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Btu / Briti sh thermal unit 
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cp s pec ific heat cf air 

c ub i c fee t 

sq··are feet 
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degree fahrenhe it 

hp h orsep ower 

hr hour 

in inch 

lbs pounds 

Q/V 

min minute 
~E 

ph measur e of h yd ron ion concentration 

Q ventilati o n rate 

qs sensi b le h eat 

insulati on value 

RH relative humicity 

temperature d ifferential 

s p ecific volume of d ry air 

s p ecific ru~idity 

p ere en t-a:::, e. 
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Conde 1sation of 
Vapour : 

vOnduction; 

Conv ection: 

Dry Bulb Tempe~atuTe: 

Eetabolic Eea~ 
Productioi'l : 

V 

F LL!' ~~ou r:d i ng a -oo .y or s ~. - .... te::J. .. 

Charge of v2pour ·nto liquic. 

place when the pressure of the 

vapo~r be comes equ a l to the 

maximum vapour pre ssure of the 

liquid at that tempera tur e . 

Heat transfer between bodies in 
. ~u\-t-Jh 

d i r s c t con ta. c ~ b-e c. a u se of a 

t em:; era t·c.:re d i ff erenc ea_ ) and __ ..,vi i thou t 

g ross movement of the ~at erials 

5eat transfer Khich occ~rs ~hen 

~arti cles of a fluid mix ~ith lowe 

or higter temperature par t icles. 

"'Tatural or free convection ma y resu-4-t 

from differences of d ensity caused 

by temperature differences. 

Temperature measure d F ith a commc n 

~hermometer or thermoco~ple. 

Th e heat e n ergy content of an air-

vapour mixture .. 

The minimum r ate of hea~ producti o~ 
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) c:. r n 1 ; [-~. s rtte:& E: t o c h e c ~ .l~ o r .:1 c : s ~: ~ ::-E: , 

contTol. 

cunt:r-ol .. 

s' _o1 ld be fiel'i c ~·r.r..ec tc stuo.-- air ci:r-c. ~ls_t io · .. s..nd oco-u r 

'fro ol s:w. s .. 
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.1... • c- ··"' .., ..J- ,-, - - .-.. - ... ...::; r 
. - ·~ .... - ~ 

~ . ~ t ~- .... .:. - , - ,. +- ........ , , 1 e r .. 
~ . e c e s ~~ o ..... .1. .1.. e c. o... v .;. .1. . 

er.lvircr~e;l.J.._ i - nee:., e" t . adjust t ~ - -'""'e e 

o r rat e c f ~c. i n l:/' 1-· · .i. tt:, 1..- ~ . -c-o_ 1 e b e &. · . ..... e .C' e ., c o s t s : o ::::· 

ex.t-'e::.---se . a re ro 't; !1 ..:... Y of tr:.e t ots.l 

cos-'- of gruw i ng s1 ·1 . .~. e .. 

'M 
Tne pri war·~- consi -e ~·atioD .G-f.. a :·· i nter: l.;enti l at i o:r: 

contro_ syste~ i s ~ co .... s r--e h eat --: ile rernov:. ng 

moistur-e a . .:.c. r ... aole o2 ours .. \·-hat . .:) ., 
1 s n e eu ea is a 

es.:_red 

u r: i f o r m t e :::n • er at ·c. re c. n d re la t i v e h c :c:1 i "" i t y ! ~ i t h :c o d r c. 1 t s 

and no su - d~n changes i n temperatur e $ 
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D~e to th~ ·ndustr~ali~a~ i on 
.c· 

G.L in t. £1 e 

• t • ..-, "" ,.., ......, • . n .. -'l l ncreas e 1 e tee~ eii l Cl ency or an1 m2~ E. The basic 

just i f i a t i on of t he an i mal s~ e l te~ is t o i ncreas e 

g r oKt h , p r oalc t ion and health ~ Vany dif-~re_t typ es o ~ 

s· 1e l t e:r-.s ~ ave b een d e s.l_ sn ed to ·oala· ... t~e economy a-1d 

., . . - . . . , b ..~....., . -e ., proa.uc t: lon bu-c <:: n1s :_a s e en c;: r Eac. J.. J 1 rnprc\: o .;i th th e 

ir.:.trod.u ctio· o f ·i.:- entila t i on t o control the en-··ironment. 

Three b a sic requ :rements f or cond itioning a ir are; 

an insulat ed. s truc t ure, a ont::t"'olled fan · sy s tem to mo- =-e 

the ri ght amou~ t of a ir, a nd &n inlet system of approp ri a ~e 

ci Ze Filld _o ca t ion to g i Y e reasonable di stri but ion of ai .1.: .. 

