
])«eegggib«r 19$9 

To Qroduote Coojacllt 

Z an Rilaaittiag herewith a thesia written hy MUHLm Robert Fox 
entitled "Tenperature and ̂ dity Gonditiona in Three Typeo of Broiler 
souaea* I reeomoeDd that it be acoepted for nine quarter honra of 
or^it in ̂ rtial fulfiUnent of the rwpiirenenta for the de^e of 
aaater of Sclenoe, with a najor in Agricultural Engineering. 

Major Profeaaor 

Ve hare read this theeia 
and rceonmnod ita aeeeptaneet 

AoON^pted for the Councilj 

'M/ /rffnl 
Dean of the Graduate Smool 



2, 

33 

TKMPIRimiRE AND BDMIDm CONDmONS IN 

THREE TYPES C®* BROILER BOUSES -

A THESIS 

Submitted to ' i 
Thft Qr«daot« Covnell 

of 

Tbo UnlTorsity of TwmossM 
in 

Partial Folfillment of tlM Roquirenenta 
for the degree of 
Master of Seloooo 

by 

VlUiam Robert Fox 

Deottebor I9!k9 



11 

kcmavLmmsm 

Th« author wiahao to vxprwB hlo ̂ Mqp approoiatlwoi to Profotaor 

Dwror Olao Basetor^ AgrleulturaX XDginaering S^artmrnt, for hia hal|> 

and guidaaeo in evadaoting thia xvaoareh work and in writing tho thasia* 

Tho author alao wiahaa to nqareaa hia appreelation to Mr. Ruaaol 

B, Stoaa, Agrieultoral Bogiaoar, B. S. D. A., Dr. C. V. Beokhop, 

Agrieoltural Enginaaring DapartaMOit^ and Dr. B. V. Shirlegr, Poultxx 

Dapartaant,for thair waluAbla ha3p whan aaadad. 

Tha author ia alao puttaful to tha Agrieultural Enginawiag 

OapartMDt and tha Pooltsy Dapartaant of tha Univaraitr of Tennaaaaa 

for tha aopiipaant and facilitiaa ps^widad to parfora thia axparinent* 

Thanka ara dua Mra. Adina Shdth for har patienea in raading 

tha aanuaeirlpt and tha tgrping of tha thaaia. 

449855 



ill 

tmzw cmm$ 

CHAFTER PA0B 

I. THE PROBLEM OF BBOILER HOUSING 

StatMMSt of th» problttB 

Prcqpoood oolution of ̂ o pz^bXai 

Roview of related otadleo • • • • « •••••• •••• 

Organlsatlcm of the reaudnder of theeia 

n. METHOD GP APPROACH 

DeeorlptlMi of test eet«^ 10 

Leeatien aad orl«at«tioa of ex|>«ri»e»tal hoases « « • « 10 
V V-U\\} 

Censtraetion and eqaipmoat of the Solar Hoase • •• « 15 
5 l) 

Construction aad iMtaipMWt of the Viadovless Hoaso . 22 

OooitractloD aad eqoiiHBM&t of the ConrentioQal Hease • 22 

The broil«rs aad the aanagoieat of the houses .... 26 

Methods of obtalxdng data. » • • • • 26 

The equipnent used 27 

Mhthod of recording and data ebtaiMd 38 

III. PHESEMTATIOK AK'D DISCUSSION OF MTA UO 

SsperiMaat I.Fall 1958 ,, Itl 

Goarentlonal House «•••«••« •••«••««•« U2 

Solar House ••>» • • • « • ••• • •••• •••••• b2 

Vtndowless House • • • *.• • U5 

Coeparlson of Solar, ^^dovless and Conrentional 

Rouses I}5 



It 

CHAPTER pjgj 

IZI. (<»mti]]ia«d} 

SxptrlMBb II - VinUr 1958-59 liA 

Conreatioxua Bmura Ii9 

Sol«r Bosm 51 

ICtndoirless Boaa* 51 

Coi^arlam of Solar^ Wjodovlasa aad Conr«atioiial 

Hoaaas 51 

SjqpariMttt III - Spring 1959 # • ♦ 57

CoRTantioDal Eonsa 57 

Solar House 57 

I'^Lndoirleas Boaaa 57 

Ccw^jariaon of Solar, Ktodowleaa, and Conventlooal 

Hoctaaa 61 

Rsparinant 17- Smuw 1959 6k 

Coaraational Hcmaa 6li 

Solar Ilouaa 6U 

Vlndovlasa Bofuaa 6? 

Ctmparison of Solar, mndowlcata and Conrenticmal 

Boaaaa 57 

Saaults and disenaaiaQa of four aaaacual asqpariaMnta « 71 

Idnitatlana of thia ata^ and aaggaationa for futora 

*'*»aaaroh 73 

IT. SDlMlfil JR]} C0MCCJSI0H8 76 

BIBLIOffllAPHr 78 

APFHsiDH I 8181 
APPERDIX B . eii 



T 

LIST cr TABLES 

TABLE PAQB 

I. Th«rmo«oQpX« Tmpwature Readings Coaqpaartd irlth 

PqrofarcMeter Teapenttvure RMdinga 36 

n. Brsr-Bolb TflUQMNnatttrea XtariBg lxp«riiMt»t I 

III. Dry•Bulb TMperaturw During Sxperiaoit H $6 

If* JBry-Balb T«^>enitures Oariag Eaqperinrat III , 63 

Dry-Bulb Twqperatures During BqperlMnt IV ♦ . •• •, ,♦ 70

1



Ti 

LISP OF FIGURES 

P2QUBB page 

1. Frost Viflw of * Modal Solar Hosaa 11 

2* Shade Pattema cm Front of Model Solar Bosaea .• • • •• • 12 

3. Front View of Solar Bduaa Uaed to Indieata Shade Pattern ,. lU 

U» Ideation and Oriaatatlon of the Experinantal Bosaea •• » * * 16 

5« Front Tlev of 'Uie Solar, WLndowlasa and CtMrrastlwial Hcmaaa * 17 

6» Rear View of the Vlndowleas and Conventional Houeea« •• • • 17 

7. Front view of the Solar Kottse 18 

8. Partial Cross-Sectiona of Eiqperlmental Houses Showing 

Typical Conatraction Features * ••• • •..,....• 20 

9. Front View of the Vindcarlaas House .• • • • • • • « •.,» 23 

10. Front View of the Conr«itional Bouse • • •.••••.* • « 2S» 

11. Front View oT the Leeda and Mortfarop Becording Potentioaeter. 26 

12. Front view of the Brown Reeording Potentioneter *.••. «. 28 

13* Bxaide View cf the Brown Recording Potentieneter ...... 29 

lU. The Fan Unit Used to Obtain the Air Velocity Across the 

Thenaocouplee 31 

15* A View of the Fan Unit Swwlng Bow the Theraooor^lM were 

Mounted 33 

16. A View of the Pan Ihiit Filter Box Mountod Insido the House . 35 

17. View of Outside Installation of Filter Box with Covmr Cloaed. 3? 

16. View of Outside Installetioa of Filter Box with Cover Open. • 37 

19. View of Fries Rysro-Thenegr^ph ^ 

20. Maxiw and Minima Dry-Bulb and Mat-Bulb Taaqperaturea tear 



vU 

FIGURE piaS 

20. (eoatjUraed) 

the Xnslde and Outside Condition of the ConTentionaX Eoaae 

Daring the Klne-Heek Period of 9-3-58 to ll-U-58* • * *.• ii3 

21. MeaiiEUi and liinlMM.a Drx-Balb and Wet-fialb Tenperatorea for 

the Inside and Outside Condition of the Solar Bouse During 

the Nine-We^ Period of 9-3-58 to ll-U-58 kh 

22. MaxiBon aiad Miniiitain Dzy-Bolb and Wet-Bulb Tae^eraturea for 

the lacide and Outside Condition of the Windowless 

Beuse (hurlBg the Kine-VM Period of 9-3-58 te ll-U-58* ,• U6 

23* Dry-Bulb and Wet-Bulb Tei«j)©ratiurea for the Inside and Out-

aide Conditions of the Solar^ Windowlessy wad 

C<»iTentional Houses during the Week of 10-8-58 to 10-15-58. h? 

2h. Haxinaai and MinimuB Dry-Bulb and Wet-Kilb T«^}«ratures for 

the Inside and Outsida Condition of the Conrentional fiouae 

durii^ the Hlne-Wa«dc Period of 12-3-58 to 2-3-59* • * •• • 50 

WayjjB— and Xlniasm Dry-Bulb and Wet-Bulb TMqperaturea for 

the Inside and Outside Condition of the Solar Housa during 

the Hine-Weok Pesriod of 12-3-58 to 2-3-59 * •. 52 

26^ MaximBi end Miniann Cry-Bulb and Wet-Bulb Tenqperaturea for 

the Inside and Outside Condition of the Windovless Eenae 

during the Hlae«4ieak Period of 12-3-58 to 2-3-59. ♦ . ♦ . 53

27. Dry-Bulb and Vat-Bulb Teaparaturea for the Inaide and Outside 

Oenditioae of the Solary Windowless and OMrentloiatil Bottsea 

during the Weak ef 12-31-58 to 1-6-59 • $k 



viii 

FKHmi PAOE 

28* Maxtanui and Mlnlmom Ihrjr-Bulb and Wat-Bolb TMparaturaa for 

tba Bwida and Outalda Condition of tha Goinr«Bti<Hial Hoaaa 

daring tha Kiaa-Miak Pariod of 3-10«59 to 5-12-59..... 58 

29, Xaxteaa and lfini«nB Ssy-Balb and Itat-Bolb Taaparataraa far 

tha Xnaida «id Oataida Cmadltiim o£ tha Solar Boasa daring 

tha Nina^Waak Pariod of 3-10-59 to 5-12-59 59 

30« Maxlasai and Miniaun Zhy-Bolb and Vat-Bolb Ta^parataraa for 

tha Xnaida and Ontaida Condition of tha Vindotflaaa Keaaa 

durii« tha Miaa-Waak Pariod of 3-10-59 to 5-12-59 /... 60 

31. Dx7-telh and Wat-Bolh 7am>arataraa for tha Xnaida and Oataida 

Cmditicaui of tha Solari, hindoirlaaa and dnnrantional Boaaaa 

daring tha aaak of U-6-59 to U-13-59 ... 62 

32. Maarlnw and Miniann Ihy-Bolb and Vat-Bolb Taqperatoraa for 

tha iMlda and Oataida Condition of tha Coarantlonal Haoaa 

daring tha Mina-liaak Pariod of 5-26-59 to 7-26-59 • • • • 65 

33* Marl—Hi and Mindj—a I}r3rv.Balb aod Vat-Bolb Tangjaratnraa for 

^la Xnaida and Oatidda Ccndition of tha Solar Bonaa Oaring 

tha lina-WmdE Pariod of 5-26-59 to 7-26-59 66 

3ib« Maad— and Mini— Oiy-Balb and Vat-Balh Taaqparaturaa for 

tha Xnaida and Oataida Condition of tha Vindowlaaa Hoaaa 

daring tha Nina-Vadc Pariod of 5-26-59 to 7-26-59 •.• 68 

35. Ory-Balb and Vat-Balb Taaqporatnraa for tha Xnaida and Oat 

aida Conditiona of tha Solar^ Vindovlaaa and Conranti—1 

Boaaaa daring tha Va«h of 6-23-59 to 6-30-59 • ••• • 69 



 

� 

ix 

FIGOfiS PAB2 

iiaadaoi Oqr-Bolb mi VM-Bolb TsgHperaturAS for tfa« Insida 

Ooadltioiui of tho Vindoirleoa Boooo for tho FaU« ¥lntor« 

l^riiig, «ad Somcr Sxperiseato 7U 

'. f: 

4i > .' A 

% • • \ % t % % « 

I 

I 

••V 



CB/UPTER I 

TRB FROELQ! OF BBOim BOOSXSQ 

TtaoM pwrsont ftoqualnted vlth Agrieoltor* rtallst that T«at nd 

▼arlad ehangea haTa oeearrad in this field during the last two or three 

deeades. Seioanoe and teehnolt^ hare a»red fron the drawii^ board and 

lalMNrator7 to erexydaj nee en the Aaariean fam, Prodaction haa nore than 

k«|)t |>aee with the grefwth of p^snlation. Thla ia eapeeiaUy tme of grain 

and fiber prodaetiea wfal<^ haa oreated aurplnaea of theae etaple eoHBodi* 

tlea. More eephaaia haa been i^aeed <m anlnal pzwdaetlm, and the natare 

of aaiaal enterpriaea hare ea3»erleneed eenaidenble ohait^e. 

