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ENVIRONMENTAL CONTROL 
FOR POULTRY 

HOUSING 

by C. E. Lampman, J. E. Dixon, C. F. Petersen nnd R. E. Black 

The <:ontrol of tcmper:thlfe and humidity has lou~-t 
been n major objective' in coutrolling tl1e environment 
iu poultry houses. ~lore: recently other factor . includin~ 
air mo' emt'nts. ammonia conct'ntration, uoAious odor:., 
dust nnd controlled lighting, hA\ e been considered. 
All of tl1e:.c.• bt'COme increasing!) important with high 
bird concentration and highly sp<·cialized largf.> scale 
opernlion!l. Odors, fh control and manure disposal nrc.• 
major problt~Jll!i with all lar~t· seal~: operations, par
ticular!) "hen locatt>d near urban or residential areas. 
For e~teu!>h e re' iew~ of literature in the area of t•n
' ironmcntal control. st•e Longhouse, Ota nnd Ashby ( 5) 
and Longhou~c et a/ ( 6). 

Standards for ami h<.•ndits of <:outTOikd en' iron
ment appl) generally to nll sizel> of enterprht•s and to 
all geographic areas. Spt•cific problems and their solu
tion differ with the sit.e of opemtiou and the localil). 
This hulk·tin presents standard., of em •romnent and 
shows ho'' these !.t<lndards can lx• accomplislwd 
through usc of functional cle~i~n. insulation, controlled 
'f'ntilolion, bird conc<·ntration, c<>ntrolled lighting nnd 
e~~cntial 'c:utilation mnnagemenl }>rnctict.'S. The in
formation will apply more ~1>t•ci£ica I> to till' northem 
'tates wlwn• climalk- condit iom. 'arv from ~ub-7.ero 
tempt'raturel> in wintl'r to hot weather durin~ summer. 

Tbe bt·m·fits of controlled t'n' ironmcut nre physio-
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logical-to obtain ma.\imum performance of the birds, 
and <•conomic-to realize maximum returns on the in
\e,lnwnt in housing. equiprn<•nt and labor. 

The specific hcnefitl> of t'll' ironnwntal control in
clude: 

I. \l aintainin~ inside t(>mperature "ithin the dc
'iired range bv eliminating stress caused b)• nuc
tuating outl.id(> tcmpemhues; 

2. Rt.•mo\. iug excess moist \Ire durin~ cold weather; 

3. Rt."modn~ c\cess ammonia, obJectional odors and 
dust: 

J. \Ja\imi;dug performance in ~rowth. egg produc-
tion and hatchability; 

5 \la\imizing bird conc<.·ntration: 

6. \linimizm~ morbid it) and mortalit); 

'· hnpro\ in~ the over-n 11 e rwironnwntal cunditlons 
in which poultry product~ are produced for hu
man cow.umptiou. 

Sul!ge ted poultry houl>t' en' rronnwntal standards 
nrc ~h t.'ll in Tables I and 2 for lnycrs und broilt~rs, re
spccti'd). 



T ABLE J. Suggested Poultry House E nvironmental Standard for L~tyers. 

1. TE MPERAT URE F Winte r 

Desirable 
Satisfactory 
\ lin. or ~ l ax. 

Floor Mgt. 

50 to 55 
50 
-!5 min. 

2. RE LATIVE HU~IIDITY-Percent 

Desirable 
Sa tisfactory 
J\ lin. or ~ l ax. 

65 

Cages 

55 to 60 
55 
50 min. 

70 
75 mnx. 

Summer 
F loor and Cage 

65 to 70 
70 to 75 
5max. 

60 
50 
40 min. o 

•o ust become~ a prob!em below 50'r relative humidity and more serious aL 40':'< and below. 

3. AIR EXCHA~CE 
Installed fan capacity in cfm per bird-Leghorns 5: heavy breeders 6, for fan and pad 

evaporative coolin~ 7. 

Guide for operation- \'aries with on tside tem pera ture and humidit)', insulation of 
building unci bird density. Average rate for cfm per bird-winte r 0.75 to 2.0: sum· 
mer maximum insta lled capacity as sp ecif ied above. 

InstaUed intake area for maximum ventila tion rate in Stu11mer-:250 sq . in. pe r 1,000 
cfm fan capacity, except with light traps for controlled li~hlin,g 300 sq. in per 1,000 

Guide for operation-winte r 150 to :200 sq. in. per 1.000 cfm; summer ma.ximum 
as specified abo"e. 

4. INSULA TIO (R valucs)-walls 8 to 10: ceiling 1:2 to 15. 

5. /\.\~IONIA CON CENTRA TION-Desirablc: ~ot over 20 ppm for prolonged periods. 
Injurious to birds over 50 ppm for prolonged periods. Excessive ammonia is associated 
with the accumu la tion of droppings and inudequalc ventilation. 

6. LICHT ThTTENSITY- more critical in cage opera tions. Desirable-! Lo 3 foot candles a t 
feed trough level. H igher intensities increase the hazards of cannibalism. 

7. LITTER MOIST URE FOR WOOD SHA VI CS- Desirable-not 0\'Cr 25%; sa'isfactorr ·-
30 to 33%. 

8. BIRD DENSITY- Leghorns-! to 1~ sq. ft. per bird with floor management. ~ sq. ft. of 
cage space per bird . 

Heavy breeders- 2 to 2M sq. ft. pe r bird with floor management. Cage management not 
recommended. 
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TABLE 2.-Suggested Poultry House Environmental Standards for Broilers and Replacement 
Stock. 

1. TEMPERATURE OF Winter Summer 
Bird Age To 4 wks. 4 to 8 wks. To4wks. 4 to 8 wks. 

Desirable 70 65 to 70 70 to 75 65 to 70 
Satisfactory 70 65 75 75 
Min. or Max. 65min. 60min. 85 max. 85 max. 

2. RELATIVE HUMIDITY-Percent 

D esirable 60 to 65 60 
Satisfactory 70 50 to 70 
Min. or ~ lax. 75 max. 45 min.0

; 75 max. 
•oust becomes a problem at and below 50..., ; higher humidity favors 
better feathering. growth and feed conversion. 

3. AIR EXCHANGE 

Installed fan capacity-at tbe maximum ratio of 3 cfm per bird for summer ventilation 
rate. 

Installed intake area-at the ratio of 250 to 300 square inches per 1.000 cfm fan capacity 
-the ma:-dmum required for summer. 

Following is an illush·ation of average air exchange (cfm) needed to remove the mois
ture produced by the birds when tbe outside air is about 30°F and 90% relative humidity. 

Age 

2 weeks 
4 weeks 
8 weeks 

Average body weight 

0.45 
1.30 
3.75 

cfm per bird 
0.15 
0.30 
0.50 

See Lables 8 and 9 to calculate air exchange requil'ements for various ages of birds and 
outside temperatm e conditions . 

.J. INSULATION (R values)-walls 8 to 10; cei ling 12 to 15. 

5. AM iO IA CO CENTRATIO -Desirable: Less than 20 ppm for prolonged periods. 
Sati.~factory: Not over 30 ppm for short periods. Objectionable: ConUnuous exposure to 
more than 20 ppm resu lts in damage to Lhe respiratory b·act and increased susceptibili ty 
to respiratory diseases. 

6. LIGHT INTENSITY-1ft. cancUe at feed level is adequate. Higher intensities increase the 
hazard of cannibalism. 

7. BIRD DENSITY-0.75 to 1.0 sq. ft. of floor space per bird: 0.5 ~q . ft. or less of cage 
space per bil'd, depending upon age, for replacement stock. 
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Physiological Factors 

Influencing Poultry House Environment 
The principles For ohtainin~ controlled environment involve the input and 

output of heat. water and air. A practical underslandin~ of the basic infonna
lilm in this section will help the readt'r understand the standards of envimn
mcnt outlined in Tables l and 2. For det<tiled results of heat and moisturl' 
balance studies, ee Ata. Can·er and Ashb) (7). and Ota :md \lc~allv (8. lO. 11). 

LAYING HENS (Adult Birds) 

Heat Input 
Heat production varies with age, body weight. 

breed, activit} of the bird, house temperature and with 
humidity at temperatures of 80 F and above. The adult 
hen is an efficient source of heat. Although 40 BTU 
per bird-hour is a valut' ccmmonly used For heal out
put calculations, 9 BTU of total heat per hour for each 
pound of lh·c weight for Leghorns and 7.9 BTU for 
heavy hens (5) are more accurate. For example: 

A 3-lb. Lc~horn pullet will produce approximately 
27 BTU per hour. 

A -Vf-lh. Lc~horn hen will produce approximately 
40 BTU per hour. 

5J:-Ib. heavy hen will produce appmximately -ll 
BTU per hour. 

Not all of the total heat produced is availabk for 
warming tlw air in the house .. \ portion of the heat 
alon~ with vaporized moisture is respired in the breath. 
This portion is called latent heal. Each pound of water 
vaporized at body tt•mperaturc requires about 1,000 
BTU. The remaining heat is given off by radiation and 
convection and is, therefore, a'·ailabk• for warmin~ 
the surrounding air. This is called sensible heat. 
The production of sensible heal is increased at low 
temperature!>, remains quite constant between -15 ;tnd 
60 F and is weater during the dar than at night (8). 
At .'55 F, sensible heal will comprise from 72 to 75 per
cent of the total heal produced. 

Bird-generated heat in combination with high bird 
density and insulated houses provides a basis for main-

lainin,e; the del.ired housl' temperature and moistun· 
control durin~ cold weather. It also creates the proh
lem of heat rt.>moval during hot Wl·ather. 

Water Input 
The consumption and elimination of water hy layinl! 

hens v<~ries widcl) and is influenced by age, weight, 
temperature, ration, rate 0f egg production a'1d typL' 
of management. 

Longhouse, Ota and Ashby (5) report basic infor
mation on the relationships of water to feed consump
tion and water plus feed consumption to feces pro
duced. Ther also e;ive the water content of feces .l'> 
influenced br different temperatures. This information 
is presented in part in Table 3. 

Ota and ~ l c~allr (10) ha\'e incorporated basic iL1for
mation from their calorimetric determinations tabulat
ing the heat and moisture produced by 1,000 Leghorn 
hens at different temperatures. This is presented in part 
in Table-t 

Temperature i<> only one of several factors influt>nc
ing water consumption and water content of dropping~. 
The ener~y. fiber and salt content of the ration are als•> 
influencing factor'>. H ens drink less with high energy 
rations containing a low salt content. Contamination of 
the water by microorganisms accumulatin~ in the water
ing equipment " 'ill cause excessi\'<.' water content of 
droppine;s. Frequent cleaning of the watering equip
ment will help pre,·ent this problem. 

\ Vhen feeder!> and waterers arc located above the 
roosting racks, approximately 75 percent of the drop
pings and all tlw waste water ill deposited in the drop
pin~s pit. 

TABLE 3.-Constant.s for Determining- Water Consumi)l ion and Fecal and Wa ter Elimination in Relation to Feed ConsumJ)Uon 
(weight ba.<~ls). 