T~ese facilities can be arranged to op erate by two 

different method s known as a positive or negative pressure 

system~ Under the positive pressure s y stem, .air i s drawn 

into the building by an intake fan and exits througn 
Cffn\J-e~t '4 

outlets due to a posit i v e i :ndoor pressure . J"u-st-ttte J) 

o~positc, under the negative system, air is arawn out of 

t he bu:lding by an exhaust fan and enters fre e ly through 

i nle~s due to n eEative indoor pressure. OncE the 

pres s ure convention i s de ter ined , ventilati on control 

~ys t eBs cs.n vary in the a~ount of cont rol P.1.'C \ ? .:..o ed t. o 

accom~od ate the extreme range of d ui rnal a nd seas onRl 
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differ in Lt:..IJ.b er of fan s t 1at run ei t r er cont ir: '0'' u l J 

or i ntermit +e tly ~nde : v ari a ble s peeds . 

7~ere are ma ny f a c t ors which ffiu s t be consid ~r e 

G neoretical l y a nd pra.cticall~ i n ven J,. ilat ion desi. g,n . Tte 

on each of ~ ma,jo::t following will b e a br~ef discussio! 

..;_ · ~ ·_ tftFl factors td 1 v,~~ 8 !1 indicat i or.:. .of the :t: Tev ious 

. v ork done concerning t l cm. 

Temperature . 

Air temperature is acknoKledg ed ~o be the sing le mos~ 

important environmental factor in h eat loss~ Increasing 

.L ~J- \" temperatur-eC)d e creases feed consumption e.r.d reduc e s the 
~ \~ . ~----? VWV'1q cln~ t\JcWuz_ 
~ ~wlco:t rate of ~ ain, but not necessarily the feed ef f iciency 

ir"'1"':t.;, above 70":2. If the te:nperature drops beloK 48·F, hol'iever, 

the reduction in da~ly gain becomes significant. The 

optimum temperature for feed efficiency 
t'-

is 70 ?, but the 

difference be tween 60°F a nd 7 0°F is not pronounced e~ough 

to ~arra~t conditioni 1g of ~he e nv ironment for optimum 
- \(?~~~ V-iitG ? 

temp era ture. Ala ' as 'V·"i th aV e!"ag e daily gai n , t.ne 

difference in fe e d 

for bc i y 

/' 0 

bO :2"' . 

b ~ ~ a c ~ d b'0~ 0 ~r cy e we en ~ t a n _ is 

J:his is t:rue fo r all 
L ':>-oc> F ~ 

a nimal sizes .. 

c o l~ er air ~emp era~vres u tili ze more 

rer,ulat2. on t !,a n ~ ~- &,ed at 
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. "'O..J at :> /c a !. ai r 

~he wei ~hts and temperatures ~ere 

""' ..._ ~ l .L • t t 1 L-. .~--. lest- ~". """.L·orn '.nc ~: s corre~av -~ on a g rap 1 ~o [ :Ve o a 1.ea~ - v ~ · ' ~ 

~€c~e.._ -:-? 
D -- Lt const.ructe.d a parti tional heat loss diagra i!! 

base -i o.~. air tem.pers_t . re~ skin temperature and amrunt 

air exhaled by the lungs . T~e - relative huoi~·ty ~as 

the Jot~~~ {lr<JNt ~ temperature varied &t ~ . 
0 (/ 

l"~ on!"\. --:- .L.r 1~"'~0 h' _ _ V " vU ' J.. • F rom this diagram, the fire 

diffe1en.~.. typ es o f l eat loss can be sstimated. These are 

radiE-._YJt, cc Aducti--e~ CO 'lVective, perspiration skin l c-~ ~:. e:J.t 

1eat loss. rhe overall heat bala~c e 

equation un~er steady sta.~..e conditions is as follows:-

Total heat lost = skin latent heat loss + ccnve ction loss 
+ conduction loss + radiation loss + 
lung heat loss. 

effective temp erature &nd 

~'\10 ±? ~ rp,~~ 
crvl ~t. + 

the amount of air ) · 

breathei ~itn time indicate animal discomfort regardless 

of how it is produced. Skin temperat~re and ~otal 

metabolic r .. e at production also increase with rlsi ng 

temperature s but the ~espiration rate only ircreases 

-1 ~1 P e·ne_rc l, ~e-~er~~u~- l·~c - · .lJ ...__ · - - <--4~ V llJ! C\..\... l. •t::: l.i. reas e:s cause 111g ler 

VeLtilatio:r rates, oxygen co1sumption, and heart rate 
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tha~ .. a.ny o ther e~virc~L ent ~ac ~or increa~ ~ ~ 
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Animals 1 ~ o:uce ~o isture t~rous~ persp ·ra tion , 
fV\Pi -~ ~u..t ~~~ -

breath·.ng, ~Js &.nd s:pilled v •s.t~ I n addi ti(.~n to .l.- h e 
- ~ 

e f f e c t on p rod u c.;_ ion~ t 0 i s , o i s t u re 1I c.:..!ll--~s the "':lu i l d i .g s ~~ 
L. t· .. ..._ ,_._ .J... 1 ,.... ~ · ~s ~ . .-1· +-it-: ·r. ernnerat-ure .. t\1-~..A.i~ opera 1on ano. !!e co:r 0ro c.i 1seas e . ~ ., v!J. - ~.L- • 

increased humidity decreases feed consumption but not 

necessa rily fec:d e.f f icienc(_at high temp erat'..l~ 

Relative h umidity has littl e effect or, s v~ine £ffec.t..:l "e-

~ ternperatur €D ;1 c:/ F) but above so' "' • ~ effec t is pronovnced. 