One of the noat dranatio ehaiMsea in aaianl pwdnetion during thla 

period haa oecnrred in the broiler enterprise* Thla a^i^nent of the 

ponltry indnetry has dereloped from a back-yard enterprise to a nolti-

nillion dollar indoatxy. During the past twenty-fire yeurs the national 

prodaction haa inoreaaed fifty-four tinea fron 16,700,000 to 1,002,000 

dollars (U}«* In thirtnm Southeaatem states, the peroeotage inoreaae 
was erna nore algeifieant* Sinee 1932i, the j^roduotion haa inoreaaed ty-

pro3dnately 126 tinea to the figure of 593*200,000 dollars (U)« mth 

the present rate of production, broilers will emtinue to supply about 

three-fourths of the United States chidcen neat supply (12). The United 

States broiler producers new hare a new and inportimt naricet for froaen, 

iready to cook broiler neat* In 1956, 22*5 nillien pounds of Umted States 

Muahera in parentheaia rdTer to appwided refweneea. 
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broil«rf vmi to ^«t«ni Barcqpo vhore •bipmmti mf TirtiiilUsr noaHndtttBt 

fire jrMTS ago (17). 

Tho Southeast regitm leads the nation In broiler production and 

has continued to increase produoti«:i ererj year alcmg with the rest of 

the nati«m (7). This increase in broiler jffedNieti<m is exeeUwat txtm 

the staa^lnt of fam InoMWf but it has brought about housli^ problems* 

Instead of baring a snail iaeapensiye broiler house in the backyasrd, it 

is now neeessary to inrest sereral thousand doUsM in a broiler house If 

oomraercial produetlcn is desired. In the past the famer has built the 

type of house that was eowmon in his eoiuamity. This building was goner* 

ally a simple frame type struetore. Howerar, as the prioe per pound of 

broilers began to deeline^ he needed a mere effieient house if he were 

to cmatiane his progress in the broiler industry. The producer desired 

a house that would give the best lighting conditions, the nost desirable 

tenperature and humidity^ relatirely dry litta>, the least amount of dust, 

and the jureper aiMunt of rentilation. 

During the past eeraral yaars, the type of house conmon on meet 

farms was the eonrwititmal type house preriouely meotioned. Hewerer, In 

the lest few years, solar faouaaa and windowlasa bousea hare been used on 

e few fame, ftroilar produeara generally atdced two qu«uti<mst Whi^ 

houae would give the optimum enrironmental oonditionaf end which house 

would be the moat eeonomleal? When agrieulturel engineere were eonfr<mted 

wi^ these fiuestlons, it soon beeems apparent that thera was a dafinita 

need for baaie informatitm on the enrirenaental eonditiene in the re* 

epectire lypee of broilmr houses. The agricultural engineers neaded this 

infomatlmi btfore thsy could make specific sad r^Liabla raoomeaadations 



on irtdeh of house would he the most efficient. 

StatenMHct of the Problen 

The purpose of this study was to determine^ for eoiqcarative 

purposes^ the respective ten^erature and hunidity conditions of a Solar^ 

WindowlesSf and Conventional type broiler house. As previously imationed^ 

there are nany enviroiusental factors, such as light, tenperature, humidity, 

and ventilation which probably could affect the growth of broilers| hav» 

ever, it ie ooiaaonly thought by poultrymen that toqperatuz^ and humidity 

affect the growth of broilers more than the other factors stated. Fcur 

this reason, Uiose conoemed with this research project were of the 

opinion that taq>erature and humidity conditions should be studied first. 

Investigations and studies of the other factors will more than likely be 

conducted at a later date. 

So far as the author was able to determine, this Dxperixmat is the 

initial atteiq>t at determining the respective teig>erature and humidity con 

ditions of all three type houses - Solar, Windowless, and Conventional - on 

a comparative basis. Ths information derived from this investigation 

should be of ocnasiderable value to those concerned with designing broiler 

houses, and also those concerned with the mani^eoMait of broiler houses. 

This experiment was conducted under climatic conditions of Eastern 

Tennessee. The conditions are scsMwhat parallel and typical of those 

foxmd in r^ions of intensive broiler production in the Southeast (U). 

The magnitude of toaperaturea at various locations in the Southeast would 

vary to some extent, but the dally and seasonal fluctuation would be <pxit# 



similar to those of this experiment (2), 

'Sir 

Proposed Solution of the Problem 

The proposed solution of this problem was; first, to investigate 

literature related to solar, windovless, and conventional type hoasesi 

second, to select a feasible method of approaching the problem] third, to 

construct the respective houses according to recommsnded plans; fourth, 

to seeux>e, construct, or adapt equipment to be used in obtaining and 

recording temperatures and humidities; fifth, to cosqpile and analyse the 

data in order to eoBq;>are the temperature and humiditgr conditions of the 

respective houses. 

Bevieif of Related Studies 

To prop^ly design a poultry house, it is inqportant for one to 

kxiow what tmsperature and humidity is desired for the moat efficient 

production of broiler growth. Mitchell and Baines found that the average 

eriticel tcmp^ature for Rhode Island Red Hens was 62^ Fahrenheit (IX))* 

The critical temperature is the envirtxomental tenperature at and below 

which the heat production of the fasting-resting animal will increase to 

prevent a lowexdng of body teiperatare. Recent uipublished tests by 

Prince and others seem to support this theory (9). A study at the Uni* 

varsity of Connecticut waa performed uaing four cabinets (four feet high 

by four feet vide by eight feet long) of twmaty birde eeeh. Temperatures 

of 55*^, 65®, end 75® Fahrenheit were used in this experiment. There 

waa no significant dlfferemee in weight gain and mortality eaused by the 
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difftsnutl iMqpwmtart*. However, there me « signlfioent differenet in 

feed eiiaeiam)tlea md feed effioimnf* The resulte showed « deereese in 

feed eensmption m the t«Biif>erature wee inereesed. Ifere of the feed 

emeoaed by the bird me needed for heat produeticm in the bird for the 

lower teiqjemtaree. 

Low hnaiditiee wnre reported •• having no edverse effeete on 

broilers but the saae is not true for high hasidities (16), This besoms 

even nore iaporiant when the high hmidities are eoopled with high teBg>er-

atores. At high tewperatnres, ehi^ms have to breathe rapidly to ellai-

nate water} but this panting in torn creates nore energy that nnst be 

dissipated. If the relative Isnddi^ beeoms axtreaely high for a par-

tieiilar tesperatnre, the bird will not be able to dissipate enough heat 

by vaporisation to prevant heat prostration and dseth. 

Yarlous studies have bssn nads in regard to ventilation of poultry 

hoasoa (11). Rromraberger and fiiyant found that there la no signifieant 

differenoo botwean natural or fomod ventllatloa in r^^ard to average 

daily taoporaturos or daily flnotuation in teaperature (13), However, In 

the Connecticut study previously cited, the ventilation effects of three* 

fourths euble feet per nlnate per bird m the fmd oonversion efflciwioy 

by the bird ms significantly greater than Utat of two eublo foot par 

■dLnuto i>or bird (9). 

A report on a poultry house built to xiao the sun as a sourea of 

boat wae published in October 1958 by Valton and Breseler of the Pennsyl 

vania State Agricultural Eiperimat Station (20), In oold waathar, 

particularly in tha Horthoast, peeltry beaam are gaaarally inadoquatoly 

supplied with host. Beat is nssdsd to wdco vp for losses ttaroagh walls. 
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windmrBf doors, ani oolliagB. Best is nsodtad to wax* tha air azehaagod tqr 

▼aotiXatioQ. Boat is aoodad to oraporata axoaaa soiaticra* B{]r ineorpo*' 

rating tha haat gala rrom tha aim and aaing thanmatatleally eontrollad 

fans, tha Paiuuylrania Stata £xparlmiit Station paraonnal vara abla to 

naintain honaa tawpai aturaa abora $0** Fahraidialt iaaida tha Solar Boaaa 

daring tha idntar* To oonbat high taqparatoraa daring tha aanHir mmtha, 

tha hoaaa vaa initially oparatad vlth a larga sliding door at aaoh and 

apanad, vlth naall doara in tlM baek ep«iad, and with rantilation fans 

abora tha vindova foreing air into tha hoaaa. Than, to datarndna tha 

affaot of sonnar tanparataras on an aneloaad hoaaa, tha larga doom at 

aaoh and of tha hoaaa vara kapt cloaad. Bowarar, a larga fan vaa inatallad 

in aaoh and door, and all avail doora vara elooad aoceapt ona to prorida 

an aodamat opaning. Thla gyatan norad abont 10,000 enbio fast par MlBata 

of air into tha honaa in addition to tha air asppllad bgr tha original 

Tantilatiag ayatan. Tmparatom control daring parioda of Imt vaathmr 

vaa no nora affaetira vlth tha building eloaad and all fana oparating 

than vith tha and ttoora opan and only tha original fans oparating. 

Sinca KovMher of 1956, tha Vast flrginia tMraraity Agriealtoral 
Xqparinant Station has baan eondaeting atodlaa eoaparing vindovlaaa and 

aolar hoaidng (3). Baah houM haa tha aana eonstraetlim aae^t tha Solar 

Boaaa vhiah haa **Tha»opaBa" vindova. Soring tha period of Koraaibar SI, 

1956 to Jannary 31* 19$7f tha Solar Hoaaa had a waTrivmn taaparatom of 

86^ Fahranhait and a nlniana taaparatore of 50® Fahranhait. Daring tha 
aaaw period, tha Blndovlaaa Boaaa had a narlnmn taaparatora of 78** Fahran 

hait and a niniaBn of U9® FOhranhait. Thera vaa no aignifioant diffaranaa 

in faad oimrarsion affidanay by tha blrda. 
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Further nporta of rooosreh portalxilnf to •eXar md vindovlott 

WMiOUl BOt bo found* Howwrorf thero hu boon oeroruX oolar bouses 

Snstalled it Italuthf Geox^ls bgr eoanereiAl poultrjr produeers (8)* 

Orgsnlsstien of the Beselnder of the Thesis 

The rsnainder of this thesis includes en explsnstien of tow the 

ojqperinsnt ms plsnned end eondaeted} the loesti^ of 'Uis oaqpoiflwati the 

deseriptiea tai the houses} s dooeriptioB of the oq^Jprnnt used in obtsining 

sad roeofdiag dstsj the perossntation end disenssion of the dsts| sad the 

mamarf sad eonelasiens* 

1 ^ -
J t - »** 

•< .. • > 

•• t r ,V f; V- Jj;■? V - ' • 



CHAPTER n 

METBOl) or A?I%OACH 

Qi^e th« probXtn vm defined^ %,h» next etcp was to d«t«mlnt the 

SHrUiod for obtaining data* As stated prerioaslyy the probloa vas limitod 

to tha amlroiiaMiital oondltiooe of taa^tnratore and tanadditj, sinee these 

tvo factors are eonsldered to he rersr pertinent to the efficient of bird 

growth* Since It is logieal md eoanr«Bi«it to do eo> taaperature and 

honiditjr conditions were ixnrestigated together* 

Before proceeding any farther the following teras and doflnitloos 

are glToa ainee they are used freqaeatly throoghoet this thesis* The 1955 

cditimi of Heating^ Ventilation* and Air Conditicming Onide defines the 

following tcTBS in this momer (5)t 

I^-Bolb TeiBperatttre* The ta^eratare indicated by anaj type 
of ̂ iheracmeta' or ̂ eraoeonple not effected I7 the eater vapor 
content of the eir or by radiation* 

Vet-»Balb Ywyerato^* ¥et->bulb temperature is tha tengterature 
at witiek li(iaid or solid vster* by ermporating into air* can bring 
the air to saturation adiabatically at the sane tenperatore* Wet-
bulb twgierstore (without iiaslifiostion) io tho tonporsturo Indi 
cated h7 « wot-bolb pgjrchronoter eonstruetod and us^ according to 
apoclfleationa• 

Hnaddlty, Water rapor within a given mpaoe* 

Abeolate Hanidity* The weight of water per unit volune* 

Relative frnidity* Batlo of the nole fraction of water vapor 
in €be actual nixiure to the mole fractl<»a of water vspor In 
saturated air at the sane dry-bulb tenperature and baronetric 
pressure* 

Relative hunidity nay also bs thought of as tho ratio of tho actual 

noisturo eontont ct sir to Ito saturation oootMit at the sans dry-bulb 

tuqperaturs. Whan air la heated ito relative hunidi^ dooreaaoa* bocauso 
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tlw Mtarttlon eont«iit at th« iiighar taaaparatura is gr«at«r vhlle tht 

aetual qoaatit^ of aoiatoro rooalns tho mm* For oeniRplo, ono eoblo foot 

of adr at 20** F. and eeataintng ̂ pproxLaatalsr I«08 graina of aolaturo 

voold tsATO a raXatlTO huiddity of nlnoty par eont* If heated to t(fi F* 

it would baro a reXatlTo hnnidity of 12.2 p«r eent« although ita aelraal 

soiattou eoBtcat» or absolute famdditgr, would bo uadhaagod. This would 

greatly laoroaM tiw dxyiag offoota of tho air* 

Stnoo tho taogNHratsroa of oaoh broiler haaao would not be the aaao^ 

tho rolatlTo irnddltgr would not giro a apoeifle ecoqsariaoB of tho houaea. 

