~~llt}era.ture diffE;re.nce sUJs witt.dn 

the of 5 to 25 degrees. 

The top sectivn of t.he chart, representing water re.nloved.t is 

constructed reI' outuoor con~':'tior.J3 of 25 Of anel 70 per ce.nt rsla­

tive l",u.ci.d.i.ty d.1lI.i an. i.n.door relative hwniciit.y of 80 1Jercent. 
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Thi. part ot the chart ~ be used onlY tor the.e conditions. 

The water l'UlOY8d 1, read b7 proc.ediDg atraight up trom the 

ct., found preYioulT, to the temperature din.renee Une. 111 

the top •• ctiOD and then to the left ot the chart. 

The beayY broken line. in the bottom Metion of the chart 

appl¥ when the indoor relative huad.d1t7 18 80 per cent and tor 

outdoor temperature. of 0 or and 25 0,. Other outdoor t...,.ra­

turea ., be sketched on the chart. With the te.peratve dit­

terence and. the outald.e temperature known, the -.xi1lU1I "U" ft.1u. 

to preyent condensation ma.y be tound. For example, with a tem­

peratuN difterence ot 12 0, proceed to the right on the light 

broken ~ to an outdoor temperature ot 0 0, or 2S OF and read. 

the IIIX:S BUIlD ·Un _lu8 .a 0.61 or o. 7S, respect1 velT. 

The l1m1tatlon ot the DWlber ot hene U'3' be O9'el'Oo_ b7 8imple 

multiplication. For 1natanc., the 'YentllatioD required tor 1000 

hena would be ten time. the value read on the chart. However, 

the l1m1tatlolW of heat production of chickene 08U.. extra cal­

eula tiona and interpolation on the chart. The indoor and out.d.oor 

relative hwa1d.1ty are fixed. Th ••• li.n:d.tationa are a hindrance to 

rapid tield WI. ot the chart •• 

Cropsey (15) pre.ented. a matheatlcal eo1ut1on ot ventilation 

showing the muaber ot air change. that would produce the low •• t 

relative bumidity. In an atteapt to prow that it 18 theoreti­

caJ.lT possible to obtain dry 11 tter in poultr7 hows.. 8 ... en under 



the most ad .... ,. ...... th.r co.Dd1tioDl in the northwe.t United. stat •• , 

h. deri wet a torala tor the Nlati Y8 hwa1d1t1 in teJm8 ot the 

nwaber ot air chang... The foraula is nated a 8 follows: 

R.H.. t4·7~ (0.0082 + C (O.326)/IV) 

rC (Q.OOJ;J) .. ~.Q()QQ!5 (43C)2 
0.1217 +SU + MY 0.0191)8U + IV 0.0191)2 

!!ben: 

R.H. i8 relative huiditT (per cent) 

S is the expoMd area ot the bo ... (tt,2) 

U is tthe a .... rag. heat tran.aa1a.ion coefficient tor 

the nou.. (au/hr/tt2/o,) 

N 1a the number ot air chanle. 

V ia the volume of the house (tt3) 

C 1. the number ot chiokena 

Since all Yalue in the toraUa are constant tor a giftD house 

except the relative bwa1dit7 and the number ot air ohange., b7 d.1t­

rereJlt,1at1rlg the relative hua1d1t7 with respect to number ot air 

chanpa and .etting the reaulta equal to zero, the nwe.r ot air 

ohange. tor -.x1a_ and m.in1.lma relative hWD1d1t7 -7 be deter-

mined. Since there are several _xi_. and mintmull pointe, oare 

must be exercised in chOOSing the correct m1rd..DIul. 

Crop •• ,.'. analysis (15), origiDall1 in error, was later cor­

rected. at Horton's (57) suggestion. However, thi8 error indicate. 

that the formula is too difticult to be dealt w1tb in ordinary 

field probl_. 
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GRAPHICAL SOLUTIO. 9L HEAT l}A;LAN,g; !!!l! 1DIsTuRE 

BALANCE IQUAT10l§. 

In the design and construction ot graphical 801ut10u eveZ7 

ettort •• _de to provide accurate, practical solutions. The 

ftOllOgraph .u coDaidered to b. beat suiteel 1n this reapeot. 

The eqaationa .ere written ae tollou: 

Iq. II (l\ t) (AUav + 60Vc ) Formu.la 1 

v 

!heat 

I 

= Vi. ------ ForaUa 2 

1s the number of chicke. 