Ratio of water to feed consumption 

Ratio o! water ana feed consumed to feces produced
Leghorns ~ 

Heavy Breeds ... _ ................... _ .................. - ....................... .. 

Water contem of feces < '1 ) ...... .. 

Ambient (House) Tempemture 
<l0-60 F 60-80 F 80-100 F 

1.7 to 2.0 

2.0 

1.7 

75 

2.0 to 2.5 

2.1 

1.8 

77 

2.5 to 5.0 

2 .. 2 

1.9 

80 

Example: At 60 LO 80 F, Leghorn hens will drink 2.0 to 2.5 lb. o! water to each pound or feed consumed; feed and water consumed 
will be at the ratio o! 2.1 lb. to each pound of feces rllminated, and the feces wUJ contain 77'1- water. 



TABLE 4- lleat and Mois ture Production by Laying liens at Various Temperature Levels. 1,000 S. C. '\cVhite Legboms-4.3 lb. 
Avg. \Vt., '75'1 Egg PToduction. 

Wa ter rrom hens Total water 
Input in bouse• Te mpera ture Total hea ~ from 

I F ) hen s (BTU per houri 

25 46.000 
35 45,000 
45 38,70<! 
55• 38.700 
60 38,700 
80 38.500 
95 24.500 

Respired 
(lb./hr.} 

6.3 
8.3 
8.4 

10.4 
11.4 
14.3 
20.0 

Jn droppings 
(lb./hr.) 

14.5 
14.5 
12.9 
12.8 
12.7 
14.4 
10 3 

(lb./hr.) (lb./day) 

22.8 547 
24.8 
23.7 
25.5 
26.4 
31.6 
33.7 

595 
569 
612 
634 
758 
809 

•Total Includes water wasted by hens while drinking-estimated at 10', of water consumed as wasted by the bens !rom 25 
to 80F and 15<t at 95F. 

• Tbe values for 55 were interpolated from the data presented In reference 10. 

Layers in ca~es usuaJiy drink more water than 
those on the floor. This acldiUonal water consumption 
often n·sults in a semi-liquid consistency of the drop
pings which makes removal difficu lt and mechanical 
loading by elevator-conveyors practica lly impossible. 

These factors all influence the total water output 
by hens, especially the water contt•nt of dropping~. 
Hi~her concentrations of ammonia and noxious odors 
are associated with moisture buildup. 

The detailed information in Tables 3 and -l has been 
indudcd to provide a quantitati' e evaluation of the 
moisture-input problem within th(.• house. Efficient 
conh·ollccl ventilation for adequate air exchange is the 
first approach to the removal of exc('Ss water. P roblem 
I, Appendix C, shows that about on<"-half of the mois
ture produced by laying hens can hC' removed by ven
tilation. 

The information also points out the limitations of 
ventilation in the removaJ of moishm? from accumulat
ed droppings and, therefore, indicates the added advan
tagel> of mechanical equipment for droppings removal 
whC'n the ~izc of enterprise justifit•s the investment. 

GROWING CHICKS-HEAT, 
WATER AND FECAL PRODUCTION 

Ota and i\ lc 'ally (11) and Ota (persona l communi
cation, l966) have made extensive calorimetric deter
minations on thE' production of heat, moisture and fecal 
material by growing broilers at different temperatures. 

Their data show Ulat age, size of bird, ambient temper
atur(• and other factors including rntc of growth, strai11 
cliffC'renccs, relative humid ity, air movement and the 
prO$-.,'Tessive reduction of temperature during the grow
ing period influence heat, walt•r and feca l production. 
Table 5 has been developed from their basic informa
tion as a guide for evaluating the heat, water and drop
pin,gs produced by growing broilers in relation to the 
problems of ventilation and m;magcment. 

These values sho\\ that both the heat and moistur<' 
produced br chkks become' important contributing fac·
tors at nncl beyond four w(.•t•ks of agt•. This also empha
sizes the need for less brood~r heat and more ventila
tion to remc>\'e the moisture as the birch become larger. 
During cold weather supplcmcn tnry room heat may be 
required, of course. 

The calcu lations in Problem II . Appendix C. point 
out that v<.'ntilation for 1,000 broilers will need lo re
move about 8 tons of water during an 8-week growing 
period. Water produced hy gas brooders, during the 
brooding period, aJso contributes to the atmospheric 
moisture in the house. Ota and :\ l c~ally (9) state th.tt 
about 1.6 pounds of water is produced in the combus
tion of J pound of propane gas. T he water produced b\ 
gas brooders for brooding 1,000 young chicks can 
amount to 9.6 pounds per day. 

Observations at the.: Idaho Agricu ltural K'l:perimcnt 
Sta tion indicate tJ1at excellent growth, feathe ring and 
chick behavior are obtained when the brooder hou!>C 
is maintained at 70F and 60 to 65 percent relative hu
midity during the first 3 to 4 wt'(•ks of age. Ota (per-

TABLE 5.-Average Heat. Moisture and Fecal PToduction per 1.000 Broilers a t Different Ages at Brooder House T empera
tures of 68 to 70F. 

Age of birds 

2 weeks 
3 weeks 
4 weeks 
5 weeks 
6 weeks 
7 week.s 
8 weeks 

Avg. body 
wt. (lbs.) 

.45 

.75 
1.30 

.... ...................... ....... ...... . .. ................... -. ...... 1.75 
........... _ ....... .................. ·-.... • ............................ 2.40 
,,,. ___ ............................... . . ............... 3.00 

... 3.75 

•From data furnished by Ota cpersonal communication. 19661. 
•• Approximately 40'1- is respired moisture and 60% is water In 

water wasted from waterers, 
.. 'At 65 to 70F droppings contain 80 to 82 '1. water. 
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Ileal output. ~ter h our 
(BTU per (BTU per 

lb. live wt. ) 1.000 birds) 

26 11.700 
23 17,250 
18 23,400 
14 24.500 
13 31,200 
10 30,000 
10 37.500 

droppings. Approximately 

Water output• • Fecal output• 
(lb. per day (lb. per day 

per 1,000 birds) per 1,000 birds) 

130 70 
200 110 
280 170 
350 215 
400 260 
470 315 
500 370 

10'' should be added lo include 



sonal communicatio n, 1966) suggests tha t accelerated 
reduction in broodin).{ tempero.ttures hastens feather 
growth, and probably the de' elopment of the homo
e the rmic mechanism whic h e nables the chic k to be 
comfortable at te mpc r;lture lowe r than commonlv used. 

The temperature and velocit~ of the air O\ cr the 
n oor are extremely important factors during the early 
broodin~ pe riod. F loor drafts associated with l eaktt~c 
around windows and doors ancl poor ventilation man
agement during cold weather can he harmfu l to the ex
tent of contributing to respirator) diseases and a high 
comk>mnalion rate of broilers. On the other hand. dur
in~ hot weathl"r, posilhe air movement at floor levd 
will help to remove bird heat and make the chicks more 
comfortable. 

AMMONIA BUILD-UP 

The concentration of ammoniot in poultrv houses is 
influt•nccd by bird concentra tion, the ventilation rate 
and by the frequency of droppings rcmovo.1l. Durinl! 
cold weather. an C\Ccssive build-up of ammonia and 
humiditv within the house occur' during p(•riods of re
stricted ventilation. 1-li~her concentrations of ammonia 
a rc also found in laving homes when droppin~s a rc 
a llowed to accumulate for prolonged periods either in 
the droppings pit or on the floor under cages. 

ln the case of winter bmile r production, hi~h lc\'cls 
of ammon ia concentration are more frcqucntlr found 
in JXlorly insulated houses that are under-vcntil<tted 
because of insufficient supplementary heal. These hi~h 
levels have detrimental e ffects on the birds and an~ 
discomfortin g to the operator. \\"aterr eyes. dm• to 
irritation. are usually the first symptoms observed in 
bird!). I ncrea!.cd susceptibili ty to respiratory diseases 
follows if execs ive ammonia is present for prolon~ed 
periods of lime. 

A brief summary of the research on ammonia con
centration in broiler houses is given by Longhouse 
ct a/ ( 6) who state that 15 ppm can be detected by the 
caretaker and tl1at a ventilation rate of l/3 cfm per 
pound of chicken was sufficient to maintain the am
monia in the air below 2.5 ppm. 

Anderson, Beard and IT am on (l ), work in).{ with 
yotmg birds in ammonia exposure chambers. found that 
chickens and turkeys exposed continuously to 20 ppm 
of ammonia showed ~ros~ or histopathological signs of 
damage to the respirator) tract aftl'r six weeks of ex
posure. F\ 1rther, exposure to 20 ppm for 72 hours and 
c'posurc to 50 ppm for 18 hours !)i~nifican tly increasl'd 
the infection rate of chickens subsequently e'posed to 
an aerosol of Newcastle disease 'irus. Hesults of these 
experiments indicate that the toxic effects of ammon ia 
a rc related to both concentration ;tncl length of tinw 
of exposure. 

Re~carch at the ldaho Experiment Station has also 
been concerned with le' e ls of ammon ia concentration 
as influenced br frequency of droppings removal in 
noor-managed layt·r~ duriu~ cold weather. Tabl<' 6 pr~
scnts data on ammonia concentrations dnring the 
months of ja nuary and F ebruary while ventila tion was 
restricted. 

'Vhcn droppin~s were allowed to accumulate in thl.' 
pits under the roosting and feeding rack. the ammonia 
content o f the air was twice the amotll tt as whl•n drop
pings were rerno,·ed twice a week in Housl." A and thrcl' 
times as much in House B. 

The high levels of ammonia dming these two winter 
months had no ach erse effects on either egg produc tion 
or mortality. This does not agree with tllC work of 
Anderson et al ( 2 ), but it is possible the adul t laying 
hen has a higher tolerance than young chicks for high 
levels of ammonia coneentmtion. 

T ABLE 6.- Ammonia Concentration as Influenced by Frcquenc) of Droppings Remo,·a l and Fan ('apacity Per Bird During T\\0 
Winter Months. 

Number of blrds 

Floor space-sq. ft. per bird 
Ventilation <measured capacity cfm per blrdl 
Ammonia concenu·ation-ppm in alr 6" above roosting rack3 

January sampling No. 1 
January sampling No. 2 
January sampling No. 3 
January average 
February sampling No. 1 
February sampling No. 2 
February sampling No. 3 
Februa1·y average 
January and February average 

Average litter moisture-~ 
Sampled January 30 

Average egg production-<'; 
10 10 63 to 7 15 64 

Average mortality for same period-', 

6 

Frequency of Droppings Removal 
T wice 

Weeldv Seasonal!~· 

(Hou~e 1\ : Pressurl~ed 
Ven tilaUonJ 

406 406 

1.25 1.25 
2.53 2.49 

22.1 32.2 
21.2 32.8 
20.0 40.8 
21.1 35.3 
18.2 35.6 
14.4 32.8 
15.2 29.8 
15.9 32 7 
18.5 34.0 

25.5 28.0 

79.3 79.5 
10.3 10.1 

Twice 
Weekly Seasonally 

(House B: Exhaust 
Yen tiJatlonJ 

240 240 

1.50 1.50 
3.4 3.0 

9.6 33.3 
9.5 25.8 

10.6 29.4 
9.9 29.5 

10.7 28.2 
13.3 35.8 
10.0 29.3 
113 31.1 
10.6 30.3 

37.1 37.2 

78.9 81.1 
6.7 3.7 



LIGHTING EFFECTS 
The influence of light as it affects the physiological 

activity of birds of aU ages is an important phase of en
' 'ironmental control. The length of the lighting period 
(day length ) affects the acth·ity of the reproducti' c 
system and the intensity of light influence~ the behavior 
of the birds. 