Alaoj tho abaolttto fanoiditgr would net give a apooifie ctnparlaon, booauao 

tho aolaturo eoateot of tho air In oaoh houao eould bo affoetod by ovor-

filled watering eupa^ by dLfferant ratea of air infiltrationj^ and possibly 

by other faotora. Allen^ VbUrar and Jonoa state that tho total heat of 

dlfferant nixturea of air and water Taper having^wm wat-bulb toiqjor* 

aturo will be equal. Tho tarn total heat rafora to tho heat in tî o air 

I^Lua the heat of vaporisation of water vapor* Sineo tho vat-bulb teBq>«>-

aturo la a noasuro of total heat» this would give a apoeific enqparison* 

If relative faonidily and/or absolute hanidity is doairod, it voold be a 

aiaple natter to detemine these fToa a piyohreitic ehart when the dry-

bulb and wet-bulb taaperataroa are known. Tharaforot it was doeidod to 

use dry-bulb and vet-bulb readings for obtaining taniontiii a and hanidity 

oondltiona of tho oolar» windevloaa and eonrontional typo houaea. 

Xt was daeidod to eolloet eontinuono data for four nina-voeka 

periods of broiler growth. These periods vwe Fall of 1958, Wintar of 

1958-1959, Spring of 1959, and Sannar of 1959. The vet-bulb and dry-bulb 

tenperaturaa In the eolar, vindowlesa and e(air«)tiimal type honaee eould 
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thm bft dttisndMd aai ooMpared. 

OMorlptloa of Ttst Set Up 

Ofientetion of experijtaiel heo—■» The three broiler 

hoKMee used for this eiperiMBit vere Xoeeted on the Cherdcee Fa» of the 

Agriooltorel £q>erlMiit Statioo in Knoxrille edjeeent to the mIq agri 
cultural eaapaa. The faooeee tiere located along the crest of a hill. The 

houses used vere ezistiug structures idiich were reaedeled for this eatperi-
*«at. A diseussira of the details of rewodellng will be presented later 

in this ehapter. 

The orioatation of the three eadstlng buildings were such that the 

buildings faced Soa^ 3®® Bast. The nost desired orientation for a Solar 

Bottse is when the large glass area faces true South. Howeyer» under the 
particular clreunstances, it was liq>e8sible to orient the Solar Bouse in 

this direction. Nerei^helesSf all three buildings were facing the — 

direction which gave a oousistent and ee^Mtratire orientation. 

To deteanelae the differ«ace in the Sun pattern on the front of the 

existing Solar House and a Solar Bouse facing due Souths two aodel houses 

were erastructed with me house oriented Soeth 38° East and the other true 

South. The nodels wure constructed to scale fro* the existing Solar House. 

Figure 1 shows a picture of one of the noddls used to detemlne the differ 

ence in the Sun pattern. Figure t shews the Sun patterns en the nodels 

for the date of Septehber a, 1959. The lines drewn across the front of 

the house indicate the bottcn of the shade pattern projected bgr the orer-

hang of the roof. Chi the nodel facing South 38® Bsst the Sun*s regrs 
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eontlBttcd to poos through tho ontiro vindeir area uBtU ton o*olodc in tho 

aoTBing. After ten o*elo(^^ the ahado pattcara begm to aoro doim the 

front of tho hnilding. lE^jr throe o'clode in the afternoon, the entire glaee 

area uaa ahaded by the roof projeetimu On the lujdel facing dne South, tho 

San*a raya paaaod tln*oagh the bottoa half of the window aoet of the day. 

The ahado pattern began to aore down at a meh alower rate *->««" it did on 

the aodel feeing South 38® Beat* BelatiTo hourly poaitiona of the ehadu' 

pattnaa of the two orientationa ia Aom by Ficore 2. Theae rolatiTo 

eeag>ariaoaa of the oxdentationa of the Solar Bouae were for the dgy of 

Si^iwber 21st.| theae oo^parlaona would alao apply for the diy of 

Nareh Slat, 

To deteraine the relative eoapariaon of the two orientationa for 

the day of Jvaa* 21at. and the diy of Deoaahar Slat., a Sun angle ealeulator 

(dereloped by lAbby - Owcna - Ford Olaaa Coapaay) waa uaed in conjunetian 

with a aeale drawing of the Solar Houae, For the day of Fune 21at,, the 

window would be eoipletely ahaded for a houae facing duo South. For the 

houae feeing South 38® Seat, the Sun'a raya would paaa through the window 

until FtOO a.B. After 9tOO a.n., the window would be coqiletely ehaded. 

Thia ia 'Uie day In the year that the window would reoelTo the leeat aneunt 

of aolar radiation. Figure 3 ehowa a view of tfaa Solar Bbuaa tafcan at 

lOtOO aot. tha day of June 10, 1959. Hotiea the ahada pattern on the 

ground in front of the house. 

For the day of DaewidMr Flat., tha Sun's rgya would paas through 

the window e£ a heuaa feeing south throughout the day. For a houae faeing 

South 38® East, tha ahada pattern would begin to aore down the fxont of 

the houae at 12sOO p.m. At liiOO p.m., tlat wlndaw would be eom>let^y' 
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Figure 3* Front view of Solar House used to indicate shade 
patteim. 
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Aadad. Bomrar, tha Sun uaaally aata abant Ut30 p.m. ia tha aoatliaftatarB 

ragion af tba ttaltad 9t«taa. 

Tha ̂ iffaranea in a Solar Boaaa facing Soath aod a hoaaa facing 

ioaard tha East ia that tha hooaa oriaotad Soath raeairaa tha —tHwoti solar 

Imt gala at ISiOO noon San tima. Boty tha heaaa facing toaard tha East 

receives tha Baximum solar heat gain earlier la the morning (1). The time 

of day is directly related to tha dagraa rf oriantatl«a toaasrd tha East. 

Tha affects of tha different orientations and ecnstantction of hoosaa on 

tanparatnras will be found in Chapter HI. 

Tha looatlan of the hanSMt relating to one anathar is shown in 

Fignra U. The hoosas wars located basida a farm road« and ̂ ara ware 

sararal trees located near tbM houses as shown in Figoras 5 and 6. Tha 

tfiada patterns of the trees on tha roofs woald not affect tha hansai daring 

tha m»lngf fall, and wlntar periods. Hewarar, the anther was not sura if 

tha sha<to of tha tree wanld affect the teaparatara pattern daring tha 

amamar period. Mxj diffaaranea in tha tamparatora pattama of tha mnraar 

period from tha athar parioda will be noted later in thia thaaia* For an 

ideal aaqaariment, tha traaa ahoold be aliminatad. However, aa atatad 

pravioaaly, the three houaaa ware osiating atmcture; and it waa net do-

alrable to ranovo tha traaa. 

Tha instmment heaaa for the potcBtiommtwa waa loaatad near tiia 

wait comer of tha Hiadcwlaaa Hooaa (Figure 6). Thia waa the eentral 

loaation of tha tfaraa honaaa, moid also the most oonvoaiMit. 

Constraction and E<giipment of the Solar Hooso. The Solar ftmao 

(Figaro 7} is oightoon foot wide and forty foot long. The front of the 

boaso is eight and one-half faot high, and the roof has a one-twelfth pitch. 
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•"■V- .-- ».1, •
•♦V- -•»

Figure Front view of the Solar, Windowless and
Conventional Houses (showing position and
alignment).

Figure 6. Rear view of the Windowless and Conventional
Houses. Also shown is the instrument house.
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Figure 7. Front view of the Solar House (note ventilation fans).
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Th« i&vlde of tho hoaso ia dlvldad nitli pooltrsr wialh partitiona isto four 

pans oaeli dwdgnad to bold ono boodrod brollors* Thla vas dona Igr tiM 

pooltxy dapartiuat for ̂ a raaaarch ralating to tba broilera. 

A partial eroaa-aactioa of tba boasa la abova in Fignra 8. Nota 

tba aztariiMP aorfaca la thraa-foortb iaeh toognad and groorad wood 

abaatbing, and tba intarior anrfaea ia tbraa-aixtaantba inoh eaMnt»aabaataa 

board* Inaolation waa plaead in tba atnd apaelnga batwMa tba intwricnr 

and aztwior aorfaeaa* Tba inanlatSng Mtarial waa eoBaiarcial *Vibarglaa'* 

blabkata* Tba roof blanlcata wara anaaaad with alwrtmaa foil, and tba 

aidawall blankata wara anaaaad with beary brown paper. All blazdcata wara 

iq^proxlnataly tbraa and ene>half inebea thlek* Tha front of tba Solar 

Honaa baa aloven "Thara^pana** windowa idiieh ara tbirtyoslx indiaa wlda by 

fifty-aight Incbaa high. Tba tam "Tbaraopaiia'* appliaa to a typa of window 

■amifaetnrad eoiBaBreiallx. It ia aada by wnuoting two plata glaaa pniM 

ona-balf inch with a *daad air" apaea batwaan than. Tha funeticm 

of tba air qsaoa ia to aet aa an inanlator, radoea boat loaa, and prorida 

a batter aiaana for rataining tba aolar beat gain during tba winter. Tha 

floor of tba Solar Bmiaa waa a eonerata alab four inehaa tbiek. Tbia waa 

eorarad with tbraa to fonr in^aa of litter* Tba litter waa wood bharinga 

axeapt for Ihe winter period whan peat mm wm naad* 

Tba roof projaetion axtandad fifly In^wa beyond tha front of the 

bMM. Tba design of tbia roof projection Md inanlation of tba walla 

waa raowandad by aoginaara of aa iadaatrial firm* Tbia waa dona prior 

to tba tijaa that tba aatbor or bia adriaor wara coneamad with tbia rMoarcb 

project* Tha daaign of tha roof projection waa baaed on the aaaoqpticm 

that tba faonaa faced traa South, and tba worioaon eonatmotad it to tbia 
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(!etl«a« a»irar«r, at a latar date, the oi^entatios of thla boase naa 

qaeetioned and found to be South 38® Eaet. To ke^p eeaeiiBal eo^parieoaa 

eeoeleteBt, the projeetlon eae net altered. The data of thia partieolar 

atadf Is presMsted <n the baala of the fifty Inch roof projeotloa. The 

auther does not t^ply that thle la neeeaBarily the noet desirable pro 

jection for a Solar Bouse vith a South 38® East orientation. 

The house uas heated bf four Oakea-horer-^rpe 600 watt eleetrio 

toooders. The broodara were themei^tieally oontrolled, and the theme-

atat settings were regulated pnriodioally. The first «e^ the thameatata 

were set at 9$^* F., and the themeatat setting was iredueed ̂ F. each 

week until a setting of 70® F. was reaped. The brooders wore then operated 

on this settli^ for the rest of the nine«iroak period. 