18 the •• A8tbl. heat available (all/hr/hen) 

i. the dittereace bet .... n indoor and outdoor 

temperature (Of) 

AUav 1. the total expos.d area time. the a ... erap beat 

transmission ~o~ttlclent (Bt,u/hr/tt,2/O,) 

Y 18 the air flow (oubic teet/min.,buecl on 4' or 
dr7 air) 

c i8 the specific beat ot air (Btu/ft.3) 

W. 18 the soiatun to be "moved trotA the hOWle 

(lbs/min) 

"i is the moisture contained. 1n the indoor air 

(lb •• of ~o/tt) of dry ~1r) 

.0 18 the mlsture contained in the outd.oor air 

(lbe. ot H20/tt? of dr.1 air) 
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The praot.ical lla1ta ot the variable. in eaoh aquatioR 

were deten4ned and the scal •• coaatructed on tbe nom,raph a. 

epec1tiect by a text on noaograpbJ' (47). The factors wi and .0 
are clepeod.eAt on both taperatuN and. relat1... bud.41ty. la 

order to looate peat. 011 the nomograph tor w1 and .0' a cbart, 

with temperature and "lat1Ye hUllid1ty al the axes, wa. con.­

.t:ru.ctecl to the lett of eaCh leale. 'rhus, the temperature and. 

nlati .... hWli41t7.,. be used d1rect17 without calculations. 

In order to read the air fiow direotly 1n ct. instead of 

lb./ min, 0_ -.11 error i8 invol"fed. 1n the construct1on ot the 

noaographs. On the no.mograph tor determ1n1ng ventll.atiDg rate. 

the Yalu. of e was obtained .s follows: 

c = 0.24 (Bt~lb dry a1r) 
12.72 ~t /lb dl7 air at 45 OF 

= 0.0189 au/n' ot 4' 0, 
d.r.y air 

AotuallJr, c Tarie8 sligbt17 since the oonwrsioa at pounds ot 

air to cubic teet chanpe with the temperature and _iatUN content 

ot the air. 10 constant Talue ot oonftraiol1 could give a precise 

a.nawer. The conversion factor used, 12.72 cubic teet/pound, is the 

volume of one pound of drl' air at 4' or. This conversion factor 

varies trom 12 • .388 at, 32 0, to 13.096 at 60 OF tor dry a1r. This 

ia approximat_J..y the range ot temperature. tor which the air flow 

i. de "ired • Ttl1. small error caa. be tolerated in oNer to react 



the air tlow directJ..y in cubic teet pflr Jd.nute, the OOJIIDJl wdt 

wse4 tor ratlDl ventilating tans. 

On the llOB)lftph tor dsterld.D1n, water reJlM'ed, t be \Ulita 

u •• d tor plottiDg the "w1
1t aM -.0" scal •••• re lb •• of HiP/tt' 

ba.ed. on the conversion factor at 45 or. Thus, this _.11 error 

18 Uk .. iee included on this noaograph. 

./ 
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Since the d •• lp of a poultr.., ventilating • ..,et ... 18 ba.ed 011 

8 number of variable. and technical principles, th- 1nf'orat1oD 

needed tor design 18 presented in tbis section as an aid 1ft the 

application at the nomographic charts. 

Design Data: 

The follewing design data are g1 yen tor the purpose ot d •• 1&n 

of wint.r ,"Dtllating 8Tste... Aa Bueh, the.e data are intended to 

applY to environmental teapel'atures ot approxiJat.el¥ 20 to 70 of. 

Moisture ~ k! BeEYE froa .HoU8,t Provided. the house 18 •• 11 

constructed, the only source ot moisture should be the moisture 

given ott b7 the hens. Poult17 e11.t.o.irlate moisture 111 the dropping_ 

and by evaporation from their lungs. The suggested de81p valu •• 

tor 1lO1ature eliminated b.r laying bena i8 presented in Table III. 

§!RI&.ble .H!.D. AY!.1la'\!l,: During the coldest d •• ign periocla 

the only eatabUshed source of heat is t.hat produced by' the chickens. 

Theretore, the senaible heat produoed b7 tta. chicken. as est1.mated 

in Table IV 1s presented for design during the cold.eat .ather, 

since solar heat 1s usuall.,y not available. For .8.l'Idr w1nter ... ather, 

the designer my include solar radiation a. 8 a heat source. Heat pro­

duced. in bu1lt-up litter is not well established. This heat source 

1s considered as a factor of satetJ". Sensible heat produced by hellS 

18 already plotted on the noaogaph tor determining air tlow (Figure X). 



19900f' Des. T!!p!rature: A variable environmental tempera­

ture troll 30 to 70 or ia considered. as aat18tactoJ7, provided rapid 

temperat.ure fluctuations are preverted. Durill! extre.melJr cold. 

periods, since the cost ot insulation or of the beat necessary to 

mainta.in 30 of l.'I.'tq be excessive I j,t is CLot considered practical to 

strictly adhere to a minimum design temperature oi 30 of. 

Ip<lOOE pesta D!lat1" I!.AAtl: No aetinit,e rehtiye humidity 

was established fro. the research data; however, the analysis ot 

design data indicates that in ordinary weather t he relative hum1d1t7 

sbould not exceed 80 per cent. Por short periods 90 per cent. doe. 

not seem. to be detr1Jnental. No attempt 'Wa.s .-de to determine the 

minimum relative hwnidltT, since under winter conditions, the lowest 

relative bumidity obtainable would flot be too low unless heat were 

added. 

