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The purposes of this study were as follow:

l-To review all the literature published on poultry'house fan ventilation,

in order to critically nnalyze each Factor contributing to the success of

its use, esneciellr the niintennnce of dry litters.

2~To point out the discrenqncies in basic assumptions and Show the wide

difference of Opinion existing regarding some of the most important fec-

tors affecting ventilation design.

3-To present some nomogrnphs, composite charts and slide rules to solve

the moisture removal and temperature control formulas without introducing

any of the limitations contained in the different types of charts presented

PPQVious to this date.

1, o

«eTo conduct performance tests on actual poultry houses in order to obtain

3 be+ter understanding of the theoretiCnl enelysis and, if possible, to

bring some light on the ventilation problem.

,4

Dr'I'O indicate the need for further research on the many aSpccts of the

Donltry house ventilation problem.
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I. IHTROUUCTION

A v-~‘ " a w. d- - .

A. Reasons Shy QH”CCR¢U1 Poultry House ventilation

is Tifficult to Obtain

The desicn o? ooultry house ventilation is more difticult

a? dairy barns because of the three follOVing reasons:

l—Excess headroom, cubage and wall eXposure as compcred to dairy

barns;

?—?ela+ively small amount of heat produced by the birds;

f—To‘atlvoly largc amount of moisture produced by the oirds.

1. Excess headroom, cubage and wall exposure as comoared to dairy barns.

The nroblem of heat loss in noultry houses, as Compared to dairy

‘mrns, is greatly aggravated because poultry houses are constructed for

convenience of +he worker rather than actual requirements of +he poultry.

Hill (h3) illustrates the ridiculousness of the situation by consid-

ering that if human dwellings were built along similar lines ceilings

Wfiuld be from forty to fifty feet in height.

Kable (75) mentions that since heat tends to bank at the ceiling,

the hen must heat a column of air eight to ten times her height before

the benefits at floor level from a rise in temperature.

Strahan (100) calculated the ratio of space requirements to be h.8

cubic feet per pound of birdllive weiJht’as compared to 1.7 cubic feet

Der pound of cow’live weight.

It is seen therefore, that the volume of air to be heated and the

9”"3Te teet o? radiation curtace in'walls and roof are greater per animal

unit than for any other type of livestock shelter. It should be noticed

th- ‘ ,
”t the square feet of wall and roof surface per can also increases as  
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the size o? house diminishes, so small houses are harder to heat and to

ventilate.

“no-story poultry ho"ses {or multi-story poultry howses} are an ef-

ficient may 0? reducing both the con=truction cost and the scuare feet of

radiation or erposed surface nor bird. In one story houses, some gain can

be made in house warmth and reduction of material cost by reducing front

and rear walls heighths.

2. Relatively small amount of heat produced.

In designing poultry house ventilation and housing We nust also con-

sider the fact that the hen is a relatively small heat—production unit.

Ashby, Miller et a1 (h) illustrate this by saying that twenty-five

hens occupy more floor space than one dairy cov’but emit only one—third

as much heat. Here detailed study of the heat and moisture production of

5irds Will be presented in a later section.

3. Relatively high amount of moisture produced.
 

The third factor to consider is the quantity of moisture produced.

One cow produces about fifteen to twenty pounds of expired moisture per

day, The moisture in the excrement is not too much of a problem since in

standard dairy barns the excrement is removed from the barn every day.

On the other hand, twenty-five hens will produce approximately'eleven

pounds of total moisture per day (the moisture eliminated in the excrement

is added here since in most cases the litter is allowed to accumulate).

This is less than for an equal floor area in a dairy barn, but the fact

that only one-third as much heat is produced by the birds makes the problem

of mcisture removal more difficult in noultry houses than in dairy barns.

W. helations Between Ventilation and Insulation

Poor insulation or lack of insulation in the poultry house may make

”lmost useless what otherwise would be an excellent ventilation system.
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The nein value of insulation lies in the important protection it gives

against sudden tempers ure chantes, thereby, tending +o neiutain a constant

tennorature. The result is a greater moisture holding C(pacity of the air

inside the poultry house and a lower relative humidity value, both factors

eating for a minimum of condensation on the walls and ceiling, and the main-

tenance of a drier litter.

There are rather wide differences of opinion as to how much insulation

would prove economical in a laying house. Recent arguments seem to favor

houses where temperatures are above freezing except for very short periods.

It is probable that preventing a drop in egg production, plus saving in

feed and labor, will combine to make the added investment in insulating

Pmterials a profitable one, particularly in the case of the large enter-

prise.

Otis and Thite (PO) concluded from their tests on a commercial poult

‘1 I o o c o c . .

-©use: "it :3 significant that this uniformi,y of egg production was done with-

out beet other thqn that produced by the birds. Temperature control by “9”“5

of abundant insulntion‘was probably responsible to a greater extent than

Ventilation for satisfactory humidity conditions." These results and many

Other similar ones help to substantiate the contention that the problem of

DOUItry house ventilation becomes simple when satisfactory temperatures

are maintained by adequate insulation.

Recommended insulating values to provide the greatest possible degree

of control over inside temperature and relative humidity in cold-weather

CODSistent with good building investment economy will be presented in a

later section.
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7. Functional Requirements of a Foultry

7’01) ee Ventil'1 tion firstem "

A poultry house ventilation system must meet at least eight functional

requirements. These functional requirements are as follow:

1. Prevention of excess condensation on walls and ceilings.

A dry house is desirable because it results in an increase in the use—

ful life of the building itself and the poultry equipment inside it.

no detailed set of rules can be given at this stage concerning the max—

imum relative humidity to be maintained in a poultry house if condensation

on walls and ceilings must be prevented. However, it can be said that main-

tenance of a relative humidity below 60% generally is satisfactory in ordinary

Winter urea. ther (h).

9. Maintenance of dry litter.

One of the greatest problems the poultryman has is keeping the litter

dry. If he is successful in keeping it dry, he can eliminate the problem

of changing the litter, reduce the number of dirty eggs, and provide a more

suntary condition for the birds. A general recommendation is to limit the

nmisture content of litter to below boz, wet basis (h).

According to Oliver (78), "maintaining a low relative humidity in the

house prevents the absorption of moisture from the air by the litter." He

adds: "Most litter material‘will remain relatively dry where the relative

1lumidity of the air next to the litter is 80% or less, and will-still be

quite serviceable where 90% relative humidity prevails part of the time."

3- Egintenance of reasonable indoor temperature.

The removal of excess moisture must be done without lowering the temper—

ature sufficiently'to interfere with egg production or the health of the birds:

‘ o ..
.

Ventilation system: Hill be used throughout this text although some authors

are using both "ventilation system" and "ventilating system" (11, page 175).
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tdthout unduly increasing feed consumption for maintaining body heat, and

"ethout making the house uncomfortable, or cold enough to freeze water

pipes.

According to Ashby, Filler et al (h) in ordinary weather, the temper—

ature of the poultry house should always be maintained above 32°F, but in

extreme weather, the house can be allowed to go as low as ISOF. The writer

believes that such low temperatures are undesirable and the houses should

be constructed to maintain a temperature as much as possible above 32°F, in

ordinary weather, and as close as possible to 32°F, in extremely cold'weathor.

In general, desirable indoor temperatures will be maintained only if the

house is adequately incrleted and if the ventilation system provides some

beans of partial or complete restriction during extremely cold weather.

h.Thintenance of air_purity and removal of objectionable odors.

fiarly standards of ventilation attached great importance to carbon diox-

ide concentrations. However, it has since been proven (11) that birds are

Eneatly tolerant in this respect and that no injury results from the higher

concentrations of carbon dioxide produced by temporarily'restricted ventila— .

tion. Therefore, it is assumed that in removing the excess moisture objection— A ;

‘fifle odorS'will also be removed and an adequate supply of fresh air provided.

5- Eeduction in labor requirements.

Another functional requirement of a ventilation system should be to

redUce the labor recuirement to a minimum by eliminating: a) the necessity

Of'Opening and closing Window curtains, dampers or slots one or more times

a day;'b) frequent litter changing or addition; c) the necessity of cleaning

t°0 flany dirty eggs.

6 . .
' Aveidanee of draft and excessive air change.

A.draft may be defined as a stream of air of relatively higher velocity

one «r

'
so, lover temperature than the SHTTOUNdlnSSO   
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One of to basic recrirr-nents of any ventilation system is to provide

triif‘orm air movement through ":hc Fons-e "-rithout drafts, especially in the

T‘oos+ing area. The re" son is that hish air velocity accelerates the rate

of ‘rreat trans.“er from the body by convection; if it is uneven or local-

ized as in a "draft", the result appears to be a derangement of the home—

othermic mechanism (ll) with a subserjuent decrease in resistance to infec—

tions such as cold and pneumonia. These infections are always accompanied

by a drop in egg nroduction and therefore draft should be avoided by prOper

Spacing, location and. size of intakes as will be discussed in a later

SQC‘tion.

7- Reduction of the floor space rem'iremenLner bird.

General floor space recommendations are roughly three square feet for

Shell breeds and four square feet for large breeds. However, Barre and

garnet (11) state that although age and breed are the principal factors

in determining necessary floor space, the space requirement is less per

bird in well insulated houses and in large pens than in poorly insulated

houses and in small pens. He presents the information in Table l as a

Smmnary of general practice.

r‘.‘ I .

gable 1. TQOOI‘ Space I‘Ci’illler for qulng hens *

(A surmary of general practice)

 
 

 

 

M

R

Breed size Number of hen Floor space2

N per hen per hen, ft

9min breeds 25 h
( mte Leghorn) 100 3.5

' 200 3

1100 2.75

W
FoLk eedSTPlymouth 29 1,. 5r

,5 C 8: Fhode Island 100 h
ued) 200 305

boo 3.25

\

 an.

