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March 1974

EFFEET OF E\APORATI\Æ COOL]NG AIüD
I}TIERMITIENI SPRAY]NG ON SW]NE PERF'ORMANCE

Tbre effect of ewaporative coolilg and jntermittent spraying on swj¡e

perforrnance \^ias investigated at The Glenlea ResearcJr Station, gsing two

þzpicat s'wi¡re fee&b,rba¡:ns"Tenperatr:re i¡r the control barn was always noted

t¡ be above the res¡:ective alnbient terq>erature and differences as high as

4"5C were obsen¡ed. The evaporatively cooled barn operated from 3-5C

cooler tLran the control barn and working conditions \^rere foi:nd to be much

rnore pleasant" Evaporatively cooled pigs achieved the highest weight gain

performance whil-e intermittently sprayed pigs were observed to be the

cleanest, in a six weel< duration test,

In the second test, condrrcted for tlrree weeks, two reversible fans

witLr a total- air flor,v capacity of 1525 *37ritrrt" were installed in the

ceiling ducts of the control barn" Increasing the air flow rate j¡r this
barn resulted jn an inproved perfornnnce by pigs jn the spray and control

pens whichr was attrjJruted to the reduction in barn tenperature. Thre pigs

were also observed t¡ be nn;ch nu:re active after tlre air fl-ow rate was

j¡rcreased" A centrifugal hunidifier, trÐssessjng half the barn design

capacity for obtai¡ring adiabatic satrrration, lvas operated jrr the control

barn for the nexb. three weeJ<s. This resulted i¡r the barn tenucerature beincr



reduced equal to tlre ambient temperatr:re or below" The test pigs in the

control barn showed approximately 103 better perfonnance tlran j¡r the

evaporatively cooled barn" The working conditions also i:rproved but were

still not as good as j¡l ttre evaporatively cooled barn"

l-l_
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CIAPTER I

INTRODUCTÏON

The cli¡nte of nnst of Canada is too severe for successful swine

production in open feedlots or cheap open-front buildings as soneti¡es

practiced in warm chnates. Winter tenperatr:res jl a large part of the

swine producing agricultural areas can drop to -35c or colder, and irr

suIIEEr hot periods the tenperatr:re can go to a hunid 33C" The virtually
nal<ed, non-sweating pig needs protection frcrn these clirnatic exLremes.

This rreans environnental control includìng: tenperature, hr:nridity, air
flow, lightrfeed and water as well as protective confirrenÞnt" rt will
result jn a nore profitable o¡:eration tLrrough higher production, better

quality, i:rproved fêed conversion, less disease and lcn¿er nortality rates.

Controlled rrentilation and cooling j¡r sinrrer is a major facLor in prod.ucing

a good environnent" Sr¡runer coolìng of hogs is being consj-dered. by the

hog producers as environnental control becones rncre sophisticated. and as

they are beconing mcre conscious of the margin of profit or return to

labour from t]:eir i¡rvestnent.

Increasing recoçnrition for the need of cooler swi¡re buildings in hot

weather and profit margins have persr:aded siüi:re producers to enploy the

nost econornical nethods of coolíng from direct use of tLre high evaporative

oroUng povrer of water. Pigs instinctively use water j¡r their v¡allows in
hot weatLrer" Confjnenent facilities might provide three possi-ble evaporative

cooling systems: one, an artificial wallcn¡¡ v¡trere ttre pigs woul-d Iie ¡nr-
tially wet and presunably get out at. i¡terr¡als to drlz; two, a fogger

vhereby t.l.e air would be cooled, wiLh, ¡nssi-bly sone wetting of tlre pigs



and three, spraying or sprinkling pigs periodically, allowing tlrem to

drlz between wettings " Ttre last two methods woul-d seem to offer sone

adwantages over the fjrst, for they are easier to ad¿pt to the typical

swi¡re barn"

The objectiver, of this wot'k was to study the hog performance under

an intennittent spraying unito an excelsior pad ewaporative cooling unit

and a centrifugal huttidifier" Temperatr.rre drop in the barn and torperatr:re

distrilcution across the barn under the latter t¡¡¡o units was also to be

studied"



CTNtr]]BR II

REVIEI¡T OF LITERATTIRE

2.I EIlggt_of Teiteeratu{e artd Relative Hunidity_on Svine Performance

Research relatecl to swine perfomrance under warm environments has

been of tlrree tlzpes: effect of tonperattre and- relative hrmidity,

d.evelopment of performance predictors and ccnrparative response to rrarious

þrpes of cooli¡rg systems. Tests conducted by Heiünan Kelly and Bond (1951),

and. I{azen ard lt{angold (1960) lead" to the following conclusions:

a) qptinnnn environnental tenperature for sv¡ine is l¡etiveen 18"0C

arñ 22,22C"

b) qrtinnnn ternpera-ture for maxj:r''un r,reight gaj¡s and ma;<jmrm feed.

eff i ciency depend-s on the hody vieight of the hog vrith higher

tenperatures being preferrecl. by lighter hogs.

c) Optirrn¡î relative hunidity for swÍne is 50? "

Most swj¡re researchers are of tbre oæinien that relative himidity has

IÌttle effect on veight gains unless acccn'lcanied by hr-igh tenperatures.

Ir'eitTn-n anrl Hughes (1949) reported. thrat the ra-te of vreight gain by hogs

væighing over 9l kg" was only sl-ightly affected by a wariation in relative

hunidity frcsn 30? to 90% aL 32 "22C, except that tlre respiratory rate vras

increased at the higher hun:Ldity. They further reported. ttr,at at 35"5C and

942 relaLive hrrridiQz the anirnals \^rere severely stressed-; horvever, the

anjmals were still under stress v¡Ïren tlre rel-ative hr¡nidÌty ua.s reduced to 30U "



Brody (l-945) reported that vrlth non-sh,eatjrg anj¡nal-s such as svrine,

the respÌration rate rises rapidl-y wltfr i¡:creasing env-ilrorrnental terperatrrre

to ccxq>ensate for the jnability to shreato and to increase thre vaporization

rate frorn the respiiatory passages. Morrison, pond and- Heiürnn (1966)

reported. th,at the respiration rate of 90 kg" gilts was almost doubtecl at

a constant tenqrerature of 39"4C u'hen the relative hrmidity \^Jas increased

frcrn 30 to 90%. They further reported tlnt the rnoistrure loss frcm lungs

r.ra.s decreased. from 0"87 grams per rninute at 30% rel-ative hrmidity to 0"41

grans per minute at 90? relaLlve hi:ntld.ity" flae skin moistr.ire loss in

their tests i¡rcreased from one hal-f of tlre total loss at 30? relative

hmidity to t¡¡c-thirds of the total loss at 90? relative hrrnidity.

Bond. (1963) conducted. several strudies on the effect of hurnidity on

slt¡ine healthr and. productivity" FIe conclud-ed that there is a correlatj-on

betr,¡een hunid.ity, daily r,veight gain and feed. consunption hut the effect of

hi-r'nid.ity is srn1l. P,e found" Lhat v¡ithin the 50% tÐ 7BZ relative huniclity

range there v¿as no humidity effect on prod"uctivity at any tsnperature

range; Ìn the 78 to 86% relative hr-inticlity range daily gains \,\7ìere beloiv

normal for tenperatrrres in the 0"0C to 15C rarrge and at terperatures aJæve

l-5C the d,aily gains vær:e slightly increased." I^lith regafd to d.isease control

he concLuded that the bacterial courrts v¡ere lov¡est in hou.ses havJng high

h:Ilid-ity ratios -.irngrnrcki;. as the j¡cid-ence and degree of pner¡nonia were

lcnuest in envìronments tlzpified by high te-nperatr:re and rel-ative htmid"ity.

2"2 Predictioh of S¡¡i¡ie Performancg

Severa.J- i-rnzestigators have work-ed tov,¡ards rel-atj¡rq air ten'iperatr:re



and relailì.ve hurLid-it1z i¡to a single variable or ccrn-fort j_nd-o<" Morrison,

Bond and- Fleitnun (1968) d.erivecj. a. senri-theoretica_l- rel-atl.onship iûrich can

l:e usecl to predict the effects of ræ-rious cornbi-nations of te¡,'qcerature and

relative hunidity, on the rate of \^/eight gain of hog,s. Usì¡g their work,

the rate of vreight gain of 68 k-g" hogs can be predicted. for any reI-ative

huni-dity anrl tem_perature ccrnbi¡ation betr¡een 22C to 33.33C by usj¡rg

a kncnnm rate of i^ieight gain at an optinrrm 1evel of rel-a-tive hunidity and-

tenperature" This rerationship is shovar in Flgr:re 2,L for 68 kg" hogs

u¡lrere the optìmr:rn level ln¡as chosen as 22C and 50% relative hrniid.ity"

Hazerr and- lthngold. (l_960) d_evelo@. a relationship rela_ting the change

in average daily weight Erain and feed- efficiency of hogs to air ten1¡erature,

ThLs relationship v¡as ol:tai¡red from the results of feed,ing trials involving

a large number of pigs by plotting th.e okrservgJ- rates of weight gain

and feed efficienry a-gainst the aír terrerai.rrre at r,rù-ich the pigs v,rere

housed-" Their v:icrku hoir¡ever, has the limitation* tj:at relative humidity

was not j¡rcluded. as a factor in predicting s,rrjne response to the environnent.

ldelson et al. (1970) conclucted several_ tests to e-valuate predictors of
swine perfornance" The ex¡:erjnental resul-ts jndicated that the gain reduction

factor d-eve]-oped. by l4orrison et aI. significantllz over-pred.icts the rate

of gain and feeci efficiency declires with high temperature; u¡hereas the

performance c.ecline curves proposed by Hazen and Manqold adeqr:ately

pred-ict the perfonrunce d.ecj_ine for large nunber of piqs 
"

of SVine to Various Cooli

Tests have l:een conductecl hy a nrnrber of irnzestigators on various
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tlzpeg of coolìng sy5tems to determine their feasjJril-ity and effect on

sr¡dne performance. Although Zone-â.lr conditioning is used in scme

farrcnriing houses¡ buÌld.tngs cooled by nechanicat air cond.itioning do

not seem to be econdrttca1ly feaslJ:le [nead L969). ir&¡st of the çrcr]< is

directed towards the use of evapora-tive ccol-ing Ì:ased- upon the evidence

that relative hunr:ldity has littl-e effect on s¡øine ærfornnnce (Brody

L945¡ P.eitrnan and Flughes, L949¡ Bond., 1-963i and }4orrisono Bond and

F.leitrnan/ 1-966" )