Op&door De.1m Tf!!P!ratur!: The outdoor design temperature, 

<leterm1ned on the 'ba8is ot 12 Tears ot weather data, i8 given a. 5 or 
tor Blacksburg, Virg1n1a. The design temperature recommended. tor 

residential beating in the Blaoksburg area 1s near zero degree. , (28). 

For other localities in Virginia, unle8s better information 18 avail­

able, the writer augeaete that the outdoor design tempera.ture be 

taken ulive degrees higher than that recommended tor residential 

heating design. 

Outdoor Design a.lat.l'f8 Hwa1d1tl: In the writer's opinion, the 

outdoor design relatl ve bwD1dity should be taken as 100 per cent tor 
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the cold •• t design periods and. for extended rains. These are the 

critical period.s tor JI01atu.re removal. Yean temperature. and. 

relati ve humidities are of doubtful 'Value in determill1ng the water 

removed from. a bouse. 

w,~ VeQ\~"tW iU!,: It is sugG.ted that the mini mum 

ventila.ting rate I which is used. for the lowest Ol&d.oor temperature, 

be used as a basis tor d. •• ign. Then tbe AUav value d.etermined. for 

this period will be \Ii ed to uri ve at the rat.. of v.ntilation tor 

the wanner period. ot winter. If this approach i8 accept.ed, a 

method lor determining the raJ oj WGl nntllating rate 11 needed. 

The followir.s methods are cOluiidered.. 

Firat, an arbitrary rat. ot mln1m= ventilation -'1' be set. 

Ollftr (S8) aug,ested a Dd..n.1awa rat. of 1 of. per hen. Th18rate 

is not 8ubstantiatea by, or contrary to, the research work anal.Jr!.ed. 

Second, the airflow required to relJ)ve carbon dioxide or 

odors adght be used &8 t~ m:i.nilnum rate. Mitchell and Kelley (54) 

state that 0.07 ct. per hen would be adequate 'to aaiJ:i;.ain a Bate 

limit. on carbon dioxide concentration. From the standpoint of 

practical control, such a ventilating rate could not be .. ed.. 

The rate neeetsar,- to remove odors would vary with the individual 

conditions. No esti.wate. at this j".s,ctor were a.vailable. 

Third, the minimwa ventilation .may be taken a.s the rate neces­

ear)" to prevent condenaatlon on interior surtace. of tm building. 

If the inside minim.um te.mperatu.re and the corresponding relati .... 
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bWJd.d1ty and ou.tside temperature are known, the maximva allOttable 

heat traneter coetticient which will preyed; condensation, -1' be 

read from a published chart (17). Th1$ method .em to be logical 

in it. engiAeering approach; however, it 10 doubtful whether it 

is practi"l" [nun the standpoint of insulation" to attempt to pre­

vent all condensation on "Windows duru. the a.>ld 8 pella. It. JDight 

be desirable to eneck tor cona.sat-ion on the walla and ceiling. 

It this method .ere appliecl, the mO'DNII ftntUat.iq rate would. be 

the rate req\11re<1 to aaintain the indoor relative hum1d1tT and 

temperature d.uring the coldeat design periods. 

Fourth" the miniJnum rate of ventilation JDB.7 be taken ae the 

rat.e required. to remove the Ul)ilflture expired by the hen.. It the 

aoiature expired ~Y the hens is not, "eD:)ved continuoual¥, the relative 

bUDd.d.1tl' would soon reach 100 per cent; if this condition were 

allowed to continue, condensat.ion and. wet litter would result. 

Theretore, this method seems to be the most practical basis tor 

determ1ning the .Ird.n.iLwn rate of ventilation. It the expired. 

.mcisture 18 re=ved durir..g the entiaal cold periOds, then, 1D. 

moderate weather the extra heat available and a high rate of 

'Yent1lation should help consid.erably in removing the mciature 

from the droppings. A method. of deter.tdning t he rate of ventila-

tion nec •• sary to HAlOn the expired JIIOiatun during the critical 

cold periods is presented. in the ex.ample problems. 
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De.~1Q Principles: 

The writer r.els that the tC'Jllowing principles should be under­

stood by the designed. 

1. The water eliminated by the birds plus or !linus the quantitT 

stored. in the litter i9 equa:" to the water removed bY' 

ventilation. 

2. The heat gain plus or un.nus the heat stored in the house 1. 

equ..al to the heat loss by ventilation and by conduction 

through the exposed building surfaces • 

.3 • The rate of ventilation must be variable it indoor tam­

peratu...-a fluctuations are to be mteriall.y reduced without 

the addition ot heat. 

4. The crt tical temperature design period i.s the coldest 

period being eorwidered tor ventilation d •• iga and the 

minL~um rate of ventilation should be used during this 

period in order to prevent excessively low telnperatures. 