From data by Ashby, Miller et a]. (h)
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Lanpnan (65) reports that the use of good ventilation maintains drier

houses and makes it possible to reduce the floor space from four square feet

'to as little as 2 l/h to 2 1/2 square feet per bird. The production of the

e3rtra number of hens in a well insulated and ventilated pen is believed‘hy

nurnw'farmers to pay quickly for the cost of the insulation and the venti-

lrrting equipment. Overcrowding should however be avoided as an aid to dis-

eaese control and as a means of reducing cannibalism.

8. fHaintenance of more confortable housing conditions during_the hot summer

months.
-——____.

The ventilation system should also help in maintaining more comfortable

‘Kr2~ing conditions during the hot summer months.

Bfldwell (15) states that the use of h cm*per hen relieved bird during

hot; spells and reduced the loss of many of them because of the heat. He adds

4tT'ir'it."the total cost of operating these fans per month did not cost as much

aS two birds that would die because of the tremendous heat." Before instal-

1ation of the fan, as many as fifteen birds had been lost in one night when

*3N3 temperature became unbearable. Kable (55) also recommends the summer

Use Cd'the fan on still, hot days and says that ventilation by windows should

IKBIJSed at other times. Finally Oliver (78) reports that during summer months

‘flkni the litter is quite dry"... a ventilation system helps to remove the dust

frOTTI'the air, again helping to minimize the disease problem."

D. Advantages and Disadvantages of Natural

Gravity Systems

There was a time where natural gravity flue systems had one big advan-

tage over forced systems, that of being cheaper.

* . 'y .

cfm, 4111 be used throughout this text as an abbreviation for cubic feet

P“r minute.

 
 



With the actual high price of lu'nl-er, this advantage does not hold

anymore and Sty—when and harsh (97) Mention t‘vi'it forced ventilation reduces

the first cost by more than half.

It is true that natural gravity Flue systems were successful. Put

however, successful they have been, they have always been subject to a

number of serious objections. Strahan and Marsh (97) point out three of

the major objections:

l-Large awkward flu-es must be installed.

2—They are expensive, whether they be manuf'zctured or home—built.

3—The season during whi ch they render merimum servi ce 1' s limited by

climatic variations.

Richardson and Huber (9E3) speaking of natural gravity systems in

general mention that the greatest difficulty is in avoiding moisture and.

frOst on floors, wall s and ceilings, since "when the weather is extremely

0Old and the wind blows hard they 'pull' the hardest - just when they

Shouldn't." In other words they have the great diadvantage of depending

upon a number of factors over which no control can be exercised - such as

the outside temperature, the direction and velocity of the wind and the

amount of heat given off by the poultry.

Iempman (65) Cites a very good example of the greater labor require-

mom; or natural ventilation as compared to forced ventilation: "The labor

saving Feature with the modernized improvement has been very striking. In

our Case at the Fbcperiment Station, with the many small pens involved, it

takes only a few minutes a week to do the necessary checking of the pens

that have thermostatically controlled flue ventilation. In the same pens

it Was estimated that in the past with the old system it required at least

twenty minutes daily, or ten hours per months, to make the frequent adjust-

he . _ . .nts of the numerous Windows and intakes involved. The litter W111 be  
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T‘nnved oply noon 3 year with this qystem is compared wifh cleonin: at

least every two weeks during vintcr under the old reyire."

Adventnqes of I-‘o’r'cer1 Ventilation

Fhrced ventilation has many adventnges over nqturnl ventilation. These

‘7??? he sumrnrised as follow:

1-1+ nrovidos fresh drv sir, removes moisture and ammonia gases, 1nd

"Hairfimins 1 rather constant inside tempersture (when n thernostnt is used),

‘thuereforc, nehing for better producing end Working conditions.

2-It helps to keep the litter dry and loose, resulting in n decresse

and to clean eggs, and resulting alsoof? the labor recrired to remove litter

ir1 2 saving of litter material.

3—It hrengyfg draft: and eyngqsivq sir Chance duo in wind 0? sudden

Vfilflfi‘lfifis in ovhaige téfihérflflure, {Herqfiorg providing healthier conditions.

hpIt reduces the formation of moisture on the house walls end ceilings,

‘Tith.the result of a longer useful life of the building.

S-It is automatic, therefore elimineting the labor otherwise recuired

t0 Icegulste curtains, windows, damners and slots.

6-Flues are entirely eliminoted or at least very much reduced in size

”“4 sinolified in construction.

7-The fan can be adjusted to most any window opening.

8~It may he used with profit to make the house more comfortable during

th . . . .
‘9 h0+;summer months, resultwng in a decrease in mortality and an increase.—— J.».

l e
'

1"! ”WEI. egg prOdllCthno

9~Jl is more effective, cheaper and more reliable than most netural

flay-1+3, systems.
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F. Actual Trends Toverd Vechsnicnl

Vontilntion of Poultry houses

In the lost Few years there hos been 9 ripid increase in the number

cx’ electrically Operated ventilition systems. This trend comes from a need

*flozc a more positive and e?”cctive Operation, thet is, a system fulfilling

two the highest degree possible_*he functional requirements of a ventilqtion

sz'ssten as described previously.

Because of its advantages, electric fen ventilation, although at first

lirnited to large poultry houses, is now applied in houses of any size and

Teri manufacturers are providing fans in all sizes even as low as 120 cfm.*

Stanleton (9h) compnring naturnl gravity flue ventilation to fan venti—

leixion states: "It does not profane the attainments of Rutherford and King

tfi’ Say that, had exhaust fans and rural electric service been available when

1. o .
o O ‘

'I .'dfirs dairy stable ventilation Proolen needed qO-LUtIOT‘: thOY'WOUld “Qt have

lrxflcea twice at a hay mow flue. They took whet was at hand and nude some-

thiKQgcfi‘it that worked, when properly installed. But if we farm building

Ventijgtion people are going to keep on worshipping the glories of Rutherford

mri Ping, it will be a little While before there will be any progress in

f. o o o 0 ‘

-}H7n ventilation. Rather shouldn't we use the sine ingenuity ns Rutherford

W1 King, take the results of fifty

‘7 N J. . o

.
~91} [11132431011 problem? I thlnk 500 N

G. Ventilotion end Air Conditioning Defined

Ventilation is the process of removing air from and supplying fresh air

to ‘I o O O I O

”W? enclosed space by mechanical or natural means. Air conditioning, on

the 4. . .
v<>fi1er hand, is the control by natural or mechanical means of

* a” "

Ch“. Jill be used throughout this text as an abbreviation for cubic feet

per rill mite 0

years of progress and adopt them to this

  





ll

l-The csnposition (or purity)

Q—The tennereture

3-The humidity

N The movement

«11‘ the air**ithin fin enclosed space, to produce eni nointein environmentil

(nettditions which will nroo‘uce desirei effects upon the occupents of the

‘rcyorlor upon meterinls stored or handled in it (5) (32).

lccording to Fairbanks (32), mechanicnl ventilation with its automotic

Conifmol is doing more than only ventiloting, it is also providing reel air

Ccvrditioning of animol shelters: " hen A.H. Goodnen and I started our work

511 dairy stnhle ventiletion (that was what we celled it and still co el¥hough

flue term is not correct), I worked at first with two thoughts in mind: air

chsunge and moist re removal. This was not satisfacto ' for the dairy stable.

It gradually becane evident thet since I was not satisfied, I had better try

to find‘what to do about it. 33 have found out some things and I do not

hesitate today to say that we are nir conditioning animal shelters. You do

not elwrys have to have a mechanical heating system or a mechanical refrig—

qrfitirgrgyghqm to sir condition on nninil shelter. You can do it with animal

heet, insulotion, and a properly designed ventilation system. we now control

L‘“ O o o o ' 0

”“9 r70?.‘1positior1 (or purity), tenpcreture, humidity, and motion of the air

‘
2

~°~n8 into animal shelters:

t

1~Conposition or purity control: This is controlled by size of outtakes *

and intakes, location and design of outtahes end intakes, and Wall

construction.

?—3enporeture control: This is accomplished through design of outtakes

and intakes, wall and ceiling construction, and animal heat.

* , ,.
Ohttoke : Will be used throughout this text in P1309 0f exhaust, even

though exhaust may be a most common term for many engineers.  



 

B—IIILr‘idif,;' control: This is influenced ‘15: 4‘he design of ventilation

system, the well end ceiling eon trnction, end the animal heat end

noietnre profiuction.

h—Air motion control: This is controlled by the design of the venti-

l

letion system, the well end coiling; construction, and the animal

heat di stri bntion', H

It should he noted that although there are some cases where mechanical

her-at is necessary to obtain the desired results, for exrmple in breeder

iuoxnees, in most other types of animal shelters nrtif'ciel heat is not re-

C‘I‘lred.

Fairhants (3?) eonelnfios by saying: "Let's put ventilation in the hack-

gnwnxnd and still nee it as one o” the tools with which we work. Let's not

give so much publicity to ventilation of farm buildings. But let's put the

conditioning
v

’Wflfilesis on nir conditioning. let‘s explain clearly what air

13, and "re "rill then have more 91“} we \W‘Cl ”o in this fielii."

The writer's opinion is that Mr. Fairbanks is completely right when

he states that with mechanical ventilation, thermostat control, proper size

”“d distribution of Air intakes, proper wall end ceiling insulation and

-
“
—
-
—
.

.
_

adequgfie eninel population we are doing a real job of air conditioning.

7

“bwevruy the writer believes we should still continue to use the name "venti-

‘i,+. o . o o u o o

~4vlorfl'1nstead of the name "air conditioning", because in the mind of to

—
-
.
.

-
..
.