Hesea rch by Wilson ( 15 ) and others has established 
the basic principle: light passing through the eye via 
the optic ne rve and central nen ous syst<.•m to the an
terior pituitary gland triggers the release of hormones 
which stimulate the ovaries to increased activity. 

Increasing periods of li~ht (longer clays) stimulate 

the rate of !.exual de' dopment in growing pullets and 
increases egg production in laying hens. On the other 
hand. decreasing periods of light delay sexual maturity 
of growing pullets and restrict egg production to less 
than the maximum potential of laying hens. 

The influence of light intensity on the behavior of 
birds of all ages is an important ecouomic aspect of en
vironmental control in poultry housing and manage
ment. ll igh intensities stimulate activity, nervousness 
or flightiness and cannibalistic tendencies. With low 
intensities. birds appear more contented. They arc 
quiete r, more easily managed and less inclined to can
nibalism. Hccomrnended light intensities are giv(•n in 
Tables 1 and 2. 

Physical Factors 
Involved in Controlling Environment 

The following factors nre the most important in controlling the environment 
of a poultry house: (a) insulation, ( b ) vapor barrier, (c) ventilation, ( d ) 
management and (e) light control. Each of these factors will be discussed in 
the section!. which follow. with major cmpbasi~ given to ventilation and its 
managem~>nt. 

R-VALUE 
SVRFACE,I~SIOE 0 , 6 I 
l/o • PLYWOOD 0 . 4 7 
POL.YETHELE~E 
FILM 0.00 
31/o" IHSULAT ION 13. 4 I 
SURFACE ~ 
TOTAL R 15. 10 

MATERIAL 

R-VALUE 
SURFACE,I~SIOE 0 .6 I 
REI~FOROEO POLY· 
ETHEUHE COATED 
S$LKRAI'T PAPEIIO.OO 
3 th" INSULATION 13.41 
SURFACE 0 . 61 
TOTAL R 14. 63 

SURFACE, OUTSIDE 0. 17 
CDRR.GALVAHIZED STEELO.OO 
AIR SPACE (4 5 ' ) 0.85 
3 D/o • I~SULATIDN 13.4 1 
REI~FORCEO POLY-

ETHELEHE COATED 
SISALKRAFT PAPER 0 .00 

SURFACE, I~SIOE ~ 
TOTAL II 1$.0 4 

Fig. I.- Various combinatioru. of building materials in ceil ings. 
roofs a nd w:1lls will pr ovide "R va lues" wh ich meet 
recommendations of Tnbles 1 a nd 2. 
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INSULATION 
Insulation is needed to con sene the inside heat 

during cold weather and to keep out the outside heat 
during hot weather. 

During winter. insulation is needed to conserve and 
utilize the heat produced b} the birds in order to main
tain uniform tempera tm<.'!t of 50 to 55F ( for layers ) 
and still ha' e adequate 'entilation for moisture re
mo' nl. At this temperatu re. the moisture-holding capa
<:ity or the inside air is sufficient to hold the moisture 
produced until it is carried ou t by the ventilating S}1S
tem. ln:.ubtion also prevents the condensation of mois
htre on tht' walls and c<•iling. 1 n other words. an insu
lated building is nec:<•ssar~ for satisfactory moisture 
control by \entiJation during cold weather. Insulation 
in the brooder house will a lso recluc~: the nrnounl of 
supplemen tary heat required during winter to main
tain a temperature of 70F. 

Tht• efficiency of insulation is mea~ured by the re
sistnnce of heat tramfcr ( thermal resistance) through 
the material or the combination of materials used in the 
walls or ceiling. This is called the "H-valuc." The 
"R-value" or various materials is g ive-n in Appendi\ B. 

The amount of insulation needed depends upon the 
temperature extremes to which the particular area is 
subject. Jn northern states. an "R-ntlue" of 8 to 10 for 
the walls and 12 to 15 for the ceiling is considered 
necessa ry. These values represent the total of all materi
als and the a ir space between them. This usually re
quires the cqui\·alent of 2 to 3 inches of fiber glass in 
the walls and 3 to 3~ inches in th<.• ceiling. Combined 
"R-values" for typical wall and ccilin~ construction aT<' 
illu~trated by Fig. 1. 

F or more information about insulation, see Bragg 
and Lamhert (3) and \\'alpole, D 'Armi and Lloyd (14). 



F ig. 2.-Ceiling and wall construction showing instaJlntions of 
in sula tion an d vapor barrier. 

VAPOR BARRIER 
The eHectiveness of any insulating material is asso

cia ted with dryness; the peneh·ation of moisture re
duces the insulating Yalue and causes dete rioration. 
!o pre.'•en~ th is, a vapor barrie r .is required unless the 
msulatJOn JS a waterproof maten a I. The \':lpor barrie!' 
should be phtced between the insu la tion and the in
side wall covering ( Fig. 2 ) . To be effecth •c, the vapor 
barrie r must be sealed at a ll joints and mechanical 
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Fig. 3.-Desirable uniform temperature and hunddlty can be 
ma.intained in a laying house d ur ing extremely cold 
weather. (Idaho Agricultural Experiment Station 
data.) 
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service openings by adequately lapping the materia l 
or taping a round the opening with plastic tape. 

Several kinds and types of mate ria ls are available. 
Selection depends upon the f unction intended. H the 
materia l is to serve only as a vapor seal, 4 mil pol}'
e thylene or equivalent will be satisfactorv and inex
pensive. On the o ther hand, if the mate rial is to serve 
as both a vapor sea l and the interior surlace, a sb·onger 
a11d more durable mate ria l is needed. such as reinforced 
~isall-:raft paper coated with polyethylene. This materia l 
IS often a ttached to the under side of the rafter to serve 
as the ceiling. A solid covering over the vapor barrier is 
recommended in an area wh ich is apt to receive plws-
ical damage by punc ture or <tbrasion. ' 

VENTILATION 
Controlled mechanical ventila tion is a fundamental 

requirement for regulating a ir exchange in poultry 
housing. For adequa te ly insula ted houses, it is the basis 
for pro,•iding the desiTed end ronmental conditions out
lined in Tables 1 and 2. 

Adequ a te a ir exchange is a basic uecessity for win
dowless housing. From the standpoint of ventila tion, 
aU poultry houses should be operated as windowless 
houses during the winter season. 

Major considera tions include the remo\'al of excess 
moistuTc and ammonia while still muinta ining the de
sired temperature inside the house duri ng cold weather. 
I 11 summer, removal of excess heat and dust is a major 
problem with high bird densities. 

Ventilation to Remove Moisture 
During Winter 

The principle used in the removal of moisture by 
ventila tion during cold weather is that the water hold
ing capacity of air is approximately doubled with each 
lC'mpera lure increase u[ 20F (Table 7). Outs ide a ir at 
:)OF and 90 percent re lative hum idit)' which conta ins 
0.25 pounds of water per 1,000 cubic reel when it en
te rs the house, will bold twice as much water (0.54 
pounds per 1,000 cubic feet) when warmed to .50F. 
\ Vhen warmed to 70F. it will hold four times as much 
\\'a te r (1.04 pounds per 1.000 cubic feet). 
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F ig. 4.-Uniform brooder house tempera ture a nd hunddity 
wer~ maintained during this period of fiuctua.tlng 
oots1de temperature. Con troUed ven tilation and a 
balanced regulation of both fa n a nd brooder ther mo
stats m.ade this possible. 



TABLE 7.-Pounds of Water lbat 1.000 Cubic F eet of Air Will 
Hold a t Various Temperatures and Relative Hu
midities. 

Alr 
T emperature 

I F l 
30 
40 
50 
60 
70 

0.25 
0.37 
0.54 
0.75 
1.04 

Rela tive llumidlly 
70t'} 
0.19 
0.29 
0 42 
0.58 
0.81 

50'1 
0.14 
0.21 
0.30 
0.42 
0.58 

Therefor<'. as incoming air is warmed to the hou:.c 
tempe:.•rature. the increased capacit) to hold water mal-es 
it possible to take up moisture and carT) it out through 
the ventilating system. The amount of ventilating air 
rectuircd to remon' moisture nl various outsidt• temp<•ra
tures is ghen in Tahl<'s 8 and 9 for ~owin!,! and adult 
birds. The values gi\'t'll in these tables show the qu~ln
titv of air which nlllsl be exchanged in one hour. Tlw~c 
value~ are not the capacit) of the 'entilation S} stern. 
The) are th<' sum of the required ventilated air volumes 
during one hour obtained with rl'stricted ventilatiou 
resulting from intermittent fan operation durin!.! wintt>r 
months. 

Bird heal combi1wd with insulation ancl controll<."cl 
ventilation will maintain salislactory condilious in tlw 
Ia yin~ how.t> ( Fig. 3 ). The addition of supplementar) 
heal will maintain satisfac.ton conditions in the brood<•r 
house (Fig. -l ) . • 

Control - The Basis for 
Efficient Ventilation 

Fundamentally, controlled ventilation is a rt>gulat<'d 
rate of air e\change. This involves more than controlled 
fan operation. Tt also involves control of incom ing air 
in the case of exhaust ventilation or outgoing air in 
pressurized Ycntilation. To e...:plain and illustrate the 
principles in\'olved, discus~ion detlls specifically with 
<.•xhnust ventilatiou. The fundamenta l principle of con
trolling both incoming and outgoin~ air applies also 
to prcssurin•d ventilation which is discussed later in 
tht• text. 

everal ")stems of "entilation l!ivc satisfactory r<'
sults when proper!) installed and opt•rated. E\'en with 
the automatk· controls available today, the human e le
ment - evalua tion, judgment and the extent to which 
the ope rator applies himself to the management of the 
system - i an indispensable factor. 

Exhaust Ventilation 
Automatic control of fans b) thermostats and timers 

is an accepted practiC(' and is rea onahle in cost. On 
the otlwr hand, automatic· control of tlw intake area 
and inc:oming air is still in the developmental state. TI1b 
is especially true in llw case of the p<'rimeter continu
ous-slot type intaJ..c. F'or the present, regulation of in
takes is done manual!) br the operator. Some poultry
men hn\'e reducc•d tlwir labor routine by devclopin~ 
n system of conlrol h) cnbles and pull<'ys operated hy 
ccntralh located winches. Automatic controls opcr
.1ted O\ them1ostaticallv controlled elech·ic motors arc 
a,·nilalilc but costly. l£xpe1iment stations and equip
ment manufacturers are pre ently working to develop 
automatic intakt• control mechanisms tlMt are practic,ll 
and reasonabk> in cost. 