5. Two critical 1lI01sture removal design periods aN: 

a. The coldest d.esign period with lOc) per cent outdoor 

relative humidity, when a low ventilating rate is 

being used.. 

b. Extended rainy periods with 100 per cent outdoor 

rela.ti ve humidity_ 
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APPLICATIONS Qf. NQ1I)GRAPHS 

In order to i~lu$trate the design procedure two example probl .. 

will be used. 

A Poultry laying house for 1000 five-lb. hens is to be 

built near Blacksburg, Virginia. It the minimum rate of ventilation 

1. to be adequate to re1llOve the expired moisture during the critical 

cold periods, find. the AUav value for the house and determine ma.x.i­

mum, m:i.n:l.mum and ...... ral intermediate rates of ventilation. 

The SUl'IUllary of design data gi vee the following 

ll1ni.mum outdoor design temperature: 5 of 
wi 01 mUll indoor design temperature: 30 OF 
Outdoor dee!6D relatl Te humidity: 100 per cent, tor 

critical periods 
Indoor design relative humditl: SO per cent maximwn 

It 1- assumed that no moisture will condense or evaporate duriDg 

this period. Thus J it part of the expired moisture condense. in 

the building tile indoor relative humidity ,hould be lower than 80 

per cent and :i.t moisture evaporates trom t.he lit.ter the relative 

bumidity should be higher than eo per oent. 

The water expired by 1000 live-lb. hens is found from Table II 

to be 72 pounds per day. On Figure IX, Chart A locate the out door 

temperature of 5 or at 100 per cent relative humidity and on Chart 

B the indoor temperature ot 30 0, at 80 per cent re1st! ve humidity. 
\ 

Project t he indoor conditions horizontally to the right edge of the 

Chart B. The outd.oor relati'Y8 humidity of 100 per oent is already 
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on the rigbt edge of the Chart A (otherwise it would be projected 

to the right edge of Chart A). Us. a ruler to draw 8. line through 

the two points established on the right edges of Chart. A and B to 

the pivot line. Holding this pivot line point If!Ove tbe ruler to 

72 pO\Ulds per day on the "Vir" seale and read the minilwm rate of 

ventilAtion as .380 cfm on -the "V" sea,le. Four hundred cflll will be 

us ed as a practical m1.n1nrum ventilating rate. 

The AU value, expOsed area time the average heat tranamiaalon aV" .~ 

coefticient, necessary to maintain the indoor temperature under th ••• 

conditions will now be determined. On Figure X loeat. the five-

pound nark on the "W" 8eali~ and 1000 on the aiP' 8cale; draw a straight 

line to the ItQs" scale. The total sensible hea.t is 46,100 Btu/hr. 

Pi vot en this point and draw a stralght line through 25 of on the 

II /). t" scale and to the pivot line. Rotate on this pi vot line point 

to 400 etm on the "vn scale and read the mrlmwn AUav value as l4OO. 

The amow of insulation .may be calculated trom the tollowinl 

formula.: 
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Formula 3 

Wbere: 

A is tile total exposed area (ft2) 

Uav is the average heat transmissioll coefficient 

(13t u/hr / ft, 2/o,t) 

At 13 tbe exposed glase area (r,2) 

U, is the hea~ transmission coefficient of glas. 

(Btu/hr /n,2/Op) 

A .. i. the exposed wall area (tt2) 

U is the heat tranam1a sion coefficient. of tbe wall 

" (au./hr/tt2;oF) 

Ar is the exposed root' area* (tt2) 

U is the heat tranaadssion coefficient ot the roof 
r 

*1£ there is attic space in the building, the following formula 

is applicable to the ceiling area (28). 
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u -c -
Form.u1a 4 

He is the combined coefficient to ~ Ctpplied. to the 

ceiling area. 

Ur is the average heat transmission coefficient for the 

roof and gables of tha building 

U is the heat transmission coefficient for the ceiling oe 

ll. is the ratio of roof plus gable area to oeiling area 

'When .formula 4 is u,.qed, AceUc 1s subat;itu.ted tor ArUr in 

Formu.la 3. 

The ~'ar1ous exposed areas are to be .ro4ts.sured or calculated. 

l1any common U V'dlu8s may be obtained from st~ .. ndard re!arenees (2, 20). 

The Jli8X1m:um rate of ventilation will now be determined. About 

; 0, is the minimum practical temperature difference sima the ai.r 

ilow in.creases rapidly wh~n SD.w.llez· t"amperature differences are 

attempted (sea Figure IV). Hegin with 40,000 utu on the nQan scale 

and construct a line through £i..,. on the U A t n scal_ to the pivot 

line. Rotate on this pivot line point to 1400 on the ·'AUav" scale. 

Read 6<;00 c.fm on the nVt! scale. Higher rates of air tlow will re­

duce the t.emperature difference only slightly. Therefore, higher 

rates should not be harmful frGlIl. the standpoint ot te.mperature 80 

long &s drafts are avoided. It is recognized that heat trom solar 

radiation .. as negleoted in determining the fM.ximum rate of ventilation. 
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If an est1nate of th1.s heat were f4vailable, it should be a.dded to the 

46,CXJO Bt,u/hr before using the "6 tit scale. 