.
_

-
l
“
.
0
.
w

-

Tmny People the name "air conditioning" would take the meaning of something

”+11 9 o o I o o o

r*'£3' eXpensive like a "residence eir nonditioning unit."

w
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The purpose of this second pert

31.;30 review 311 the literature published on the design of poultry house fan

vwerrtilation, in order to critically analyze each fector contributing to the

snuzcess of its use, esnecially the maintenance of dry litters.

EL-Tho stress the discrepancies in hasic assumptions and the completely dif—

crnent opinions existing regarding some of the most important teeters.

:3—Tk>:how the limitations of the different types of poultry house ventiletion

CLVTPts published to date.

h-To nresent. monographs, composite charts end slide rules for the si‘Tplifi—

cation of poultry house ventilation design and analysis.

Because of the many factors involved, the writer found it preferable

to ixmlude the review of literature under the study or each factor instead

of gznuping it confusedly in a separate section.

The factors to be considered are:

Flmsiological requirements of hens.

° Heat and moisture production of hens.

Secondary sources of heat and moisture in poultry houses.

Design outside weather conditions.

Tfethods of standardization of poultry house ventilation.

Poultry house ventilation formulas.

Thriltry house ventilation charts.

it Poulimy house ventilation monographs.

15 Poultry house ventilation composite charts.

J.
-Ponltryhouse ventilation slide rules.

"iiIIIIIIIIIIIIIIIIIIIIIIII::_____———————————————————————————————————————————————————
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P3 The prohlen o? temporeture control.

L. The problem of condensation on walls and ceiling surfaces.

3 The problem of condensation within walls and ceilings.

‘3 The prohlem of condensation on the interior surface of cold attic walls.

C). The wet litter problem.

i”. Design of the intake system.

:3. Design of the outtake syst n.

A. Physiological Requirements of Hens

:1. Environnentil temperature
 

a. Low critical temperature for hens. The so—called "low critical

+xrnnernture" is defined as the environmental temperature at and below which

tine heat proiuction of a warm blooded animal will increase to prevent a

lxrvering of body temper"ture.

For laying hens on full feed and normelly active, Lipnincott and Card

065) give the critical temperature as being approximately 15°F. They also

“9n+ion that the critical tenncrature of the sane hens while on the roost

at Ffight is about MOOF, since the "activity increment" of heat production

is rmfl.available. (For fasting birds at rest it would be about 62°F).

Discussin: the economic aspect of the low critical temperature, the

same authors (66) make the following statement: "Since the animal is both

producing heat and losing bent to its surroundings, it is essential that

there hm some sort of adjustment between these two processes in order to

fin . V! O

Intajn a constant body temporfiture. dhen the enVironmental temperature

1“- ”bove Hw
In.e critical point the heat radiating capacity of the body is varied

irr+1 . . . . . . . . .
~ ~40 so-called phySical regulation; wnen it is below the critical pOint

1,939+ r‘ o o 0 ‘

‘“ Pr0:uction is varied by the so—callod ChOfllC“l regulation to meet the

he ‘ o o

ed-S of the body. The energy renuired fer the increased heat production

ml." . o - '
' .'“r ~UCh conditions can cone only from the feed. Hence in the interest  
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.
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1‘othof‘ econorry and sustained egg: production it is desirable to lzeop the

temperoture of loying houses above the Orifice]. p05 nt.”

b. Optimum poultry house tenrergture. The optimum poultry house temper—

eivure 1: defined as the tempereture or tenpornture range within which egg

rncoduction is not aftected adversely, end poultry house menegenent is not

ccyrplicated by any special problem such as freezing of water system, etc.

Summarizing the work of meny researchers, Barre and Snmmet (lO) rec—

<3nunend the renee of 30 to YOOF as being the desirable working range of

irndoor tennernture. They say: "The optimum temperature for poultry pro-

dinetion is not Pnown. There is ernerinentcl evidence to indicate that

prwvduction is not effected adversely at tenpereture as low as 10°F. At

+319 lot-fer tanner-"turn, h0‘-"(’-‘-’°r: {MTG 59 "m“ dnnger that combs and Wettles

Temperetu“es below freezing (32°F) are a considerable *is-

alvnntoce with reenect to labor ef’iciency and the freezing of water systems.

-A<deeireble working range is assumed to be 30 to 70°F."

[According to the Poultry Committe. of the Rutgers University Farm

Buildings Institute (“3), "The leying house should be kept above freezing

in the wintertime. The hou~e should be planned, divised, and built so as

to aVoid sudden and severe changes in the house temperature. It is believed

that hens generally produce best when the house temperature is between 50

and 50 degrees."

Ashby, Miller et 31 (h) state: "Hens are kept successfully under wide-

1y dif’i'brent climatic conditions but are affected adversely by extremes or

Sndden severe changes of tempnrnture and by cold drafts. They lay best in

fihT‘. _ v o

‘ 311?: “”1911 the +,er~‘-T‘n"u',11re 18 about 500 to 60°F ov-fifloors. Egg production

isvx+ - .iaanlfllly reduced by low or high temperatures or by extreme, sudden

Ch I ‘ i ,' o o D

‘“Ses.' Loygr and Blickle (68) also make a similar statement.
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Fhier (92) stotes: "fliese end TcCormick have indicnted that at higher

fiemnorntures hens need considerably less food for bodily tent production

end the savings in feed may justify mfiintenence of higher tenperetures.

(9tter considerations such as trOUble with frozen meter, feed, litter, and

enggs, justifiy temperatures above freezing." Therefore, Shier adds: "It is

suixzested that the temperature be kept as near constant as possible in the

forties or fifties. During; severe cold, the temperature in the house will

probably go into the thirties, but if“ the house is well inmilnted, temper—

nture changes will be slotr end the birds ".'ill have time to adjust themselves

to the chnnging; temperature gradually."

Uta, (‘mrver and Ashby (79) found the amount of feed consumed to in—

C’I‘ense linearly at the rate of one pound per one hundred hens for each five

dElg'ree drop in the environmental temperature (Table 2):

m , .

*able 2. rf‘rend in feed consumption of S-lb laying hens as affected

by environmental temperature

K

\A

Environmental

temperature (OF) 35° 110° 150 50° 55° 60° 65° 70° 75° 80° 85°

\_

F-0d consumption

(Lb/Dn,y,lOO hens) 35’ 3h 33 32 31 3o 29 28 27 26 25

\_

* From data by Otn, Garver and Ashby (79)

q“ . C I 0

“9 lncrease in feed cons» ti on for an environmental temperature of 35°FFTP .

ls tnerefore two end three pounds per day per one hundred hens as compared

+1 0

0 environmental temperatures of hi: and 50°F. Assuming: that the relation

re . 3 I .

“~3th linear deem to en enVironmental temperature of 00F, the increase

in feed consmnption requirements would be as given in Table 3.
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Table 3. Trend in feed consumntion incr
n 9

use 0.1

effected by environmental tenneratnre

S-lb laying hens as

17

 

 

 

Environmental 0° SO 100 150 2O0 250 300 350 boo LSO 500

temperature (OF) an ak» 1e _ at at 4% -JK— -I' f 4% us aw;

Increase in 35° 7 6 S h 3 2 l — - _ _

feed con-

sumption es LOO R 7 6 fl h 3 2 l - - -

connered to

on environ— h; 9 E 7 6 S h 3 2 l - -

nental temper—

ature of G90 10 9 8 7 6 S h 3 2 l -

(Lb/92y, 100

hens)

* Vt Fro”: data by C'ta, Carver and Ashby (79)

*9 Txtrfipoletefl from the assumption that the increase in feed

consumption renains linear for the ran e of O to LSD? as it

was found for the ronce 35 to 950?.

anressed in percentage of the fee”ing cost at 35°, hOO, hSO and 50°F, the

above velnes are changes to those nresented

Table h. Treno in feed consnnntion increase of

}
-
J
.

n Table h.

qfheeted ty'environnontel temperature

S-lb laying hens as

 

 

Tnvironnental 0° 5° 10° 15° 29° 25° 30° 35° LOO hqo
tennerature (OF)

‘ as a: a; an a: 4'. fl ink *Ih

Percentage of 35U 7C.C 17.1 lb.3 11.h 8.5 5;? 2.8 - - -

increases in

feed conSImIp— [LOO 26.5 2305 1706 1&0? 1108 808 509 209 - -

tion as com-

”.red to an hS° 27.2 2K.2 21.2 18.2 15.1 12.1 9.1 6.0 3.0 -

environmental

+0”T‘r‘rfl+fll“€ or 5:00 3102 20"]. ?5’00 1807 15.6 12.; 90h 6'02 301 "'

 

if ib From data by Ota, Carver and Ashby (79)

1% Extrapoleted from the assumption that the increase in feed consump—

ion remains linear for the range of O to h5°r as it was found for

the range 35 to 85°F,
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Last year, decker (13) found the increase in egg production for an

uninsulated pen to be approximately 10% over that of an insulated pen.

The temperature in the uninsulated pen'sas allowed to fluctuate parallel

with the outside temperature and to reach as low as 00“, 1.9 birds had

the combs and rattles out to avoid frosting of these fleshy'unprotected

parts. The amount of feed consumed in each pen was not measured, making

it impossible to check if the 10% increase in egg production was econom—

ically'sisnificant. Also no consideration was given‘Of the difference in

the labor requirements for egg cleaning or similar wor:. It should be

added that the uninsulated pen had a southern exposure while the insu-

lated pen had a northern exposure. Becker intends to repeat his exper-

iment next year (1953-19Sh) and to consider the feed consumption and

perhaps the labor reouirement. If results of his next year's experiment

do not give so high a difference in the egg production, it'will probably

mean that the birds were not divided prOperly betueen the two houses

(Birds should be divided into two groups having similar average weight and ;

egg production, instead of being divided at random), or else that some

factors like the difference in the orientation of each pen accounted for 5

sons part in the difference obtained.