The rid,:!;e ventilator shown in Fig. 13 OJX'rates a~ 
,111 intal..c wh<.'n the wall fans art' positioned to C"<hau11l 
the air. In a windowless houl><' or "ilh all windows 
closed a negative pressure is cr<:<lted whicb opens tlw 
~ide flaps. The width of the openin{.! and amount of 
air pulled in int·reasc-. as tlw fan n)X'rating capacil} 
inereas<."s. This provid<'l> somt' automatic control of 
intake area. Tlw same principlt' could he incorporated 
with "all intakes. 

The ventilating !>}'Stem that is properly installed and 
r<'gulatcd to provide automatic fan control and th, 
proJ)('r ratio of intake area to ,·cntilalion rat<• will: 

1. Resp()nd quickly to out!>i<k temperature changes; 

2. Provide the de~ircd rate of air <.'\change in rel<l
tion to til<' outsidt• temp(•rature: 

3. }. Jaintniu a balance hl'twC'en heat input and 
outgo during cold weather: 

4. }. laintain the dc:.ircd inside tempcratme within 
a reasonably narrow range (Figs. 3 and 4); 

5. Hemo,·e e-.ces moisture, ammonia. objectionabll• 
odors and dust and the carbon monoxide pro
duc<'d b) ~as brooders: 

6. ~ l inimii'l' the stratification of ttir and, therefor<.>, 
reduce tht• temperature range het\\'Cen floor and 
ceiling (Fig. 12); 

t. \htintain d rier litter in floor-!) pe housing for 
birds of all ages; 

TABLE 8.-Ventllalion Required at Yarlous Ages and Outside T emperatures to Elimina te l\Io isture Produced by Growing Birds.• 

Cubic feel of air exchange needed per hour for each 1,000 

Age of Birds 
(weeks) 

2 
3 
4 

5 
6 

7 ···-·· ... -·--········· •... ···-- ......• 
8 

•Based on molsture output. as given In T able 5. 

OF 
90'( 

6.800 
10.510 
14,580 

17.990 
20.420 
24,000 
25,320 

birds with outside t.emperature and r elative humidity of : 

9 

15F 30F 50F 
90'( 

Ins ide temperatur&-70F 
8,100 9,750 

12.500 15.080 
17,330 20.840 

inside temperature-65F 
21.390 25,790 
24.350 29.340 
28.500 34,350 
30,150 36.250 

90'( 

18,700 
28.900 
40.000 

49,400 
56.200 
65,900 
69,600 

50F 
'10% 

13,120 
20,300 
28.150 

34,700 
39,420 
46,400 
48,800 



TABLE 9.-Venli1a lion Required to Eliminate l\1oislure for Two Weigh ts of Adull Birds a t Various Outside T emperatures• . 

Bird weighl (lb.) 

4.3 
(LeghOI'llS) 

7.0 
CHea.vlesl .. 

Cubic feet. or air exchange needed per hour for each 1,000 birds 
with t.he inside air at. 55F and 70% relative humidity and witb 
outside temperature and relative humidity of: 

OF 
90% 

30,950 

38.600 

15F 
90% 

36,000 

'14,850 

30F 
90'1 

53,900 

67,00!) 

50F 
90% 

161,500 

201,000 

"Base<! on moistme output as compute<! from material given In Table 4. 

8. ~lointain inside temperatures several degrees 
below that outside when combined with "fan and 
pad" or ''fo~ger" systems of evaporath·~ cooling 
dnring hot weather. 

Installed Fan Capacity 
The total instn llcd fan capacity should pro\'ide the 

maximum rate of air exchange required durin~ hot 
weather. Table 1 shows the recommend<'d ratio of cubic 
feet per minute for each adult bird: 5 cfm per bird 
for Le~horns aud 6 for the heavy broiler breeders. 
When the fan and pad combination is used for evapor
ative coolin~ in areas with prolonged hi~h tempera
tures, at least 7 cfm per bird should be considered. If 
ducts are a part of the system, as in pressurized \'entila
tion, an experienced authority should be consulted. 
The total installed fan capacity recommended for broil
ers is at a ratio of 3 cfm per biTd as shown in Table :2. 

Higher ratios of installed fan capacity are not 
recommended. Foxcing in excessive amounts of outside 
air at temperatures above 90F is not the solution for 
removing bird heat; additional circulating fans inside 
the house arc more effective for moderate summer 
weather, and some type of evaporative cooling is re
qu i.red fox areas with prolonged temperatures in excess 
of 90F. 

Installed Intake Area 
The total installed intal.e area should allow maxi

mum air exchan ge during hot weather \\'hen fans are 
operating at full capacity. 

Tables 1 and 2 show a ra tio of 250 to 300 square 
inches nf intake area per 1.000 cfm fan capacity. This 
ratio is based upon the f.tct that an open ing 1 x 12 in. or 
12 square inches will admit 50 cubic feet of air 
per minute at a pressure difference of 0.04 inches (3. l·n. 
This pressure difference of 0.04 inches is exlremel\' 
low and allows the ftms to operate at almost full C<lpac
ily. 

These basic figures (12 square inches and 50 cfm) 
multiplied by 20 give a ratio of ::?...10 sqna re inchf's per 
1.000 c:fm fan c:apacity-for practical pmposes, 250 
square inches per 1,000 cfm or the ratio of 1 square inch 
per ..J: cfm of installed fan capacity. When the air is 
restricted through an off:.et i.n the intake opcoin~ <\nd 
especially when light traps are insta lled for con
h·ollcd li~hting, 300 square inches per 1,000 cfm should 
be used. 

As a general guide a width of 3 incl•es is su~ested 
for the continuous slot type intake. 

The <Werage velocity of incoming air at the intake 
opening is approximately 720 feet per minute. When 

LcoNTINUOUS SLOT 3" WIDE WITH ADJUSTABLE BAFFLES FULL LENGTH~ 

r 3 

15 ' 
..L .. -_ -_;;;-_-;;._......,...._ __ 2 

OR 4 FANS DEPENDING 

5' ,...--, ~ 

~-------------------------------------100
1 

ON CAPACITY--

5 1 \ 15' 

·-~ ~-----~------~------. I 
I 

Fig. 5.- This s lot- type intake is design ed to gi'•e t h e proper ra tio of installed intake area to installed fan Cl\ i>acity. :'1/ote con
tinuous slot of 100 teet on one wall and total of 40 feet on opposite wall. 
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the pressure difference is increased from 0.0-1 to 0.125 
(1/8) inch static pre~surt". as could bt• the case with 
increas<.•d fan op<.•ration, the averngt• velocity and 
amount of air passing through the intake is approxi
ma tc· ly doubled. 

Tlw following illustration will ~crvt' to apply tlw 
aho\'t• information for installing the pcrinwter-~lol tqx• 
intake in a la~ ing houst•: 

Assume a houw 10 ' 100 feN prodding -1.000 
square feet of floor sp<lcc for 4.000 Le.~horn hem. 
housed at 1 squan· foot per bird. E\haw;t wall fans 
arc installed in one• side wall to pmviclt> 5 cfm per 
h ird or a tota l installed fan capacit\' of 20,000 dm. 
At the ratio of l square inch of intake per ...l cfm of 
fan capacit~. the home \\-ill requirt• 5,000 square 
indws of intakt· <lrt•.t. 

Then: 5.000 \(Juan· inches dh idecl b) :3-ill. intake 
width equals 1,667 lin<.>al inches or about 1-10 lineal 
fc<'l of intake are.t. This requires .1 continuous slot 
3 ill(:hes wide tlw lull length of the "all opposit<:' 
the fnns plus 10 fct•t on the fan skit-. Thill is located 
as shown in Fi~. 5. Intakes should bt· .I t l<.'ast 8 and 
prcfcrabl) 10 lect from the fans to :1\'oid short cir
cuiting th(' incomin~ air. 

Tlw installed intake area "ill allcl\\ maximum 
air e\ch<mge for \Ummer tem1wratur<.'!>. Adjust
able baffle11 such ·" illustrated in Figl-. 6 and 7 will 
h<• needed to restrit"l the incoming air durin~ tlw 
win te r. 

Patterns ol Air Circulation 
Field observatimh repeatedly sho" that improp~r 

in:-.t;lllation and pour matHl~ement of n•nlilnting equip
nwnt an· partly due to lack of understanding of air cir
c·ulntion inside the poultry house. This is especially crit
ical during winter weather becaust• the incoming cold 
air is heavier than the warm insicle air and, the refore, 
sett les rapid!) to the floor unless a direc tional control 
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6
j:H ANGLES TO WALL 

• FIIOM FLOOI! ---4 

Fl~t. G.-Details of construction of a n inta~e box with an ad
justable bnftle. The matn drawing shows tbe bafOe 
a djusted to direct incoming aJr upward along the ceil
ing. T he insert at top right shows the barfle adjusted 
to direct the air downward a.s might be desired dur
ing summer operation. To bold the baiTie in this 
position. constn1ct a hcx;l< as shown in tbe insert nt 
top center. The hook b bent from V16-inch wlre and 
driven Into the 3/4 x 1 3/ 4- inch board to serve as a 
support for the baffle-mounted screw. The inser t at 
lower left showl> details of construction of the 3/·1-
incb plywood end board. Tbe radii are as follows: 
''ll" :::: 4 1/ 4 inches; "r" - 3 S/8 Inches. The slot Is 
3/8-inch wille. 

Fig. 7.-Smoke slicks sbow the patt-erns 
of air now, mixing a nd diffus ion 
when the Intake area Is restricted 
and the baffle adjusted to direct 
incoming air Into the bouse a t 
ceiling level. Black paper is used 
here for background. Tbe lighter 
shading shows blended air grad
ually settling lo the floor ns 
shown l,'f'llphlcnlly in Fig. Sa. 



-----
Fig. 8.-Genernl pattern of air circulation with waU-£an and sl ot - lytle lntakc located In opposite walls. During cold weather. 

the large volume of air entering at a low \'elocity drops rupldly to the floor \\ltlt less blending of the inside warm air than 
occurs in Fig. Sa. 

f 
\ 

F ig. Sa.-Here lh e Intake baffl e is a djusted during cold 
weather to jet the incoming air at ceiling level farth
er into lhe h ouse to tnomote maximum blending and 
diffusion of outside and inside air. 
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-
Fig. Sb.-The intake baffle adjusted to direc t incoming air to 

the floor. This promotes increased air flow across the 
floor during t be summer period. 



F ig. 9.- The pattern or s moke lravel here shows Incoming 
cold nir fnlllng rapidly to the floor from nn intnke 
as origina lly ins ta lled In a brooder bouse nt the Idaho 
Experiment Stntion. 

promotes circulation. l n the exhaust system of ve-ntila
tion, the location of the intakes and the ratio of intake 
area to fan operation exert the major influence in estab
lbhing the pattern of air circulation inside the house. 