Tests condr-ictecl on swlne performance Ìry NeJ-son, Read-, Ba¡field and

t{alker (1970) for tr^n sumers using four treatnents: (1) air
conditioning, Q) vregted- pad eva¡rorative cooling, (3) natural ventilation,

and [4) r^¡ater mìst system; d-id. not give consistent results. They

ohserved that the wet buLb d-epressÍons v/ere ma><inn¡n vrithr alr conri-itioning

but weight g'ains atd feecl efficienry Ìry hogs did not shcrvr any jncrease

over the other treatnents" Sprinkl-i¡q or spraying of pigs periodicatly

allovring tlrem to dry between wettings, itas not í¡cluded, jn the above study"

ïn npst tests under natural weather, weight gains are; gtreater by pigs

that have access to sprays (Bracy and- singlet:r¡2, r94B-, Heitrnan et a1.,

1959¡ culver et al", 1960; Bond, 1-963; ËIal-e et aL",Lg66j. l4orrison et al"

0gOg) reported tLìat if pigs were v¡etted thrroughly, a sprinkting interval

of B0 minutes r¡ras suffLcient to keep respìTatory rate and- rectal temperature

at a rninjmrrn walue when the air tenperature was 37 "77C aJñ" dew point vras

B.BBC Lo 23.BBC; rvhereas Bucha-nan Qg69) reported Ìnrproved. ¡:erformance at

30 mjrrute spray irrterval-s. X,trork of }/torrison et aL (1968).does not t¿l<e i¡rto

account the weight gp.jn and feed efficiency i¡ d.etenuÌnjng the response



crf swj¡re to wetting"

Studies conducted by Buch,anan (1969) on S,,wj¡re ¡:erfornnnce jn lrlanitoba have

r¡ro"b, been conclusive" The literatr:re j¡rdicates that Car¡adian researches

have directed nu:st of théir work toi,uards tlre use of either natural and

forced- rrentilation or jnter¡nittent sprayilg for hog cooling" Artificial

hunidification of air has not been given due consideration i¡r the solution

of high tenperature problems in hog barns in Car¡ada"



CTNPTER III

TIÌEORE IICAL CONS]DER¡{I IONS

3"1 Adiabatic Cooling of Air

The rnost ccurunon method of eva¡rcrative cooljng is'to draw alnbie¡rt air
through rn:istened excelsior pads. Heat i:r the air ,is,"i¡t¿1izåC:,fóf 

".zaporation
of water with a consequent reduction i¡ air tenperature. ff conduction

and radiation losses are assr¡red negligJJcle, tle process is calted adiabatic

cooUrrg because no heat is added or re¡noved from the ajr and- water-vapotrr

mixture" Ttre process consists of cooling the air by utilizing the sensfül-e

heat of air to eva¡rorate water i.e" changing sensjlcle heat to latent heat"

The rninimim tenperature that can be reached is the wet-bulb tenperature

of the i:rcorning air (rigr:re 3"1a) " As eva¡rcration occurs, cooling occurs

with a correspond.Íng increase in relative hunldity and hr¡nidity ratié" The

degree to wlrich satr:ratíon is approached is dependent upon the efficienc.y

õf the evaporation process. The maxjrrn:m coolinq effect witl be obtaj¡red

irr dry geographic regions.

As the incoming air enters the barn, its tenperatu.re rises (Figure 3"Ia) n

dependSng u¡:on the tenperature and relative hrmidity of the lrarn a.ir.

Ewaporation of v¡ater frcrn wet surfaces in the barn limits a furtlrer rise
in tenperature (Figure 3"Ia) "

i¡lhen cool-ing occurs as a result of evaporation of fi¡re water droplets

rnisted r^¡ithi¡l tle barn, the final conditions can be estimated by first
considering the rise in the incorning air tenperature due to higher teûperatuïe
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in the barn and then the effect of tlre nisted water (Figure 3.Lb) "

Further reduction in tenperature wou-l-d occu.r,r: due to erraporation of

water from wet surfaces in tlre barn" If conduction and radiation heat

losses are assulled negligi-ble and efficiency of the system is assuned

to be equivalent to tlre pad systeu¡the fi-nal conditions withi¡r the barn

will be sligirLly cooler and slightly nxrre hurLid than with the system

where the ajr was cooled by eva¡rprative pads (Figr-lre 3"f). TLrough an

assured efficienq¡ of 85? is realistic for tlre design of evaporative

pad systenr,s o efficiencies as high as 100% can easily be obtajned with

fjne rni-st systems. Fiowever, Lo obtain conplete efficienry, some unde--

sirable rnoisü:re fall-out and. ]carn wetting will occ'ur: hlith both pad and

mist systems, the high hì.firidity conditions would reduce potential eva-

poration from wet sr.:rfaces i¡r the loarn.

Fjxal air conditions with spray coolilg will not be as cool as wj-tl.

the above two systems, but high relatir¡e hr¡nidiLy can be avoided if
the water droplets falI di-rectly on the pigs, as jtr j¡rtermittent sprinklfug,

and heat stresses in pigs will loe reduced dr:e to evaporation of ruater

corning jn contact with the warm skin sr:rface.

3"2 Physiol-ogical Response of S,vj¡re to Environmental Changes

Srujne productivity is affected by both genetic and environnent¿l

factors" It has been saicl th,at genetics determi¡res what an ani¡nal's

potential is r'¡hereas environnent,deÉ.eirni¡res the extent to v¡hich he

oçresseê his potential (Heidenreich, 1965) "
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The pig, UJ<e all fainr ani¡als, is a homeothenn as it n'aj¡taj¡s a

constant body tenperature of 3B"BBC/ irrespectíve of the environrnental

tonperature. To maj¡rtaj¡ a constant interrral tenperature, an aninal nmst

contjnuously adjust and balance heat production (thermcge-nes:s)wjtÌ¡ heat

loss (thernolysis) " Vilren this delicate adjr:stuent is upset, body terçer_

ature drops (hYpthennia) below normal or body tenç:erature j¡rcreases

(h1'perthermia) 
"

The anj¡nalls fjrst response to a change in ambient tenperatgre is
to regulate the rate of heat loss. These adjr:stnents.are the ani-rnal's

attenpt to maintain honeothermlz and are generally successful if the

difference in tenperature is not too great. fncreased respiration rate
is the first response observed in swine under high teûperatgre stress.
A dilatation of blood vessels near the skin surface helps ðissi¡nËe heat

i¡r some species" Conscious changes in body posítion, such as stretching,

åncrease,.. body surface area arxl thereby dissi¡nte.i"ç heat. Al1 of these

responses origj-nate from the nervous system.

Nervous controlled mechanisns also respond i¡mrædiately upon exposure

to lcx¡v tenperatr:re stress. pilcurotor activity (hair erection), b1ood

vessel constriction and haddting, all reduce heat loss and tend to maj¡rtaín

norrnal body tenperatr:res. If hcrneothermy is threatened by excessive body

heat loss at 1ow ambieht tenperatures, shivering connrences. Shivering

is the only way swi¡re cart increase heat production u¡nn initial cold exposure.

Contirlrous cold. Q<posure gradually jncreases heat production by altering
endocrj¡re secretj-on rates" The thyroiC.hormone, thlzroxine, and the adrer¡al

hornu:nes are involved in this process. The low tem¡:erature acclimatized
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aniJral firay have lower feed efficierrry si¡ce nicre feed is used to produce

heat" Rate of body energy reserve depletion is increased by lcx,^i tenperatures

and carcass colrposition may be affected by continuous cold e>çosure"

Accl-imatization to high tenperati:res has not been eçerimentally shcn^in

or defj¡red i¡r swjne" In a cljrnate characterized by rapid weatl:er changes,

it may not occirr at all" Under continuous high temperatr:re exposr.re, reduced

heat production has not been retrnrted i¡r swine. Reduced feed consunption

dr:rirrg periods of high tenperature may be a secondarlz effect caused by

j-ncreased respiration rates"

From the foregoing discussion on swi¡e physiology, the swine appear

to be adapted to l-cniv tem¡reratures but have relatively poor tolerance to

high environnental tenperatures. For exanple, the rrniÍorm distri-bution

of body fat affords an excellent j¡rsulation agailst excessive body heat

at high temperatures. The absence of fi:nctior¡al sweat glands i¡r swjne

also increases thei-r susceptibility to þzperthermia. An instinctive

behavioural pattern which contriJrutes to apparent low tenperatr.:re adaptation

is huddling" Observations indicate as much as 403 j¡crease 1n heat pro-

duction when pigs huddle (Ileiderrreich, 1965) "

Dissipation of body heat by swine has been of gireat i¡lterest to

research workers i¡r order to deterrnine an optimrm environment for maxinn¡n

productiwity of swjne during hot aonditions" Sivi¡re dissipate heat by

condirction, convection, radiation and evaporation" The proportion of heat

dissipated by different methods is shcn¡m in I'ig" 3"2" It appears that the

anu:unt of body heat dissipated can be j¡rcreased by increasing aìr velocity

(by forced convection) at tenperaLures up to 32.22C, as increasìng wirld
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velocitlz increases convective heat transfer. The heat frcsn the skin of

the hog is transferred to the air mclecules and these nxrlecules are blov¡n

away by thre wind and. replaced by cool ones vúr-lch in turn pick up heat.