Ota, Garver and Ashby (79) calorimct,r tests do not agree with Becker

results. According to these authors, the highest egg production occurs at

an environmental temperature between 50 and 60°F. The following table

(Table 5) shows the trend they found in egg production as affected by

environmental temperature.
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Table E. Trend in egg production of G—lb laying tens as affected

by environmental tcnnerature"'L

_—.

.—

Taviroruvnztal

350 ho° hSO “0° fl, fio° 65° 70° 75° 80° 96° 90°

 

temperature »f , «

fl of egg

Droiuction 52 59 7h 77 78 77 75 73 57 ”2 S7 50
 

_Eex

 
 

L'* 7lor data Tu: 0t“, Carver and Ashby (79)

The Insulation Board Institute (h?) citing some results obtained at

Iowa State College state thct hens in insulated houses laid s’xteen more

eggs per bird and reouircd one pound of feed less to produce each dozen of

eggs.

0 v C l o
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poultry hn“ces subject to very wide fluctuations of temperature. Horeovcr,

if lower environmental temperatures really results in lower egg production

as Tonnd by Ota, Carver and Ashby (79) and Iowa Stite College (h9), the

proper insulation of laying houses more than pays for itself, and should

‘fihly recommended because of the additional benefit it may bring toL4.”b
—
q
-
A

be

the poultrymen.

c “cs'"n poultrz house temperature. The dcsirn poultry house temper-

ature is defined as the minimum temperature below which the house Will not

be permitted to fell in cold veflthdr-

Ashhy, Viller et al (h) recommend to mcintain +h0 indoor t93T°r9ture

nuction with ordinnry feeding.

’ .« e“ l 1‘7 “.f" revet‘.‘“€‘ P’hbeblv OffsetA _ , _ w .‘ !_‘ A, J ‘ .—‘l _ A ‘
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Temper:ture Grr‘i nn ry Extreme

zone "‘ (0F) (OF)

cone 1 32 15

one 2 L0 20

Zone 3 1:5 25

Zone I; 50 32

it- A map of these temperature zones will be presented in section D

dealing with design outside weather conditions.

3* 3|! From Ashby, T-Tiller et a1 (1;)

Strahan (100) recognizes that design poultry house temperature is a

management decision, and involves a question upon which opinions vary. He

recommends 35°F (:1 temperature just a little above freezing) as being prob-

ably the most economical temperature. It is also the opinion of the writer

that houses should be constricted to maintain a temperature as much as pos-

sible above 32°F, in grdinary weather, end as close as possible to 32°F,

in extremely cold weather.

The insulation values to wet these requirements will be discussed

in more details in section K dealing with the problem of temperature con—

trol.

2. Enviromnental relative humidity

a. Optimum poultry house relative humidity. The optimum poultry house

relative humidity is defined as the relative humidity or relative humidity

range within which production is not affected adversely, and poultry house

management is not complicated by aw wecial problem such as excessive

condensation, excessive dust, etC.
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is a conclusion of his seven years of research in eight poultry houses,

Smith (93) reported that "no correlation was Found hetween humility and

winter egg production."

G*tteridge et a1 (39) also reported in the same way: "Restriction of

ventilation to a minimum, all ventilators heing completely closed with a

resulting temperature of 119.6% and very high humidity and. carbon diomde

content of the air had no detrimental effect upon egg production."

Nutter ct a1 (L7) reporting on their tests state that "Relative hu-

midity, ranging from hCfi, but never remaining above 90%, longer than 2h

hours, seemed to have no effect on pen conditions or on the activity of

ire birds throughout this test."

In their text book, Poultry Production, Lippincott and Card (66) do

not agree with the above reportS. They say: "There is no condition under

which poultry is kept, unless it is a state of starvation, that is more

surety and quickly fatal to profitable production than dampness in the

roosting and scratching quarters." They add: "Damp air compels fouls to

increase their already'rnpid respiration. It is not uncommon to see '

chickens confined in a damp house, panting on a day'that is rather cold.

That such a condition is undesirable is so obvious as to need no argument.

Relative humidity'in an ideal poultry house would never exceed 75, or

perhaps 80%." ‘

Barre and Sammet (10) state that: "it undoubtedly is true that poultry

can adjust satisfactorily to a considerable range of’relative humidity".

However, they add: "If the relative humidity is too low, it may result in

excessively dry and dusty litter, which may'contribute to respiratory irri-

tation." They consider a range of 70 to 80% relative humidity to be desir-

able during the winter months (11).

  





h. Design poultry he on relative humiiity. Design poultry house

relative humidity is defined as the maximum relative humidity above which

the honpq will not Dormitted to go in cold weather.

Since the main reason of this maximum limit is the avoidance of con—

densation on walls and Ceilings, and perhaps also in the litter, this max—

imum limit depends on the insulfition value of the walls and ceilings. This

question'yill he explained in more detail in section L dealing with the

insulation requirements to prevent condensation and some charts and slide

rules will he presented to find rapidly the value of this maximum or design

relative humidity.

However, it can he said that in general relative humidity below 80%

in ordinary weather and around 90% during short cold spells is not detri—

mental and is considered satisfactory. Ashby, Killer et al (h) state on

this respect: "To minimize moisture condensation on walls and ceilings and

to avoid Odors that might affect egg quality there should be enough air

change through the house to keep the relative humidity below 80% in ordi- 1

nary winter weather."

3 . Air purity ' :

a. Carbon dioxide. Early ventilation standards attached great im-
 

portance to carbon dioxide concentrations.

Discussing the work of other researchers, Barre and Sammet (ll) state:

"Concentrations as low as 0.02 to 0.07%'were not held to be injurious but

were previously considered indicative of a dangerous accumulation of

"crowd.poisons". It was mainly on such opinion that King (63) established

smandards of ventilation that were followed for many years. The physio-

logical effect of high carbon dioxide, concentrations is to increase the

rate of respiration, but this result rarely is harmful. Kelley (58) re-

ports that studies subsequent to King's indicate a high tolerance with  
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respect to carbon dioxide, concentrations as high as 20 to 303 having been

breathed for several hours Without injurious effect. This tolerance of

carbon dioxide may not hold for incompletely developed organisms, chick

embryos, for example, are affected adversely in concentrations of carbon

dioxide greater than 1.5%."

The general conclusion of Barre and Sammet (ll) is that ventilation

required for other purposes usually is great enough to eliminate carton

dioxide as a significant environmental factor.

b. Odors. Very little infornation is available on the physiological

effect of odors on hens. According to Barre and Sanmet (11), large accu-

nulations of odors affect comfort and may have an adVerse effect on the

Quality of product, as it does for milk. Fairbanks and Goodman (31) also

'A

nigh in moisture and ammonia and low in oxygen isFfote fihrt: "air that is

unpleasant to breathe and is not healthful."

Here also it can be said that ventilation required for other purposes

usually is greet enough to eliminate odors as a significant environmental

factor.

h. Air velocity

oHigh critical air velocity. High "critical air velocity" is defined

as the air velocity at and above which the birds may be subject to cold or

pneumonia in extremely cold weather.

High air velocity results in a dangerous draft when the outside air

temperatzre is very cold. For this reason, it is generally recommend to

use many air intakes, well distributed around the house and of a total area

such as to give a reduced air velocity. The maximum air velocity used in

C O O O O I #

eonputing the size of air intakes is cons1dered as 700 fpm or 8 mph by

”* fpm and mph: Will be used throughout this text as an abbreviation of

"feet per minute" and "miles per hour" respectively.  
r
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‘Y 733' tchell (7(3) anti 8’70 fpm by Birre non-f? Samet (11). finch 375.1" V9100-in

ities seem to he the maximum sn’e velocity for protection ngainst cold and

pneumonia.

The design of air intakes to meet these requirements and avoid dan-

gerous drafts will he discussed in more detail in a special section.

5. Litter moisture content

a. Optimum poultry house litter noi~ture content. Optimum poultry

house litter mointure is defined as the litter moisture content or moisture

content rnnqe Within which the hires enjoy the greatest comfort and are

least susceptible to disease, nnd poultry management is complicnted by no

speciel problem (such is excessive number of dirty eggs, too frequent ed-

”itions or changes of litter required, etc.).

Barre and Sammet (10) discussing the optimum relative humidity for

hens report that: "if the relntive humidity is lam, it mmy'result in ex-

cessively dry one dusty litter, which may contribute to respiratory irri-

tion."

Lippincott and Card (6’) state that excessive relative humioity, even

to the point of continuous wet litter, while not desirable, need not in

itself profluce detrimentnl results When the temperature is moderate and

Ihirly constnnt, however, they and that: "there is no coniition under which

of starv~tion, that is more surelypoultry is kept, unless it is in a stete

and quickly fatal to profitable profluction than dampness in the roosting

find scratching euirters. It makes the birds uncomfortable and renders

them quite susceptible to disease."

tn Design poultry house litter moisture content. Design poultry house

litter moisture content is defined as the maximum litter moisture content

nbovewhich the moisture content of the litter Will not be permitted to go

in cold weather.   
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R. Heat and Voicturc Production of Hens

l. Basel heat end moisturewproduction of birds

The bssnl beet production of an snimsl is its minimum energy expend—

iture. This factor deternincs the minimum requirements for food energy,

and apneirs to be one of the most constant of biological measurements.

fiinc fiitchell and Yellev‘s (73) estiuntes of the heat production of birds.L.&‘.4 ..

o

are based on enrly tests on the basal metabolism (71), a review of the lit-

ereture will be made to see if there is reasonable agreement in the results

obtained.