In Pin-+- er, a minirnu . cor:tir;uous ve .. tile . .!.. ion E') 
[I.J .. :·yY\ ()," i ~ - ., -~ 

should operate for ·~ ::-- ~lG-j.:a:;t-oT mois ture frorn t·1e 

buildint; . 

~at erials and Insulation. 

The materials used in construction and insulation are 

·~ce_ crucial for the effective "}~ffi!!'Pe of an a:r cond itioni~g 
('rfVJ';.f be.. 

system. Inside Vlalls and ceilin[:. s ftr-e kep t 
\~ 

JPtrt-8 condition -vJarm.rfJ so cor densation wi 11 not occur .. 

~ 
for~ cond ensation is influenced by the outdoor 

temperature, i r ~oor temperature, and indoor rel~~ ive 

humi c i t;y. 

I ns l a tion r eiuces the heat floK throug h ~all s a~~ 

G2W U-6 -4-oL-e._ 
cei lin:.; s G.t1d ~~ rli e_. ne r tempera tu_ es -are main L.ained in 
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po-cus in s· "'I L • 

J..avl0~1 
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aYld ceilint: s c.re equippeu 1.,. ith a porcus per-:-n eab_ e 

material , heat loss is r ed' ced and ~a · sture is eff e cti r_ 

e l y diss i p ated. 7a~o~r barriers are also us E t o p reve~ t 

This preve' ~ i_ s 
OM ~:}j~ CJM~hi-"-::_ 

co~d ensatio~ f ,ow occur i ng in the insulatio~becau~e --

n:.oi sture: H~ l ~ l ess e~ a w.a t e ---·ial r s i nsul a ti n g --s.lue. 

F anE and -nlets .. 

Le~- &.lT c l oc i t ies i n agri cu ltural structures lead 

t o c onfusion a bout air movement and difficulty in 

ven~ i lation desi gn ~ Both the fans and the inlets must 

func .... i o :r.l s i rnulta . eously to .s_chie.ve- t ... e d esired effect 

~i thin the buildin~ ~ 

-~ - 1- b l ),_ :1 ;.L.h 'h d 1 } t .ran s snou d. e s e _ ec. \~ ea, \Ill~,., -c. e ea eJ:'S guaran e e 

of .~~~€, to operat e at one-ei gh th i n chef of wate r 

press ure$ Th is is approximatel y t~o-thirds to three-

quarters of the f ree a ir d elivery . rhey shou l d be placed 

in the upper one-t~ird of the wa ll on the le e ward sid e s 

Shutt ers ea~ b e ins tall ec to prev ent back drsftiN9 

Hood s e~able air to be exhausted more efficiently into 

preva iling T;ind s a r..c p r v· en t freeze·- D. }:-• s i n vi iYJ. te r . 'i!!E: 

fs.t~E ~1iou.l ,.::) cs cl"'ar ed s..nd servi c ec :i.~ E c_.,0. l s.r _y 0 

Inlet s ciU--t c ,....;:,....r-:, • r-. Lp l• l'i ,....1· ry r· , :1 , • J...:-
l.) <..:... c-..;.L-. c '-1 L-\ c .. v ,~. _ ... .:::- _ ._. " c-.l .1 v . J... c a L 1. ~· n 

be in sr.uall e r in v..:- i 1ter .. 



ari:~al s & s lJ.i c~..:l y as &. , _ ., T:.. ..$.,.. "- f"""'. p o ss 1 I _ _ e , 1.. t,! c. 

co:;:n.:_r.:.8 in ccnta'"'t -.; i t t-_ tho ani~als.. A~~"- i_c i.:.tle~c Ce.n 

also ·oe consi'lex·ed) ,:;":;:~";,) _ecaptu.re of Jr ~c.t l o st throc;;_f 

t he cei lin.(: i Y1 -;..:-i ~ ._ s r . 

of Glso 

Fa::.Ls 8..~ - a i ·-: l e:s :;;.-est b e desigl ed and instal1ed in 

ord er to control air ~eloci ty in th e structurP. 