The followin~ explanation and accompanying fig
urc•s apply to p•ltterns of inside air circulation when 
th(' outside air temperature is lower than the inside 
temperature. The patterns of ai r circulation illustrated 
h<l\'C been cstahJjsht'd by the use of ~c' era I types of 
''smoke guns" nncl "smoke sticks" in research at this 
station and in field observat ions (Fi~s. i , 9, and 1 0). 

Cont rol ol Incoming Air 

Controlline: incoming air involves control of the 
amount of air, it!. velocity and directional now. 

Dmil11!; cold "eather, fan op<.'ration will be re
!ltrict('d .automatically by thermostats "lwn outside 
temperatures drop. 11Hc' amount of cold air drawn in 
"hi](.' the fan!. are operating influences tht• length 
of tim<: the fans are on :and off. If intakes are not 
r<.'slritt<.'d, tht• lar~e , -olume of incomin~ cold a ir will 
cause the fans to b(' off for long periods of time so 
that t'\en \\ilh adequate fan capacity, the house mav 
bt• under-vt;>ntilatt•d and the air inadequate!} mi,ed. 
This is more likclr to happen during cold nights. 
Ful-thermore, cold air comine; in through tlw unre
stricl<.'d intake is at a low \'t•locity so that it falls 
rapidl} to tlw floor. (Fi~. ). 

When the intake area is restricted: (a) the fans 
operate for longer periods of time. (h) the volume-rate 
(cf m) of incoming air is decrt•ased, (c) till' air pa ·ses 
through the intakt' area at a higher velocity so that 
it jets further into tht• house (Fi~s. 7. Sa and 10) anti 
(d) the wam1 inside air is syphoned or drawn into the 
mainstream of int·oming air (Figs. Sa and 11). 

The rapid movement of air at ceiling lt•vcl and 
the mixing of the incoming and inside air slows the 
rate of fall and raise~ th<! temperature of the mixed 
air close to that of the insid<.' air. Control of the air 
flow, blending and recirculation affects the pattern of 
air circulation in the cntin• house. lt breaks up stratifi
cation to the extt•nt that there is only a few degrees 
difference b<"tween C<"iling nnd floor temperatures. This 
program of restriction, directional control and blending 
of incoming air was the basis for maintaining the smn11 
difference bNwecn floor and ceiling temperatures in 
the brooder hous<' as shown in Fi~. 12. 

Fig. 10.-Th.e pattern of smoke trn \'el from the same intake shown in Fig. 9 arter n shield hns been attached to change the 
intn.ke opening to within 214 lnches from the ceilin g. Black paper was att~ched to the wa ll a nd ceiling to give black 
background. :\'ole that. the air gels int~ the house at ceiling le \'ei. The lighter shading indicates blended air slowly settling 
to the floor. This pattern of air Oow was obtained while the ceiling fan shown In Fig. 14 was operating. 
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Fig. U - Thls Is the genera l pattern or air circula tion with a comblna tlon of celllng exha us t fan a nd t he slot- type in t.ake in 
both s ide walls and when baffles a re adjusted to direct incoming cold air lnto the pen a t. ceiling level 

T he intake box in Fig. 6 functions in two ways: 
(a) it makes it possible to reduce the amount of air, 
and 0'>) it provides for directional control and the de
sired mi,in~ patterns (Fi~s. 8 and 11). It is designed 
primarily lor the perimeter-slot type intake. E,·cn 
though the slot is continuous, the length of the haiTI(' 
l> hou lcl be limited to 6 or 8 feet to fac ilitate manual 
regulation. 

The pattern of air circulation for the rid~e wntila
tor servin~ as an intake is shown in Fi~. 13. 
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Fig. 12.-CeUing and floor temperatures in a brooder bouse 
during a. period of nuctuatlng outside temperatures. 
The ceillng tempera ture record was obtained from 
t.he recorder at ceil ing level a s shown in Fig. 14 ; the 
floor tempera ture was recorded by the recorder shown 
in Fig. 10 with the cable ext ended to wilhln 2 inch es 
of t he rtoor a t. tho side wall under the lnt.ake. 

Fan Selection 

\l any types and sizes of fans arc available for ,·enti
latin~ poultry buildin~. These indude single-speed, 
two-speed, reversible side-wall fans. high-speed (1723 
rpm) and low-speed, high-volume fans. The capacity 
of the fan depends upon tlw diameter, number anJ 
pitch of the blades and the speed (rpm) at which the 
fan operates. The rated capacil\ is given in dm of air 
delivered at various static pressure!., for C\ample 0'', 
0.0.5", 0.10 .. and 0.125" (~.,) of static pressure (water 
gage). The actua l delivery wi ll vary accord in)! to the 
pressure against which the fun must operate. 

Fans should be selected at a static pressure (S.P.) 
of 0.10" or 0.12.5 ... with the capacity based upon rat
ings certified by A~lCA (Air ~ loving and Con
ditioning Association). The listings in Table 10 
ilJustrate tire variet}' of propeller-type fa ns ava il
able and items to look for in the specifications of the 
manufacturer. Fan motors should be dust proof and 
totally enclosed with pcnnancn tlv lubricated ball bear
ings and overload protection .. \ dequate wire size for 
the selected motor. is essential (see Appendix D). The 
fan assc.'mbly shou ld include antibackdraft damper:. 
or shutters. ~.!otor operated shutters are avai lable for 
larger fans at C\tra cost. 

From the standpoint of initial investment and elec
tricity used, the lar~er fans nrc less expensive. The 
size selected should be consistent with the size of 
house and the desired flexibility or range needed in 
ventila ting rate. As a specific example, broiler ~rowers 
find it desirable to have low capacity fans controlled 
by both timer .md thermostat in opposite walls near 
each end of the house for restricted operation durin~ 
cold weather. 

Pans with the bh\des mounted directly on the motor 
shaft require less maintenance. In the case of belt 
driven fans. tht> tension of the belt requires periodic 



TABLE 10.-Information to consider in determining specifications when selecting fans. 

Fan Blades Motor Size Fan Speed* Capacity Remarks 
Diame•.,,. No. (h p) (r~>ml (cfm at !i in. S.P .) 

18" 4 -'~~ 1725 2700 single speed 
18" 5 1h 1100 3300 single speed 
18'' 3 or 4 'tl 1400 low 1600 low two-speed 

1700 high 2700 high 

24-42'' 3 to 6 'AI to 'h 800 to 1200 5000 to 10,000 low-speed 
high-volume 
dir ect drive 

24-48" 3 to 6 lr!J to % 600 to 1200 5000 to 12.000 low-speed 
high-volume 
belt driven 

•The rpm and cfm mown are approximate; specific ratings will be given by the manufacturer or equipmen t company. 

checking. Tbis is especially important with new instal
lations and during any initial period of operation after 
the fans have been idle. Proper tension to avoid belt 
slippage is essential for efficient operation. Follow the 
manufactLLrer's recommendations. 

Controls lor Fans 
Fans are automatically controlled by thermostats 

and timers (usually a 10-mioute timer). Dual control 
of some fans by both a thermostat and timer provides 
greater flexibility in the control of air exchange. (Fig. 
14). 

Thermostats operate according to temperatme 
change, and the ca libration should be checked with an 
accumte thermometer. Thermostats should be located 
awav from the outside walls and out of the flow of 
inco~1ing air, preferably near the center of the house 
as shown in Fig. 15 and about 5 feet above the floor. 
\Vhen more than one the1mostat is involved in the 
control of fans, there should be a difference of 2 to 
3 degrees in the temperature settings of the several 
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thermostats so that additional fans will operate as the 
house temperature rises and automatically go off ·when 
the temperature is lowered. 

The function of the timer is to turn the fans on 
periodically regard less of house temperature, which 
wiJJ assure a minimlll11 rate of ventilation for moisture 
and ammonia removal. This is important during cold 
weather. Dw·ing a cold night the house temperatw-e 
could drop below the thermostat setting and the fans 
would remain off if there was no timer. This is less 
likely to happen with a proper range of thermostat set
tings in multiple fan installations. 

Panel control assemblies which control two or more 
fans are available from equipment companies. The 
number of fans conh·olled by one control panel will 
depend upon the size of the operation and the number 
of fans involved. The \\"iring and planning of the cir
cuits should be clone by a qualified electrician. 

An iJJustration of fan selection, location and conh·ol 
for a brooder house accomodating 10,000 broilers is 
given in Problem III, Appendix C. 

'\ 

~ 
( (_ ----I 

~ _/'/ '---...____ -----Fig. 13.- This drawing shows the a ir circulalion pattern in a ventilating system collSistillg of a r idge ventilator serving as an 
intake and wall fan s positioned to exhaust the a ir. The insert shows the hinged bottom of th e ridge ventilator dropped 
to increase the intake (outtake) area as needed during summer operation. If the fans are reversed to force air into the 
house during summer operation, the air pattern will be different. 
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Pressurized Ventilation 
In this svstem fans force air i11to the house through 

ch.1cts usualiy located at ceiling level. A slight positive 
pressure is developed within the house which causes 
the air to be exhausted throngh outtakes. 

Research on pressurized ventilation at this station 
has included the use of two slightly different systems 
over a period of several yeaTS. The "pilot plan( studies 
were made in a well-insulated laying house 24 x 48 feet. 
divided into two pens by an insulated partition. 

Dming the first ye<u-s of operation the following; 
ventilating system was used: 

(1) A !ugh speed fan, located in the re<u waU of 
each pen. brought air into the pen through a duct S 
feet long with a V-shaped deflector at the end to direct 
the air toward each front corner. Each fan was con
trolJetl by a thermostat and timer. 

(2) Out-takes extending 18 inches below the ceil ing 
were located at the front plate. A study of the pattern 
uf air circulation showed that this length was necessary 
to promote the desired recirculation of air and to pre
vent excessive loss of warm air during cold weather. 

Leghorn hens were housed with floor-type manage
ment at a bird density rate varying in different yeal"S 
from 1 to H~ square feet of f loor space per bird. 

Fig. 14.-This ceiling fan, controlled by therm ostat and timer, 
was used in the same brooder h ouse as the intakes 
sh own in Figs. 9 and 10. Not.e the thermohumidigraphs 
used to record temperature and humidity at mid-p en 
and ceiling levels. 
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Environmental conditions were excellent as meas
UJ·ed by uniform temperatures, low humidity, dry 
litter, desirable pattern of air circulation and biJ·d 
performance. The favorable environment shown in Fig. 
3 during a period of low and fl uctuating outside temp
erature was obtained with pressurized ventilation in 
this experimental laying house. 

The detailed data shown in Table 11 during a 3-
day period of moderate winter weather was also ob
tained in this experimental house while pressurized 
ventilation was being used for floor-type housing. 