At tetperatures above 32.22c, evaporation plays a major role i¡r heat

transfer and the process will be limited if hiqh relative hr¡ui-dities are

encrcuntered at such tenperatures.
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METYÐDS AI{D }ßIERIALS

4"L The Dcperj:regta-l P,arns

The experiments were cond"ucted at Glenlea Research station,

University of Manitoban in two feeder barns with a north-south orient¡.tion,

Iocated parallel to each other and- having the follow"ing desigrn featu.res:

Barn 1: Barn di¡ensions - 38 m" long and_ l0 m. wide

No" of pens - 25 on each side of the central aisle

Pen dimensions - each 4"27 m. tonq arìd 1.52 m" rvid-e

Barn 3: Barn di¡rensions - 33"55 m" long and_ l0 m" w-ide

l-{o" of pens - 18 on each sid.e of the central aisle

Pen dinensions - each 4"27 m" lonq and l"B3 m. wide

A' conventional ventilatlon system, rr¡ith a total aì-r flov¡ capacity of

482 culcic metres per minuteo existed in barrt:lwit]. fans evenly distributed-

i¡r the east and rr¡est side walIs. Thre ventilation system i¡r barn 3 had

a total air flovr capacity of 397 culoic metres per rninute and. rnras sjmilar

to that i¡ barn 1o except that ttre fans rnzere located onI-y on the east sid-e.

In 1968, excelsior pads were installed j¡r tlre west wal-l of l:arn 3 and all
the air was o<hausted- by fans on the east r,rall" Roth barns had sjmilar

vrall and ceiling constnrctlon"

4"2 E>-q?eri¡ent¿l Pens

Six pens, tL¡c in barn 3 and for:r j¡r barn t were selected for test
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purposes. The pens in barn 3 were located on tlre west sid-e adjacent to

the excelsior pad j¡stall-ation,; T\^¡o of the pens jn barn 1 were on the

east side of tLre central aisl-e and- tlre remai¡rirrq trurc v¡.ere located on thre

r¡est side"

4 "3 E4¡g_rirepta]- squiKnrcnt

4"3"1 Excelsior Pads

An excelsior pad, 0"915 m" high, 32,94 m. long and 5.08 crn. thrid< rnas

i¡rstalled under the eave on the u¡est side of l:arn 3. The vater distrij:ution

system consisted of a perforated. 2"54 cm. plastic pipe and a v - trough

extending along the full lenqth of the pad. An eave trough was located

j¡mrediately bel-ov,z thre excelsior pad to collect and return the excess water

to a reservoir " A suh.mersiJcle purp located jn tlre reserrrcjr recirculated.

the water in the system and v,¡as controlled by a thernnstat. Th.e sensing

elenent of the tLrermostat was located 1"83 m" al:ove the floor i¡r tlre interior
of tlre barn. A float val-ve insÌde the reservoir controlled the water level

by replenishing v¡ater lost by eva¡nration" Ttre cooling unit vras ad-apted to

tfre crrnvent-i.ona1 barn ventilation systen and utilized the fa¡s on the east

side of the barn (¡'iq" 4"L) "

4"3"2 Inter¡nlttent Sprayjng Unit

Due to ¡nn layout and l-ocati-on of the feeders thre selection of nozzl:es

required , special consideraLion. rn barn 1, the pens measurjng 1.52 m"

røide and 4"27 m. long contained self-feeC-erÞ 27"94 crn, vride and- 86"36 cm.
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Ficrure 4.1. The e<celsior ¡nd irnit (barn 3) '
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long located along the south pen partit-ions divid.ing the pen into ti,vo

equaf parts, lenthwise. ft v/as consìdered desj.rabl_e to have a

spr:a]¡ distribution pattern having t|re follorving characteristics:

(a) I¡7ater should not drop in the feeders Ð as to avoid ttre noisteninq

of feed therein"

(b) laa:<imr¡n possible pen a-rea should. J:e covered by sprayo excluding thre

.tr^^¡^- ^*^-recxlet d_Led."

(c) The system' should. Ï.le adjusta]:le to create a drlz spot in the trnn,

when desired-o for hogs preferring to stay dr1z"

It uas decided not to use nozzles giving circular spray ¡:atterns a-s

snall-, i:neqrial sized nozzl:es would be required to obtain an acceptable spray

Þattern in tLre pen" If trvo or mfre l,arge, equal sized nozzles vrerc risorl -

tlìe pen area jn front of the feeder \,r7ou1d remain dr1z"

A Nelson Plant and shrubbery nozzLe, manufactured by R.L. ltelson

Ivlanufacturing Co", Peoria, Illinois, U.S.A. was tested in the laboratory.

Ttris plastic nozz1e is being contnercially used irr U,S"A" and Canada for
plant pesticj-de aoplications"

The nozzle, when subjected to full availal:le water pressure, ejected

a spray pattern at approxjmately 1B0o angl-e" Tlhe water v¡etted arr area

approxirnately 4"57 m. long and.91"5 crn" i,rzid.e. The spray tapered slightly

at the ends"

The nozzle was rnounted. hórizontall¡,2 and_ it could be easily screv¡ed in
and. out to bring a relocation of .|.he en1-iro lonrrlþ of spray band"
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ft i,ras concluded that trvo such nozzl-es o nor:rtted- on tLre op¡nsitely

directed lateral-s of a water pipe, rvould cover the vùLole pen; ea-ch nozzLe

serving hatf of the area parall-el- to the pen pa:rbitions" It \'ras also

considered possiJrle that the feeder could easily ke protected fron water

by a slight counterclocl<r,'¡ise rotation of the nozzle located in the pen

half having the feed-er" ,, 6uch a displaced portion of the sprayr hor^reveru

fe1l on the wall of the barn and. was wasted-.

The spray unit was assenrlclecl in the latoratory and consisted of a

rnairr water pípe bifurcatecl into two lateral L"27 c::n" copper pipes each

serving one pen. A fÌIter was jnstall-ed in tlre supply l-i¡e to insure a

clean rn;a.ter supply and to prevent the plugging of thre nozzle orifices "

Tlre nj tlê r¡¡âs hunrr m¡er the center nf oa¡h nên- r)arallel to the pen partitions.JtIç }Jr}Jç vrqÐ r¿txlv \JVçr ure verrw j.Jer¿l r

Each pipe had. one 12.7 ccn" long brancLr at each end for n"or.inting the nozzle

(Fig. 4,2) 
"

Ttre operation of tlre unit \^ras controlled loy a tlrer¡rxrstat*and a tjmer

connected in series vft-ich actuated- a solenoid valve in the main supply line.

4 " 3 "3 Tt're Hunid-ifier

Theoretical jrrvestigations showed, tÌ'at 113"6 kg. 6f:l^n¡¡u; per hour

woul-d have to Ìce evaporated to saturate the inccrning air of barn 1 during

peak suntner heat loads. Ëbwevero due to fund ljmitations, it was decid.ed

to buy a hwn:idifier of half the requiied design capacitlz"

A centrifugal hrmidifier, rnarufactured by Bahnson Conpanyr tr^Iinston-

Salon,:, N.C. U.S.A. was purchasecl" Tt v¡as insta-lled 14 m. from tfie south

end of frarn J- aÌ:ove the pen on the rvest slde of the central aisle (nig" 4"3)-
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Thi-s site was selected- becairse of an avai-table water suppty U¡re and

was close to the central al1ey which made later adjusürents easier as

well as estabtishing a free, contjrruor:s circul-ation of air around the

barn"

The hunid.ifier was suspend-ed. from the barn ceililg (nig" 4"4) with

tLre axis of the motor shaft parallel to the nortlt-south barn walls" It faced

the pens vùrich were chosen for test purposes and- was at a sufficient distance

to give an a\,¡erage cooling effect. The hanger wa-s positioned- such th'at

the drip pan of the hrmidifier was at least L"22m" belcnv the cejling or

any other overhead- obstmction" This prevented the deposit of spray on

these obstructions if they were directly in front of the hirniclifier"

The recontnended. water pressure was between 0"70 and 2.46 k-g./an 2 b"t

it had to be constant for a satisfactory hrmid.ifier o¡:eration. The available

water pressure v¡as i^¡ithj¡r tJre above range but it fluctuated appreciably

due to the differentia.I in the pressure system control; a pressure reducing

r¡alve was j¡lstalled in the supply ljne to compensate for this. A straj¡rer

j¡ the water li¡e protected. the pressr,:re red-ucing valve and- a gauge pentuitted

water pressure readings to be tal<en"

A L.27 crn. d-iarneter copper pipe was used as a water feed Une whereas

the rnj¡im¡n reconnend-ed diarræter was 0 " 95 crn" Because of the short period

of tj¡re available for the conpletion of the testso no recirculation system

was i¡stalled and r.:::used water from the drip pan \,vas al-lowed to drip into

the ¡:en underneath.

The starting switch of the nuctor eguripped with thermal overload protec-

tiono vras rmunted on the ceiling (Fig" 4"4). The motor ran in a cloclc,vise
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Figirre /,"4" The Hunicl-ifier.



direction when viewed from the back or fan end of the hi¡nidifier. A ther-

nostat in the electrical branch controlled the operation of the unit"

On one end of the mot¡r shaft of the Lurnidifier was a specially

engineered fan, while on the other end was a disc which revolved with t].e

notor shaft. Sr.rrrounding ttre Cisc were stajåless steel teeth" Water r,ras

fed. at a constant pressure through a snall copper tube, onto the back surface

of tLre rapidly spinning disc" Centrifugal force spread. the water outward

j¡ a thi¡r fi1n" Striking tlre teethr; the film v¡-as-r..: 1,:):1.:.t '.r,., .-.,,,,

broken into a very fine spray. Ttre resulting nrlst was mjxed with the air
stream prod"uced by the fan and was alrmst conpletely eva¡:orated, leavjng

a verlz small anu:r:nt of water v¿hichr dripped j¡rto the drip pan"

The feed to the hun:idifier \^Ias determined by tlre water pressure and

tl-e size of the orifice jn the supply line" As tlre hi¡nidifier capacity

was belcnv tLre desigin requirenents for the barn, the largest sized orifice

was used thrroughout the test and the feed was regr:-lated only by the pressure

control val-ve" lf|tenever the hi¡nidifier was for:nd to be not delivering enough

mist, the water pressure was slightly increased"

Dr:ring o¡:eration of the hr;snidifier, a certain arnoi:nt of dirt from the

air deposited on warious parts" This dirt was removed periodically,

especíally from the spinning C-isc where it could have can:sed imbalance"

The grid teethr and all the wet sr:rfaces of the humidifier were kept clean

in ord-er to insure proper atcxnization of the water. Occasionally, the

anount of mist produced decreased appreciably due to clogging of the strainers

or the o::ifice in the water ].ine"
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4"3"4 S)¡stem gonlrols

Ttre thernnstats of thre pad system¿ spray unft and tlre hunidifier v¡ere

al-I set aL 2L"1C so that tLre systems v,nuld. start worl<ing rthenever the

respective barn tenperatures reachecl- 2L"IC 
"

The spray r:nit sprayed water for tl¡o rninutes every ha:Lf hor:r, while

worl<ing"

4"4 Measr-:renent of Vaïiabl.es

4 "4 "L Tenperature l4easurerents

Copper-constantan thernrccouples. v¡ere i¡stalled at various l-ocations in

the barns to deterrni¡e temperaturres at ,.positionÉ:.. ;,. sh.c¡w:r in gí9" 4"5.