a l e tave concluded t hat as the a ir velocit ' is lo~ered~ 

tne ani!.La..!..s' i•-eie-(ct ·,.;il' increa se o . less fesd •yt The:'e 

iS ~G a "'v.s.r ~ r::,-G ec'~ ~- i :C1. ~, mor e - r1&l1 the ICt . !.L lll.Uill ai Y' 
~.L.;."- if>.,... u K 

f2.o-v: c · er c:x;. an:..:sa ""' if 1e si r tem:,crsturc is lo;.,- er- .L ha . .: .. 
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I ·~ genera l, varyilg o~ the &iT vslo . i~y ~eu ses er~~: s 

£"::-.:re esse-ntial to tne s u c cesf'LJ.l o p e re. tier_ 

of They govern t~e venti l ctt ion rate u:r:d er 

.._o mild . T' c controls shoul d ,.. llo~- a mi n i rrrc :-1 a:nount of 

I ne procedu~e for t h i s 

is t o Tun a small far! or.· approxi mat ely on e-cr :a~ te r tne 

·vinteT v e~ t ilat i o:1 rate conti _u ou s l y . 'The o :=he r fan s 

tur _ off -1-jen tnc i nside t empe r ature d r ops belo-. 7 a 

::::n in i r. ~..:Jn 1 e-v-e l and tur n on \;J hen the ins id e t -e rr:.~ eTa tu re 

rea.ches Th e f an and heat e r contro l s 

mu ~t b e i n terlocked to preven t exhausting supplemental 

heat in winter or pro,uci ng e x tra hea t in surnm e~. 

Lo 1ve r s or timer s can be used to re6ulate t he ai r 

fl o- 9

, or an i n take con trc l can b e used that autrmatical l y 

ad j ·s t s th e op e .. 1ng a8co r d i ng to negat ive pr · s~ -. r-e . • ·rle 

mo st c ommo~ ·control i s the t her mos t a t, I t c ar~ contro ~ 

bot}. the heater arc tr_e f&.ns qu it e si mply ~ 

cooli n~ tnLrmostat s~ould be obtained Jith a t~i lt -i n 

.., . .Pf . . l . l 1 lL_erefi~la 1 s usua~ . y 
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f E ... hrenhe.i t . 

f re e fro m p os s i b l e physical 
f?A bvl~. ·- .. ~ 

da~a~ e$ ~ -t is ~ su~~ly p l aceo 
I 

i n t h e mid d l e of a uu ' ld i ng ( up t o 30ft wi de ), = i dway be~-

we en f l o o r a rid c e il i n g a~d fr ee of a ll i nco~ i ng a i r inl ets~ 

Th e p r otection of t h e c o n tro l fro m co r ro s i on is 

anot~e~ probl em tha t researchers a re a t t e mp ti n g to s o l v ea 

It must have a.c ces s to t h e ven t ila t ed air in ord e r to 
''*: 

a nd must a l so b e de termi n e the av erag e t empera ture , 
( + 1\.PN'I\~ ~J ~ 

moisture fl-FG-b - -v e~ti lated ~o r neat a nd moi s ture. H e a-c~ a nd 

IJV\t~ ~~ 
~a-re :v;o r -st i n control box es .. :Du t t he cont ro l s mu s t b e. 

sufficient l y enclo s ed t o ke e~ in s e cts and dust out . I'h er-· 

mostat s a re p referr ed ov er hu mi dis tats b ecau s e of th eir 

reli a bility , lov cost, and rug g edness. 

Dust. 

Dust parti cles are n ot only harmful to the sense 

org&~ s of h umans a nd a~imal s but also cau se frob lems i n 

operat i n g c o mmercial c ool ing or h eati n g equipnent in .. a 

sev erely d u st -lad en~ atmo sphereo 
,... 

.----- 0 j- a. IJ ;""-

. ( A g e l is f ormed fro~e con den s a ti on ~organic subs~ _ . .J 

~ '-.. t ' - -----------
\..! a n ce secre te .: "by s ·:i~1e 1 _en combi n ed with dust and -wa~ c::' 

v·hich conta~llimoni a abs o r bed f rom 'c'.e air i n t;he bo ,:;;: 

en vir-onmen t . Th is t.re l has a h i gl-1 p L and c o r r cdes 

alu~i ~ ium f i cs o n f&~s o r h u mi di f i e r co ils , c aus i n c 



restricted air flows ~ 

r?in s a c e can also beco:ne p..t..ue e;ed -b 1 the 
/ 

accu~v_lati 01 dirt. __.> (fvo '1? 
tests ~ave been conducted on air filters ard 

electronic air cleaners to eliminate the dust~ If the~e 

i s . ammo 1 i a i _ the ai r , i t i s a F i s e p r act i c e r! o t to 

Tecy le it over coils if possib.Le v (MJ~tr 
G--~ost p igge~y~ , ho~~~ver, the moisture -entilatior, 

rate is assumed to be sufficient to control dust . ~hi e 

d v e s no t . al ...,,; a-- s prod · _ c e t he d e si red T e s u 1 t s . 