,,"he intermediate rates or air flow may IlOW be determir.ed. For 

exa.mple, c,>nstruct lines from 46,000 on the "QB n seale through 7, 10, 

and 15 en the" II t" scal~ to the pivet line. Hold one end of the 

straight edgE; at 1400 on the nAUavf? seale eU1,d read 14:)0, 2870, a.nd. 

4fJJO erm, respeetiva13, on the "V" sct,le. 'fhese values give the 

field engineer an estimate of the size tans and the thermost,Rt 

settings that shc·u1d be us~d for tp..mperature regulation. 

De 81.gn. a ventilating system for a poultry la.ying house near 

Richmond. Virginia.. InfcJrmatiol'l is as follows: 

data. 

Average weight of hens~ six p~nnds 

Size of house: 40' x 50' 

Roof slope: 4 in 12 

Materials: 

Roof-Aspha.lt shingles J It~ solid sheathing, 
Ratter., and 25/32" fiber board under ratters 

Walls--3/4u drop siding on 2ft x 4" studs 8' long 

Windows-200 aquare teet of single pane glass 

Floo?--Concrete on well drained soil. 

The following information 1s taken trom the sWllDary of design 

Indoor cl.eslgn temperature: 30 to 70 OF 
Indoor design relative hWDidit,y: SO per cent 
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Outdoor design relative humid! t1': 100 per cent 
for critical per1ods. 

A standard reference map for residential heating design tem­

peratures (28) indicat •• that the d •• ign temperature at Richmond 

1s d.1ghtly more than five degrees higber than tor the Blacksburg 

area. Since; OF is cOl1sidered satisfactory for Blacksburg, an 

outdoor design temperature of 10 0, will be used. 

lbe heat tranamiasion coefficients are: * 

Uw = 0.58 

Ug • 1.lJ 

The exposed areas &re calculated 8.& follow.: 

rJall and g5ble area: 

8 t x lSD' + 40' X 6.66' - 200 = 1500 ttL, 

Roo i: area : 

42' x 50' • 2100 tt2 

Windo"" area: 200 it 2 

The Allav value is obtained by the following calculations: 

.aoof-ArUr = 211 x 0.19 = 400 

~:~alls-A"U. = 1500 x 0.58 • 870 

Windows-A gUs = 200 x l.~~ = 226 

* From reference (20). 
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The nomograph for determirdng v~nt11ating ratEls will be used 

(Fig'J.re X). Locate 6 on the "VI" scale and draw a line through SOC 

on the "N" scale to the tfQ,u scale. The total sensible heat is 

25,200 Btu/hr. Rotate on this point and. draw a line through 20 on 

the n trt seale to the pivot line. Holding the pivot li.ne point 

set the straight edge on 1496 on the "AUavU scale. With this setting 

the straight edge reads below zero on the "V" soale. This means that 

all the heat produced by the chickens is lost by conduction through 

the building surfaces and no heat is 8vaila.ble for heating the ven-

tilating air. a ver:tilating Systelll 1$ to be installed, insul&tion 

must be added or the indoor tempJ9rature will fall below the 30 01''' 

desired. 

Suppose 25/32tt fiber board were added inside the studs. The 

new value for ew would be C.20 and AUav '~Jould be reduced. to 926. 

Returning to the pivot ~~e poillt previoug~y established, place the 

straight edge at 926 on the n • .ttuav" Bcale and read the minimum ven­

tilating ra.te as 300 efm on the flV rt scale. 

lien, the minimum. ventilating rate of 300 ctm will be checked 

on the nomograph for moisture remval. Locate 10 OF and 100 per cent 

relative humidity on Chart A or Figure IX and 30 OF at 80 per cent 

relati .... humidity on Chart B. Project. the Point en B horizontallJr 

to the right edge of Chart B. Draw a line through the established 

points to the pivot line. Rotate the stra.ight edge on the pivot 
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line point to cfm. on the nyu scale ~ nd read 46 pounds/day on 

the ni~r" scale. Sinee the water expired by the chickens is only 

43 pounds/day (see Table III), indoor relative humiditl should 

not rise abo've 80 per cent unlli sa 'Water is ovaporated trom tbe 

lit ter during this cold pe l'icd. 

Other ventilating rates :m!lY established as illul;f\:.-rated in 

ExaJ:.tlpla I. 

If the dSrJigner bleW t.he In.an ,relative humi.d1tico <tnd tea'.pera-

tures, the aut.hor beli~ves that a. rough a'pprf);;.:i1r~t.ion of the total 

water removed hVy be made by use of Figure L~. 

problem the cc,nditioJl8 ffi::ly be aas~d. SUppOS9 

it is esti.i!'J3.ted that z. rr.ean temperature of 40 and a uean relative 

humidity 01' 60 per cent will be naintained iri.doors during ona of the 

cooler weeks winter. .t~sswne tlltJ outdoor Iraan te.u:tperature is 25 0, 
ar...d the mean relative hwrd.dity t\) per cent. the air flow 13 

estimated to average 1500 elm, the water removed :per day would be 

found as follows: 

project value horizontally to the right edge of Chart A. 