Later, laying cages were installed in this experi
mental house and the pressurized ventilation was mod
ified. ln one pen (installation A) the high speed fan 
and intake duct were retained, but two-way grills 
were attached to the openings on each side of the 
duct (Fig. 16) to direct the incoming air both vertically 
and horizontally as desired. Controls for regulating 
the flo·w of outgoing air were incorporated at the bot
tom of the outtakes by providing self-ope rating alum
inum side flaps and an ad justable hinged bottom (Fi,g. 
17). 

A veJometer and smoke sticks to check air circula
tion demonstrated that in some areas the velocity was 
higher than desirable for birds in cages. This condition 
was corrected by installing baffles to deflect the air 
from the birds in these a1·eas. The results have been 
very satisfactory. The general pattem of air circulation 
with this type of installation is shown in Fig. 18. 

ln tl1e other pen (installation B) a ]ow-speed, high 
volume, two-speed propeller-type fan, controlled by 
both a thermostat and timer, forced air through a duct 
extending through the center of the pen (Fig. 19). Ad
justable dampers in the sides of the duct regulated the 
amount and directed the flow of incomu1g air as de
sired. The remodeled outtakes used in this pen (Fig. 
20) also extendecll8 inches below the ceil ing to promote 
recirculation of the air and were equipped with counter
balanced dampers. Leghorn hens were in cages at the 
ratio of one hal£ square foot of cage area per bird. 

HesuJts as measw-ed by uniform temperah.1rc, low 
humidity and pattems of air circulation have been ex
tremely satisfactory. Adequate ventilation with positive 
air movement at low velocitv and 'vithout dn1Jts was 
obtained with this installation. This is especially in1-
portant for cage-type operations. The over-all ev<dua
tion of this installation would justify the conclusion 
that the slow-speed hil!;h-volume lJ1)e of fan \vilh J. 

distributing duct is highly desirable for pressurized 
ventilation systems. 

To date pn'ssmizecl srstems have not been used 
C').tensively by poultrym('n or prnmoted by equipment 
manufacturers. Since ducts are required, this system is 
more expensive to install thru1 the wall-fan exhau~t 
system. lt compares closely in cost to the ceilin~-fan 
exhaust system wliich requires ducts and cupolas. The 
pressurized system gives excellent results when prop
erly installed and operated. 

With the increased use of lru·ge, low-speed, high
volume fans in large enterprises it is reasonable to 
expect more widespread use of this system in Lbe 
fu tme .• 
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Fig. 15.-A system for controlling fa n in a to• x 212" brooder house. The two s maller capacity fans are controlled by timer~ 
and thermo~>tats while the four larger ta11acity runs are controlled by thermostats only. 

Fig. 16.-Tbe d uct system in installi\Uoo A of the experimental poultry hous4; uslog pressurized ventilation. This duct is insulated 
on the inside. 
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Fig. 17.-0ottnke ducts used I1S a part of the pressurized ventilation system shown tn Fig. 16. The duct at the left has the hinge. 
bottom dropped as would be the adjustment for moderate a.nd warm weather operation. The duct at. the r ight has the 
hinged aluminum damper opened by the positive pressure created by the fan as it would be operated during cold weather. 

- ---- ( 

---Fig. 18.-The duct system in Fig. 16 produces this general pattern of air circulation. Positive air pressure opens the h inged 
danlJ)er in the outtake for cold weather operation. The insert shows the hinged bottom or the outtake opened to allow 
a greater volume of air to be exhausted during moderate ana hot weather operation. 
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Fig. 19.-The duct system in installation B of the experimental poultry house using pressurized ventilation. The duct is covered 
with a black-colored insulating board and has adjustable outlet openings evenly spaced a long each side to give suitable 
air distribution. Two of lhese outlets are pointed out in the picture by a smoke s tick and a smoke gun. 

There are several advantages and some dlsadvml
tages to be evaluated in considering pressurized venti
lation. 

Advantages: (1) l\laximum recirculation and mix
lure of incoming air with the inside aiJ· makes it pos
sible for air to take up the maximum amount of mois
ture before it is exhausted. (2) Air is forced out am 
and all cracks around windows and doors which e lim
inates cold dJ·afts from such sources during cold 
weather. (3) Directional control of incoming ai1· is 
possible when deflectors are properly installed and 
regulated. (4) Use of low-speed high-volume fans in 
combination with a properly desi~1ed intake duct af
fords the possibility o.f positive aiJ· movement at a lo" 
speed witl1out drafts. 

Disadvantages: (1) The pressurized system is more 
expensive than the exhaust system. (:~) Positive pres
sure wiJl force moist air during winter and dust dw-ing 
summer through any cracks or breaks in the vapor 
seal. (3) The pressurized system is more complicated 
than the wall-fan type of exhaust ventilation system 
and requires the services of a qualified engi11eer in 
the planning and installation of the equipment. 
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Fig. 20.-T he counterbalanced aluminum damper in t.he out
take flue opens and closes automatically wiUt fa n 
operation. Tbe outtake flue is 11sed in combination 
with the duct shown in Fig. 19. During hot weather, 
additional weights are added t-o hold the dampers 
fully open. 



Environmental Management 

Field visits to poultrymen and evaluation of the 
problems as they arc found in their poultry houses 
repeatedly point to the need for h_etter m<t~agement 
of the ventilation program. In some mstances tmproper 
installation is the major problem. llowever, man) caS{'s 
could be cit('d when.> poor ventilation is found even 
with good equipment. The poultryman is not obtainin~ 
the maximum potential efficiency of his equipment bc·
causc he has failed to evaluate the conditions and make 
the necessary adjustments to improve the ventilation. 

Some poultrymen assume too much from the auto
matic controls. Thermostats and timers are mechanical 
robots. The poultryman must dt•cide (1) the temperatme 
setting of the them1ostats, (2) the length of time the 
tinwr operates the fan(s) indept•ndently of the theml<>
stat. and (3) what manual adjustments he should make 
of the intakes (or outtakes in case of a pressurized 
system) to control the amount of air admitted in rela
tion to the outside temperatures and marked change:. 
in the weather. 

1l is highly recommended that poultr}men usc a 
smoke gun or smoke sticks to obserYc the pattern of 
air circulation and the velocity of air travel. The author~ 
have found thesl' to be indispensible in evaluatin~ 
ventilation. 

E\ccssive dust accumulation on the fans, antibad,
draft louvers and hoods covering tbc fans arc often 
major fuctors limiting the efficiency of the ventilatin~ 
svstcm. If dust build-up prevents antiback-draft louvers 
from opening fully while the fans are operating, air 
exchange is reduced and the house is underventilated. 
Periodic cleaning is necessar) for an} system to op
erate at maximum efficiency. 

WI NTER VENTILATION MANAGEMENT 
General guides for ventilation rates for winter con

ditions are given in Tables 1 and 2. Although less air 
is required for moisture removal during cold weather 
(Tables 8 and 9), there is a general tendency to under
\'entilate all typ<'S of poultry houses during winter. 
This is especially true in the case of brooder and 
broiler houses when supplementary heat (heat other 
than brood<.'r heat) is not sufficient to maintain the 
temperatures needed for the chicks and still allow for 
adcquatt> ventilation. In too man) cases poultrymen 
underventilatc rather than provide the necessary sup
plementary heat because of fuel costs. This generally 
proves to he false economy because it results in the 
build-up of excessive moisture and ammonia, wet lit
ter and increased disease problems. 

As poultrymen become better informed on the im
portam:e of good environment in assuring economical 
gains and reducing disease hazards. they appreciate the 
need for insulation, supplementary heat and adequate 
ventilation management. 

~ lore attention to the following dE-tails constitutes 
good management that wilJ result in good economy: 

1. Coordinate temperature settings of the ther
mostats for the fans, brooder, and the supplementary 
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heating syst<•m so tl1at tl1c fan tht•rmostat operates 
only when the house temperature rises above that 
desired according to the age of the chicks. This is 
especially important when gas brooders arc used. 

2. Adjust the time interval on the timers to 
operate the fans for the minimwn rate of air ex
change. 

3. In multiple fan installations stagger the temp · 
eralure settings of the.• thcrmo~tats with a range of 
2 to 3 degrees as explained on page 15. 

.J. While chicks are small or weather is cold 
restrict intake openings to reduct• the volume of 
incoming air. Adjust for more air as the chicks 
become larger or as tl1e outside temperature 
moderates. 

In laying houses, managin~ ventilation requires con
sc.•rdng and utilizing the bird heat hy restricting the 
air exchange to maintain the desired house tempera
hire and stiJI provide the necessary ventilation. Good 
environment can be obtained in laying houses by re
~lrictcd 'cntilation in relation to outside temperature. 
For example, the data in Table 11 was obtained durin~ 
a 3-dar test period in one of the experimental houses 
at this station. 

In this experimental bouse, Leghorn hens were 
housed using floor management. Sha' ings litter com
prised 65 per cent of the floor area and automatic 
feeders and "aterers were located on the roosting rack. 
Pressurized ventilation was used with the fan opera
tion controlled bv a thermostat set at 52F and a 10-
minute timer set· to operate the fan 2 minutes out of 
10. 

}..'ote that the minimum inside temperature was 
less than the thermostat setting. This resulted from 
timer controlled fan operation. During winter condi
tions it is often necessary to sacrifice house tempera
ture in order to provide adequate ventilation to main
lain moisture and ammonia levels within a desirable 
range. 

TABLE 11.-Environmenta.l Conditions Ma intained During a 
3-Day Winter Period. 

Conditions 
Outside temperature range: 19 to 38F. 
Insulated house <R-values>: side walls 9.8; ceiling 12. 
Bird density: 11,.. sq. ft. of floor space per bird. 
Outtake a.rea during the period : 150 SQ. ln. per 1.000 

cfm of fan capacity. 

Results 
Percent of time fan operated 

during the 3-day periOd - ·· .... ······-·-····· 55% 
Percent of t.ime fan operated in daytime .. .... ····-· 86% 
Percent of time fan operated at night ......................... 32% 
Avera.ge ventilating rate for the 3-day periOd 

Ccfm per bird) .. ·····-··· ...... ·--· ................................. 1.4 
Minimum inside temperature ... .. ...... .. .... ······M -··· 51F 
Maximum inside temperature ···-··· ····-·· .................... 58F 
Maximum relative humidity of inSide air ........................ 72% 
Moisture content of litter ..... ··-·· ·····- --··· 28 'i> 
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SUMMER VENTILATION MANAGEMENT 
E1wironmental control during the summer is pri

marily concerned "ith the removal of heat, ammonia. 
other odors and dust. These problems are critical with 
high b ird densities. 

Ln Table 1, 85 F is sue;e;ested as the maximum 
temperature for lay(;'rs. Even at this temperature, the 
poultryman may ha' e serious problems with shell 
quality, egg production and excessive water consump
tion. Ability of the layers to tolerate high daytime 
temperatures is influenced h} the extent that layine; 
house temperatures ar<.' lowered at night. 

The amount of hodv heat produced by birds is 
given in Tables 4 and 5. Hemm•ing this heat becomes 
n real problem. 