2. Mitchell, Card and Hoines basal heat values. In 1927, Mitchell,

Card and Heines (71) presented some bnsnl heat data on White leghorn and

7hite Plymouth Rock chickens up to one year old. These data were obtained

by submitting the birds to a fast of fortyeeight hours and then placing

them in a cylindrical animal chamber of appropriate size, where they were

subjected to a respiration test of twenty—two to twentyethree hours du—

ration. The temperiture of the laboratory, unfortunately, varied widely

during these tests and it may be suspected that the heat production of the

birds was raised to some extent above the basal, during the coldest uenther.

Eh“ following table (Table 7) conteins the group averages obtained from

their experiments.

It is interesting to note that while the basal heat production per

square meter of body’surface'was remarkably constant for all age groups,

except the youngest cockerels, the basal heat production per kilogram of

body weight decreased continuously with advancing age.
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Thinher A210 "Jew: (”fit “H‘wf‘r 739 13,. .. ..1 5 02+ TTf‘F- awplj 73.“. (1;. ll-"

'0? fire“ ”V?G?II.T7§:TTTFT§"31 TYH'? were notcrr

Birds ‘ hodv reifiht ho“? sur_nce

Says) (Crone ( r. (n1.) (7els)** Ciels)' (C215,

”. ‘1". “Mo-I 3-17};

h 37 2P3 326 h? 166 1hh1

6 76 693 783 65 96 832

S 12 132h th 103 81 th

5 19h 1928 1‘05 13g 7 859

6 2L2 2705 1979 71 63 06h

6 3h0 7728 198 169 62 PS6

PV"ISTS

7 9b 735 32h 63 ES 788

6 128 10h2 1030 79 75 760
n

6 192 1h50 1290 113 77 061

5 251 1933 1523 120 62 785

6 355 218h 16h0 129 60 796

 

it From data by Mitchell, Card eno Heines (71)

*-4I Cnls: Will he "sod throughout this text as an abbreviation for

calories

m
In previous eXperinents with nineteen mature diode Island Red cocks

and twenty-eight non-laying hens, Vitohell and Heines (7h) found average

values of 804 calories for the cooks and 703 calories for the hens, Which

is lower than the values obtained for the young White Plymouth Books (352

calories for cookerels and 805 celories for pullets).

this fact, Witchell, Cord and "mines (71) made some tests with four mature

White Plymouth Rock hens.

50 minutes) and were taken when the birds were completely at rest. Seve

ernl determinstions were node upon eoch hen end an average value of 628

calories was obtained which is still lower

with the Rhode Island Red mature non—lnying hens.

The periods of observations were short (30 to

According

the difference is probably due to a less degree of activity.

"It appears that the values obtained for the young White Plymouth Rock

In order to verify

than the value of 703 obtained

to the authors,

They concluded:
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. '5‘5 data was presented on the basal production of expired moisture.

‘

O

t

V ( fIbr convenience, the folio-ring: table (Treble 8) presents the above

. ‘v 2

min units 01' pounds (1 pound - 153.6 grams) and in units of Btu

' El 3h: .- 252 Calories):
, . ..

knights 3. Basal hent proouced by birds of Airfarent weights"

‘ V .

 

 

 

COCKERELS 13mm:

‘ Weight Basal heat Age ”Height Basal heat

(Total) Total)

, (Lb) (Btu/Hr,bird) (Days) (Lb) (Btu/Hr,bird)

0.623 7.79 9b 1.62 10.75

- . 7.1.503 10.75 128 2.29h 13.07

' \ 2.811; 17.86 192 3.191; 18.70

' h.25 22.80 251 b.26 19.85

‘ 15.96 28.30 395 11.82 21.33

2 01 27.90   

 

31788.1 heat and moisture values. In 1937, Dukes (28) reported

T« to twenty-two months of age. He concluded: "The average

fete of mature hens, after a fast of approximately twenty-

1.3-duration was not far from 57.6 calories per kilogram

_re basal metabolism for mature Rhode Island Red (703

Apr per day). '

the heat loss due to Vaporization of water

35° 25, of the total heat loss, at 77°F, and *0
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c. Farott and Frinjle heat ”oi moivture values. Parott one Pringle

(o) oresented in IThG some of their results on the basal metabolism of

Rhode Isl°n4 Red female birds ns ohtoinefl hy the use of the resnirotion

colorineters of Peltsville, Vorylnnd (Table 9). The original values were

in calories per hour per gram of liveweight. The writer converted them

to Btu per hour nor hon hy *he use of the conversion formula:

VtU/Hr, hen a Calories/Yr, gram of liveweight x Grows of livewetght

972 colories/fitu

In general, these values compare reasonably well with the Nitchell,

Cerd and Hoines h9871 hoot values (71). One very important observation is

the effect of the environmental tonporqture on the total basal heat produc—

tion.

l-For birds below two pounds, the basal heat production at the high ex—

. o
treme is shout hclf o' thnt at ho F.

E-For birds between two and Tour pounds, the basal heat production at the

. . 0 0

h1gh extreme is about two-thirds of that at to F,

3-For birds shove four pounds, the basal heat production is nearly con-

stant, being at the high extreme from 85 to 95% of that at ho°p,
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Worott ond Fringle (F) presented data on the nois—In the sane paper

ture expired hyh. rds anolyzed for 59811 notn‘volism (Table 10). The orig—

inal values were in niligr‘ns of unto? per hour per gram of livevcight.

The writer converted them to pounds per day per one hundred hens by the

use of the conversion formula:

Lb/UflY, 100 hens - ngs/Tr, Srem o” livewei"h+ -. grfims 0f 1iV8W9i3“t X 2h X 10

1000 mgs7hrnm x Ah§3.5 grcns/l‘o
1;)

One iterestin" ohservti_on conccrns the rnnge of tempcr“ture over
1)

vtich *he Fisnl ezpirod moicture'wes found to rennin consten

l-For Chickens less than one week old, the rate std.s to increase at 950?

Q-For chickens two weeks old, the rate starts to increase at 85°F.

3-Vor Cr;iC’ers from this age up to twelve weeks, the rat0 starts to.....

increase at 80°F.

hpTor birds one yenr ol‘, the rate of oosql expirol moisture is constant

fronlC +001350 and it storts to increase ouite rnpidly, efter a tempfir—

ofi .
qtnre of 90 r is reached.

At these higher tenperetures, the increise in exnired moisture is for

purpoce of cooling.

It should he noted thnt +his moisture production by the birds is for.[ _-_.

fasting birds (no feed nor water) being stuuied for bnsnl metabolism. It

is probable that such values do not apply readily to active birds in pro-

duction.
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7L The total hea+ brofluction of birds

' a A f. .1 V

The basal metabolism of birds his been Vbc ubflfiCt of much study, out

total heat production of birds hes not been so widely'investigwgl,ed n m‘fih

a velue of first interest for xse la the ‘esign of DOMIJrv l‘.oueventilaticn.

filthe absence of test ”at“, cone estinates were made by Kitehcll and

Telley (73) as early es 1933. These estiuates although probably in error

‘mve been very useful +0 eneineers i_n the pest and are still used by many

incense the results from celorincter tests are still incomplete and un—

yfijgfagtory. Pn+h ac*1mc*cs and calorimeter tests dete will be presented

find discussed here.

."itchell and Kelley values. In 1933,Hichell and Iellay (73)
 

presented the first practical ani comprehensive estimate of the heat pro-

timtion of birds for use in the design of poultry house ventilation systens.

The general nroceiure followed in making the estimates has been to factor

mfi,and to assess as accurately as possible all of t}m items contributing

in the energy recuircnents and expenditures of the birds and then to into—

gnnte these factors for birds of different weights.

:1“pr COIISldel‘e-d +1.16 +otn1 hey}- protnotion as 60.111“.0 the 8111”] Of:

These values were taken as

suml to that renorted by‘ritchell, Card and neines (71) in ,he invesi-

gation discus.ed previously.

Qgghg energy;e§p3njej in_nus£ular activity: These velues were as—

'uned as ecual to one half the basal best. The justificetion of this re—

lation for chickens is discussed fully”Dyichell, Cards d;Iamilton (75).

3f2h2 hegt_igc£egent_due_to feed: Lie heating effect of the feed was

taken as 68 calories per one hundred grams of dry matter, this being the

heat increment of wheat for chickens (59) (60). In the use of this value

of 68 calories, no allowsnce for a variable heating effect of feed as the  
“
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3h

level 3’ feeding is voried “onlfi be wide in the absence of information on

this yoint. However, it had been Found thot the heating effect on cxickens

Hr’

1' ')

n - ~ . a» 1~ L~ : a
per grow o corn fed 1r nnod the seme 'neuaer oney are eating _0 or

grnns or corn dwily (72).

h-The adu1+1oool onergv re1n1_ronen+ For ecg erod1mtion: The three

precedent hen? elements are ”or nof,ive non-proi11cing hens. For a female

hird in production, the net energy reoniremonts are increased as are also

+he consnmnion of food end W1+or 1n4

1ent production increase for a pullet producingaaaaaaaa

. \

one egg a day of average 9128 (2 ounces}, to be equal to 3.8 Btu/hr. The

writer need only 3 Btu however, since it is evident that not all hens

“mule lay each d1y.

The Velues ores-énted by Nitchell and Kelley (73) were expressed in
A

calories. The rriter chmn3e” them to Btu by using the following conver-

sion 1“ormula:

ntil/Hr, hire = Colorios/Wny, hen

2R hrs v. 11.?5’2 Cilories7BtuJ

The results are shown in Table ll.

It should he noted thdt Vitohell 1nd Kelley assumed the total heat

proouction of birds to be oonetqnt and not affected.hy the environmental

tennernture.

the elimination of heat and noi~tnre.
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thlb 11. Totnl heat ppnd1cod hy hi1ds of «if.ercqe 4:1,.ns .Jd Uri, a.