The lighting srstan of the house prorided fourtew hours of light 

for the broilera. Thle light eenaleted of both ertifleial end natural 

acoallgfat. The ertificiel light wae obtained by uidng eight hO-watt incan-

deaeeut light bolbe ooatrolled by a tiae clock* The tine clock eettinge 

were aueh that the Ineendeaesnt ligfate osm en at 6t00 a.a. and off at 

9tOO a«Bi. and also eane on at UtOO p.n. and off at 8iOO p.n. 

The Tentilation flysten of the house consisted of two intake fens 

and OM exhaust lonrer. Bach fan had a noadnal eipacity of 700 eubie 

faet-perHainote. The location of the fone in the house niy be eeen in 

Figure 7« One fon vna operated by a tbameatat eat to start the fan whoa 

tha taiq>erature in the houae reeobed 75^ Fahrenheit. This earn themoatat 

oponad and elssad the eodhanat louTer. Whan the tcnpereture was below 75® 

Fahrenheit, a tiae clock in thla faa circuit operated the fen end eahauat 

lourer for two alnutM of every ten ninnte interrel. Thia two alnute 
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iBfcwral of ▼tntilatloii was prtnridod to iwaoro foBM and edora froa tba 

bolldlAg. ybm tha t—paraUora aaa abera 60® rahranhalt, aaethar thanw 

atat atartad tha aaeond fan* Tha noaiaal output of tha faaa waa lUOO 

eabio feat par aliata of air aaraaaat. Tha aaaa Taotilationf lifting, 

haatiagf aad eoaatruetioa dataila apply to tha MLodofirlaaa and Comrantional 

fiaaaaa* Diffarancaa viU ba notad under the raapeotlva hoaaa daaoriptiona* 

Conatmetloa and Equifawat of t)» Wlndoalaea Hpuaa. Tha Vlndovlaaa 

Houaa (Figura 9) ia aightaan faat alda by forty-aix fact long. Tha front 

of tha hoaaa ia bight and ona-half faat high, and tha roof haa a pit^ of 

ona-tvalfth. Tha inaida of tha hoaaa ia like that of tha Solar Souaa. 

Tha lAMlatiea of tha Vindoalaaa Bouaa ia tha aaaa aa tha inaulatien of 

tha Solar Houaa. Alao tha outaida and inaida ahaathing ia to that 

of tha Solar Houaa (Figesra 6). 

Thia houaa had no windewaf tharafora, no aualight eonld entar tha 

baildiBg. Fourtaen houra of artifielal lighting vaa proridad for tha 

broilera. Tha artifioial lighting waa inroridad by aight ItO-watt 

daaoant bulba whi^ wara turnad m at btOO a.n. aad off at StOO p.n. by 

a tina dLook. 

Tha haating qyatwa, lika tha Solar Houaa, waa four 600-watt Oakaa 

hoT«r-typa broodara. Tha broodeera wara therwoatatioally eontroUad lilM 

thoaa in tha Solar Bouaa. 

Tha Ttttilation gyataa waa tha aaaMi aa tha Solar Houaa. That ia, 

it had two 700 oubic faet-parHainata oapaeity fana and an aaihanat lourar. 

Tha fana wara aontrollad with two tharaoatata and a tina oloek with tha 

aoBM taaparatura an! tljw aattinga aa thoaa uaad in tha Solar Houaa. 

Conatraetion and aqaipawMat of the Conrantional Bouaa. Tha Con-
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▼•ntlflaiAl tijrp* tettM (Flgvr« 10) la aiailar to tha boaaaa ooammiSgr 

in «8« tf pooltrTMn throaghoat the Soatbeeat* It la tventgr feat wide 

and fortj feet long. The front height of the honae la eight and we-half 

feetf and the roof plteh la one-twelfth* The Inalde la divided aliallar 

to the other two hoaaea* 

The C(»nrantloaal Hoaae wu not laaoleted with the "flberglta* 

Inaalatloft* The partial eroaa-aeotlcKB of the honae In Figure 6 dhowa 

that the aldewmll oonatmetlen eonalata only of three-feartha laedi wood 

aheethlmg. The front of the iMmae Inelndea eight twenty-alx Inehea bj 

fortgr-olght InOhea eormgated rigid plaatle wlndewa, and Uie back Inelndea 

fear, twanty-alx Inch bjr thirty Inch wlndowa. The floor and litter la 

^Lnllar to that In the other two honaea* 

The honae waa heated alwilar to ^ other honaea. That la^ four 

600-watt Oakea horer-type broodera were uaed to m^ly heat to the bnlldlng* 

The broodera were themoatatleally eentroUed like the othm* two hoaaea* 

Daring the winter period^ aoppl—tental heat waa aappUed to the building 

with a aaall ell heater for one ahos*t p«riod of about five daya* Thla 

waa due to an extranw cold period which oecnrred when the blrda were only 

a few daya old* Howeverf, only flve-gallona of keroaeno were uaed during 

thla period. 

The lighting nyateai waa the aaM aa the Solar Houae. Fourtean 

houra of ligiit were euppUed by a ecwtblaatlon of mmlii^ and Incandeaeent 

lighting* The artlflelal lighting waa eontroUed In the eeee aanner ee 

that of the Solar Bouae* That la« tine oloek eettlnga were aueh that the 

Ineandeeovit Ughte eane on at 6tOO a.m. and off at 9iOO a*m* and alao 

onee en at UtOO p*n. end off at 8tOO p.in* 
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The TeBtllatlfltt of tho CMmotifiOtl aouoo wms I37 natural voutilatioa 

only. XHulBg tha Into apring, mummtg and early fall, the aindoaa In the 

froBt and tlw aaaU vindova In the bacdc vere remored to provide natural 

air noTMUMit through the hooaes* During the winter nonths, annKiia funea 

were aenawhat bothersRWM due to inadaqoate Tentilatlon of the eloaod 

building, 

^b» bfftdlera and the nanagoniPt of the haaaea, Tha broilera tof 

this reaoareh were fumlahed by the UnlTwdty of Tennessee Poultry Do* 

pai'tmnt« tho groaing period during oaeh Maaon for each group of broilera 

id ttd three typee of hoaaea waa nina weaka. The broilers were always 

plaoed in eaeh honae an the enne day, and after nine weeka zuannrad on tha 

mum day. The poultry doportMut staff was nMponaibla for tha faodlng 

of tho broilara and the nanagaaMsot of tha houaaa, Tho birds in aaeh honao 

wore fad tbo aana rations, and tha watw was auppliad with antonatio 

watarlag ei^Mi, Tho nanagaawet of tho broilera iQclnded sueh tiiinge as 

dobeafclng ehlcks, aottlng brooder theraoetats, supplying feed, cleaning 

houses at the end of the nine*we^s period, supplying fraah litter, 

other routine natters. The author of thia thesis waa raqMoaibl# anly for 

tha InatruBsntation inrolTsd in datamiiiing tha tenparature and hunidity 

ecxadltitHia of the reapeetive bousM* 

Mithada of Obtaining Data 

•<»di3Pwant uaad, for obtaining a eontinaoua raeerd of wat-bulb 

and dry-bulb tanparaturaa ana needs a aensing alnaent that would require 

the leaot ealibratian and mttentlra. After careful analyeie of Uteretnre 
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to Ttrltnt iiaqttrotart and tesoiditgr ttntlag altmiiittf It mw dteidad to 

«M thtameeeeploe for too roatoatt Ilrat, tha eallbratioo of thanw* 

eo^laa rtwda fixad indaflidtelyi mwad,tha aat-balb thaxmecmpla 

ra^idraa Xaaa Toatilatlon and oaaa laaa vatar than aqjr othor lyrpa of vat-

b«i3b aanaing alaneDt of aqoal mggadnaaa (lU}« 

Aftar daoidlog to uaa thatooaaqilaay tha aaait atop wui to aaeora a 

raoordlng potaotlonatar to ha oaad ia eoojanotien with tha thanweoi^laa 

for obtainiBc t«q»«ratiira raadiiig8« A Laada aad Marldirap ObE-peinl ra* 

oordiag pottntlwtar (Tigora 11) and a iroim tvalTo-point raoordlng 

potaBtiooat«r (Fignra 12) vara availi^la for naa. ^jr naing thaaa two 

inatramntai it «aa peaaibla to haaa tao dzy-bulb and tvo vat-bnlb ̂ arae* 

ooQplaa inaida aaoh haoaa and too aat^bolb aad ana dxy-bolb thanwoov^la 

otttaida aaoh beoaa. Thaaa too pattotlcoatara vara plaead In tha inatra* 

mot hoaaa aad laad viraa nm fren thare to ̂ a raapaetiva looationa of 

the tharaeeaaplaa. 

Tha &roim raoordar «aa naad to record tha inaida and oataida 

taaparataroa of tha Solar and Gonrontional Bonaaa. Tha thanoooouplaa 

for tMa inatronant ware aada of aiaa twanty-four ooppar vira and aisa 

tvanty>four oonatantan vira. Both viraa vara inaulatad vith a thamo-

plaatia oovar. Tha laad viraa fron tha thanioaeaplea vara aiaa aintaan 

ooppar vira aad aiaa aiactato eanatantan vira inaulatad vith thazooplaatie. 

Tha laad viraa vara aiu^andad fron oBonting polaa vhiah vara plaaad at 

aaXaatad loaatlana. Figure 13 lAova tha teninal board for tha Brom 

raoordar. 

Tha laada and Northrup raoordar van naad to raocnrd tha Inaida and 

oataida ta^paratorea of l^a VLadovlaaa Booaa. Tha tharaoeooplaa for thia 
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Figure 11. Front view of the Leeds and Northrup 
recording potentiometer. 

m 

j 

Figure 12. Front view of the Brown recording 
potentiometer. 
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Figure 13» Inside view of the Brown recording potentiometer.
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aaetdiM if«r« ntde of muml eoverod also elxtoen iron and oenatantan wlraa* 

The lead wires were aade of the sane type wire as the themoeouplcs. Since 

tbe lead wire* were not weatherproof« they were nounted on the tmll and 

ceiling mrfaeea oi the Wlndowleaa Boase, and extended throngh a eondnit 

into the instjrunent house which was located nearby (Figure 6), The 

terminal board of the Leeds and Northrup is similar to that of the Brown 

To obtain a correet vet-bulb tewperatwrey it is neoessary to have 

air aoving aerose the wet-bulb theraoeosqple* As the noistnre fnm the 

wet-balh evaporates^ the air sarroundlng the a^msing aleoent becones nore 

hnndd^ causing the rate of evaporation to decrease snd the indicated wet-

bulb teaperature -to riee (6). 

XoraaUy during the evaporation preee8a» ̂ e tfnq;>eratnre decreaaes. 

However, when the air la a small spaee is not rewnrsd, its humidity rises 

as evaporation o^jtianee* This iaereaaa in huaidity eanaea an ineraase 

in the wet-bulb tenperature. Therefore, in order to measure ttw correct 

wet-bulb teaperature, a eontiaaous W9veB»at of air must pass around the 

wet-bulb thexnoeouple* BaperimentAl tests prove that 1000 feet per aimrte 

air velooity la eofficient for accurate wet-bnib tsaperature readings (6). 

An electric tm with a rated capacity of eighty cubic feet per adnate 

throngh a two ineh diaaater epenix^ was need. Uhen the intake cpening 

was reduced to one and one-half inehos the air welodty through the intake 

was 5000 feet per minute which is adequate for correct wet-bulb readings. 

The air velocity of the intadce was measured by a Basting Alr4ieter. 