Location of thernocouples vras* as follcnus:

BrernuccoupLe No.é I-ocation

(1) Tenperature outside barn 3 by record-er tpx

(2) Arnbient tenperature outsi<Le norLh end from barn 3

(3) Attic space of barn 3

(4) Fan outside barn 1 (ea-st side)

(5) Aìr inlet inside barn 3

(6) CeÍling high east v¡a1l of b,arn 3

(7) Pen high west wall- of barn 3

(B) 1"5 netres h-igh west sÌde of barn I
(9) Pen high central aisle':9!-,þggn;3

(10) Attic midd.l-e of k¡arn I
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(11)

(L2)

ll ?\

(14 )

1"8 iá. high i¡r the middle of barn l-,

Outsicle barn 1 j¡ front of a farr (u'est side)

B<hraust outlet i¡side barn 3"

1"5 m" high east wa1l of barn l¡ over sprays.

A1l tenperatrrre ïeasursnents r,vere tai<en jrr Fahrenheit degrees and. the

Centigrade conversion reflected- accuracy ctreater than tLre closest one-

half degree reading" A 16 poilt record.er with a potentiorieter uzas used to

nEasure the temperaLrrres registered by the thernrccouples. T\,vo potentio-

rneters were an¡ailable for the reaclings" It \¡râs âssulred. that odraust air
of the L:wo barns v¡ould approxì:r'a.te1y give res¡:ective re-presentative barn

tenperatures and a sling psychron'eter was used to measure these temperatures

and the a¡nbient teÍperature"

+.+"¿ ti@ v\el-qnt

Hogs were i¡reighed- by a scale nanufactured by Berkel Products Limited,

Toronto" This scalehad a rnaxjrnrsn ca_pacitlz of 4I0 kg" and. a least count

of 0"28 kg.

4"4"3 Feed Lrreiqht

Feed put jnto the test p.en feeders wa-s weighed by a scale ivith a least

count of 0"2B kg. I,tleight. of every feeder was tal<e¡r aL,,,tlle begjJrning of the

experjments. At the end of each testu tLre feeder along with the feed. v¡as

weighed" Weight of tJle feed was determined by substracting the feeder rveiEht

from the total weight of the feeJer and the feed.
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4.4"4 Carcass Ccxqrosition

A.]-l the carcass composit-ion records v\rere obtai¡red frcxn Canad¿. Pack-ers

Ljmited, i^riïnipeg, r.rhere the pigs i,,rere sLr-ipped and slaughtered.

1,"5 Test Procedures

4"5"L Selection of Hogs

Sixty growing fìnishing hogs were selected for the tests" T-hey were

in the 59 kg" to 72 k-9" r'reight range arrd- were of York, lt4anagra-York, Managira-

Lacombe and- I4anagra l¡reed-s" All v¡ere fenales" Ten pigs were put Jnto each

of the six test pens. At the end of tire fírst test, 5 pigs out of each pen

reached market weight. and were renu¡ved. The sriJ:sequent tests were continued

with 5 r¡iqs.

4.5"2 Tests

Three tests were cond.ucted d-urj¡rg the sumner of 1973" Each test consisted

of rieasr:renþnt of hog vreight gainsu feed efficiency, tenperature drops i¡sid-e

the barns, tenperati;re distrfüutions jnsid-e the barns and visual cbservation

tests"

The first test was conducted for six ureel<s to conpare evaporative and

spray cooling systens using hogs in pens 14 and- 15 of lcarn I as the control

glroup, I-Iogs were weighecl every Tuesday at 11:00 a..m" Unused. feed- in the

feed-ers was weighed at tlre sane tjne. Feeders vzere fil-led with fresh feed

after firrishirrg the hog r,veight measurernents. Bags were fill-ed rvith a

neasured arnount of feed sufficient for the noct week. Visual observations
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lrere rt'ade the sarre day and at least once more everlz irteelç"

Terqoeratr.rres v¡ere tal<en on an hor:rI-y Ì¡asLs on seJ-ected hot clays to

ccúrpare the tenperatures of both T:arns and to deterrni¡e gradients in average

harn tenperatures for the day. Dr:ring peak Lenperature',:hoirrs on_hot days,

rleasurerrents were rnade to obtain temperature distribution j¡rside the barn.

Th.e second test uas continued for 3 weeJis using tlre same test pens and

hogs. Tt v¡as s:lnllar to test 1 occept that two reversjJ¡le fans of a total

airfl-orrr capacity of 1525 m3Tminute were install-e<l in the tr^¡c ceiling ducts

of barn l-. Ttre objective was to determine vdrether blowing .¿¡i¿:t:¡¡',,ç¡t

66f through ceiling ducts woúld;:af fece,,'st;iíäê péif,otanance .

Duration of the tLrird test rnns also 3 ureel<s using the sarne hogs"

The hunidifier r.¡as j¡rstalted in front of the pens 14 and l-5 r.vhich no longer

served as control pens. The spray unit continued to o¡rerate to duplicate

the effects of spray and mistjnq units. Tests similar j:t natlre and pro-

cedure to those in test ,t,.]:..:¡ trei:e conducted-
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RESUT,TS A}JD DISCUSSIO\']

5"1 The First Test

5"1"1 Temperature Distri_bution and, Variations

D<haust aÌr temperature was a-ssuned to represent thre res¡rectirze

averag-e barn tenperatr-rre. As the barns had rnore tharr one exlraust fan,
frequent tenperature observations of the exLraust ajr frcm al-l fans of
both barns uTere nade to deterrni-ne sone method- of measurinq; the average

barn tenperature. The air teu$rerature from al-l of the five fans il.l. the

same ro\^7 \^7ere rrore or l-ess equal . Dr:ri:rg the afternoon ho'rs" the fa's
on the lvest side of barn I d-ischarged air at a slightly higher r.emperature

than that from the respective fans on the east sid.e. The r.¡est side of
the barn was directly oçosed- to the sun at this tj¡re; whereas the east

side was shadowed." The temperatr.:re difference, hcxarever, never e><ceeded

'<c" rt was, therefore, conclud.ed. that any fan frcrn the barn could be

used- to determirie the respective average barn temperature.

Fign-lre 5 " I shows the ænparison of average environmental tenperat¿res

ån barn 1 and' 3 with hor-irly ambj-errt tenperature variations on a tlpical
hot day" rt was observed cluring sj¡r-ilar measurenents that jn the rnorning,

average tem¡:erature in both barns v/ere higher than the ambient temrerat¿re.

As the ambient tenperature approached. 18.3C, the average torperatr-:re of
barn 3 tended to reach 2.c; whiereas barn t had tenperat'res.,Q;fi5 - z.2c
higher than this. As the eva¡rorative cooling r.rnit started vrorkinq, barn 3

shov¡ed lnsignificant variations in tenpera-ti:re; whereas barn I shcnnied a
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continuous jncrease. Amþls¡¡ tenperattrre and trarn 3 avera_qe ten_çerati.rre

cojncid-ed- at apprcxi:natel-y 21C"

At ambient tenperatures above 21C, barn 3 average terperatures v¡ere

0-IC belov¡ it and barn 1 average tenperatures hrere obsurved to be as high

as 4.5C above tlie ambient tenperature until- tLre peal< heat load hours. On

nor¡nal days, peak heat loads occr:red- betr,veen 3-5 p"m. and. a-s this tjme

approache4 the amtrlent and ba::n 1 terperatu::e difference decreased a¡d

subsequentl-y became zero as botLr tenperatr:res coincided, Afte5,,zard.s, all
the tenperatrrres shor¡¡ed a gacadual decrease.- Tlhe arnbient tenperature, however,

decreased- at a faster rate than the barn terperatures.

Figure 5"2 represents a typj-cal tenperature distribution across the

barns on a hot day, þparently, the tenperatures touards the west side

of barn 3 should- be lov¡er than on the east sid-e vdren the cooling unit rvas

working. Fign-lre 5.2, however, shows the reverse" Ttris was possfüly due to
the west sj.de of the harn bejng diTectly exposed. to sr:n at 3:30 p"n. when

the obsenrations were rnade" Terperatures on the east side v¡ere higher than

tenperatirres on the v¡est sid.e j¡r the nxrrnings and just the reverse in the

evenings- Tenperatures in the niddle of the attic space of barn 1 were

ahvays higher tLran those at a sjmilar location in barn 3, except around

tLe peak heat l-oad hours vd:ren l¡oth ]:ecarne almost equal.