Brooders are anotlwr sour<.·e of problem heat when 
young chicks are grown during the summer. As a e;en
<•ral rule, the brooder temperature can be several de
g rees lower in summer than is required for wint<.'r 
brooding. Brooder tlwrmostats should he adjusted fur 
lower tempcraturel> a'> rapidly as possible. This is es
pecially impC1rtant in the case of gas brooders. Tht.• 
brooder thermostat s<.·~tings should be coordinated with 
thosE" operating tlw ventilating fans so that the fan 
operation docs not increase the brooder heat output. 

The total installed fan capacit) for ma,imum sum
mer ventilation was ~i\·('n in Tables l and :2. The ratio 
of 5 cfm per bi.rd (L<>ghorn hens) is th<· maximum 
recommended. Higher ventilatin~ rates mar actuall~ 
be a disad"anta~c '' lwn outside tcmperahJr('S go abo\'c 
SO F. Inside circulatin~ fans will better serw the pur
pose of increased air movement. .\nother practice is 
to reverse some or all of the sidewall fans on the cool 
side of the buildin~. 

Evaporative cooling is an effective and t'conomical 
method of holding down inside temperatures durin~ 
periods of e\'tremel) hot weather. 

The ratio of installed intake area to fan capacity in 
order to permit fans to operate at full capacity is 
~iven in T<tbles l and 2, illustrated in Fig. 5, and dis
cussed on pa~e lJ. This is cspcciaUy important for 
windowless houses. 

Air circulation over the floor is another means of 
prO\ idin~ bird comfort during the summer. This is 
espcdallv helpful for broilers after the brooding peri~d. 
lhe adjustable baffle for the continuous slot-type m
take illustrated in Fig. 6 should be installed in lengths 
of 6 to 8 feet. If cverv other baffle is adjusted to direct 
the air down to tlw floor (Fig. 8b). it will promott.> air 
circulation mer the floor. 

D ust inside the poultry house is a serious pr<>blem 
in the summer when outside relative humidity is lo\\. 
Excessive ,·entilation rates with high velocity fans in
tensify the dust problem. Low-speed. hil!;h-,·olumc fans 
which move a large volwne of air at a low velocit\ "ill 
reduce the agitation of dust inside thl' house. 

LIGHT CONTROL 
Li~ht intensity and controlled lighting periods are 

a part of controlled environment. The optimum inten
sity of light has been a controversial issue. It is agreed. 
howen•r, that absolute lil!;ht control is necessary for 
out-of -season (October thruugh ~J arch) hatched pullets 
except when the step-down program of lighting is 
used. Absolute black-out houses art.• not as essential 
for layers as for pullet ~rowing. For detailed infor
mation on light t·ontrol .,~·stems and "indowless hous
ing, SC(' \Yilson and Roone~ ( 15) and Di\on and Lamp
man (.J ). 

\\'hen using a controlled lighting program, it is es
sential to have light traps at ventilation openings. Two 
important principles arc invoh·ed in the desil!;n of 
light traps. These are (a ) lie;ht tra,·els in a straight line 
<tnd (h) light intensity decreases with the square of 
the distance from the light source. 

Tht· light trap illustrated in Fig. 21 should be 
adequate when inside surfaces are painted dull black. 
To assure fan operation at full capacit~ a ratio of 300 
squan• inches ol intake area to cad1 1,000 cfm fan 
capaeily is recommended. 

\\"indo" les~ houses "ith li~ht traps for controlled 
li~hling <ue becoming more popular for year-arow1d 
<lperations. If houses have "indows. the number and 
size should be limited. 

Fig. 21.-Tbis light trap might be used wiih an air lntaJc:e. 
The Inside Is painted dull black to stop the light frqm 
getting Into the bouse by reflection . 
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Appendix A 

Glossary 

Bird Concentration (bird density)-An t•xpression of the 
ratio of the floor area per hen or broiler, usually 
expressed as square feet per bird. 

BTU-British thermal unit, the amount of energy re
quired to raise the tempemture of one pound of 
water one degree Fahrenheit. 

Cage \lanagement-.\ system of housing poultr} where
in the bird or a small number of birds is housed 
within a small wire-floored coop. The coop or ca~e 
is within a poultry building and is supplied with 
water, feed, etc. 

cfm-Cubic feet per minute, a measurement of the rate 
of air flow in a ventilating system. ll means that the 
volume of one cubic foot passes a fixed point durin!!; 
a period of one minute. 

Controllt'd Lighting-A system used in the poultry in
dustrv to control the sexual maturity and production 
of growing birds and laying hens by subjecting the 
birds to light (usualh- artificial) fm a s-pecified per
iod each day. The length of the lighted period may 
change in a regulated sequence as the birds become 
older. 

Environment-The aggregate of all the external condi
tions, surroundings and influences affecting the life 
and development of poultry. The most important of 
these appear to be space, tempt•ralurc, humidity. 
li~ht, air movement and composition, feed and 
water. 

E\haust System-A ventilating system in which the fan 
blows air from the house creating a negative pres
sure so that the outside air is pulled into the house 
throu~h intake openin~s. 

Fan and Pad System-A system of poultr, house venti
lation used during hot weather periods wherein air 
is drawn or forced into the poulll·y house tluough 
fiber matting which has been saturated with water. 
The effect is to cool the air t•ntcring the poultTy 
house by evaporation. 

Floor \lanagemcnt-A system of housing poultr~ 
whC'rcin the birds are loose and free to move am-
where within the poulb-y house. -

Foot Candle-A unit of illumination <.>qui,·alent to the 
intt•nsit} of li~ht one foot from on(• standard cantlle. 

Tlca' ~ l3rcedcr Chickens-Laying hem. of breeds, vari
eties and stntins used as sources of c~gs for broiler 
production, "hich weigh more than birds used for 
mark<.•t egg production. 

Insulation-A building material whic:h has a low rate 
of heal transfer and is used to rNluce the amount 
of heal that passes tl1rough a wall or ceiling. 

Intake-An opening in the wall or ceiling of a poultry 
building designed to let out!>icle air enter the build
ing in a controlled manner. This type opening i-; 
used '' ith an exhaust \'entilating s\ stem. 

Latent Heat-A form of heat energy associated with 
chan.~ing the state of a m<\tc•·ial such as ice to 
water or water to vapor. This type of energy is in
volved in the evaporation of water from poulby 
droppings and is not available to keep the poultrv 
building warm. (See Sensible H eat and Hespired 
~I oisture ). 

Leghorn Hens (\Yhite)-The breed of laying hens most 
commonly used in the production of market eggs. 

Low Speed - High Volume-.\ ventilating fan of the 
propeller-type which is capable of delivering lan~t.' 
quantities of air (usually in e\cess of 5,000 cfm) 
while running at a speed of less than 1,700 q)m. 

~lil-A mil is a unit of measurement used to designate 
the thickness of thin materiab. One mil is equal 
to 0.001 inch. 

Outtake (Outlet)-An openin_g in the wall or ceiling of 
a poultry building designed to allow inside air to 
escape to the outside in a controlled manner. Tius 
t} pe of opening is used with a pressurized ,•enti
lating system. 

Ph}•siological-Factors or characteristics which affect or 
pertain to the functioning or performance of an 
orgnnism; applied to poultry in this bulletin. 

ppm (parts per million)-A unit used to designate low 
concentration of a material when mixed with 
another. For example, 30 ppm of an1monia in air 
would mt•an 30 milliliters of ammonia in one million 
milliliters of air. 

Pressurized System-:\. ventilating system used in poul
tl') houses which is arranged so tl1at a fan blows 
air from the outside into the house creatin,~r a slight 
pressure and thereby forc:in~ the inside air out 
through outlet openings. 

Ht'lativ<.' Humidity-A measm<.' of the relative saturu
lion of rnoistme in air expressed as a percentage 
ratio of partial pressures. Fmm a practical view
point within the range of temperatures used in 
poultry housing, it can he expressed as a percen
tage ratio of the amount of moistme in tl1e air com
pared to that which the air could hold at the 
specified temperature. 

lkspircd \loisture-The water givl.'n off by a chicken 
as part of the exhaled breath. Heat used to vaporize 
this moisture is tenned latent heat. 

rpm (revolutions per minut(•)-A unit measw·ing the 
speed of a rotatin~ shaft which tells the number of 
complete turns a shaft makes during a period of 
onl.' minute. 

H-Value, Thermal Resistance-:\ measme of the abilit\ 
of a material to resist the flow of heat. ~lateriais 
with large \'aJues are bett~:r insulators than thost• 
'' ith ·small values. 



Sensible Heat-A form of heat energy which is avail
able for heating the air in the poultry house. It can 
aJso be converted into latent heat by e\'aporation of 
water. (See Latent I !cat). 

Smoke Gun - A de' ice used to trace air circulation 
which emits a smoke-like \'apor or a very fine, light
wei~ht powder from a nozzle. 

Smoke Stick-:\ ~las!. tube "ith ~auze wrapped around 
one end containing titanium chloride which when 
hroken emits a smoke-like vapor. lt is used to trace 
air circulation in the same manner as the smoke 
gun. 

Static Pressure-The force per unit area exerted on a 
surface hy an operating fan but involving no move · 
ment of air. lf air is moving, velocity pressure is 
involved. The sum of static pressure and velocity 
pressure equals total pressure. 

Step-Down Lighting-A system of controlled light dura
tioll used in the poultry indush·y to control sexual 
maturity wlwre the length of the lighting period is 
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made progressively shorter. (See Controlled Light
ing) 

Thermal Hcsistance-See R-Value. 

Total Heat-A term used to designate all of the heat 
liberated by poultry. J t amounts to the sum of the 
sensible and latent heat given off by the birds. 
(See Sensible and Latent Heat). 

Vapor Barrier-A membrane which limits or stops tht> 
flow of water vapor. In poultry housing this barrier 
is placed near the inside wall and ceiling surface 
to prevent condensation of water vapor in the in
sulation. 

Water-Gage Pressure-A unit of pressure measurement 
used for low pressure values. One inch of water
gage pressure exists when pressure exerted by a 
fan will raise the water level in a tube one inch. 
(1 inch of water = 0.036 pounds per square inch). 

Windowless Housing-A method of poultry housing 
where all natmal light is excluded and all ventila
tion is by mechanical equipment. 



Appendix 8 

Thermal Resistance (R-Value) Of Various Building Materials 
The total thermal resistance of a wall or ceiling is 

the sum of the appropriate values given io the tahle. 
If the value for thickness is marked (X), multiply the 
R-value listed in the table by the thickness (in inches) 

of the material in the wall or ceiling. See examples in 
text of bulle tin and Fig. 1. Be sure to include appro
priate values for surface and air space resistances. 

Material and Remarks" 

Air S pace: 
Std. building mat'!. nonreflective vertical, with heat !low horizontal... ........ . 
Horizontal with heat flow up .... ............................................... ...... .. ...................... . 
45 slope with heat flow up . . ................................................................................. . 