Enthalpy . 

Atte~p t s have b Een made to comLine temperature and 

humidity into one variable, . enthal~. This would simp~ify 

calculations beca~se th e re is a li n ear relationship 

between air enthalpy and heat loss. Heat removed by t h e 

lung s is equal to t~1e differ-.e·nc2 between enthalpy of 

exhaled ~ir and inhaled air. 

~ater sprinklers. 

water sprinklers have beeP- used during the summer 

months and in warmer climates to reduce t h e discomfort 

le-el of s~ine at hi g h temperature. It has 
0... 

tnat hog s in hot ati!losphere£ shoP~- ma r ked T'educti ons in 

respiration rate:s 1;he:r cool e~ by skin -;.-zet ti · 1 g ~ ( 

F loors,. 

? loor types t:a,~e ~ maj or effect c~n \Ter1tilationo ~: !1c 
btf QJ\"-\o v"\ Pr--

ventilation ra~e for V slotted floors csn be re .. -u.ce ~ ·· e::Lo;; 
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moisture from .J... he slottE-d flo ors a ~ c I:IJa ..:'e~ t code -v- ~ t :-

floors. Slotted floor s req!ire approxi~~tely 40~ less 

ventilatio-~ for r!:lOi sture than con crete floo:r·c. In 

g ener.s.l, t: e reC:uc tio ··1 of _·· oi sture to b e remove., is 

directly proportional to th e amount of flco:c slottedo 

Slotted floors also imp rove the cleanliness of 

ani mal s and ~ en.s ~ 

W .. ---'V' Heated f 1 o o r c do :not alter product ion sign i f i c a nt ly ~ 
\,N\~'Y' ~ 

especially 1.rh en bedd ing is use~.. ',li th no beddiJ.1g used SI 

~- c - o - ( 
~etween 40 ? and 6~ he.at lost by conducticn mair>ly 

\ "'----- . to tne floor) is appi'oximat ely 12%. ~hi"' =flt ~~~ctW: \6 ~ 

The prececing has been a suwmary of the maj or points 

of past -vlo:r:K conce:rning the environmental fac tors invol-\ od 

i n livestock v entilation desien. ~These must be interelaten 

vii th non-enviro~mental factors~ such as animal activity, 

quantity and t~pe of feed, body -w.eight and a._.;> e C jk~nl· -r: .i. a - w 2 . .L,. 
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OBJECTIVE & SCOPE 

/ 

The purpose of the report is to design a pressure 

ventilation system to reco mme n d alterations to the existing 

system in the nutrition piggery barn. 

The scope of the project is to rectify the moisture 

and odor problems. Fro~ observations at the piggery, the 

moisture problem would appear to be confined to the entrance 

of the Fan-Jet ventilation tube .and not to the floor, ceilings 

or walls (except at inlets during very cold weather). Also, 

a solution must be found for the dust accumulation in the Fan-

Jet tube. 



PROCEDURE & CAL CULA TI OF S 

Number of finishing swine 
/ 

Average weight per swine 

Inside conditions desired 

= 250 

= 120 lbs. 

( 75% R.H. 
( 600 F 

Outside temperature varies from -lOO F to 40° F 

Out si de R • H • 

Latent heat 

Total heat 

- lOO% 

= 200 Btu/hr-hog 

- 504 Btu/hr-hog 

sensible heat m Total heat - latent heat 

= 504 - 200 

- 304 Btu/nr-hog 

11oi sture Calculations 

Moisture (from S\-Ii ne) - 200 Btu/hr latent heat 

1036 

- 0.1930_5 lbs water -
hr - \') 

- 48.26 lbs water -
hr 

~,, 

The value 2 35 Btu/nr is for solid concrete floors so no 

additional allowance is needed for water being evaporated& 

Sample calculation: (ventilation rate at 500 F) 

13 

at 40° F, 100% RH outside; W1 = 0.0053 lbs water/lbs dry air 

at 60° F, 75% RH inside, VJ 2 - 0.0084 lbs water/lbs dry air 



... 

at 60°F, 75% RH inside, V -

V 
65 

- 1) 4 55 X 

60 

= 3516 cfm 

0.008'-+- - 0.0053 

13.55 cu ft/lbs dry air 

Similar calculatio ns for other outside temperatures yield 

the following data: 

Temperature Ventilation Rate (moisture) 

40°F 

30°F 

20°F 

10°F 

Heat Calculations 

3516 

2224 

1758 

1557 

1434 
1380 

cfm 

" 
H 

1t 

H 

H 

Heat (from swine) = (304 Btu/hr sensible heat) x (250 head) 