Locate 40 

this value horizontally to the edge of Chart B. Draw a line 

through the two established pC1inte to th e • Hotate on 

the fd:vot line to 1500 CrIll en the nv tt scale and r~ad 346 pourlds/day 
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on the nw r: scale. :..lince the wator to b@ removed fro. a house with r 

500 six-lb. hans is 264 pOU!Jda/day (T~ble III)" thea. caletaationa 

indicate that either the indoor relativa burrldity would be reduced 

or w.tar would be evaporating from the litter more rapidly tban 

water is added to the litter. 

The approximation of the total water removed i. at best 

a rough estimate. £~ven though the weather co.nctitions were lalolln, 

the error imolved in usirJg th;a m.e.n weather conditiollt> may be oon-

siderable. SL1.ce the magnitu.d.e of the errol' is not known tor a 

givell problem, it is suggested that the daaigr. be based mairlly on 

teJ.11f.lerature and a LtU.n.i.mWU ventil&ting rat~. With temperature a8 

the bi-aia for design, a high rate of air .t'low occu:r'S during tne 

warm. periods of winter. '£his should a.lso be the best ti.me tor 

removing the lJl)isture .from the droppings. 



the Gseential data tor 

t.he d.eaig.....-,. of poultry.vent:1.la.tion sy.stel.t18 was u.!JJifJrtaken in an effort 

to establish design information for use in Virginia; most or the work 

applies as wall to other GElction of the United states. In the ana178is, 

research reports and enginfHaring liteni\ture on poultry "fentl1ation 

were considered. 

In winter J according to the inforttation available, tile pra.ctical 

range ot indoor temperature 1s about 30 to '10 of where insulation .and 

forced ventilaticn are used. Strict adherence to a .minimwn tempera­

ture of 30 of 1s not considered practical durl.l1...g extreme cold spells. 

Based on a 12 year weather record the nLtn!1!tUIli outdoor design tem­

perat\~ was fottrd to be .near ; °F for tl~.e Lrl'1.ediate vicinity of 

Blacksburg, Virginia. It believed that this value lilay be ueed 

as a basis for deterlslining the WirUllltlm outdoor design temperature 

in othel~ eectj.ons ,-,t the state. 

The m:xiiAum desirtible indoor rele.tive hu.'Ilidity is about 8() per 

cent. An outdoor design rel.s.tiv6 huraidi.ty of 100 per cent seema 

applicable for' the critical cold periods and rair..y wea.ther. The 

.raean indoor and outdoor telD,!)t9ratures a.'''Hi rektive hwr.idities are 

or doubtful value in designing poultr;r vem.:1.1atJng systems. 
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aeat and misture production of poultry are not tixed ftlU8; 

they are influenced by activity, rate of lay, di.t, and temperatur •• 

However, it is believed. that a pproxiJlate value s, obtai1'lecl by reaearch 

and reasonable estimat.s, are adaquate for practica.l design. The 

suggested data for use in moisture removal problems are presented. 

in Table Ill. Sensible heat production is given in Table IV and 

included on the nomograph in Figure x. 
Graphical 601utio~~ of th~ heat balance moisture balance 

equ.ations were developed. An effort was ~de to avoid the l1m1ta­

tions of previous graphical solutions; such as, fixed relative 

humiditie.s, set relationships of indoor and outdoor tam!:erature, 

fixed heat pror.1uctton of birds, or .a given Amount of insulation. 

Thus, a practit".al range of theee values was deter,mined and used 1n 

the nomographic sclut.ion.1J present~d in thIs work. It is believed 

that the inclusive values used on the n('!oographle charts wl1l 

apply to all sections of the country except the warm southern region 

where insulated houses are not ganeral~v recommended tor the winter 

season. 

The nomgraph for moisture rEtllDVal may be used to determine the 

moisture removed from the house provided estimates of the indoor 

And outdoor relative humidities and temperatures) an1 the ventila­

ting rate are a.vallable. In this t1nalysia, theee values wer. 

estimated for the critica.l eold periods men the minimum vent1latins 



rate is used. For other de.ign period. J es1;1.mat •• bave DOt yet, 

been made. 

The flO8)graph tor yent1laUng rat •• -1' be used when the d.esip 

temperature difference 18 known slnce the other n.o ..... 17 data aN 

already on the nomograph or .IIlU8t be calculated in the field. Frca 

this nomograph the ve.ntllating rat.. neceseary to control the tem­

perature and the 1JlI)\Ult ot ineulatloD needed _7 be determined. 