The fan unit used to mount the thsemoeoeple# may be seen in Flgmre 

Ih. The basio itsmi for tide usit wae a Bedmood squiz'rcl eage type fan. 
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Figure lii. The fan unit used to obtain the air velocity 
across the thermocouples (note how the plastic 
pipe is fastened to the fan housing). 
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To obUia a parepor mir Tolocity « obo aad ono-half Inch Intako had to bo 

daatallod* An toch sootixm of ooo and ono->half inch plaatle 

pipo oao chosen fop 1«his intako* Tha piooo of plastic pipo was fitted to 

a fiTO inch diaaotor brass plats which was fastsnod to tho fan. Botwosn 

tho fra and tha brass plats was plaood a oaaa-fourth inch thick oork gasket 

to lislt ooadoctlon of hast fSon the tm motor, Tho pipe elbow was need 

to proreot direct radiatioa of the fan notor frwa striking the tharwo* 

ooqplM. Tho tiMsnoeonplee were neanted so that thay woold project into 

tha intake airstraaw. The dxy-bclb thenaocovqpla (Figaro lU and 15) was 

placed at the and of the intake pipe wed tho wotobalb thomocoapla was 

insorted tfammgh a lutle ono inch froa the end oi the intake pipe. Tho 

wick coqplotoiy oovwred the end of tha wot«hnlb thenracocqale e?«d extended 

directly below the epcBiBg in tha intaka to a plastic cup which sorsed as 

a water rasanroir. Tho wicks wore replaead w^Mnoror thay bocaao coworod 

with test. 

Dae to dasty ocnditicas Inside the hoaso, tho air passing orer tho 

thernsccfuplos had to bo filtered. To acccqplii^ this« the aathor coo-

straetod a foartoan Inch by twenly-cBo in^ by ten and roe-half inch 

plywood box and placed tha fan wnit insido tho box. Tho fan was bolted 

to tha addo of ̂ a box with tha intake oproing located insido tha box and 

the exhnist opening extending to tha outside (Figures Hi and 15). This 

was dona in order to {nrerrot tho heat of tha notor from affecting tho 

theraoeouplas. Tho filtering aysten was obtained by placing "Piborglas" 

filters in em end and one aide of tha box instead of plywood panels. 

Those filters nsy bo mob in Figures lli end 15. A thin worro cotton 

cloth with Mwenty-two nashos was placed ro ^o outside of tho "Fiberglas* 
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Figure 15. A view of the fan unit showing how the themocouples 
were mounted (note wet-bulb wick and container for 
water). 



filters (Ficort 16). This igrstM vss quits effsctivs in filtering the 

duet froM the iatdce air. Ce^Mtrisea of teqperetiires as obtained slaail-

taaeeuejy tgr thenoeeeqple jreadingB and pqfi^HreMfter readings eere nade 

at randen. This ems dene to detemine if the dust eolleoted m the eat-> 

side of the cloth or other factors vere affecting the themocouple readings. 

The eeqMrisoa of thmnBoeoupln and pegrcfaroneter readings is giren in 

Table Z. The differences betueea tiw readings vere ainor end vere prebebly 

due to the inabili^ to read the thsameneter preeiMly. 

The two filter beans eontaining the fan units vere placed in the 

houses tea feet fron each end. The beans vere fastened to the studding 

of the dividing partitions of the pens» approadmately tharee feet above 

the floor level (Figure 16). They vere placed at this height asinly to 

prevent the birds frtn danaging the filters. ioiNVor^ this location also 

gave a good representative teeperature of the houses. The author occasion-

ally cheeked tewperaturee near the floor, three feet above the floor, and 

near the ai'oef to see if a teqperatuan gradient existed. There vas never 

any detectable difference In either vet-bulb or diy-bulb tnqnrature at 

the three levels. The fan units and filter boxee vere fastened to the 

outside of the houses as ebovn in Figurae 17 and 18. The boxes vere mds 

as ehovn to prevent water from entwing. Note in Figure IS the epeniBg 

in Idte bottom of the shelter allowing the air to be drasn up aiod through 

the •Viberglae'* filters. Vhen in epeiratlan, the lid of tho filter box 

is closed leaving only the "Fibexglaa* filter es en air intake. The 

previensly deeoribed xethod of filtering the air of duet was veiy effective 

for thia cocpoxlaent. 

Paring the winter, the outside vet-bulb reeervoirs end vicks vere 
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Figxire 16. A view of the fan unit filter box mounted 
inside the house (note the cloth used for 
filtering purposes). 
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Figure 17. View of outside installation of filter 
box with cover closed. 
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Figure 18. View of outside installation of filter 
box with cover open. 
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frotea frwjaently. To ehMk tho wt-lmlb rMdinga^ a Trie* l^gro-

ThMTHograf^ (Figaro 19) woo installed la tho filter hex oatoido tho VindoV'* 

less Hoaso» This hgngro^thomograph was ealihratod for Iw teiq>orataros. 

Tho wet-bulh to^sMnratoro was then dotentinod fegr aso of a paychrenetric 

ehart* This osthod ̂ doterolnlng tho ifot«balb teqperatoro vas relatlTtiiy 

aecurato(19)• Thoro was oo difforoneo in wot bulb towporaturos dotandnod 

by tho thoraooouploa or tho )vgro«>therM^pri|di and pajrohmotio diarts. 

Method of recording and data obtained, Tho tOB|>oratiiro roadings 

wore roeovdod Igr the potontienetor on strips of chart paper doaignod for 

tho particular nai^lBo* Saim>loa of tho chart paper uaod way bo fooxui in 

appaudix At Tho thttmoeouplea were identified by tho said>era printed on 

tho ehart. laoh naiber referred to a thanaocouplo at the rospoeUTO 

loeatlona. 

The length of tho charts for the two potentloneters totaled erer 

6^000 feet for tho four periods* Thoroforon of mslysie 

the anthor extraeted from tho shorts tho dsU that vat noeossaxy* This 

data was tabulated on forma designed fca» this oxporimcnt* SosplM of 

these fozme are ̂ xwn in app«3dlz B. Sxplanations will be giren In the 

next ehapter ae to wly the data was tabulated in this nannor. 
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Figure 19. View of Friea ̂ jrgro-Thennograph. 



CIUPTBR ni 

FRESESTATKai AND DISCUSSION OF DATA 

Th« maxiaam and niixLaEtm tca{>«rature8 of tha hoasea wara raoordad 

on ferna sinilar to thoaa foond la appandix B. Tha taaparatnra raadlnga 

vara than plotted en gx^ha to giva a Tiaaal aenparlaen of tha taaqpaov 

ataraa iaalda and ontaida tha hoaaaa* Thasa grapha of waytjMw and ntnlaMw 

tonparatarea would not only ahow tha ooi^rlaon anong tha honaaa} hiit» 

alae the eaaaanal fluetoatiaa of taaqparaturaa during tha nina-waak period* 

Qaaarally cpaakingy tha outaida and iaalda aaxinma dry-bulb taaqperatura 

oooura at 6tC0 p«n.« and tha niniann tanparatura oeeurrad at 6tCX) a.a. 

during tha day. Alao^ tha vat-bulb waTiwai and taq;>araturea gener 

ally oeeurrad at tha aam raapaetiva tine as tha nairtamai and nlBlani dry-

bulb taeperatnrea. Of OGnrsa« there are a fee eaDeaptlena to thia atateeant* 

The author found no dlfferanoa in tha tanparatura pattern of tha Solar 

Bouao and tho tanqieratara pattern outaida axoapt that tha Solar Houaa 

aininut teBparature did net dn^p as low aa ̂ 3» outaida alninua taaperatura. 

Hovarery due to tha diffarant oonatruetion of tha honaes, thora vas a tina 

lag ot tha tanparatura peak in the Vindovlaaa Bouaa. This ia becausa of 

tha lower rate of solar haat tranniaaion through tha inaalatad wall of 

tho Vindowlosa Bouao (?}. Thia tins lag nay be olaarly aaan tm tha waaUy 

graph* of aaeh uapasriuMnt. Bawarer as stated previouslyt tha marlwia and 

minliHuw tanpara1»ire8 will be plotted at the eaaa tina for all tbrao houaoa* 

To clearly show the daily fluetuatlona of diy-bnlb and wet-bulb 

teaqperatures, a one waok period of tesperaturea were plotted by the hour. 

The week choswx for these toBperature readings was tha fifth week of broiler 
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groHth, Thtt rmam for djoosi&g thl« wHk vm baeitaMi it wui tht alddl« 

WMdc of the nlao-VBek poriod and perhaps vould give the neat reiNreswatattva 

soaple* Daring the week period^^ a bright aoaaQr dagr and a relatively 

eloudf dsy i^^peared at least once« These gri^hs then gave eooe indieatien 

of what kind of teaperatare one eeold escpeot to find in siadlar honees on 

a eloadf d«y or a snm^ dqr* CNmerally (qpealdngy the teeperataree on a 

eloody day did not fluctuate in oagnitade as nuch as the teaqperattures on 

a sunny digr* 

The diseussion of the data is presented according to the periods 

of broiler growth* TIm discussitms and graphs of «at->balb and dry*bxab 

tenperatares of each expertseot will be found later in this chiqiter. Both 

the discussions and oonpariewis of the four experlBents are given* 

Since these esperlneets vnre very ouch alike, the discussions, graphs, 

and eenparisons of each eapsrlasnt will be sensuhat repetitious. 

Experinent X•Fall 19$d 

This period of broiler growth was for the dates of Septesher 

19$8 to Novenber U, 1958. Daily reeords of dzy»b«Ib and wet-biilb tenper* 

atures were k^for this period. 

The wsTiwaw and alninun tenqperatures of each house was plotted along 

with the outside naadsnm and sdniBun dary-bulb and wet->balb tesperatures. 

The wawlwnii or ninisMw teqpezature for a particular day ean be detersdned 

froB the gr^hs v«ry easily. Bowsver, iutemediate tei^eratures during the 

day emnot be dstmndned. If all the teaperatare curves ware plotted on 

sne graph, it weald bo rather easfusing and difficult to intionpret. Thara-



Its 

forty the deta of eeoh hoese vae plaeed oa separate grcphe. The oataide 

HaxliBttei aad alalaaw diy-^bulb and vet^bulb 'tfliQ)erataree vere the ssm for 

all three houses] thereforey each graph has a OMOHaa ooe^tarlsisti aaselj 

^e oatslde t«q>erattiree* Thlsy in turay gives a oon^arison aooag the 

houses* 

Corrrentlenal House* Figure SO i^ows the Tiyrdirimi totd wtniwmn ($X7» 

bulb and wet-bulb towperatures of the inside and outside the Ceenr^icuutl 

Bouse* Mote tiiat the difference betseen the aaxlimm and curves 

is the dailj fluctuation of tenperatures. The fluctuation of the cuzves 

gives the eeasonal change of the tenperatures* As would bs espected the 

inside toperatures of the C<axv«ational Bouse followed the sane general 

pattern as the outside tenperature* HosevcTy the inside teapemtures were 

genwelly 6® to 10® higher than the outadde teiperaturee* 

The wet-bulb n>a.Tl.iinii> and mirriTmna eurvee were closer together than 

the diy-bulb curvea* As the dry-bulb tsiperatures increase the relative 

hanidity deereeeee] thereforoy the wet-bulb tesperaturea do iu>t increase 

•inultsneously with the dry-bulb tenperatures. The hunidity of ths inside 

of the house tends to follow the sane goieral pattern as the outside. Alsoy 

as^difference between the weartaMni and ninlmin wet-lulb t«p«rature 

decreaseSy the total heat oontent of the house tends to beeene constaaet* 

Throeghflfttt ti» rest of this theele the tern total heat refers to the hest 

in the sir pins the heat of vaporisation of water npor (1). 

Solar House. Figure 21 shOMv the naadnuB and ainlwnw dry-bulb and 

wet-bulb teperatures of the inside and outside the Solar Bouse. The 

inside nsxinon eurve follows ths sans general pattern as the outsidej but 

it is 6® to 10® F* greatsr in nagnitude th«i ths outside nswiaun eurve. 
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Tint laiid* ■Inlaw eorre tends to "flatten oat" ahoidng a more oonotast 

nlalwttn toaperatiire. The daily flaotaatlen of te^>irataree v«r« aoMMluit 

lees than that of the Com-entlonal Hoaaa. The reaocHOi for this Is tho heat 

gala daring the dsjr and the small oaoont of heat loss daring the nlidx^ 

throogh the "Theraopane" wlndoirs. Aim In the Solar Hoase, the total heat 

contwot tends to be more constant than In the Cenrentlmal Anise. The 

hanldlty of the Solar Hoase Is less than that of the CoxnrentlMial Boose. 