= 76,000 Btu 
hr 

Building dimensions 

Length 

Width 

Wall height 

Linear feet of 
wall 

Ceiling ax~ea 

vJall are2 

--
--
= 

--
-

--

116 ft 

32 ft 

7.5 ft 

296 ft 

3712 rt2 ) 
) Total area - .5932 -

22.20 ft2 ) 

14 

rt2 



.-· 

Insulation material (ceili ng ) 

Glass fiber insulation 

Asbestos boe.rd 

Plastic vapor/ barrier 

Inside surface condi tion 

Out~ide surface condition 

Thickness (inches) 

3 

l/8 

Total R value for ceiling 

Insulation material (walls) 

Slag block 

Portlan d ce~e nt mortar 

Polystyrene foam insulation 
(Styrospan) 

Portland cement plaster 

Inside surface con di tion 

Outside surface con di tion 

8 

l 
4 

ll 
2 

3/4 

Total R value for walls 

Assume no beat lost through i nlet is zero. 

R total for building = 22.57 

A = 5932 = 262.8 Btu/hr ~ °F 
R 22.57 

Sample calculation: (ventilation rate for heat at h0°F) 

~ = V qs - A ( t) 14.4 ( t) R 

= 13.55 76,000 262.8 (60-40) 14.4 (60-40 ) -
= 3328 cfm 

--

Similar calculati ons for other outside tempe ratures yield 

the follo wing data : 

I5 

R value 

11.10 

0 .o 3 

0.90 

0.61 

0.17 

12.81 

l. 7 3 

0.02 

6.63 

0.53 

0.68 

0.17 
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Temperature Ventilation Rate (he at) 

40°F 3328 cfm 

30°F 2137 11 

/ 20°F 1541 lt 

10°F 118 3 tt 

0°F 945 ~' 

-10°F 774 T ~ 

The actual ventilation rate must meet the maximum 

demand, which is the moisture re~oval requirements within the 

range -10°F to 40°F. (See Figure (1)0. Since the curves for 

heat and noisture do not intersect for this temperature range, 

supple~ental heat is required continually. 

Calculation of Supplemental Heat Requir.ed 

At -10°F o~tside, 1380 cfm of outside ventilation air 

is heated from -10°F to 60°F. The hog sensible heat warms 

774 of the 1380 cfm to 60°F; supplemental heat warms the other 

701 cfm" 

Specific volume= V= 11.33 cu ft/lb 

q = amount of supplemental heat needed 

q : Ma Cp t = ~ cp t = 701 ft 3 X 1b X 0.2li Btu X ( 60- ( -10) ) ( 
V rnin 11.33 rt.3 lb°F 

. - 1040 Btu/min -

= 62, 366 Btu/hr<= at -10°F outside 

The heating system in piggery conslsts of two Peerless 

propane gas heaters. One heater is located on the east end of 

the piggery and the other on the vJest end. They are capable 

of supplying 60,000 and 52,500 Btu/hr of output heat respecti vely . 



17 

Therefore, the requirement of supplemental heat can be easily 

met by t he combined capacity of both heaters. 

The higher c apacity heater is in the east end, because 

the wall at t h2t end is directly exposed to the at mosphere, 

whereas on t h e west end there is 2n extension of the barn for 

feed storage and slaughtering facilities. ~1e east end is 

also cooler becau se of air entering aroun~ the two doors and 

that which comes in through the exhaust outlet when t he fan is 

not running. This has led to the closing of the inlet along 

the wall nearest these openings. 

Fan Capacity 

Once the a mount o~.~ has been 

determined., the capacity ·of the fans in the piggery must be 

checked to ensure functi J nality of the system. ii *'t JJ't~- ~ ( ~~ 
~J~.~~T-: 

There are three small exhaust fans of 12 incb diameter 

located along the south wall. Each of these fans has a capa-

city of 1100 cfm. Their total combined capacity of 3300 cfm 
I 

is sufficient for the ventilation rate up to approximately 

There is 2lso a Jamesway air distribution system, 

consisting of a motorized inlet shutter, weather hood, a 

six-bladed ran of 18 inches in niameter, directly driven 

by a! horsepower electric motor> and a 99 foot long _by 18 

inch diameter di stribut i on tube with 3 inch holes in both sides 

at intervals of 3 feet. The intake capacity of this fan-jet 

sys te rn is 3120 cfm at 1/8 inch s ta ti c pressure. The eYl1&us t 



fan conn e cted to the fan-j et system is run by a 2 horsepower 

electric noto r and is 24 inches in d iame ter. Its capacity 

. I b 

is 4725 cfm . (l .ll ab o ve me c tione d capaca ties· are at 1/8 inch 

static pressure). The re f ore, the c apa city of the fan system 

in the nutrition piggery barn have obviously been designed for 

the bigher summer ventilation requirements, and,using the proper 

controls, could be adapted to the winter ventilation rates. 



DISCUSSION 

St nce the barn is almost completely separated by an 
/ 

·nsu l2ted wall, the fans in each section should o pe r ate t o 

remove one-half of the moisture i n the building. 