Although precision baa not be. attaiDed in the detenrd.nation 

ot d •• ip data, it ia believed. that tne general values determined 

are autticlentl¥ accurate to warrant their WI. tor practical d •• ign 

of nntllatlng eTA- tor laying housea. When the d •• ign data are 

.more definitely established, the method am nOllOgraphs will still 

applT to the actual d •• ign work. 
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SUGGESTIONS FOR FUTURE RESEARCH 

Moisture expired by poultr7 or otherwise enporated 1A the poultry 

house dur1ng the cold •• t d. •• ign periods needa to be illY •• tigatecl. 

Total _i.ture to be reatO¥'eQ. fro. poult.ry howse. &180 needs to be 

detera1nad. 

Sensible beat procluct1on ot ch1CDU for the coldest design 

period. is need.ed. Tbe aaoW'lt. ot heat obtained fro. the croud a.ncl 

, .. ratred in the lltrter, and data OIl heat retained in buil.dinaa would 

be helpful in de.1gn1.ng for the cold •• t periods. 

Heat gain in poultry houses from solar radiation is .needed tor 

de.lp 10 warm winter weather. 

Evaporation ot moisture from litter should be studied. 

A _ihod ot eat1mat1ng indoor and outdoor t_perature. and 

relative humiditie. tor deter.m:1.n1ng the miature raond during 

ordiDarl' winter weather DIede to be developed. 

The outdoor m1n1awa design t_perature should be rechecked aa 

additional weather data baeo ... available. 

feate .need to be conducted on how .ttectively the t_pwature 

and re1&ti ve hum1d1 tT are com-roll. in house. with vent1la ting 

8ySt,8J18 as suggested. in this work. 

Additional worle 1. n •• ded on Yentllatlon for the fall and apriq 

Halone • Would. it be feasible to install an automatic cleric. to open 

the windo •• during arm periods? 
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Work need. to be done 011 the problem of S~ coolJ.Dg. Tb1s 

is an urgent problea ill the south. 

Ventilation tor broiler hous.. ne.ds to be 1nv •• tllated. 
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spent in the ArlllT Air Forces as an aerial gunnery inatJ"Uctor. 

In Karch, 1946 he entered Virgill1a Polytechnic In.titute and. 

enrolled in Agricultural Fagineering. As a student he was a member 

ot Alpha Zeta, Phi Kappa Phi .. OJd.cron Delta Kappa, and the A.S.A.E. 

and. held ...... ral ottic •• in the.e organizations. Dur1na the SUllIeI' 

ot 1947, he worked aa an Agricultural Engineering Aide for the U.S.D.A. 

and one year was spent in a co-op tra.in11l1 p:rograa with the T. V.A. 

betore reo.1Ying a B.S. degree in "reh, 1950. Atter sraduaUon .. two 

quarters "ere apent at Peabody College in Nashville, Tennessee stud1ing 

Education and other subJects. 

In September, 1950 he returlleci to V.P.I. all an instructor in the 

Agricultural Engineer1na Department and began part-tiM work in the 

graduate school. 
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TABLE VI 

ANALYSIS OF LOW OUTDOOR TEMPERATURES 
AT BLACKSBURG, VIR.GDlIA 

FROM 
NOVEKBER 1, 1940 TO APRIL 1, 19;2 

AlIt. ot 'l1me Under 
Vanous '1t8!I.P. in Hr.. 1I11d .. Huaber of 

PI;. Co_DtcI 10 Of 5 0, 0 or !MP!nt9l! 'allE·· 
12-4-40 a 8 
1-6-41 6 .3 
2-10-41 2 10 
1-6-42 Ho record. 4 
1-7-42 10 recorci 9 
1-8-42 10 record -2 1 
1-9-42 No record -.3 1 
1-10-42 10 record 10 
1-11-42 16 12 0 1 
2-3-42 8 8 
12-2-42 Chart show. II OF m1n. 9 
12-13-42 6 8 
12-21-42 10 7 -4 1 
12-22-42 6 .3 4 
1-20-43 4 8 
2-14-43 7 6 
2-1;-43 10 6 
3-4-43 No record 6 
3-7-43 7 7 
12-16-4.3 Chan sho.. 8 01 IliA. 4 .3 
12-24-43 Blaak UDder , or 6 - 4 
12-1'-44 Chart. shows 8 or min. .3 .3 
1-31-45 " 2-1-45 13 S 
2-2-4S 2 8 
1 .... 23-46 7 S 
12-3-46 4 8 
1-22-47 6 8 
2-4-47 It 2-5-47 2' 4 , 
2-8-47 It 2-9-47 27 14 4 1 
1-18-48 5 
1-14-48 No record .3 1/2 
1-18-44 No record S 
1-24-48 7 8 
1-2;-48 7 <] 
1-28-48 ; 6 
12-26-48 14 4 1 1/2 
12-27-48 9 7 2 1 
11-25-50 14 4 
2-3-;1 7 S 
2-7-51 7 8 
12-16-51 Blank under 10 OF 11 eat. 7 •• t. 0 1 
1-29-S2 2 9 
1-.30-;2 10 7 

Total Fa11ur •• ------------------._. • ow ------ -r 
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TA.BLE VII 