 

 

 

 

 

Breed gfifiytt A39 ( cots) Petal heot production (“tn/Hr. hen)

1ve1g1 —- ~ ~

Males Females fictive non— Active birds

(lb)
producing birds producing 3333

1".)I’Ihite‘ lcghorn O. 077 O, O O. O 1. 66 __

“hICKCHS 0.9 1.0 1.1 13.56 -

1.0 6.0 ?.2 19.13 -

1.5 9.5 11.5 21.82 -

2.0 12.5 1h.8 25.62 —

3.0 18.2 22.h 32.07 35.07

1.0 25.1 38.3 31.?5 11.85

500 3300 - 1150ng 1190115

Bffidte Plymouth 0.077 0.0 0.0 1.6 -

Rock chickens 0.5 h.6 h.6 13.56 -

1.0 4.6 ‘07 19018 ""

1.5 8.7 8.9 22.3 -

2.0 9.7 10.7 25.3 -

3.0 12.h 1h.9 33.0 36.0

1100 15,07 19011 3903 ,'203

.S.0 19.3 27.h h5.3 h9.2

6.0 2303 " 5102 51io2

700 "' " SFOS "

i! From data by Mitchell 2.: Kelley (73)

b. Warre and damnet value. Barre and fismmet (ll) computed the total
 

heat production of a four pound laying hen to be 60 Btu per hour which is

fifty percent more than the volue of Hitchell and Kelley (73) for an active

nonsproducing hen fed at the rate of 72 grams of dry matter per day (39.3

Etu per hour). They say: "For birds producing at the average rate of 220

eggs per year, the quantity of feed consumed would be considerably'grenter.

It would be still greater during the periods of highest production. Since

the high production occurs during the cold months, when ventilation for

moisture removal is most critical, 3 production rate of 275 eggs per year

is chosen for purpose of analysis. At this rate of production the feed

requirement is estimnted hy'Jull (53) as being 109 grams. If heat pro—

dundon is assumed to be proportional to the total dry matter fed (an  
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armiiedly rough assumption), the totcl heat generated is equal to:

Ln Ptu x 109 grans a 40,€ peg my qweroxinately 60 Qtu for a four pound hen”.
 

73gnms

The heat increment due to feed constitutes only a part of the total

heat production as mentioned previously, the other parts being the energy

eXpended in basal netabolisn, the energy expended in muscular activity and

the additioncl energy requirement for egg production. Since eggs are col—

lected and taken out of the poultry house every day, they do not constitute

a reserve that the hird can utilize as a source of heat for its basal me-

taholisn or its musculnr activity. Therefore, the 3h grams of additional

feed required to produce an egg are only partially effective in as much

as the heat production of the bird is concerned. Only the heat increment

value of these 3h grams of additional feed must be considered. As pre-

viously'nentioned, the heat increment due to feed is equal to 58 Calories

per one hundred grans of dry matter, therefore in terms of Btu the addi—

tional energy production due +0 the laying of an egg is:

3); (fans 1: 68- Calories/100 grms A = 3.1. Btu/Hr (73).

100 grams x 2h hours x 0.352 Chlories/Btu

Barre and Finnet (ll) found in their assumption a value of 60.6 - to -

20.6 Btu per hour as compared to ihis value of 3.8 Btu per hour. It should

be noted however, that Barre and Sammet value (60 Btu/Hr, hen) although

based on a wrong assumption may be used for design if one considers it as

including not only the heat given off directly by the birds, but also the

heat from secondary sources such as the litter and the sun.

c. Strahan value. In their original table Mitchell and Kelley (73)
 

gave only the heat production of active birds not in production. Many

people did not read Mitchell and Kelley's article carefully'enough and

+hought that the heat production qiven‘was for laying hens in production.

3trnhan (99), who wrote extensively'on poultry house ventilation, always  
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used the non—corrected values from Vitchcll and Kelley (73) and seems to

have mislead many people who tooks his values and didn't refer back to the

original article of hitchell and Kelley.

d. Ota, Garver and Ashhy values. Oti, Server and Ashby (79) presented

in March, 1953, their preliminary results from the study conducted with the

poultry respiration calorimeters at Beltsville, haryland. There calorimeters

measure 5 feet by 7 feet by 6 feet high and accommodate ten hens.

The authors specify that their report must he considered as prelim»

inary: "indicating trends rather than absolute values, since it was based

on tests with a total of only twenty hens, at somewhat varying air flow

rates". However, their results are presented here (Table 12 ) since the

rriter believes that they are very probably more exact than Hitchell and

Kelley's estimates (73).

Table 12 . Total heat produced by S-lb birds at different

environmental temperature5‘*

 
 

 

Environmental Total heat produced

temperature by S-lb birds

(0F) . (Btu/Hr, hen)

00 53.5

145 520

50 51.0

55 09.0

60 h7.0

65 115.0

70 h3.0

75 h0.5

‘30 37.5

8 33.

‘*'From data by Ota, Garver and Ashby (79)

One important consideration in their findings is the considerable drOp

in total heat production with an increase in temperature: At hOOF, the total

heat production of a five pound bird is 53.5 Btu per hour, per hen, as compared

to only 33.5 Btu at 85°F. This reduction of nearly hofl is an aspect of the  
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i on that not considered in tfitchell and Kelley's estimates (73),

was not evident mm Barott and Pringle's (8) basal heat data.

,

-hflmr consideration is the lack of data for temerature below [10°F
... . 1 3

) .

L 1 _
I ' , 2

mthese are the temperatures with which the farm structure engineer

'- 5143 concerned when designing for extremely cold temperatures. It is hoped

"that heat and water production will be determined soon for temperatures as

. i 10' as 25°F or even lower.

- o. Modified Ota! Garver and Ashby values. Since Ota, Garver and Ashby

. . Values (79) were given only for five pound birds, the writer interpolated

m for hens from 3 to 6.5 pounds by using the relationship that heat pro—

‘mm is directly proportional to the 0.73 power of the liveweight (6h)

-. 3:50; The results are shown in Table 13 .

'35». 13 Total heat produced by birds of different weights at

’ different environmental temperatures (Btu/Hr, hen)

Bird liveweight iLb)

375 11.0 11.5 5.0 9.5 5.0 5.5

f 9. 5355 5775‘ 51.? 6137!

36.2 ' 1.0.1. 1.1..6 18.7 52.5 56.2 59.9 63.5

2 35.1 39.3 1.3.3 117.3 51.0 511.? 58.2 61.7

.‘_ 33.8 37.8 11.5 15.1 19.0 52.5 55.9 59.2

T.-'332.h 36.2 39.9 13.5 117.0 50.3 53.7 56.8

' ' 31.7 38.2 11.7 115.0 18.2 51.1 51.1

33.1 36.5 39.8 h3.o h6.1 h9.1 52.0

p 31.2 311.3 37.5 10.5 113.1; 116.2 119.0

'. 28.9 31.8 311.7 37.5 110.2 112.8 115.11

. 25.8 28.11 31.0 33.5 35.9 38.2 110.5

a w 0&ij and Ashby (79)

by the writer from the relationship that heat is

101131 to the 0.73 power of the livéweight
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; -Clb.f8wehle 1h. Totil heat produced by hirds of ”i feront ‘

 
 Hodified Ute, Carver end Ashby Hitchell and Kelley

 

 

Weight

total heat values (79) total heat values (73)

(Lb) At LOOF At 60°F At any temperature

3.0 36.9’ 32.h* 33.0

11.0 :LSJL‘ 39.9 * 39.3

S00 5305¥* 317$)“ 1";(0?

6.0 61.1”! 53.7 51.2

 * * Ihmridnta hv Otn, Carver and Ashby (79)

nlculsted by the writer from the relationship that heat is

irectly proportionfil to the 0.73 power of the liveweight

6h) (14.)

From this table, it may he concluded:

-¥ G

d

(

l-Thet modified Ota, Gerver and Ashb,y total heet values at 60°F correspond

very closely to tint from Nitchell and Kelley (73) for any temperature.

2—Thnt modified Ota, Carver and Ashby total heat values at hOoF are from

10 to 20% higher than that from Hitchell and Kelley (73) for any temperature.

3-That the total heat production of birds at temperatures of 35, 32, 30,

25 and 20°F is probably'still higher than that given by Ota, Gnrver and

Ashby at hOOF. Some research is required at these lower temperatures,

since these are the temperatures usually used for design.

The writer believes that modofied Ota, Garver and Ashby's total heat

Vilnes ("ehle 13) based on Bel+sville calorimeter tests, although not

final, should probably he used instead of 7"ite‘mll and Kelley's values

I,“ ,_ . . ' .
(Tuhlo 11) which do not consider the effect of environmental temperature.
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3. Latent to total heat ratios for birds
 

The total heat production of birds is composed of two elements:

l—the sensible heat and 2—thc litent heat of vaporization. The ratio of

these two elements to the totel heet production will be discussed here.

a. Mitchell and Kelley values. Analyzing experimental data on geese
 

(b0) and some data on other animels, Hitchell and Kelley (73) found a rap-

idly increasing percentage of heat lost as vaporized water as the environ-

mental temperature increased. This relation appears to be a logarithmic one,

end the authors derived the tollovinq iormuln to represent it:

0.0/h38 t

L I 7.121 8 )

where L = Percentage o” the total heat produced by the bird

that is dissipated es the heat of vaporization of

water (g).

t - Environmentel temperature (CG)

From this equation, the latent heat may'be computed for the range of L.