The weather data obtained from Glenl-ea Research Station for the test
duration gave onl-y rnaxjrn:m and- minimum daily tenperatures" DaÍly me¿rns¿

weekly rÞans and suÌ¡sequentl-y the test neans v/ere calculated- frcrn this data.
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This lnfornatlon, hov,rever, did not gjve thre necessary C.aily tenperature

distribution ard Lt was found difficult to j¡rterpret tlre swi¡e perforrnance

results on the l:asis of this i¡formation"

I¡Ieather data were obtaîned for Vtinni¡>eg vÈrich gave hoirrly anrbient

teçeratures at T.'Iinnipeg International Ai-::¡9ort. InÏeekl-y averages \,\7ere

calculated from daily rnaximrms and- nrÌnìrm¡ns, ancL the test average \,vas

calculated. in a simi-l-ar r,ray" Tabl-e 5"1- gives weekJ-y and test avera-ges for

Gl-enlea and l^Iirrnipeg, Respectlve weekl-y averagies for the broth places

sholved a difference of approximatet-y t0"45C a.s the sanple consisted of only

7 or 14 days. The test averages gave a neglþible difference of 0 "02c"

Tlris occured,due to increase in sanplepoints, from 7 or L4 Lo 4L days.

These cal-culations led to the conclusion that the test teuperatlre distribution

for Vlinnipeg can be safely applied to Glenlea r,rrith a very high conficlence

l-evel" Tkre confid-ence l-evel wii-10 however, decrease r,vh-ile using the rveekly

teuperature distrll:ution" Due to the natr;re of tests; thÍs recluction in

the confidence level v. s assuned to have no effect on the ìnterpretation of

sw-ine perforrnance results and it was decided to use l¡,Iinnipeg vreathrer dat:.

for Glenl-ea.

P,ourly tenperature data of l^Iinnipeg for each rveeJ< of the test was

grouped j¡to the follcn^dng classes.

Class No" Class Boundaries (C)

L"39-4 "17

4,L7-6 ".95

1-

2
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TABLE 5"1 hIffiKLY IEAN TEMPERATiIRES FOR Gjm{LEA A}lD !\mKLy MEAN, }mïAN
AIJD I/flDAL THvIPERÆIURES FOR WfM,IPEG, TESf,, tr"

Weel<

Glenl-ea Inli¡nipeg

*ir'ean (c) *lrean (c) fMean (c) Median (c) Iaode (c)

L ,2 L7 .65 L7 "22 15 .g7 17 . 00 14.33

3 20"13 19"81 20"00 20"27 23"87

4 18"45 18.25 18.71 19.01 2r.66

5 16.98 17"53 18.10 L8.27 18.58

6 17 "85 18"25 18.16 18.43 18"61

lllrole 18 " 07 18.05 17 "B 18.32 tB " 63

* - (It{aximt¡n + ¡rfinimr¡n) ,/2
* - Tlnrr-'tr' L.^^.iI - rl(JLlrry .oasl_s
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A

5

6

B

9

t-0

l_1

Á q(-q 7?vÀ¿J-rçtr

9 "73-L2"5r

12"5L-L5 "29

L5 "29-LB "07

18"07-20"85

20 . 85-23 .63

23 "63-26 "4r

26 "4L*29 "rg

29.L9-3I"97

FrequencLes for each cl-ass v/ere cal-culated. The relative frec¡oency

for each class, and, modesu medians and averages for each v¡eek vlere calculated

witlL the follov¡i¡q formulas"

Relative Frequency =

Mcde=L,+Cf*l:l-l ' d1H2 '

L, = Lorver boundarlz of mcdal class (C) 
"

C = Leng¡th of r¡odal class 1g¡ "

dl- = Difference in frequencies of nædaI and prenndal classes.

d2 : Difference in freguencies of modal and postrrndal classes"

Median=Ll *C
f
=,nd

Ll = Iower boundarlz of median class (C).

C,= Length of neclian class, (C) 
"

/h-rlm^\,2 r¡,u/
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F = s''m nr ¡'ìl observations s'¡ialLer than Ll of median cl_ass.-rd

+ = r.ramranart af nedian CIASS"'fid
h

l.4ean=i I U.F.n._l-l_

E' : Iaræran^' ^f the CIaSS i"- .i I ¿eYq\drvJ v

U. = Mean of the boundaries of class i (C).

n : Total nr¡rber of observations in the sarncle.

Averages, modes and nædians \,vere calculated sjmi-larIv for tlre vÈro1e

test" Frequency polygon:s for every week and the vfuole period \^/ere ocnstru-cted

and are shor¡¡n in Fiqu-re 5.3"

5 
" 
l. 3 Svline Perfor¡nance

As suggested in the literature, the ideal tenperature range for swjne

performance is apprcn<imately 18.0C Lo 22"22C. At tenperatrrres above 22.22C,

the hogs suffer from heat stresses and eat less feed vdrich may actually give

tlrem a relativel-y }:etter feed effícienq¿ as coÍpared to environnental

tenperatures l:elov¡ 18"0C" At tenperatures belorn¡ 18"æ, the hogs eat nore

to develop energy in an effort to keep themselves \t¡aïmr thus resultj¡rq j¡ a

relatively poor feed efficiency"

From the observed- envjronmental tenperatures j¡r the barns with res¡:ect

to the ambient tenq:eratureu the following approxinations were made..

(1) Classes 7 and B of the ambient tenperature v,¡ere favourabl-e to tlre hogs

i¡ barn 3¿ and cl-asses 6 and 7 were favourabl-e to the hoqs in barn l_.
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(2) Area of the frequenry polygons leavjng classes 7 and B (ua) was

unfavourable to hogs jn barn 3 and the area leaving classes 6 and 7

(Ur) was i:nfavoura-ble to hogs in barn l.

(3) classes B and a.bove (zone B with areaAu, Fig" 5.3) r^rere. rrÐre un-

favourabl-e to hogs in barn I as cor'çared to hogs in barn 3"

(4) Classes 6 and. below (zone A with area lO FiV" 5.3) v¿ere rnore un-

favourabie to hogs jn barn 3 as cornpared to hogs in barn 1"

The folJ-cnrving assuqrtions \^/ere made to rnake use of the above statenents

in the swj¡re performance analysis:

(1) S¿j¡re perfornrance was a fi:nction of only thre barn dïy bulb tenperatgre.

(2) Vlhen the anrbient tenperature was j¡r class 6, terperature i¡r barn I
rernained jn the ideal tenperature range while temperature in barn 3

remained belcn¿ IB"OC"

(3) Vülren the ambient tenperature \^ias in class 7, tenperatures jn both

barns rernained in the ideal tenperatr:re range.

(4) VlLren the ambient tenperature \^Ias i¡r class 8, tenq:erature jn barn 3

rernai¡red in the ideal tenperature range while the tenperatr.rre i¡1 barn I
rernaíned above 22 "22C "

(5) vflnen the arnbient tenperature was above 23"63c or below r5.2gc,

tenperailtre in neither of the barns was i¡l the ideal teuperatr:re range.
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S,\'¡ine perfornnnce results (Table 5.2) were analysecl. using the

frec¡rency polygons (Figure 5.3) and. TabLe 5"3

During the first two weei<s of tlre test, the control- group showed

t¡etter performance tlran the erraporativeJ-y cooled- group both jrr terms of

feed efficienry and welght gal.ns. Íhis was substantiated by the polygon

for that period. v.ùren the nedian tenperature was l-7C and mean tenq:erature

was l-5"9C" It infilied that tlre average tørq:erature jrr the control pens

t^ras higher th,an in the pens of barn 3, i,.,ihLch firrther indicated- that the

control group uras suÌ:jected nicre frequentl-y to temperatures closer to
tlre ldea]- tenperature for hog perforÍìance" ThÌs læ_s al_so noted from

Table 5"3 where ul . u3 
"ttd.%. 

t fo, lcoth of lrÈrich v¡ere more favourak¡le

to barn I hogs"

Durjng tlre third week, pe:fornrance of the erraporatively cooled ard

control groups was just opposite to that for.md. in the first trnro v¡ee1<s, but

so was the tenperature d-Lstribution. Durj¡g the th-ird \n€êJr¡ the anrbient

tenperaürres !\7ere centred- around an approxi¡nate tenq¡eratrrre of. 2@. as the

neanf w-ith the ne<lian ten¡cerati:re alrncst crrinciding and- the polygon ny¡und

shcv¡ed a different tli-t frcxn the polygon for the first trn¡¡ weeks. U, and

Ut were equal t^¡hich did not ex¡rl-ai¡ the performance results " The performance

results \ùerer horrever, oçtained- by the area of Zone B bejng grreater than

of zone A"

Dtrring the fourtJr v,zeek, vaeight gains lcy thre control group v¡ere J:etter

than the eva¡rcrativeJ-y cool-ed group/ nrrereas u, and u, rvere 67.82 and

63.39å respectively" on the other hand, t-he area of zone B rn¡a.s greater than

Zone A. It ¡reans tlrat tlre performance <iid- not corespond with Ul and U, but.
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TABLE 5"2 WMKLY PERFOR}/ANCE OF T}iE ÏÐ€-,S, TESI' 1"

Week

L12

3

4

5

6

I¡7hci1e
Test.

*-ADG
FE

Control Group

*AI-Yi,/FE

0.535/3"625

a "420/6.399

0.s68/4 "136

0 "20L/L3 "200

L.035/2"28L

0"552/4.r90

Spray C,roup

*arv: /F.F.

0.357 /6 "6L0

0 "7rs/3 "864

0 "532/4"72r

0"1655/1s"35

0 "9025/2 "698

0 .500/4 " 980

Evaporatively
Cool-ed Group
*ADGÆE

0 " 415/4 "Bss

0 "984/2 "6s

0 "44L/3 "202

0 " 45L/6 "77 4

0 "860/3 "229

0 "585/4.360

= Average daily gain (kg/ùA.)

= Average feed efficienq¿ (kg feed/l<g gain)
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TABLE 5"3 AFEAS Ul' U3' ,h,, AND fo D{ FREQIJENCY POLYCÐNS OF FIG. 5"3"

Week

LtZ

=

o

I,üho1e
!EÞLô

ut

64"282

62"52

67 .BZ

57.t42

42"262

s9 "652

u-
J

68.752

62"52

63.692

64"BBZ

51.19%

63 " 31%

,A

55 " 95U

36;11å

44.02

48"2LZ

45"8?