Windoirless Boase. Figure 22 shoirs the marlmmii and nlnlsMm dxy-bolb 

and wetobalb tenperatores Inside and outside the Bladowless Bouse. The 

twiperstares iiudde the Vlndowless Boose did not foUov the general pattern 
of the ootslde condltlims bat formed a pattern of Its oun. The m-a-iif 

and mlnlwnw tesperatureSf of coarse^ oecnrred at (i^roxlmately} the sow 

time as the other heuses. Bouerer, the dlffermee botseen the mmI 

minisBBP twgierataree was much less than that of the other hoosesj and the 

daily flnctaatlon of twqpwratnres was the least. The temperatures In the 

madooless Boase were more constant througbout the nlne-mWc period. AlsOf 

the total heat eratent of tlw hoase rarled less than the heat emitent of 

the other two houses. The humidity Inside the Ifindovleee Boose wss 

relstlrely eonstent. 

Comparison of Solar. Blndowloea. and Ccaarontlonal Boasaa. Figaro 23 

clearly idiovs tha dally flactoatloBa of dry-bulb and wot-bolb temperstoros 

iaaldo all thro# hoosae and eutsldo tho hoases. Notleo tho Cmrmtltsaal 

Benao tamparaturo pattom tande to follow tho outsldo tamparataro pattwn. 

Tho Solar Boas# tamperaturos follow tho outsldo pattern aemenhat, hut thsjr 

do not reach as low a mtnlmaa tasparaturo aa tha outrldo. Tho Vlndosloaa 

Hooso taaqMHraturaa are laractlcally oonstant throaghout tha day. Note the 
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difjr9r«ne« la th« pattern of the second and third days fron that of the 

fifty and sixth days. The second and third days v«re reXatlrely clondy 

daysi bat the fifty and sixth days vere larLght amny days (18). The 

teoqperatares on the olottdy days did not floetoate as ameh as the tssqper* 

atoTM the mimy daySi. 

The dry^balb tenperatures of the Inside and outside the three hoases 

daring the Fall period are shoen in Table IZ. The aean teaiperatares of 

the three hoases are approxlaately eqaal. Bat the difference between the 

naxlwe and wrtnlie teqpwratores of the Windovless Bonse was ecsuddcrably 

less than that of tha other tee hoases. 

The haaddity pattern «f the Oewrentional House ess like that of the 

oatsidei bat the hoadLdity inside the Solar House vas generally leaa than 

tha eutaide. Tha Windowlaas House haaddity tended to be the anst constant 

throughout thia pariod as indicated by Figure 23* 

Daring thia xdne-eeek period^ there ems no significant difforenee 

in the aewage bird gain in the Conraatienal or Wlndowless Reuse (15)* 

WsMtrrmr, the Solar Bouae bird gain ma idgnifieantly leas thsa the bird 

gain of tha ether two houses* This signifieanes is based m the 9$ per 

osnt leral unless indieated otfaarwiae. 

Hxperiaant 11 - WLntar 19^8-59 

Thia period of broiler growth mw for the dates of Deomber 3> 1958 

to February 3» 1958. Daily records of vet-bulb end dry-balb tenperatures 

kiqpt sladlar to that of tha fall pariod 1958. 

Conventional Beeae. Figure 2h ehove the naxiaun and nininaMS dry-
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TABLE n 

DRT-BDIB TEMPIRATITRES BDRXliQ EXFERBfEHT Z 

Mmh 

Oattidt 

B9 

70 

Tanperfttiu^ Beadlngs^ 

Gaanrmtloaal WLndowless 
Eotts« Houm 

92 85 

ltd 73 

75 75 

Solar 
Boom 

93 

66 

78 

^h» taaqperatur* raadlngs «r« in dagreas Fahrmheit. 
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balb if«t«bttlb iwp«ratur«« of tim Inaido and oatsida eGnditloas of thi 

Conrantional Houso* Tba Inside tseperatores of the Conrentlonal House 

fluctuate nice that of the outsidei however, the teniperaturee arc of a 

higher iMgxdtude* Obserre the rapid changes in the daily naxlnna and 

winlnBM temperatures* During this period of groirth the outside temper* 

ature dropp<Nl 35*^ F. in an eight hour interval en the seventeenth day* 

The huniditgr eoadlM-ons inside the hsnse vere very nuch like those outsidet 

Solar Hduee* Figure 25 shows the wsxImuih snd niniimui dry-bolh end 

wetobulb teaqperaturee of the ineide snd outsids conditions of the Solar 

Houso* During this period of broiler growth, the inside tsnpsraturss ot 

the Solar Bottso tondod to bo aore Muuitaat than tho CoBr«aitional Sous# 

iron dsy to dtgr* However, tho daily fluctuations were still sonsndiat 

notioeablo. Tho insido teqperaturos of the Solar Beuae were affected by 

the outeide temperatures, but not nearly as each as the Comrentlonal Souse* 

The faniddity inside the Solar Houao tendod to bo aoro constant and of a 

saallnr aagnltude than tho huaidlty insido the Convontlonal Houso* 

WindowXees Houso* Figure 26 shows the asariaaa and ainliaut dry-bulb 

end wet-bulb tcs^erature of the inside and outeide eonditions of the liladow-

leee Eouae* is esn be seen, the tesqpereturee of tho Hlndowlose House wexw 

relatively oonetant througbsut this period. There was lees flnotuatlon in 

bo^ seasonal and daily tsaperatures in the Mndowless House then inside 

the Solar Bouse and Conventional House. The inside temperatures of the 

l^lndowless House tended to be the least affected by the outside tesg>eraturee* 

The huaidlty e£ the heuee wae relatlTsly eonetent* 

CoapariaOB of Solar, Windowlcse and Conventional Houeee. Figure 27 

ehows the daily fluetuatimi of tha dry-bulb and wet-bulb tsaqperatarea ineide 
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and otxt^da tha iMusaa. The Coxsraitional Boase and Solar House 

atures tend to fcllov 'Uic outslda pattern of the teaperaturaSf but 

are of a higher magnitude« The tea^eratures of the Vlndovleas Bouse are 

practiciOly oonatanti that is, th^ do not fluctuate like the outside 

tenqperaturea. Hotlce hear the tmpttraturea are dlffermt <m the fifth and 

sixth days. Thcae two days are an eacei^tion to the general stataaMuit that 

the TOTTi.wniii tcs^rature occurred about 6sOC p.m* and the Bdnlmum 

ature about 6tOO a.m. This occurred during the extrcait cold ware in this 

The firat day during this weekly period had no eonahinai whereas, 

the aenrnth day had 100 per cent of the possible sunshine (18). Notice 

that the first dcy tecqperatures are more constant than the sixth digr 

tei^erattzres. 

The inside and cutaide dry»bulb tesaperattires of the houses during 

ths winter period are shown in Table HI. Daring this period, the mean 

taaqperatures of the Wlndot/less House and tha Solar Bouee were approxtmately 

equal. But the mean tamperature of the Conrentional Bouse was anoh loss 

than that of the othar two houses. 

The humidity eeiklltions of the Comrmtleaal !ionse were very similar 

to the outside eondltloxmi| but the humidity of the Solar House was con 

siderably leas than the Conrentional House. The humidity of the Vindow-

Irnss ̂ se for this period ma relatirely constant. 

During this nino-wedc period, thffiro was no significant difference 

between the bird gain of the WLndovloss House and the Cimrmtional House 

(15). Howerer, as In E)^erlm«it X, the Solar House bixd gain waa signifi 

cantly less than the bird gain of the other two houses. 
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TiBLB ni 

Ktr-BOIB TEMPERATURES BORIHQ EXPERIMENT 11 

Uttisias 

TaQ)erat{ire Raadlnga* 

Conrsntiwaal Vijadowlesa Solar 

Km 

71 80 8? 

s zr St 

36 St It 

II " M ll i .i i ' 

^h« Umpwmtan readings ars i» dagrata ratnranhalt. 

68 

St 

TO 



$7 

Exp^riwmt III •> ^ring 19^9 

This psrlod of hroiXsr grovth was for tho dstos of Karch 10, 1959 

to Xagr 12, 19$9* Dolly records of t«sp«rotiires varo kopt stadlor to ths 

othsr two cqporiaMnts. 

Convwtttlonol Hoass. Figuro 28 ̂ ovs tho noxtMus and dry-

hiilb and wot*balb tanpsratoros of tho iasido and ontsids eonditlons of tho 

Connentioiial louso. Tho Insldo to^seratoros of tho CooriatleBal Bsoso 

foUovod a pattom siailar to ootsido toaqporataros. Tho dally md ooasenal 

flaetaatioas of tho tooporataros voro tho saioo aigaltado iasido as thoy 

woro oatsldo the hoaso* The iasido Issiiiin iitaros voro <m the arerago 6o 

to 10^ F* higher thaa that outside* As la tho prorious dperiaeats, ♦•ho 

hnaidity ooaditions iasido tho Coariuitioaal Souso voro siailar to tho 

outside eoaditioas* 

Solar Brass. Figaro 29 shorn tho Modana and Bial*m dry-bulb and 

vot-hulh tesporataros of tho iasido and oat^LdO eenditlcos of tho Solar 

Boaso. Tho aav1,Baa teaperatnros of tho iasido followed the saao patten 

as the outside eoaditioas, bat at a higher aagnitudo* Bovorer the 

temperatures of tho iasido did not flnetaate like that of the outside. 

Tho daily flaetuation of the Solar House during this period was loss thaa 

the flnetuation of tho Gcnrrentioaal Heaso. This apparently was due to tho 

InsulatiMi and "Theraopuio" vladow effeeto* The hoaldi^ of the Solar 

looso tended to bo wore eonstast bat sonewhat loss thaa tho huaidity of 

tho Ceirrentioaal House* 

lOadowloss House* Figaro 30 shovs tho nariwui and iBlniiwaB dry-bulb 

sad vot-balb tenperatureo of the inside and outside oenditioas of tho 
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l£Ud«vl»fa Sanaa* fh» tanparataraa in tha Kindcwlaaa Sanaa vara praotieaUy 

aaaataat for this period of broilnr growth* Both tha dally and aaaaonal 

flttctnatlona of teapwatnTos in tha lOndowlass Sonaa vara oonaidarably 

laaa than thoaa in tha other two honaea. Tha ontaida tam>aratttra aaanad 

to ba-ra laaa affaet «n tha inaida tfaparatnraa of tha WndoelMS Sanaa 

than tha Solar Bonaa and Cennrantltmal Bonaa* Tha tionidity naa ralatlToly 

aonataat for thla niaa-waak period. 

Ctnaparlaon of Solar* Vindoeleaa and Conyantional honaaa* Fignra 31 

ahova tha daily flnetnationa of dry-bnlb and irat*bnlb tamparatnraa inaida 

and ontaida the honaaa plotted on an honrly basla* Tha taaparatnra of tha 

Conventional &«i8a follow tha sana pattern aa tha ontaida tMq>aratnra« 

Alaoy tha Solar Bonaa tea|)«r«tttrea follow tha ontaida pattern to aoaa 

artentj but the tenparatnraa do not range aa low in Magnitude aa those of 

tha Convantiflaal Sanaa. Notice that tha mndowlaaa Itonaa tcaperatnraa 

flnetnata aam bnt eonaiderably laaa than tha other two htmaaa. 

Tha first three days during this wa(dc*a period ware relatively annny, 

bnt tha last fonr days ware aoatly elondjr (18). Tha diffaraaea in tha 

tMMparatnra pattwn dem to this is easily aaan m tha graph* 

The dxy-bnlb taaparatnraa of tha inaite and ontaida of tha three 

honaaa during tha airing period are ahowi in Table XT. Tha aaan tanpara-

tnra of tha Blndowlaaa Bonaa was greater than tha Conventiosial Bonaa and 

laaa than tha Solar Bonaa* Alao« tha differanea batwaan tha anrliwai and 

wInlnniM taa|>«wturea of tha Blndowlasa Bonaa was Ims than tha other two 

honaaa* 

Aa in tha praviona aaqpariaoBta^ tha hoaldity of tha Coovaational 

Bonaa was siailar to tha outside hnnidity* Tha fanaldi^ of tlw Solar 
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TABI£ 17 

sBT-sriBfmfsmmmi nmiNQ ecperiisiit hi 

Oataid* 

T«i9>eratare BMdlngt* 

CoBrantlfaul ¥lx>dovle«s 
BottM HoaM 

Solar 
House 

Ifliiiann 

Xstti 

95 

27 

60 

96 

38 

66 

88 

6b 

75 

99 

61 

80 

Tbs tsepsrstare resdiags ars ia degress Fshr«ahelt. 
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Eoasc in nost euet v&i leas than tte Conrentlonal Hons* hanidltj. Vmmmrg 

the faoaldity inside the Vindowleea Bense erne nearly eonataat throoghest 

this nine<«e^ period* 

Daring this nine-wsdc period, there was no signifieant difference 

hetMeoB the bird gain of the Solar Banse and the Vindowless Hbase (15). 