32 to 1060?, using five degree intervals. The results of these computations

are presented in Table 1?. l

Tablejul, Percentage of latent heat as affected by environmental temperatures i“ ‘

 

 

 

 

Ehvironmental Corresponding temperature Latent Remarks

femperature for use in the formula heat

_ (OF) .(°c) (L =5:

32 , O 7.1h Below 70°F the'increese

35 1.7 8.00 in latent heat is slow.

110 11.11. 90 L17

hS . 7.2 11.32

50 10.0 13.53

E 12.8 16.26

60 15.6 l9.h7

65 18.3 23.1h

70 21.1 27.70

75 ' 23.9 33.20 Above 70°F the increase

80 25.7 39.88 in latent heat is fast.

85 29.h h7.30

90 32.2 56.60

95 35.0 67.70

100 37.8 81.10

106 1.1.1 100.90
 

'Wma a by Mitcholf and Kalle-yin)
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Expressed in mercenteee of the total Feet production for the given

environmental tennereture the total latent heat nroduction is as follow:
9 .

(Table 17).

Table 17. Total percentage of latent heat at different environmental

temperature 8 *

 

 

Temperature 33’ latent heat *‘I‘

310 39.3

Mg h1.0

50 LM.1

SS h7.0

60 50.0

65' 53.3

70 58.1

75 (”So/C;

8o 73.h

85 85.1

 

* From data by Ote, Garver and Ashby (79)

e * These latent heat figures include both the moisture from the

nhiehens and that evaporated from the litter and drinking

fountain

It is interestine to note that although the total heat production de—

eneises by 37.h§ in nassing from LO to 85°F (Table 12) the percentcge of

Intent (birds, litter and drinking fountain) to total heat is increased

Twre than two times its original value (Table 17).

It should he noted that the combined or total latent heat values

Ufirds, litter and drinkin fountain) presented by Ota, Garver and Ashby

(”U are somewhat more variable than plain latent heat values (birds only),

fine. it is probable that the amount of water evaporated from a litter at

agfiven environmental temperature may he affected differently from one

Wflfltry house to qmother according to such factors as: the type of litter,

finedepth of litter, the age of the litter, the amount of water spilled

fitnund the wnterers, the frequency of stirring of the litter, the use of  
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recirculntinc fine, the snnlicction o? line, etc. The writer feels that,

if noscihle +he n“o“uction of exnired moisture and that evwnornted from -

the li*+cr "nd drinhinq ”ountein c'tould he sepernted in the nrescntotion

of such date. The production of evpired moisture is probably less ver-

ifihle for n given environnentel tennereturo end would prove more handy in

computations.

d, Hodified Otfi) Garvey and Ashhy vnlucs. From the above review of

literature, it can he seen that the only true latent heat production (Heat

ecuivalent to the moisture exoired hy the hirds) is that given by Mitchell

and Kelley (73). 9ince,hecnure of the assumptions on which they are hosed,

these percentages hey be in error, soue actual de,a are still awaited from

*he calorineter tests Beltsvillc Maryland.
) u

However, for use until such date are nveilthe, the writer suggests

the use of Pitchell and Kelley latenl heet percentages (Table l5) in con—.5.

hinotion with the modi?ied 0th, @orvnr nnd Ashby total heat values (Table 13).
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¢. ,ypireo roieture pro‘uced hy Virds

“in c noi~ture is the twin nrohlcm in W poultr" house, it is impor—

tant to know how much o? it is produced if the ventilation system is to

V a 9' I o n

on de31gncd properly. J01"5WTE is excreted hy the Birds in two ways: a

port is evaporated or expired hy the lungs nnd nnother port is cvqcunted

Ventiletion systems should be of s‘Pfi-Lin a liquid form in ereroments.

to rerove at ell times both the expired water in the air
It

cient capacitv

and the liquid water in the litter. hhey should also be equipped with

controls to restrict or completely stop the ventilation at the lowest

temperatures. Gone authors believe thnt ventilntion should he restricted

somewhat)brt continuous even at very low temperatures, in order to remove

i
J
e

at least the expired moicture. RY so doing excessive rise in the relat ve

humidity of the house would be evo'ded and would prevent condensation on

the‘rrlls end ceilings. The amount o" expired moisture produced By Birds

will he nnelyzed here.

a. Mitchell and Kelley's volues. The total heat production and the

nercentage of latent heat being known, T'itchell and Kelley (73) values

for the expired or evoporqted voter are given by the following formula:

we ' Qt X L X 100 2 Lh of moisture/Hr, lOO hens

’th3

 

or We = qt x L x 100 x 2h . Lb c? moisture/Day, 100 hens

10H}

 

where W5 - Water expired per hour at a given

(lb/bib 100 hens)

Totel heat produced hy one hird (Btu/Ur, hon):
9

ll

L - Percentage of lntent heat corresponding to the given

environmental temperature (3)

10t3 : Latent heat of vaporization of one pound of water at

skin temperature or opproximntely 86°F (Dtu/Lb of water

at 86°F)

environmental tennerature
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1

100 a To convert the vulva to 102 hens

2h - To convert the vnluc from one hour to a day

Yitchell and Kelley's volucs (73) ire shown in the folloving table

(Tehle 15). The original values were expressed in grons. The writer con-

verted these velucs to pounds by the use of +he following conversion for—

Lb/RWY, 100 hens a “r“Ws/Wny, hen X 100 hens

h53.6 grams/Lb

Tnhle 18. Water expired by active non—producing hirds of different

weights and breeds at an environméntol temperature of

 
 

 

 

 

82°F.*

Breed Body Age (Weees) Moisture expired by

weight birds at 82°F (L 2 h3.5§)

(Lbs) rains Females (Lb/Day, lOO hens)

A)Zhite Leghorn 0.077 0.0 0.0 1.5h

chickens 0.5 h.0 h.h 12.32

1.0 6.0 9. 16.75

1.5 .5 11.5 90.05

2.0 10.5 1%.“ PJ.6

3.0 1?.? 2?.h 29.5

h.0 25.h 33.3 35.7

[:00 3300 "' 112.7

D)Vhite Plymouth 0.077 0.0 0.0 1.5h

Rock chickens 0.5 h.o h.6 12.32

1.0 {‘0‘ (.7 16.75

1.5 0.7 8.9 90.5

2.0 9.7 10.7 2h.9

3.0 1?.h 1h.9 30.h

1’.O 1171.7 190‘4 3(01

5.0 19.3 25.h h2.5

6.0 2303 "' 1:701

7.0 " - 5,307

"‘ From data by Mitchell and Kelley (73)

Mitchell end Kelley (73) found the amount of'wnter expired by the

birds to be mainly affected by the environmental temperature. Assuming

that the latent to total heat ratio holds true for birds of any age, both

non-productive and productive and usine the three Btu of heat increrent due

to egg production, the writer computed the expired moisture for active birds

not in production end for active birds in production (Table 19). The range  
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of 32 to 70°F was considered and intervals of five degrees were used.
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Since the difference between breeds is very small, for n {fiven weight,

only the weight of the birds is considered here. “ii a.

_. .3 '3.

It should be noted that for the purpose of Winter ventilation, onl;5r $1.: ,

4

{
‘
3
4

the values for temperatures below 50°F are of interest. For a temperature

of 50°F and for birds of 3 to 7 pounds, the amount of expired water is ,

found to vary from approyinntely ten to eighteen pounds per hour per one

hundred hens. For a temperature of 32°F, this amount would be in the  
range from five to ten pounds. The high v2lues of forty to sixty pounds

of expired moisture obtained at temperature around 82°F are either in

error or else may be explained as coming from bod;r reserves or from higher?

rate of water consumption. (It might also be accompanied by a smaller

moisture content of the excreta, although no data was found on this sub-

ject). —

 
b. Barre and Sammet values. Using a totnl heat production of 60 Btu

(Wrong assumption as shown previously) and a 10% latent heat (average lstept

heat for temperatures between 32 and 50°F), Barre and Sammet (ll) consider

+he evaported water produced by a four. pound laying hen to be: J

W _thLx2hx100 - 60x10x2hx100

° ‘ 101.3 102.3

- 13.78 Lb/Day, 100 hens (For the“rang

03f

 

Kelley (73).
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be noted that this formula includes '1 small error of approx-

. “do not require the some amount of latent heat as that expired by

'2 {whirdm In the first case, the latent heat value should. be bett-Jeen

1M5 and 1076 Btu (for a litter temperature between 50 and 32°F) as com-

:W to 10113 Btu reouired for each pound of moisture expired by the birds

’ ‘fm' ! skin temperature of about 86°F). Nevertheless, in order to get an

mimte idea of the total moisture evaporated uno‘er the experimental

.Iotal ammmt of water eveporated per each S—lb laying hen

at different environmental temperaHures'“

 

 

ot'zl amount of water emporated

per each 5-1b laying hen“

(Lb/Day, 100 hens)

118.5

il907

91.8

9301

(he

55.

r7.6

20.9

3.

65.
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.g'by on, Server and Ashby (79)

,ted uniettn'e include both the moisture from the

. 7 nking
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:9 ”I V“ifics. ~;n‘n l? ert refit hid" Tarvor find6. {edified 7th
)

expired ncinture are dependent, the conclusion to be drawn is Sifiilir to

o J. ‘ , I

the T101". ure emaxred
+57fi in the previovs section: the only true value for

by the birds is that given by Vitohell and Kelley (73); since some assump—

tions may have caused these percentages to be in error, some actual data

are still awaited from the calorimeter's tests at Boltsville YarV1nnd.: J

Until such data are available, the percentages presented by fiitchelland

Kelley (Table 15) can probably be used. It is believed that thee- percent—

ages are on the high side and therefore involve a factor of safety.

percentages should probably be used with th modified Oto, finrver and Ashby

total heat values (Table l3)'vhich are based on recent calorimeter tests,

instead of hitchell and Kelley's values (Table 11) which do not consider

the effect of environmental temperature.