47 "962

A-B

25 "592

46 "52

38"692

29 "L6Z

23"82

31.19U
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it did correspond w-iürAA urrd fo. Slnce lur-url . lU*"I , it seems tlrat

the perfoïmance ndght have correspond.ed. r^.dth \ und- fo rather thran U, and IJ, "

It was observed cluring the oçerj:nental period that drrrj¡g weeks 5

and 6, all tLre hog groups gave very l-or'¡ and very high ¡:erfornance respectively"

Average Gl-enlea terqreratures lrere calcul-ated to be 16,98C and l-7.85C

respectivel-y. This i¡formation was not sufficient to explaj¡ wíde difference

jn tlre perfornnnce res:ul-ts and thus led- to the analysis of hourly v¡eather

data for Vlirrripeg as it was not arrailable for Glen1ea"

Polygons for '.veeks 5 and 6 v¡ere the most tlzpical of all ancl interesting

to anal-yse" The respective mean tenperatr:res vrere lB"lC and 18"16C; the

median tenperati:res being IB"27C and 18 ^43C¡ and the nodal tenperatures

were ]-B"SBC and 18.61C, These ñEasures of central tendencv were alrmst

equal for t}re both weeks" Polygon sha¡:es \,verer however, euib different

from each otlrer and so \rras tLre hog perforrnance vùrich \^a.s a function of the

regpective ten4:erature d-istrjJoution, regardless of the þog group" Standard

deviation of the polygon for v¡eeJc 5 rrrill be ç¡reater th,an of the ¡nlygon for

week 6r i-f both are calculated" Th:i-s is noted frcrn h-igher frequencies

observed in the e><trene right and the extrene left classes of the polygon

for weeJ< ,5, as compared r,'¡ith the frequencies in sjmilar classes of the

po3-ygon for v¡eek 6 " It itas noted- tl¡at tLre extrene right and extreme left
cfasses of a tenperatr-rre distrfüution largei-y Jnfluence the hog performance

as tLrey have si¡nilar effects,

(a) Irlgher freguency densities in these classesu thus prod-ucing lov.rer densities

for more desirabl-e central- classes as the area of the graph should eguaf
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unity, are very unfavouraJrle to the perforrnance fi-mction because their

negative effects are accuirulative"

(b) Lov¡er frecruencl¡ densities in these cJ-asses, tlrus prod-ucing higher

densities for nore desirabl-e central classes, are very favor:rable to

the perfor:fiEmce firnction"

.t¡Ieek 5 corresponded to tat above; vùrereas weel< 6 corresponded- to 'bt.
The conq:arative swine perforrnance dirrìng these v¡eel<s can be said to be

verlz lovr and very Lr-igh respectively" The ideal temperature distrijcution

for hog perforrnance will- be the one with the least standard, deviation and

centred around class 7. Ttre d-istjnct feature of the polygon for weel< 6 r,r'as

that it v¡as closer t¡ tlre a.bove defjnition tL¡an all of the other polygons

and so \^/ere the performance results for this weqk.

It vras d-ifficult to oçl-ain the relati-ve ¡rerformance of erraSnratively

cooled and control group hogs di:ring the 5th week. Ttre tenperature distrjJcution

was nÐre favourable to the control group as U, < U, and tA t AB, but t1re

performance resrrlts were just the reverse of this. Tlre performance during

the 6th weelc corres¡rcnded to its tenperature d-istrj-bution as u, < u, and

q t A^ r,rùrich made it nore favorrrable to ewaporatively cooled hogs.
JA

For the v¡1role test, dail-y welght gains per hog in tlre erraporatively

cooled group were Ì:etter than tlre control group" It did not correspond with

the tenperattrre distrjlcution whl-ch \das more favourable to the hogs in barn t

as U., * Ue and Ar. t \. The feed efficienry, hovrever, was in accordanceIJf\l1

with the tenç:erature distribution"

The sprav group shov¡ed the poorest performance in th-is test" Scrne work



46

done jrr previous years vras o<arni¡ed- irùren hollovr core nozzles were used,

for similar tests and it v¡as found. tl-lat the spray system never resulted

in as poor a perfornrance as this year" Dr,ring the trials this year, the

spray system thermostat was for-ind not workj¡g properly after Lr,vo weej<s.

It might have resulted jrr water spray every ttrirty mj-nutes, regardless of
-uhe barn temperati:re, until the tlrer¡nostat v¡as replaced. This could

pclssi-bly have substantially affected thre perfonnance of the spray group

hoqs"

5"1"4 Vísual Oloservations

During the visr:al observations, physical ccmfort of the hogs was

studied-. At 3"15 p"m" on Jury 4, a windy day with normal- tenç:erature,

when the tenperature in barn 1 was 25C and 20.83C i-n barn 3¡ control group

hogs were found less cornfortable as cÐrTpared with evaporatively cooled

hogs, sonre of which \^zere seen lyjng on the f1oor, huddling and others takjng

water and feed" spray group hogs were seen gathering in drier areas of

the penso al-though apparently it should not be so at such tenperatures.

Fbgs were for:nd to be all v,¡et. This was why the therroostat was checked

and replaced-"

At 3:30 p"m" on July 9, a sunny day with clear skies, barn I tempera-

tr.rre was 26"ILC" Control group hogs seenred very unccrnforta-ble and not

one \,ras ea-tirrg; whereas eva¡rcratively cooled hog,s i.vere seen hudd-lhg, eatirrg

and. driIJ<ing" It was very i:nccrnfortabl-e in barn I but much better jn barn 3.

Ðray group hogs were eati:rg and lying over each other to get under the

shower"



47

At 3:30 p"m, on JuJ-y i-7, a cl_oudy dayo trhen tenperatlre in barn i_

was 25C and 2l-"11C in barn 3, no d"ifference between the behaviour of

erzaporatively cooled. anrl control group hogs was noted. spray group hogs

rvere all standing, sone eatlng and. scnre trying to avoid the r¡zater spray"

Aoparently, the respective l¡arn 1 and barn 3 tenperatrrres were similar

on July 4 and. Jul-y 17 but the swLne response rva.s quite d"ifferent " Ttris

might have been so because July l-7 v.ras a cloudy day and relative hrn'Lidity

vras h:igher than on July 4 " Ttrese and sjmilar obsei¡¡ations on r¡arious davs

l-ed to the followinq conclusions:

(1) Hogs eat less at Lr-igher tenperatures arrd eat rncre at lower tenq:eratr:res

(iloü tenperatures being outsid.e the ideal ten¡oerati:re range) .

(2) Hogs feet nore uncornfortable at higher tenperatures than at lov¡er

terq>eratures (both torperatures being outside the ideal tenperature

rarrge) 
"

(3) Hogs r.mder lra.ter spray feel rrcre crcmfortable at lcnr barn htmidities

that at high barn hrmtd.ities.

(4) I¡üater spray k'eeps hogs c3-eaner than evaporative cooling.

The tenperature referred. to above are in the zones encountered. clurinq

the e>çerirrents"

5.1-.5 Carcass \'[glgh! CcnFgsiti.on

Fat average was the Lr-ighest in the control group (Figr_rre 5"4) rvhich
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TABI,E 5.4 CARCASS COYPOSI|ICÈ{ OF TT{E HæS,TEST 1"

Hog .þ516'fi96'9,¿gs.i:r::: Predicted Age Carcass Carcass
Tri:iätf,ûént (äiì)-:rrf"ìir¡ Yield (3) (days) Irleight i*dex

(ks)

Control 9",ïZ iO "57 191 7L.36 t0t" 9

Spray 9,ßA 70 "I9 L94 70 "63 L02"8

Evaporatively 9"94 70"85 :-:97 7I"Og 103.5
Cooled
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lrrplÍes Llnt hogs in thls group coul-d have treen the laziest. pred.icted

yiel-d was h-lgher ln thre evapora.tive]-y cooled g:roup than in the other

groupsr although the d.ifference \^ras not signrificant and average age of
hogs in this gn:oup v¡as al-so hìgher. Ttie rcai'cass:':inclex'ot,r,evaporatiwely

cool-ed spray groups was higher than of the control group. Tt can l:e

said that meat quality as well- as the pred-icted yield was tlre highest in
evaporativel-y cooled hogs, Ttre spray group gave better quality meat tÏ¡an

tlte control groupo but predlcted- yiel-d of thê, l-atter vras better than the

forner"

5"2 The Second_ Test

5"2"L

Barn 3 ten'peratr:re response to changes in arnbient tenperature (Fig.5"4)

d'uring test 2 was alnost similar to test 1. rt was anticipated as no change

in tlre cooling system of this barn was rnade. Barn r_, however, shorøed a

different resporlse due to the two fans installed irr the ceiling ducts.
At 11:30 a"m" on Aug-ust 2o when the anrbient tenperatr:re was z5.SSc,

barn l averagie tenperature \^ras 27"sc. on July g, aL 10:30 a.m., barn 1

average tenperature was 28.33C whereas the aml¡ient tenperature was only
25c" The ambierrt terrperature and- barn I average temperatr:re approached

ea-ch other illore rapid.ly on August 2 tÌìân on July 9 " These tenperatgres

coi¡rcided at 3:30 p.m. on August 2¡ whereas they showed a difference of
1'11c at a sjmifar tirre on July 9" on the average, the d.ifference between

the ambient ten4:erature and barn 1 average temperature on August 2 rn¡as
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less than on July 9. It appears that better cooling was obtained j¡t

barn I by instalUng the ceÍling duct fans"

No'signlfícänt- difference i¡r tJ:e tenperature distriJ¡ution across

tlre barns from test 1 was observed during test 2, e><ceÞt in the attÍc

space tenperatures of the barns (Figure 5"5). Durjlg the first test,

attic space tenperature of barn I was always higherLhan or eqr:al to

the tenperature at a sjmilar spot in barn 3. During test 2, hcmrever,

it was just the reverse when the attic tenperatirre of barn 3 was always

higher than or equal to the attic tenperatr:re of barn 1. Tenq:eratr:re

differences:.of;erp'i-Lo1"11C were observed" It seems to be the :iesult of

passing air through the ceiling ducts of barn 1" Ttris drop jn the

attic space tenperatr-:re of barn I coul-d have contriJ¡uted to the changes

Jn average terrperature of this barn as attic space tenperature affectso

lcy heat infiltration, the tenperatr:re of air errterjrrg the barn through

the peri¡"eter inlet slot, (Buckl,anan 1968) "