Building boards: 
Asbestos-cement .................. .. ...................................................................................... . 
Plywood ................................................................................................. ··········· .................... . 
Plywood ........................................................................................... - ............................ . 
Plywood ................................................................................................................................... . 
Plywood .................................................................................................................................. .. 
Plywood .... ._ ...................................................................................................................... . 

Blanket and Batt Insulation : 
Cotton tiber till .............................................................................................................. . 
Mineral wood; proce.ssed from slag, rock or glass ..... ., . ............. .. ........... . 
Wood fiber ............................................................................................................................ .. 

Loose Fill Insulation: 
Mineral wool, glass, slag or rock .................................................................................. .. 
Sawdust or shavings (dry) ............................................................................................ .. 
Vermiculites (expanded) ............................................................................................. .. 
Woodfiber, redwood, hemlock or fir ........................................................ .......... . 

Boards and Slab Insulation: 
Glass fiber ............................................................................................................................ .. 
Wood or cane fiberboard ................................................................................................ .. 

Masonry l\faterial: 
Sand and gravel concrete ......................................................................................... . 
Concrete blocks, sand and gravel 3 hole core .............. .. 
Concrete blocks, sand and gravel 3 hole core .................................... _ ................ . 
Concrete blocks. sand and gravel 3 hole core ................................ ·- ................. . 
Concrete blocks, pumice 3 hole core ........................................................................... . 
Concrete blocks. pumice 3 hole core ........................................................................... . 
Concrete blocks. pumice 3 hole core ..................................... ---- .................. .. 

Plastic FUm: 

Roofing Material: 
Asbestos-cement shingles ........................................................................................ ~ .. .. 
Asphalt shingles ...... .. ................................................................................................. .. 
Built-up roofing ............. .. ............................................................................................. .. 
Metal sheets ..................................................................................................................... _ 
Wood shingles .................................................................................................................... . 

Siding Material (on fla t s urface) : 
Asbestos-cen1ent .......................................................... - ................................................... .. 
Asphalt Insulating siding ................................................. - ............................................ . 
Wood drop, 1 x 8 ...... ........ .. ............................................. - ............................................ . 
Wood: fir, pine ................................................................................................................ . 

Surface: 
Inside, stU! alr vertical surface ..... . .. 
Inside, still air horizontal surface ............ .............. ... ...... . ................. ........... . 
Outside, 15 mph wind any position ............................................................................. . 

Windows, outdoor exposure: 
Single pane .......................................................................................................................... .. 
Two panes 1/ 4" air space ................................................................................................. . 
Two panes. 1/ 2" alr space .............................................. - ............................................ . 
Two panes 1" or larger air space ................................................................................ .. 

Thickness 
(Inches) 

3/ 4 to 4 
3/4 to 4 
3/ 4 to 4 

118 
114 
3/ 8 
1/ 2 
5 / 8 
3/ 4 

X 
X 
X 

X 
X 
X 
X 

X 
3/ 4 

X 
4 
8 
12 
4 
8 
12 

3 /8 

1/ 4 
1/ 2 

X 

Resistance, R 
(for thickness l isted) 

0.92•• 
o.so·· 
0.85*" 

0.03 
0.31 
0.47 
0.63 
0.78 
0.94 

3.85 
3.70 
4.00 

3.70 
2.22 
2.18 
3.33 

4.00 
1.78 

0.03 
0.71 
1.11 
1.28 
1.50 
2.00 
2.27 

negligible 

0.21 
0.44 
0.33 

negligible 
0.44 

0.21 
1.45 
0.'79 
1.25 

0.68 
0.61 
0.17 

0.89••• 
1.64° .. 
1.82· ·· 
1.89··· 

•Extracted by permission !rom ASHRAE Guide and Data Book 1965. America.ru Society of Heating, Refrigerating and Air con
ditioning Engineers, New York, N.Y. 

••These values apply for all thicknesses between 3/ 4" and 4". 

•••These are total thermal resistance (R ) values and no additions !or surf~ coefficients should be made. 
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Appendix C 

Problems 

Problem }-Moisture Removal by Ventilation in Laying 
Houses 

Assume 1,000 Leghorn hens with an average weight 
of 4.3 pounds, laying at 75 percent and housed at 55F. 

From Table 4, it can be noted that 1,000 hens will 
generate a total of 612 pounds of water daily. This rep
resents a total from the following sources: 

a. Water present in droppings 
(75% water content) --------------- 307 pounds 

b. Water respired from the hens _______ 249 pounds 
c. \Vater from spillage (10% of 556) ____ 56 pounds 

612 pounds 

Assume 15 percent of feca l water and spilled water 
is removed by evaporation (15% of 307 + 5u). This 
amounts to 54 pounds. All of the 249 pounds of respired 
moisture can be removed by adequate ventilation. 

The total amount of water then that can be expected 
to be removed by ventilation is 303 pounds daily, cr 
about one-half the total amount produced. 

Problem II- Moislure Removal by Ventilation in Broiler 
Houses 

The following calc:ulated information is an estimate 
of the runotmt of water that may he removed by ade
quate ventilation for each 1,000 broilers during an 
8-week period. Bird concentration is figured at 0.7 sq. 
ft. per bird. 

Approximately 10,650 pounds of droppings averaging 
80% water arc produced during the period (from 
table 5). 

Dry .shavings with 15 percent moisture are used at 
a depth of 3J~ inches at the start. 

At the end of 8 weeks, the moisture content of the 
litter plus droppings is assumed to be about 35 percent. 

From the nhovc, it is calculated that from 85 to 88 
percent of the water deposited in the litter from the 
droppings and from spil lage has been removed by 
t;>vaporation and ventilation in order to keep the litter 
moisture at 30 to 40 percent. This amounts to appromi
mately 9,000 pounds of water. 

Assume that all of the respired moisture (-!0 percent 
of the total) can be removed by ventilation. This is 
approximate!) 6.600 pounds (Table 5). 

The total amount of water removed by adequah: 
\entilation per 1,000 broilers during 8 weeks is appro:-.j
mately 15,600 pounds. (This docs not include water 
produced h> gas brooders.) 

This is indeed a large quantity of water-nearly 8 
tons-and emphasi7.es the need for adequate ventilation 
and the importance of other factors such as insulation, 
supplementary heat in cold weather and good manage
ment. 
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Problem III-Fan Selection, Location and Control 

The following example illustrates fan selection and 
location with controls for a wide range of ventilating 
rates for a brooder house accommodating 10,000 broil
ers. 

Assume a building 40 feet wide and 212 feet long 
providing 0.85 square feet of floor space per bird. 

Assume the ventilating system to consist of wall fans 
in both side walls with ridge type ventilators serving 
as intakes. 

Fan selection and location is as shown in Fig. 15. 
(Note that the fans arc not located opposite each other). 
Six fans are shown on the basis of 3 cfm per bird 
providing a total installed capacity of 31,000 cfm, with 
each of the two end r~ms ( o. 1 and No. 2) having ,\ 
capacity of 2,700 cfm. These two are controlled by 10-
minute timers and thermostats. 

The four low-speed high-volume fans (Nos. 3, 4, 5 
and 6) have a capacity of 6,400 cfm each. One thermo
stat controls two fans as shown in the diagram. These 
four fans arc selected because they move a large vol
ume of air at a low velocity which reduces possibility 
of floor drafts. 

The numbN of ridge 'entiJators is selected on the 
following basis: 

31,000 cfm total fan capacity = 7,750 square inches 
ratio of 4 cfm 

per square inch intake area 

Assume ridge intakes are 13 inches wide and 60 
inches long. Each provides 780 square inches. Thus, 
10 intakes arc required. 

For an example of the minimum rate of ventilation, 
assume the timers for fans No. 1 and i'Jo. 2 are set to 
operate the fans 3 minutes out of 10. This gives an 
average venlilatiug rate of 1620 cfm, equivalent of 0.16 
cfm prr bird. (Sec Table 2 for recommendation for 
Jow ventilating requirements.) 

As another example, assume the timers are set for !5 
minutes out of 10. The average ventilating rate would 
be 2,700 cfm, equivalent to 0.27 cfm per bird. 

Tlw timer control ~\ssw·es a minimum rate of ven
tilation regardless of house temperature. 

lf the four thermostats are set with a temperature 
difference of 2 to 3 de~ees, the rate of ventilation will 
incr<•asc with a rise in house temperature and decrease 
as the temperature is lowered. This arrangement pro
vides sufficient flc,ibility in the ventilating system to 
maintain both the temperature desired and the rate of 
ventilation needed as long as the outside temperature 
is below inside temperature. With higher summer tem
peratures all fans will be operating and the bottom of 
the ridge ventilator will be open to permit maximum 
air exchange. 



Appendix D 

Electrical Requirements for Ventilating Fans 

Each fan should be individuall}' fused with a time
delay fuse of the proper rating, as sbown in Table D-1. 
These fuses will protect against burned-out motors ancl 
e lectrical overloads. When the equipment is automatic
ally controlled, this type of protection is most important. 

Deteriorated or defecti\'(~ wirin~ for ventilating 
fans should be replaced in accordance with recom
mendations in Table D-2. Follow the same recommend
ations for new wiring. This table gives the recommend
ed wire size to usc for various lenhrths of wire. To us~ 
the table, measure the distaJ1CC from the power supplv 
panel to the fan alon~ the path the wiring will tak". 
This \\'ill be the len~th to usc in the table. If the mea-;
ured length ts not in the table, ~o to the next lone;e r 
length listed. From the fan, find the horsepower rating 
and rated voltage. ''"ith this information, enter the 

TABLE D- 1. Ampere Rating for Time-Dela.y F uses. 

Up 

1/6 
1 4 ·····- ..... ... 
1 3 
1 2 
3/4 
1 
1 1/2 . 

115 Yolts 

5 
7 
9 

12 
15 
20 
25 

230 Volt<i 

2.5 
3.5 
4.5 
5.6 
8 

10 
12 

table and read the wire size. Example: ~Ieasured wire 
length 179 feet; fan horsepower 1 4 and voltage 115v. 
Use Ko. 10 wire. If the voltage were 230v, the \\'irt." 
size should be No. 14. For information about alanm 
to warn of fan failure, sec Idaho Fam1 Electrification 
Leaflet No. 63. 

TABLE D-2.-Wtre Sizes for Individual S ingle-Phase l\f otors (Based on 3 percent Voltage Drop) 

l\1otorBp Voltage F ull- load 
Curren t• Length of Run in Feet 

50 75 100 150 200 250 

115 4.4 14 14 14 12 10 10 
··-·-··-······· 115 5.8 14 14 12 10 10 8 

115 7.2 14 12 12 10 8 8 
115 9.8 14 12 10 8 8 

..... ····-···· ..... 115 13.8 12 10 8 8 
230 2.2 14 14 14 14 14 14 
230 2.9 14 14 14 14 14 14 
230 3.6 14 14 14 14 14 14 
230 4.9 14 14 14 14 14 12 
230 6.9 14 14 14 12 12 10 
230 8.0 14 14 14 12 12 10 
230 10.0 14 14 14 12 10 10 

•Table 430-148, National Electrical Code 1965. 
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