Let both fans run continuously in the west end of t he 

piggery until the te~pera ture drops to approximately 30°F. 

Then turn fan Number 2 off. (See Figure 3). Tnis is done 

manually. 

In the east end, the small 12 inch f a n should be run 

continuously, and the large exhaust fan should be set to turn 

on by thermostatic control at 30°F. ~~en this large exhaust 

fan goes on, the inlet shutters open and fresh air is blown 

through the tube. Otherwise, when the fresh air is not enter-

ing, the fan-jet system runs continually to circulate the air 

within the barn. This is also the method used to circulate 

the supplemental heat produced by the gas heaters at both 

ends of the barn. The heaters can be controlled by the same 

I9 

thermostat as the fan-jet exhaust fan, and will turn off as the 

exhaust fan is turned on at 30°F. Although, Figure (1), 

supplemental heat is needed up to 40°F, the amount becomes 

quite small · after 30°F. Also, it is very expensive to heat 

the building wben the large exhaust fan is on. 

The minimum continuous flow is necessary bec~use when 

none of the fans are opera t i ng, air comes in the inlets and 

moisture vapor in the air condenses and freezes, clogging t he 



' .. 
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inlets. Then, when the fans co~e back on, velocities are too 

high. This cau ses severe turbu lenc e which is not des ired during 

the winter. 

There ~. re a total of thirty-one inlet·s located on the 

north and south walls. These inle ts are 4 fe~t long and l inch 

high. Tne configurati on is as shown in Figure (2). The 

inlets are the key to goo d air distribution because they supply 

the air uniformly in the bui ldingJ to be circulated by the 

fan-jet. 

The nutrition piggery barn has a combination of both 

positive and negative pressure systems. The s mall, continuously 

running fans are an example of a negative pressure system 

and the fan-jet is a positive pressure unit. This is a suitable 

arrangement to ventilate and circulate air except that the 

exhaust fan on the fan-jet unit is located within a few feet 

of the intake fan. Tnis allows the air with a high moisture 
<.._; 

content, which has just been expelled, to re-enter the building. 

This could be an additional factor in causing excess moisture 

at the intake fan. If the fan-jet intake were located at the 

other end of the building, on the ceiling, it would reduce 

the effect of high moisture containing air bei.ng drawn in and 

would also help to recapture some of the heat lost through 

the ceiling. This -m ethod he.s furth~r justification when 

considering literature which recommends an R value for the 

ceiling of 10 to 20. Tne piggery's ceiling R value has been 

calcu la ted at 12.81. The attic receives ventila tion air thrrugh 

the slot inlets along tbe north and south wa lls and through 2 



lar6 3 inlets on the east and west ends . 

Tne problem of dust accumulation in the tube is 

di f fi cult to elimi~ate but the re.noval of the intake to the 

/ 

we st end will reduc e the problem . Tne cleaning o f the tube 

~s a difficult task at the momen t bec ause it must be disco on-

e cted to re:-1 o ve the dust. If a rectangular ply-wood air cbann e 1 

1-1e re construct ed , wi th hinged openings on the botton, the dust 

cou l e be qui ckly and efficiently renoved~ With this alteration 

the accumulation of dust in t he wooded air channel and the 

recirculation of some of it back into the piggery cou ld be 

eo ntrolled. 

The p l ywood air chan nel could be constructed with the 

same length and volume dimensions as t h e plastic tube. Three 

inch holes on each side, at three foot intervals, could be drilled. 

~0e air channel should be insulated to eliminate the moisture 

condensation at the entrance completely. 

The odor problem in the piggery is mainly due to a 

large defecation area used by the pigs in each pen. The gutter 

is midway between the wall and the front of the pen leaving 

one-half of it continually wet with wastes and spilled water. 

Without time consuming removal of these wastes, the odor is 

hard to control on a solid concrete floor. The rearrangement 

of the fan-jet system, eliminating the recirculation of expelled 

air, should i mprove t h is problem. At the moment, I recommend 

no construction be undertaken to alter the floor in the nens 

until the effect of the new fan-jet system can be evaluated. 



The e7~aust fan-jet capacity must be l ess than the 

intake fan-jet capacity. Sin ce this is not the case in the 

nutrition piggery, the exhaust fan is t0ermostatically con­

trolled. This / system helps to control and balan ce the enviro­

ment by circulating air without cold drafts. It is also not 

affected by outside ~ind pressure. For a better understanding 

of the air distribution patterns, see Figure (4). 



CON CLUSIOFS 

/ 

1. Install neH plywood air cha nnel, with hinged openings a.t 

the bottom. Locate the in ta ke fants access to incoming 

air through the attic on the west en d of the piggery. 

2. Insulate the plywood channel. 

23 

3. Close the former intake entrance at the east end permanently. 

4. No measures should be taken for odor control at this time. 



1. 