5"2"2 FIog Perfornnnce

tr¡Teather data for Wjrlnipeg was analysed i¡ a similar way to that

used for the first test (Tal¡le 5,5). Th.e frequency.polygons flrus con-

structed are shor^¡n in Fig" 5.6"

Since no cJrange jrr the cooling system of barn 3 was madeo zone

classification made jn test I still applied to this barn" Barn I average

tenperature was, hcnnlever, brought dorvn and, tTre difference between the

ambierrt tenperatr:re and barn t tenperature \Áras never gireater tlarr 2.77C
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TABLE 5"5 WMKLY MEAN TEI{PERATURES FOR GLENLEA AI\JD T¡MKLY MEAN, I,EDIAN
AND IIODAL Tm4PERATURES FOR VüINNïPEG, TEST 2"

Week

Glenlea üJirrnipeg

*Mean (C) *Mean (C) tr\4ean (C) I4edian 1ç¡ Mode 1g¡

r 19 "67 19 "62 20 "72 23 "gB 2L"94

,2 18"96 19.36 L9 "27 1s.61 L6.63

3 20 "95 20 .73 2t " 13 20 "L4 18 . 86

Vühole 19"87 19.85 20"35 20"03 17.52
Test"

* - (I4aximwn + Ittinimrsn) /2
t - Hourly basis
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throughout tJ.e observation hours d.r:rjrlg the test period" This implies

that zone B of the frequency polygons in test 2 was not as unfavourable to
barn I hogs as it was jn test 1, and obviously zone A rnras not as favourabl-e

as it was in test 1" Areas unfavor-rrabl-e to both barns and areas of zones

A and B were càl,curated as i¡r test r and are shov¡rr in Table 5 6 .

During the first weeÌ<, the tsnperature dístributj-on seemed- to be

rnore favor:rable to barn 3 than barn 1 as it appeaïs firom ur, urr fu, and

fo" The ¡:erfolîrance results, however, did- not correspond with this (Table

5"7) " The cooling effect produced lcy the ceiling fans might have reversed.

the resul-ts"

The tenperature distrjlcution of weel< 2 was favourable to lcarn I
* Ut < U, and Aa t fo which was indicated by the better hog perforrnance

of the control group than thre ewa-¡nratively cooled group" The vreight

gains by the control group were better than the erra¡:oratively cooled g-roup

during the 3rd week wLrich was sdcstantiated by the tenperatr¡re distrjlcution.

Better feed efficienq¿ of Lhe evatrnratively cooled group, however, was

difficul-t to interpret" The polygon of this week will possi-bly have thre

naxi-rm¡n standard d.eviation of alt the polygons i¡r this tesL; because the

dis¡rersion a\^/ay from the nean Js, high due to distrj-bution of tenperati.rre

irr all the elev.en classes" Its effects were reflected in ttre feed efficiencies

for this week as the rel-atir¡e feed efficienry of each group was very por"

The frequenry distribution for the v/nole test appeared to be nu:re

favourable to barn 3 hogs as u-, and u. were 59? and, 60% respectively, and

AB t tA" fhe perfol:Tnance of tkre control 9roi4g, however, was better than

the erraporatively cooled group,.both j¡r terms of feed efficienry and. weight
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TABrE 5"6 AREAS Ul, u3, \ and.fo',]lv FREQtlm{cY PoLY@NS OF EfG" 5.6.

1

2

3

V'Tlrole
Test"

tl"1

69.442

47 "62

6L"92

59.r2

uz

56"942

58"922

63"692

602

-?,

30 " 55U

472

30 " 95%

36 "452

A-B

52"72

33 " 33%

48"BZ

44"582
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TAEILE 5.? IVMKLY PRFOR¡4A¡{CE OF T}18 IffiS, TEST 2"

Vüeek

I
2

3

lühole
lToct

*-ADG=Average
I-E = Arrar¡na

Control Group

*ADGÆE

0 "62L/4.507

0"553/2"366

0 "6r36/Ls.25

0 "s25/4 "93

Spray Group

*ANê,/FF

0 "772/4 "550

0 "824/2"768

0 "603/7 "L67

0 "595/4"3L

Ewa¡nratively
Cæl-ed Group
*ADGÆE

0 "L94/5 "35

0 "4025/5 "795

0 "259/9 "24

0 "486/6 "27

daily gain (kg/hog)

feed- efficiency (kg feedrrkg gajrr)
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gai¡s" rt appears that this was due to the cooling effect produced. by

the ceili¡rg fans j:r barn l- "

The spray system j¡r this test has given the best ¡:erforrnance results
whereas it gave tlre poorest perfornn::ce in the first test. ft thus appears

that there is a tentative p::eference by the hogs towards a better circrrlation
of air when they are subjected. to water spray. This circulation of air
may be helpful to red.uce their breathing problems resulti-tlg frorn spray,

particularly if the spray is very fine.

5 " 2 .3 Visual Obsen¡ations

The ceiling fans jn barn f were installed. on Augrust l_ at 3:30 p.m.

The ambiant tenperattrre at that ti:re was 25c ancl the tenperature jnside

the barn was 2B.BBC. ft was verlz uncomfortable in the barn and very few

hogs were eating or drinking. As the fans started blcnvi¡rg fresh air i¡,
it gradually began to be felt cooler; especially dìrectly under the fans.

Tlre tenperature in the barn dropped 1.11C dr:ring a period of.2O mj¡rutes

whereas the ambient tenperature remainecl the same. Thre barn tenperat¿re,

however" did not show any subsaqu,-ent decrease" The hog cornfort appeared ¡e
bê tj6¡7þ¡sely...' proporrtional to the pen distance from a pojnt directly under

the fano tl.at is, the hogs closer to fans appearecl- to be nore alert than

those away from the fans. on the vÈrole, the hogs tried to gather in a

spot of the pen with the least distance from the fan. Sone hqs \^rere even

seen trlzing to juç the pen wall tov¡ards the fan i¡r an effort to qet as

clo e¡âslpossible,-.to' -the "fän.
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On o'cher days, the hog response was observed to be sjrnilar to thrat

descri-J¡ed above but, of course, depending upon the ambient tern¡:erature.

ï{og response could not be noted at ver¡z low tenq:eratures as no obserwations

were made at night and such tenperatures vrere not encor:ntered dirring the

obsen¡ationi: hours" Spray group hogs were agajn observed to be thre cleanest

of all"

5"3 The Third Test

5"3.1 Temperatr:re Distrjjrution and VariatiohÈ,",

Di:rìng test 3, a hr.midifier \^/as operated jrr conjunction with two

ceiling duct fans j¡r barn 1; while no changes jrr the cooling system of barn

3 were made" It can be noted (Figure 5"7) that the barn I average tenperatr:re

was brought below the a¡nbient terperature by the hr.rtridifier" During the

first two tests, barn 1 average tenperature hias seldcmr observecl to be

belcnu Lhe respective anbient tenperature (Figrrre 5"1 and 5"4) " ùr the

other hand, in test 3, barn l average tenperature \^ias rarely above the

respective ambient tenperatr:re as long as the hr¡nidifier was vrorking. For

ìnstance, rrn July 9, barn l average terperatr:re was 29"I6C when Lhe arnbierrt

tenperature \i\ias 26 "66C¡ whereas on Augiust 30, barn 1 average terç:eratirre

was 26"11-C while the anrbient tenqrerature v\ias still- 26.66C" The difference

between barn I average tenperatr:re and the arnbient tenperature in test 3

varied frcrn -1"11C to +0"25C at lcarn l temperatr:res above 2|"LIC¡ r,vhereas

j¡r test 1 this difference was always greater than zero"

The temperatr:re distrjJcution across the barns in test 3 (Figr:re 5"8)
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was a-lmost sjmilar to test 2; o<cept that, j¡r test 3, the o*¡aust ajr

ter,peratures on the west side of barn l were about 0.27 C" loler. on'the

average tÏnn tlre edraust air terperatures along the east v¡all of this

barn. Ttr-Ls night be d-ue to the hr¡ridifier beirrg located a little off

the central a-isle tcxr¡ard.s the west wall.

5"3"2 Hoçi Performance

Sr:bstantial changes in the areas, unfavourable to barn I hogs,

presented by the tenperature polygons of test 3 occured due to operation

of thre hrnrid.ifier" tr^7hren tlre andcient temperature \^/as in class 6o the tem-

perati.:re jn barn I did not alviays reach 18 " 33C as the ceiling fans were

still working; particr:larly idren the ambient tenperatr:re \^/as j¡r the lcnver

ra-rìge of class 6" It i-nplies that class 6 became partly tnfavourable to

hogs of barn 1" On the other hand, barn 1 terryrcratrires v¡ere below the

ambient temperature when the hurLld:i-fier was working (at barn ternperatures

above 21" llc) " Th-is jn turn irplied that cläss B became favourable to

barn I hogs. As no change in tLre cooling system of barn 3 was made, the

ambieñt tenrperature analysis applied- to this barn as in the first two tests"

Test 3 was conducted from Augn:st 21 to Septenrirer I0. At that tjrneo

the ambient temperatr:res started dropping (Table 5"8) and frequencies in the

upper classes of polygons \^rere reduced resulting in an jncrease in freguerrcies

of lower classes, parL.icularly clásses 5 and 6 (Fig" 5"9)" Areas unfavor:rable

to the hogs in both barns \^rere calculated- as j¡r the previous tests and are

shown in Table 5"9" All frequenqF polygons for tlris test appeared to be

rru:re favoirrable to hoqs of barn 1"
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TAIIIE 5"8" I^ÆI(LY MEAN T${PERATURES FOR GI;Ð{LEA AND VüffiKLY MEAN, MEDIAN
Äi\lD I/ÐDAL TEMPERATURES FOR WfNNPEG, TESI 3.