ANALYSIS OF WATER R.El40VED FRO)( CORNELL 

EXPEIiIlIENTAL HOUSE "A" - FEB. 28 - M.4.R. 7, 1950 AIR FLOW: 300 ctm 

· water RMow4 • 
OUTDOORS • INDOORS 1a lbs/DaT · Bel. Hua. (') : Temp. (0,) : Rel. Hum. <$) s Temp. (OF) Ba.ed Oil: 

6-Hr. ,Da1l,y : 6-Hr. :DallT: 6-Hr. sDai17 : 6-Hr.: DI.1l,y 6-Hr. : Dal17 
AVi- i AVI: ! Av«. : Ava.i Av,. : AVLh t AVi.i Av&. A·a· : AVI· 

89 27 81 40 S5 
91 21 78 JS 42 
95 24- 82 )5 36 
79 23 61 36 ~6 

88 24- 80 36 41 42 
71 22 77 37 64 
74 21 71 33 46 
75 14 71 28 39 
61 18 73 JS '* 70 19 76 " '4 ;4 
46 26 64 43 86 
67 19 70 34 SO 
tr/ 19 77 32 3' 
78 26 81 37 ft 22.5 73 36 54 
59 27 70 42 74 
77 18 76 33 48 
82 18 80 .30 39 
S8 29 79 40 m 69 23 76 36 58 
63 JS 72 44 61 
70 .35 70 43 42 
78 37 72 44 30 
63 44 67 so Ii! 

69 38 70 45 4; 39 
;8 5' ;8 57 28 
86 42 70 53 84 
94 38 77 48 34 
91 '3 78 46 d 84 u.s 71 51 37 
86 37 79 47 48 
83 27 77 47 6; 
TJ 19 75 36 63 
54 14 65 37 i 74 74 40.5 71 

TOTALS 372 "5 
AVERAGE OF 
TOTALS S3 ;1 
WEEKLY 
AVERAGES 7; 27 74 40 47 
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TABLE VIII 

ANALYSIS OF WATER REllOVED FROM COmmu, 

EIPERIUENTAL HOUSE "A" - lfARCH 7-14, 1949 
AIR FLUff: .520 ct. 

later Be8>yed 
OUTDOORS INDOOHS 111 !be/Da1 

liel. H~fl. ~ (OF) &.1 .. Hum. (%) Temp. (°F) Baaed OD 
6-Hr. 6-Hr. -Daily 6-Hr. Daily 6-Hr. Dally 6-Hr. Daily 
Avg. Avg. Avg. Ayg. Avg. Avg. A,vg. Avg. Avg. Avg. 

4? 22 61 41 127 
63 16 70 .30 75 
67 14 78 26 TJ 
39 36 69 39 aQ 

54 22 69.5 34 9b.3 106 
27 44 44 50 104 
54 28 60 40 S9 
iJj 25 71 33 .31 
46 42 61 4.3 aR 

;2.5 .35 62 41., 72.; 76 
43 46 54 ;1 90 
77 .36 65 45 41 
79 3.3 75 42 80 
82 34 8j 42 11 

70 37 68.5 45 70.; 67 
61 40 73 46 10; 
80 3; 74 44- 66 
94 .32 81 42- 12 
92 32 83 43 1.7 82 35 78 
82 28 79 40 92 
69 24 75 .37 llO 
79 2.3 76 3.5 78 
67 24 75 .36 28 

74 25 76 37 94.; 88 
64 2; 74 37 102 
69 22 75 35 94 
74 23 77 33 78 
59 28 67 38 8~ 

66.; 24.5 )6 89.8 91 
;6 33 54 44 69 
62 28 66 42 102 
78 23 71 33 53 
;1 )6 62 42 22 

62 )0 63 40 74.0 72 
TOTALS 500.) 57.3.0 
AVERAGE OF 
TOTALS 82.9 81.9 
fJEEKLY 
AVERAGES 66 .30 70 40 Er/ 



TEMPERATURE, RELATIVE HUMIDITY AND ABSOLUTE HUMIDITY, OUTDOORS, IN POULTRY HOUSE A WITH AN 

RECIRCULATION RATE OF 680 c.f.m., AND IN POULTRY HOUSE 8, SIX - HOUR AVERAGES DURING THE 
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RE ATIVE HUM DITY (-I.) 90 ~--~----~--~----+-~~~~1-~~~~~~~r---~----~ 
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EXHAUST RATE OF 520 c. f.m. AND 

PERIOD MARCH 7 TO 14, 1949° 
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TEMPERATURE, RELATIVE HUMIDITY AND ABSOLUTE HUMIDITY, OUTDOORS, IN POULTRY HOUSE A WITH AN EXHAUST RATE OF 300 c.f.m. AND 

RECIRCULATION RATE OF 625 c.f.m., AND IN POULTRY HOUSE B, SIX- HOUR AVERAGES DURING THE PER 100 FEBRUARY 28 TO MARCH 7,1950
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