241 

3. 

5. 

6. 

7. 

8 . . 

9 .. 

REFEREJCES 

Apriculture Canada, Confinement Swine .Housing, ~Jblication 
1451, 1971. . 

Agri culture Canada, Engine ering fo r Intensive Housing of 
Livestock, Publication 1503, 1973. 

Beckett, F. E., Effective Tem erature as a Me ans of Evalu­
ating or Designing Hog Environments, AS~E p2per No. -911. 

Bell, E. s., and Marshall, McNeil and Stanley, J. M., and 
Thomas, H. R. , A Report on Slotted Floor Swine Housing 
Studies in Controlled, Semicontrolled and Uncontrolled 
Environments, ASAE paper No. 66-439. 

Bulter International Company, Systemes De Ventilatio~, 
September, 1973. 

Dixon, J. E., and Lampman, c. E., Air Patterns in controlle~ 
Environment Poultry Houses, ASAE paper No. 66-914. 

Esmay, Merle L., Princinles of Animal Environment, The AVI 
Publishing Company Inc., lrlestport Connecticu_t, 1969. 

Gunnarson, Howard J., and Butchbaker, A. F., and Witz, 
Richard L., and Dinusson, W1 lliam E., Effect of Air Velocity, 
Air Temperature, Floor Temnerature, and Mean Radiant 
Temperature on the Performance of Growin -finishin Swine, 
ASAE paper No. -910. 

Harman, D. J., and Dale, A.C., Jnnes, H.W., Effect of 
Floor Typ~ on the Required JvToisture Vapor Removal Rate from 
Sv-Ji ne Fi ni sbi ng Houses, .4S) .. E paper No. 66-442. 

10. Hilclinger, Jack, Alternatives in Ventilati·on Using the 
Fan-Jet System, ASAE paper No. 66-1{42. 

11. Hydro Quebec, Ventilat i on of Farm Buildings, Fall, 1966. 

12. Lubinus, Lbuis an d Teter, Norman C., Ve ntilation Problems 
in Swine Housing , ASAE paper No. 75-4570. 

13. Mangold, D. W., and Hazen, T. E., Hays, V. W., Effect of 
Air Temuerature on Performance of Growin -Finishin Swine, 
ASAE paper No. -9 .0. 



14o Marguis, Alfred and Ogilvie, J. R., and Sabourin, H., 
Ex erimental Study of Constant-Rate \linte.!l Ventilation 
i'or Growing-Flnishing SHine, CSAE pape r No. 7 -213. 

15. I'lidvJest Plan Service, Structures and Envi ro nment Handbook, 
Seventh edition , Septe~ber, 1975. 

/ 

16 • Ho r ri son , S • R • , and B on d , T • E • , an d He i t man , Hub er t , J r • , 
Effect of Humiaity on Swine at High Tempe r ature , A~AE paper 
No. 67-420. 

17. Mi nistere de L'Agriculture , La Ventilation, ~Jblication 
({ A 38 ~129 -28, Fevri er; 1975. 

18. Pattie, D . R., Ventilation of the Animal Barn in Cold 
Weather, ASAE paper No. 67-437Q 

19. Pbillips, Richard E., Trouble Shooting Mechanically Venti­
lc.ted buildin gs, AS.hE paper No. 75-4571. 

20. Richey, C. B., and Jacobson, Paul, and Hall, Carl W., 
Agricultural Engineers' Handbook, McGraw-Hill Book Company 
Inc., 1961. 

21. Spillman, Charles K., Swine Housing \.fentilation and · 
Environmental Control, ASAE paper No. 66-438-. 

22. Suggs, Charles d ., Role of Enthalpy in Heat Loss, ASAE 
paper No. 65-939. 



26 

/ 

APPENDIX I 
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Figure 2 

' • t 

Diagram of inlet UEed to jet 
eir at ceiling level farther 
into th~ ouiliir.~ to nro~ote 

~ ~ . 
~nximum bl!nding and difrue-
ion of out~ide and inside _ ai~. 

Agriculture Canadft, En31neering 
for Intensive Hou2ing of Livestock. 
Publication 1503, I973o 
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APPENDIX II 



'l1R b 1 e I . He e. t n n d · M o is t u re Production o f 
Growing-FiniEhing Pige. (AV WT I20 LE) 

' 

Room temp. (°F) Total heat Water vapor production Wntcr vllpor with floors 

90 
no 
70 
GO 
50 

production 

( BTU/pig/hr) 

480 
462 
473 
504 
575 

with solid floors 35% slotted 
( lb/pig/hr) (lb/pig/hr) 

.396 

.285 .265 

.222 .185 

.186 .15G 

.165 .148 

Agriculture Cans~n, Confinement Swine 
Houeing., Public.ation Il~ 5I, I97I9 . 
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