Eowerer, the Conventional Hoase bird gain was significantly greater than 

the bird gain of the other two hoases. 

Tf•Sonner 1558-59 

This period of broiler growth was for the dates of Ibgr 195 to 

July 26, 1959. Daily records were kofit for this period like those of the 

otiur three oiperlmNits. 

Conrentlonal Hoase. Figure 32 shows the asortwiw and dry-

bulh and wet-bulb temperature for tho Inaide and outside eonditicoxs of the 

Cwsrentional Houae. This eaqperiasnt was eondneted daring the saamer when 

the bouae had all the windows ranored. As one would expect, and the grmdi 

dhows, the tesperaturee inside the Crarentional Bboee were 2® to b® F., abore 

the tamparature outaida the hoase. The tampwratnre petteme inside and 

outside the house were idsntieal. The hniddlty SsmiM the house was rery 

meh liks the hoaidity outside the house. 

Solar House. Figure 33 shows the wsxlwoa snd winiwww dry-bulb axid 

wet-bulb tanperatares for the inside snd outside conditions of the Solar 

Bouse. The waTlnww t«sg>«ratares inside the henae were 2^ to li** F. abore 

the outside of tho hoaso, but tho tsa^perataro patterns wexw idontieal* 

Howerer, as dhewn in prerious grmpha of tha Solar Bouae* the wlalisni inidde 



1
0
0
 

9
0
 

8
0
 

7
0
 

6
0
 

-
O
U
T
S
I
D
E
 

5
0
 

-
C
O
N
V
E
N
T
I
O
N
A
L
 
H
O
U
S
E
 

4
0
 

3
0
 

2
0
 

1
0
 

0
 

5
6
 

6
0
 

6
4

4
0

4
4
 

4
8
 

5
2

2
4
 

2
8

3
2
 

3
6
 

T
I
M
E
 

I
N
 
D
A
Y
S
 

(
r
 
9
0
 

^
8
0
-

S
 7
0-

a;
 6
0 

£
 
50
 

4
0
-

3
0
 

^
20
 

q
:
 

5
6
 

6
0

2
0

2
4

2
8
 

3
2

3
6

4
0

4
4

4
8

5
2
 

T
I
M
E
 
I
N
 
D
A
Y
S
 

Fi
gu
re
 3
2.

 
Ma
xi
ui
un
i 
an

d 
mi
ni
im
ii
a 
dr
y-
bu
lb
 a
nd
 w
et

-b
ul

b 
te
si
pe
ra
tu
re
s 
fo
r 
th
e 
in

si
de

 a
nd

 
ou

ts
id

e 
c
o
n
d
i
t
i
o
n
 o
f
 t
h
e
 C
o
n
v
e
n
t
i
o
n
a
l
 H
o
u
s
e
 d
ar
in
g 
t
h
e
 n
in
e-
we
ek
 p
e
r
i
o
d
 o
f
 

5-
26

-5
9 
t
o
 7
-2

6-
59

. 

v
n
 



 

 
� 

u
_
 

o
 

UJ
"
0
0
 

5
9
0
- -

tt
: 
7
0
 -

MPI AT
-

OD
 o O
 

O
U
T
S
I
D
E

5
0
- -

4
0
 

S
O
L
A
R
 
H
O
U
S
E
 

_

5
 3
0 

Z
)
 

m
 
2
0
 - -

H
 
1
0

I
-
U
 

_
L

i
 
0
 0
 

2
0
 

2
4
 

2
8
 

3
2
 

3
6

4
0
 

4
8

5
2
 

6
0
 

T
I
M
E
 

I
N
 
D
A
Y
S
 

1
0
0
 

9
0
 

8
0
 

A
-

7
0
 

6
0
 

5
0
 

4
0
 

3
0
 

2
0
 

1
0
 

0
 

J
'
 

'
 
'
 

_
u
 

12
 

16
 

2
0
 

2
4
 

2
8
 

3
2
 

3
6
 

4
0

4
4

4
6

5
2
 

5
6

6
0

6
4
 

T
I
M
E
 
IN
 
D
A
Y
S
 

F
i
g
u
r
e
 3
3*

 
Ms

ud
nu

m 
an
d 
ml
ni
mu
n 
dr
y-
bu
lb
 a
nd

 w
et
-b
ul
b 
te
mp
er
at
ur
es
 f
o
r
 t
h
e
 i
ns

id
e 
an

d 
ou
ts
id
e 
co

nd
it

io
n 
of

 t
he

 S
ol

ar
 H
ou

se
 d
ur
in
g 
th
e 
ni
ne
-w
ee

k 
pe
ri
od
 o
f 
5-
26
-5
9 

t
o
 7
-
2
6
-
5
9
.
 

8^
 



67 

t«q|>«niiir* t«ad«d to be Mgher than the mlnlnini emtslde t«i^p«ratare. 

Thia mans ̂ lat there la laaa dailj^ flnetaatlra Inalde the Solar Sonae 

than inalde the Cenrentional Soaae« Xidke«iae« the hunldity did not 

flttotnate aa aueh aa the CcmTentional Booae* 

Wlndowlese Hoaae. Figure ahowa the naadnon and dry" 

bolb «ad aet-bolb tea^raturea of the Windoiileaa Honae* Aa the previotta 

e3|>erliBent8 hare ahonn^ the tenperaturee inid.de the Uln^toirleaa Bonae ham 

aboim leaa flaetuaticm than the Solar and O^nrentiMial honaea* The 

tenperatorea Inaide ̂ e hoaae for thia ndne^veelc period were praotioally 

eonatant. Brm thoogh the oataide teaqijeratorea ranged rather high daring 

the day mad eemparmtivtHy low at night, the inaide teaqseratarea ahoifed 

little Tariation throughoot thia eaperlaeat. 

CoMparieon of Solar^ Wlndowleaa and Conyentlonal houaea. Figaro 35 

idiewa the daily fluetnation of dry-balb and wet»balb teaperatarea of ■ti 

honaea for a one-week period. Hotiee that the CStmrentienal Boaae and Solar 

&aae taaiieratarea fellow the aaae genwal pattern aa the oataide tenper 

atorea. Alt the kindowleaa Hoaae teeq>eratarea atay relatiwely eonatant. 

Hotiee the difference in the teaqperatore pattema of the firat, 

foox^, fifth, eixth, and aeventh dqra from the aeoond and ^ird doya. 

The aeoond and third daya reoeiyed practically no ann whareaa the other 

dgya reoeiyed nearly all aonahine poaaible throoghoat the day (18}. 

The dzy-balb tenperatorea daring the aoaaaer pezrlod of the inaida 

and otttalda of the three hoaaea ara ahown in Table T. Daring thia period, 

the BMn tenperatoroe of tho Solar Hbnaa and the Windowlaaa Boaao were 

approximately eqpul. Bat the neen teaperature of tho Cenfentimal Hoaao 

Via leaa than the other two hoaaoa. 
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ŜO
LA

R 
HO
US
E

W
I
N
D
O
W
L
E
S
S
 
H
O
U
S
E
 

IT
 9
0
 

e
 

UJ
 8
0
 

q
;
 

H
 7
0
 

£
60

 
Q
.
 

-
C
O
N
V
E
N
T
I
O
N
A
L
 
H
O
U
S
E
 

O
U
T
S
I
D
E
 

2
5
0
 

1
1
1

U
J
 

4
0
 

m
 

3
3
0
 

Q
Q
 

2
0
 

1
0
 

Qf
cL

J-
Ll

ll
 1 

I I
 I 

I I
 I 
II

I I
I I

II
 I 

1 I
 t 

I I
 II

 II
 I 

I 1
1 I

 
II
 I 

I 
I 

I 
It

 I 
I I

 .
I 1

 I 
1 I

 
I I
. 

I I
 .

I I 
II
 

II
 I 
U 

I 
I .

[ 
1
2

2
4
 

1
2

2
4
 

1
2
 

2
4
 

1
2
 

2
4
 

1
2

2
4
 

2
4
 

1
2

2
4
 

I 
2

3
4
 

5
6
 

7
 

T
I
M
E
 
I
N
 
H
O
U
R
S
 
A
N
D
 
D
A
Y
S
 

Fi
gu

re
 3
5«

 
Dr

y-
bu

lb
 a
nd
 w
et
-b
ul
b 

te
ag

je
ra

tu
re

s 
fo
r 
th

e 
in
si
de
 a
nd
 o

ut
si
de
 c
on
di
ti
on
s 
of

 
t
h
e
 S
ol
ar
, 
Wi

nd
ow

le
ss

 a
nd
 C
on
ve
nt
io
na
l 
Ho
us
es
 d
ur

in
g 
t
h
e
 w
ee

k 
o
f
 6
-
2
3
-
5
9
 

t
o
 6
-
3
0
-
5
9
.
 

O
n
 

V
O
 



70 

Tills Y 

m-BUIB T:^£RATim£8 nmiM expsrimeiit it 

Tcnperatur* Readizige* 

Convantloaal Vindovl*** Solar 
Oat0id« Boas* Boas* Boas* 

Maxiauji 98 99 88 100 

Mialarai $k 58 7U 68 

ifean 73 75 81 8? 

\h* t«M|»*r«t«r* retdiags ar* in r*lir«idwlt. 



n 

Thr<mglioiit t)» fcnur •xptarimnftts, the fanaidity of the Conventional 

SottM wi« vei7 amch like the outeide tanldltgr. The hooldity of the Solar 

Eouee vas gmerally leas in loagnitude and aore ecmatant than the Con* 

Tentional Bouae hanidltj. The hmidit^ of the Wtn^wleaa iosae had the 

leaat variation of the three hoeaea. 

Oaring thia period the bird veiiht gain of the WlndoirlMNi Eooae 

wui algnifieant^y higher than the eth^ tee honaea (15)* Aa in the 

loeviona eaqperlaentaj^ the bird weight gain of the Solar Hoaae waa aignifi* 

eantly leaa than the other two hoaaea. 