Week

Glenlea Wilnipeg

*viean (C) *Mean (c) t¡aea¡r (C) Median (c)'Mode (C)

1 19"63 19"60 20.03 19"13 18.20

2 20"55 19"91 20"26 L9"32 16"06

3 15" 10 15.47 L5 "76 L5 "75 16.55

vl?role 18 " 43 LB "32 18 " 68 17 "93 16 " 98
tesÈ"

* - (MaximLûn + Mj¡inun) /2
t - ,I{ourly basis
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TABLE 5.9 AREAS Ul, U3, AO and O" 
^ 

FREOUÐ{CY POLYGCÐ{S OF FTGJRE 5"9"

I

)

Vlhole
m^^J-¿EÐ L.

U"
.L

54"l-62

64"282

54"762

57 "732

uz

61 " 90?

69"642

77 "972

69 "B4Z

1-A

38 " 69%

42"852

7r.422

50. 9"DB

A-B

38.004

44"642

10 " 7ta

31. 15U
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Increase j¡r the area of the ¡rclygon unfavourabl-e to barn 1 due to

reduction i¡r the barn tenperature when the ambierrt torperature was jn

cl-ass 6, appears to be crrnsiderably less than the red.uction i¡r tl"ris area

due to o¡:eration of the hrmidif,ier" rf it is ass.rred that the above

nentioned j¡rcrease is negligiJcle, areas jn class B of the potygons could-

be substracted frcun the respective Ur" Thus a reduction h Ut will occur"

Based on this analysis, it appeared tLrat the performance of hogs in the

ndst group t^¡ould be better tLnn the evaporativety cooled hogs" Performance

resul-ts of the fjrst and third weeks did not correspond with the above

j¡rference (Table 5" 10) . The average perforrnance of the nrist group on the

whole..was, however, better than tLre erraporatively c-ooled hogs.

The tenperatr:re analysis for this test suggested a considerable

difference between the perfornance of hogs in the eva¡:oratively cooted and-

the mist groupsn as U, and U, differed from each other substantially" This,

hotvever, was not reflected by thre performance results. One possiJcle reason

for this could be that at this stage of the experiment, nost of tJ.e hogs

weighed'above 91 kg. and tLre favourable temperati;re range (18"00 Lo 22"22C)

rnight not be as applicable as to tkre hogs with weights, be1our,.,91: kg. It
vras olcserved dr:ring the ocperinrent that the weeÌ<ly weight gajrrs of,. hwis

were lcx,ver than the previous tests regardless of the cooling system to which

tlrey were subjected" Ttris appears to have caused a lcnuer feed efficiency

for each hog group in this test tlran jn the previor:s tests.

The spray g-roræ in this test was subjected to the mist from the

htlnidifier as well" Ttris resulted in a better feed efficiency for this
group than the other two groups" The average weight gain for the spray
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TABT,E 5JO IVEEKLY PERFORI4ANG OF HæSI 1EST 3"

tr{eek

Mist Group Spray and Evaporatively
Mist Group Cooled Group

*ADGÆE *ADGÆE *ADGÆE

1 0"5e7/5"045 0"5649/4"663 0"597/4"973

2 0"46r/5"577 0"381/5.sr8 2"272/9.638

3 0 "4155/6"256 0"4805/5"797 0.44r/5"280

tr{}aole 0.49L3/5"553 0"476/5"380 0"437/6"050
fEÐL.

* - ADG = Average daily gain (kgÆog)

FE = Average feed efficienq¡ (kg feedr/kg gaix)
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TABLE 5"11 SIJ}4\4ARY OF Ff]G PERFORMANG

*Vüeight Gain *Feed Efficiencv
m^^! 1

Control Group 5"58U decrease 3"89? i¡rcrease
Spray Group L4"572 decrease L4"222 decrease

Test 2
control Group 7 "gse" i¡crease 2r"372 increase
spray Group 22"432 i'crease 3r.2ss" i¡rcrease

Test 3
Mist Gror4> 12"372 increase B.2Le":tinereac-e
Mist & Spray Group B"B9? increase 11% j¡rcrease

* - Based on evaporative cooling (assured as lO0%)

Overa].i 12 T¡feel< I{eight Ga_i¡r PerfonrElnce

ADG-I

Control Group 0"47
Spray Group A"AG
Evaporatively Cooled, Group 0"50

fADG : Average Daily Gain (kgÆog)
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Figr:re 5"10" The spray and the control- pigs"
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9rouP, however, was

evaporatively cooled

lower than mist group;

group.

but it was still higher than

5" 3" 3 Visual Observations

As the hi¡nidifier evaporated up to 5.45 kg. per hor:r of water jn

barn r, it resulted in a higher relative hunidity i¡r tlris barn. rt \,üas

not as uncomfortable in the barn as in the first and seoond. tests and

the relative comfort was rm:ch better at very high anbient tenperatures

(above 26"66c) " Ttre hogs arso appeared to feel better, were actively

eating and drinl<i¡rg; but they still appeared to be less acti-ve than the

hogs in barn 3" The hog's jrr the spray group conti¡rued to be the cleanest

of all"

5.4 Limita-tions of the Cooling Systems

Sone problenrs were encountered i¡r the operation of eveïlz cooling irnit;
tl.us each r-u-rit ap¡:eared to have advantage over the others in certain respects.

The mai¡rtenance of a rmiform distrijcution of rna.ter over the excelsior

pads was observed. to be the greatest limitation of the ewa¡nrative cootilg

unit" Ivlost of the tjrre the problern þ7as due t¡ pluggirrg of the holeso in
the overhead pipe, by rust particles or the occelsior pad. straws which

circulated in water" fhris problem coutd not be fully overccÍne even by

putting a wire mesh screen in the pipe of the ci-rculation purp and resul-ted

in frequent drlz paÈd:res in pads throughout the barn length. Frequently

water could. not reach the end of tlre overhead pipe at low water pressures.
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Although the initial cost of tLris unit was the least of tlre three units,

its maintenance v,zas the mcst difficult. Even if a r.lniform distrijcution

of water uras obtai¡ed, a uniform cooling effect in the barn could not

be obtained as terçeratures in the pens closer to the unit were lower

tlran i¡r the pens away frorn the unit.

In spite of the use of a filter jn tLre spray unit, occasionally

the spraSz nozzles were for:nd plugged by rust particles. Ttre rustilg

process was fi.:rther enhanced due to the use of brackish water in thre

barn" Thre rust, and dust particles from the feed j¡r the barn, deposiÈed

aror:nd the peripherlz of the nozzLe hole rvhich i¡rterfered witLr the spread

of the spray. The water pipes over the pens appeared to create obstructions

and were a hindrance to the worlsnen.

Of the d.esirable featr:res of tlre hr¡niclifier, the nost inportant was

the regulation of the water feed" It v¡as obt-ained by changìng the water

pressure tf'rrough -tLre pressure control valv.e, according to the temperature

jn the barn" This imporbant feature is difficult to obÈain j¡r the other

units and even if obtajned, it ca¡not have the precision and- irrmedia.te

effect as with the hunidifier. The initial cost of the hr¡n-idifier was

greatest of all- thre units o its maintenance was U¡rlted and the operation

costs r,vere minimal" It occupied a very snall space i¡r the barno thus

practically offering no obstructions to Lhe hTorlnren"



72

CFNPTER VI

CONCLUSIONS

l. Vrlater spray cooling keeps tkre hogs cleaner than evaporatiræ cooling"

2. A hunidifier of half the capacity required- for bringing adiabatic

saturation il a barn withr a hog confinenent d_ensity of 74 kg" per

square neter of barn can red.uce the average barn tenperature eqinl

to anbient tenperature or below"

3. Hogs cooled- by evaporative pads give better perfornance tLran with

conventional ventilation svstem"

4" Performance of the hogs under spray cooling can be irçroved by

increasing the air flow rate i¡r the barn.

5. Perfornance of the hogs under conver¡tional ventilation system can be

inproved by usilg a hr¡nidifier of only half thre design capacitlz

reguired for bringing ,adiabatic satr:ration in the barn.

6. Anbierrt tem¡:erature distriJ¡ution for V'liffripeg is such that any cooling

nethod wíll be rnore effective in irçroving hog performance in a barn

wittr naturally high temperati:res (due to barn constructiono its
orientationo higher hog weight ¡:er unit area of thre barn or the ven-

tilation) than j¡r a barn v¡ith naturally low temperatures. Hog performance

i¡r a barn of the latter tlzpe can be Írçroved by decreasirg the ventilation

rate at barn tenperati:res bel-ow 18"00C ancl using a cooling system at barn

tenperatures above 22"22C "
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CTAPTER \ÆI

FURTHER SUC.@STICÈ{S

t" Studies on hog perfornance should be conducted using a hr¡nidifier of the

full design capacity for obtaining adiabatic saturation in the barn.

2- Controls of the hr¡nidifier should nu¡dul-ate the anount of v¿ater fed to
the hunidifier in direct pro¡nrtion to the barn tenperature; and the

performance studies be contjrrued"

3" Sunner v¡eather data at various locations for at l-east ten years should

be analysed and grorped jrrto classes. rt will eventually help in

d-etermining the size of cooling r:nits required for typical hog lcarns

at the particular location"

4" Studies should be conducted on the use of plastic pipes for the water

spray unit.

5" To a-chieve l:etter validity of the performance results under varj-ous

cooling systems, barns with sjmilar construction, orientation and-

equal hog weights per unit area of the barn shoul-d be used.

6" HygrothermcAiraphs or other tenperature recording devices should

be used j¡ barns which will eventr:ally hetp Jn analysis of the per-

formance results"

7 " Some better nethod of weighìlg the hogs and. feed should be enployed
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to ildniJnilze the labour requirements.

B. The effect of hr¡nidifier location on the tenperature d.istrjJcution

across the barn should be d-eterrni-ned"

9" Performance studi-es should be broadened to include the effect of

sr:rnner oooling relative to warious hog breeds"
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