Reaalts and Oiaeaaaiena of Fonr SeauMMl ExpmdsiiAte 

Generally apeaking, there waa very little difference in the weight 

gain of the birda of the Windowleaa House and the Conventional House for 

these four experimente. However there waa a aignificant diffaraaea in 

the bird weight gain of tha Solar and the other two houaea. Throughout 

thia the weight gain of the birda in the Solar Bouae waa leaa 

than tha other two hoaaea* The diffwwoce of weight gain nay be due to 

the following eharacterlatlea of the Solar Bouse wovirosanflnti the Solar 

House gave more pronounced tenqperature peaks, and it gave a wide range of 

teaqperature fluotuationa eontiaaally. Of couraoi thare nay ha otter 

factora and variablea which could have produead this reoult. To definita^y 

datemina why tha Solar Bouaa gave the poereat weight gainay would raquira 

additional inveatigatien* 

The authur noticed that tha relative eloudinaaa of the aky affacta 

ttie teaqperature pattema of tha houaaa very anch. Aa tha cloudineas of 
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tlM Iky iii«MiUHi« the teaperatare oturves t<md to *tfXatten out*" This 

thnre le less daily flaetoation in teqperatnres on a eloucly day than there 

is on a namay day, this is beeanse there is leas radiant energy received 

from the mm on a elondy day, 

Frea this stud^ definite pattmms of the tei^eratnre and hmldity 

conditions inside the three Imuaes were detemined, Tfaronghoot all fo«r 

ttqperljMBtSji the inside teaperatores of the Coonrentional Hoase followed 

the sam general pattern as the outside tanparatnres. Boring the Fall md 

^ring esperinenta the inside tas^eraturee on the average were 6® to 10® F» 

higher than the outside teBg>erattuTM. Daring the winter period the teag>er'-' 

atares rmaged as wach as 15® to 20® F, above the outside tas|)eratureB, 

However durli^ the Sonner period, the tea|>eretarea were practically identical 

to the outside t«q>ereturee, Qeaerelly qieaking, one nay eipeet the dry* 

bulb tenperetnre, relative honidity, and the totel heet of the Conventional 

House to be siidlar to the eonditiens ooteide the houae* 

The ianperaturea inaide the Solar House followed the outeide tao^mr* 

atore pattern to s(»e extmit. The teagmraturee inaide the Solar Houee 

tanded to peak alightly above the outside t«g>eratureef however^ thay did 

not range aa low aa the ontside dx7*bulh taig>erat«ree. This was notieed 

quite readily daring the winter period. Qenerally speeking the dry-bulb 

tMope'i'iiui'eB, relative fand.dity, and total heat tanded to be nore oonatant 

for the Solar Bouse and were on an average nueh higher than the outside 

or the Cooventienal House, The relative honidity wee gmna'ally lomr 

than the Coav«iti(mal Bouse, 

The taoqperaturea in the Vindewless Ronee were by far the aost 

constant tmperatures. The daily fluctuations were very such less 
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th« othvr tvo ho\i8^* AlsOf the eeasonal flnctnatloiui were constderehly 

smaller, as nay be seen in Figure 36*, Only the naxinnn tea5)eratnre3 for 

the four experiments were plotted. The miniiiBm tenpewttres would follow 

the sane pattern but they would bo 8® to 10® lower than the aaudjram. Kotiee 

that the tes^wratures wore around 75® F. throughost the four experiwtote. 

Qenerally speaking, one nay exj^ct the dry-bulb tsi^peraturee, the relatiwe 

humidity, and the total heat ccntent of the ISjidowlees Hsase to be rtintlvely 

•enstant from day to digr duritif txxy season in the Southeast. Bowerer, 

the nsipaitiiide of these three factors will ysry somsvhat from season to 

•easra. 

Idnitationa of thia Study and 
Soggestiou for Future Researeh 

As stated preriously, this stud^ was linitsd to tss^arstore and 

honidity eoaditicA of ttm tibroe roqieetiTs bousM. Sinoe these are the 

only factors datarained, a recnmeaidatioa of the noat practioal house 

could not be nade at this tine. Bowcnrer, the econoedoal analywla of the 

three houaea will probably be pireaented in a thesle by aaethar author. 

Once thia cost analysis is determined, a recosBatBdatien of the nest 

practical houae could |»robably be giTWi. 

There Is need for future research <m the foUoiiiBg related aapeets 

of this atu^Ft 

1. A nore extensive study ®® the present research houaes in regard to 

weight gain of the bird and profit per bird is needed* 

T* Horc bssie information on the effects of light on brdUo'production 

is desirable. 
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3. Jtore basic information on the effects of ventilation on broiler 

prodactiim is needed. 

li. A study to deterniine if a Windovrless House could be built at a 

oheaper cost is desirable. 

5* A study to determine if a Solar Rouse could be is^roved for use in 

the Southeast would be desirable. 

6. A study of different solar heat collectors for use in furnishing heat 

for broiler houses is desirable. 

Ji 

. , i 



CHAPTER If 

smsm AHD congi;dsions 

Tb» porpoM this atudty wm to dotendao tho t«q>«r«tiir« and 

hoBldlty eondltlMui of• vlndovleaa, and eoamiti«»al typo brollar 

Iwoso. Boea3.tlyy thero haa booa a daoMttd for aero offielo&t broilor 

tamaoa aiaeo tho hreilnr ontorpriao haa doratlepod Into a naaa prodaetlen 

iBdoatly vlth a narrow aargln of profit. For tho ararago i^rodaeor* thia 

roqalroa an inroatMBt of aororal thouaand dollara of vhleh tho largoat 

aaoont la for hoaalng, Heworori^ whm Agrleoltural Englnoora woro 

oonfrontod with tho larobloa of doalgnlag officiant broUor hoaaoBn thgjr 

aoon boooM awaro of tho nood for baalo informtlon on onrlreiaMatal 

oondltlona of dlfforoot typoa of hooaoa. 

£& thla ato^F tanparatnro and faaaldl^ eondltlmia of a aoXar^ 

a vindowloaa, and a oooroBtlonal typo hoaao woro dotoradnod* Thooo 

oanrirmBMntal oondltlena of tho throo hooaoa woro dotondnod for tho Fall 

Ittntor 19S8-59# firing and the Saanor 1959 porloda. Sroxy 

offoxt. waa a«do to eoUoct and record accurate and eontlnnoaa data. Tho 

data inoluded tho dxy-bulb and wot-bulb t«q>oraturoa for tho Inaldo and 

titio ootaldo oondltlona of each hoaao. Sonalag anlta wore aoXooted and 

tnataUod to obtain tho dxy-bulb and wot«>biilb taa|>erataroa. Thla data 

waa obtained by roeordlng potontlamitomy and than tabalatod for the 

roqooctlYO hoaaoa* Qnq)h8 woro then dnwn to roproaent tho toggqporataro 

•nd hnnldity oondltlona Inaldo and outaldo oaeh house for tho four nine* 

wodc porloda. 

Thaao osportnonta ahowod tho foUowlagi 
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1, Thm tmperature and lamldlty eondltlona Inalde tJie Con* 

▼Mfxtional Boom aro qoite adrntlar to ttoso outelde tho 

hottM* Tba Inaida ceadltlona follow tho aano gamral 

pattom at the ontaido ooadltions but at a larger 

aagaitado. 

2. Tho tMparatoro and faoadditgr eondltlona insldo tho Solar 

Beaao ««ro aero ooastant than tho Gonrentional ikmao* Tho 

dry*bttlb toa|>«rattirea poakod with tho outsido dxy-bnlb 

toB^rataroOf hot thagr did not drop ao low aa tho ontaido 

toBgMratnroa <huriBg tho night« Tho haaidltj inaido tho Solar 

Banoo waa alij^tly loaa than that of tho ConvonticHaal Booao* 

Tho toapoiotttro and faaaidi'^ ooaditi^ iaoide the tUndew* 

Xoea Booao wore rolatlTol^ oonatant throughent the fonr 

oxporiaenta* The dTj^bolb taqperatnroa inaido tho Window* 

loaa Bbuao woro az>oond p. «t all tiaoo. likowiaOf tho 

faagaiditjr waa rolatlTeljr omobant* It waa gwunrally highor 

than tho haaiditgr inaido tho Solar Bo«m and loaa than tho 

lauddi'ty inaido the Conrontional Boaaa or tho hnaidltg-

ootaido. 

Thia iaforaation doriTod fren tho atody ahoold bo of oonaidorablo 

▼alno to thoM craoomod with doaigning broiler houaoai thoao eonoemed 

with the aaaageaMdst of broiler houseai and, alao» tho broiler Induatry 

in goieral. 
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cnwnawTnwftT. HOUSE 

Wet & Dry Bulb Temperature ®F 05 

1 

DRY BULB WET BULB 1 DB*"-WB 
• 

DATE-
MAX MIN 

rMEAN DIFE MAX MIN MEAN DTEF MAX MIN MEAN 
MAG.!TIME MAG. TIME MAG.i TIME MAG. TikE 

I 

3-5s ! i 

hks 
82 !6 tffl 53 7 am 6715 29 70 1 6 m k9 7 an 59.5 21 12 k 6 

1, 82 ^ pa <9 7 ®"67 30 75 5 pn li9 7 am 62 26 7 3 5 

?, 76 6 t» 5J? 8 am 6I1 7I1 61 6 pm 50 8 am 55.5 11 15 2 fi.5 

7? 3 pn 51 5 am 6k.5 27 66 3 pm ke 5 n 57 18 1? 3 7.5 

k 77 li t» I18 5 tM 6215 29 66 k pm k5 5 am 55.5 21 11 3 7 

$ 5 ni Ii9 6 am 66.5 35 72 5 na 1(6 6 u 59 26 1? 3 7.5 

6 80 li pn 61 6 am 70.5 19 65 k nn 56 6 am 60.5 9 15 5 10 

7 81 If pa •Cl 6 an 67 .3? 70 k nm Ii5 ^JLjhl 57.5 ?5 6 

A k nn i!0 K an 65.5 13 71 k pn 55 ^3 16 Ik k 9 

o ft3 9 ra 68 7 75.5 1.5 7^ 9 jm 69 7 am 9 12 6 9 

to 77 3 T* 6k 6 mm 70,5 13 60 3 P"" 61 6 M. 8 8 3 5.5^ 

11 2 pm .5}| ^ t".58.5 9 59 ? p>" <3 in fn .56 6 It 1 2S 

"•? Cl 3 Tf" }|6 )i8.5 5 Lo * MB ff"k7 li 2 1 1.5 

13 <1 5 r" 3ft lilt ..5 13 ti8 5 p" 38 6 m kl 10 3 0 11*5-

, 

111 69 pn 18 6 an 55 Ih 5 pr; li5 Ii9 8 9 3 8 

15 70 6 nn k5 57.5 25 60 111 6 am 50.5 19 10 k 7 

16 75 5 taa 51 6 am 63 2k 65 5 pK li7 6 an 56 18 10 k 7 

17 7? k m I47 6 am 63 32 66 k pn k5 55,5 ?l 13 2 7.5-

IB 6^ 6 pn 6Q 7 am 61 2 56 6 pn 56 7 an 57 ? k -k k -

19 70 ? Irfl 60 6 fn 65--10 66 6 an 62 8 It 2 3 
1 

20 80 < pM 69 6 an 71 18 66 < pm 60 ^ f" ^3 6 l1l a a..-

I, 



TEMPERATURE 

Coiiventional House 66 

OUTSIDE INSIDE 

Date Time Dry Bulb Wet Bulb Diff. Rel. Hum, Dry Bulb Wet Bulb;Diff.l% Rel. Hum. 

15 70 n % n n 
am 73 69 k 81 73 65 81 
am n 81 72 68 81 

..Am 70 66 81 61 81 
U am 69 66 85 JQ 67- 86 
5 am 69 66 85 70 67 86 
6 am 69 66 85 70 67 86 
1 j.m 70 67 73L 69 h 81 

__8_am 7lt 69 77 77- 72- -5 78 
9 am n 70 80 75 79 

10_ am 73 71 62 76 36 
11 am 81i 76 69 87 78 
12 pm 78 67 89 80 

pm 88 77 11 61 53. 80 n 62 
pm 87 75 12 57 88 78 10 61 
m _fl6 76 10 63 85 60 68 

at 77 10 6k 82 8Ql_ 5— -67 
5 pm 85 77 69 78 73 

pm ait 79 80 85 75 77 
7 pm 
8 pm 

82 
80 

78-
76 

k 8b 
83 

83 
62 

78 80 

pm 

I^pm 
li pm 

73 
72 

71 
-70 
70 

78 
85 
50 

77 
75 
7b 

72^ 
72-
72 

S —78-

6*2li 12 am 72 70 90 
1 am 71- 70 _95 71 90 

am J71 TO 95 73 70 61 
am 72 71 73 -2^ 90 

li am 
am 

72 
73 

1 n i 
72 
72 

86 
86 

b am 70 69 95 J2 69 _86 
am 70 69 -95 72 69 86 
am 70 70 100 72 69 A 86-

_9_am 70 70 100 72 69 86 
10 am -71- 70 55 73 71 90 
11 am 73 71 91 73-^ r 91 
12 pm 75 72 3l 86 Tt 7b 78 

pm 75__ 72 86 it lb -3 m 
pm 76 7b 51 76 7b -JL 51 

78 76 91 75 76 —A 87 
b pm 75 73 51- 87 
5 pm 
6 pm 

7b 
72 

72 
70 

91 
50 

76 7b 91 
90 

7 pm 72 70 90 90 
D pm 72 70 90 13 71 -5a 
9~pm 71 70 55 73 90 
LQ pm 71 70 95 73 71 Mt 90 
Ll pm 71 70 U II 90 
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