The writer his computed these modified values for the expired moisture

of birds. Values for birds having a body weight different from five pounds

were interpolated by using the relationship that heat production is directly

proportional to the 0.73 power of the liveweight (6h) (16). The rest ts are

shown in Table 21.
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Water cynirod hv hirdg n” difitnrout wn‘chtc 2t diiperent

e " I“ , '\ 'w

env1ronment~1 tenpnpetnres (Lh/nng, 13v nenr)

 

 

(or)

C
\

C
)

Temperature

 

I. 71rd liveweight (Lb)

/:4 VT
7,— r.

K.) 3.0 jet “~00 :01: T00 30) ”0 60S

 

 

O

M L1! M mu: 2* Hz an

Sit 5.57 5.10 5.61 K.12 0.01 7.09 7.55 0.00

63* 5.35 5.90 n.g9 7.20 7.77 0.3h 8.89 9.10

7"& (.05 6.P8 7.50 v.25 0.9h 9.50 10.2 10.8

8 6.92 7.72 2. 9.3 0.0 10.7 11.h 12.1

9.h7 7.0h 9.0 9.9 10.0 11.6 12.5 13.3 1L.1

11.32 9.h5 10.5 11.6 12.7 13.7 1h.7 15.6 16.6

13.53 10.51 12.2 13.5 1h.7 15.9 17.0 13.1 19.2

16.26 12.€ 1h.1 15.1 17.0 19.3 19.7 20.9 22.2

19.h7 1h.5 15.2 7.9 19.5 21.1 22.0 2h.1 25.5

23.1h 19.5 19.5 20.3 22.7 23.9 25.6 27.h 99.9

27.70 19.8 21.1 ' 23.3 25.h 27.h 29.h 31.3 33.1

33.20 21.3 23.9 24.2 27.7 31.0 33.2 35.3 37.5

39.88 23.7 94.5 ?9.2 31.8 3h.h 35.9 39.3 h1.7

L7.30 ?§.? 29.1 30.9 33.8 36.5 39.1 h1.7 hh.1

 

Value" below hOOF'were extrapolated by the writer for con—

venience until sctuel test data are made available

Calculated by the‘rriter from the relationship that heat is

directly proportion2l to the 0.73 power of the liveweight

(5h) (16)

From data by th, Gnrver and fishhy (79) and by Mitchell and

Kelley (73)

 
 



  

   

at Hater expired by {L173 layin

' enviromental temperatures

  

by on, carver and Ashby (79).

p hens at different

(Lb/Day, 100 hens)

32¢ — ‘

tiff" ng table (Table 92) suows the change brought about in hitchell

,folfi values (73) for five-pound hens, by using the total heat pro—

 
Mitchell and

Kelley' s 1"

values (73)

Ota, Garver and

Ashby modified

values (79)

Remark

 

   
  

   

   

  

 

  

_ 6.61 Below 50°F,

- 7.77 Ota, Garver and

8.09 9.91; Ashby modified

9.05 10.0 values are just

10.72 11.6 slightly higher

12. 80 13.7 than Mitchell

15. 28 15.9 and Kelley's

values

' 18.113 18.3 Above 50°F,

.06 21.1 Ota, Garver and

26.15 23.9 Ashby modified

31.26 27. values are lover

.. 37.30 31.0 than Mitchell

’3- ‘9030 311.11 and Kelley's

‘ 3.20 35.5 values

 

‘3;Mfied by the writer to include the effect of egg pro—
, ' " 9

fiction (Refer to Table 1

. Sitar determining the emired moisture produced by birds.

heat ratio are known.

......” ed by the birds, once the +.ota1 heat production

_ Since it was desirable to

rules in such a way as to obtain the total moie-
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alley, urging a factor of 2.2, found this water consumption

I

{77116 31; x 2.2 = 75' grams. The results are presented in Table 23.

{fiqfld water elininnted in the excrement of birds of different

‘ . ada’veights and breeds, at an environnnntal termerqture of 82°F.

 
 

 

 

Body Age (Weeks) Moisture content of the excrement

weight at 82°F (Lb/Day, 100 hens)*

moles Females ActiVe non— Active birds

(Lb) producing birds producing eggs;

ts Leghorn 0.007 ".0 0.0 0.88 -

. ' 0.5 [1.0 ’5’; )l063 '-

130 6.0 0.2 F095 -

1.5 9.5 11.5 7.27 -

2.0 12.5 1):.8 8.15 —

3.0 11“.? 22.11 9.90 26.110

200 250,1 38-3 11090 2 02-10

£00 33.0 " 13th; 29e75

 
0.007 0.0 0.0 0.88 —

0.5 11.6 1;.6 11.63 -

1.0 6.6 6.7 6.17 -

105 807 809 7.71 '-

200 9.7 1007 9025 -

3.0 12.1: 111.9 11.63 28.2

11.0 15.7 19.11 13.22 29.75

5.0 19.3 25.11 1h.98 31.5

6.0 23.3 ' 1,4098 3195

7.0 - - 16. S2 -

 

Garver and Ash- values. The effect of environmental

  
i.‘'- (79). The values presented in the following table

;_-J lmmired five-pound laying hens and indicate the trend
,
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Tible 2h. Trend in food and rotor consumption 0? E—lb lnying hcns

cs nF'nctod by environnontol tcmncrntures *

 

 

 

 

 

Tnvironncntnl Food consumption Voter consumption

temnornture (lb/02y, 100 bong) (Lb/Riv, 100 hens)

35 35

ho 3h

MS 33

So 32

SS 31

60 30

as . 29

7O 23

75 27

90 26

85 25 Minimum“ "

 

* Prom dots by Oti, Qnrvor and Ashby (79)

*»*- Minimum for the range of temperatures studied

From this table the cmount 0? food consumed appears to increase li—

nearly with a drop in tonnnrature, while the inuntnin water consumed apncnrs

to be least at t,mpnrntures betflcon CS and 7SOF. At the lOWer tcmnerntures

more feed is consumed and more water is needed to utilize the nutrients.

it the higher tennnratures 193: food is eaten nnd less water is used for

notabolism)but more is needed to p rnit evaorntive cooling by panting.

Goldrioh (36) and Bates (12) suqccst the following equation to find

roughly the total inount of water oliminntcd by the birds.

WT _ WF .. WE

Total wator clininited by the birds (Lb/Day, 100 hens)where WT

W%.= Fountain water consumed by the birds (Lb/Day, lOO hens)

WE = Voter taken out in eggs

As mentioned previously, on cg: of avernje size weighs about two ounces and

contpins about 753 water. The water tnton out in eggs is therefore given by

the equation

Ek‘: 100 x E x 2 x 0.75 _ fl 2 < E   



  
  

    

‘ ‘v7: = Whter taken out in eggs (Tb/Day, 100 hens)

Qfioo = Number of hens considered

E : Percentage of egg production (i5)

. 2 = Average weight of an egg (ounces)

'O,7§ = deter content of a typical egg

16 = To convert the weight of water from ounces to pounds   

      
 

 

Nnter taken out in eggs

(Lb/Day, 100 hens)
 

 

it.

" {9 (Table 26) shows the trend in the total amount of wa-

wd 5.1mm 1mg hens at different environmental

 

 

     



 

 

 

  

 

   

Tahle 96. Trend in +hfi ‘o‘nl "Mon“? o? motor clim‘nn*cd “' -1?

lfiTiTQ 5‘2" n‘ dffp~r~u+ environmcnts] Lonnoroturhs

Environmental Trend in water Trend in egg Trend in water Trend in total _

tenoeratnre consumption‘ production* removed ix1“ fmfcr

cuss oliuioited *‘

(0F) (Is/nay,1oo hens) (fl) (Ib/Pay,1oo hens)<Ib/nay,1oo hens)

35 65’ (>2 fij.2 LOX" “ *

MO 62 6 15,5

£5 59 7h :?.1

So 58 77 50.2

55 27 78 max Max “9.0

00 57 7 *9 0 Min

65 56. Min 7 .1; )

70 57 73 :0'2

80 62 $2.2

85 58 57 52.7

 
From data by Ota, Carver and Ashby (79)

*

i * Cilculeted by the writer on the pssumption thot the total

water clininoted by the birds is roughly equal to the amount

of fountain wntcr consumed by the birds minus the water taken

out in eggs (36) (12)

«'i * Maximum for the range of temperatures studied

BY subtracting the total amount of water eliminated Table 26)

from the amount of expired water Produced by five-pound lnying hens (Tnhle

21), the amount of water excreted in the litter was Computed and is pre-

sented in the following table (Table “7).
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Ezvrironmcntnl I‘W-‘t-i in ‘0‘."1 “Mm.“ I“-Tsi.r'c<i Trend in lir'nifi “rater

tamparatnwe "rotor Kim’s * 1* excreted in the

0'! iminctei " r".ropninfjs

(03) (Lb/Why, 103 hens) (Eh/Why, 100 hens) (Lb/Day, 100 hens)

35 fine Hx*" uxo?5n*** 10J3KJ{**‘

to 55.5 11.6 L3.9

*5 72.1 13.7 35.h

50 igigfi 15.9 3h.9

SS L9.7 a.“ 19.3 31.h

60 L9.R “i“ 21.1 28.7

65 )0. SJ 23.9 25.6

70 ,0.2 27.h 22.8

75 50.7 31.0 19.?

«O F“.? 35.h 17.9

(’5 572.7 3.4.5 Max‘*“‘ 16.7.. Nin*"'*"

 

* Cnlcnlwted'hy the writer (Table 26)

{I- Calctflnted by thr‘. twitter ("Bible 21)

x «e thxinun am? rhinir'rm for the range of tcmncrntures studie

Not all the water excreted must be evaporated, however, since the

drOpnings have to iry only from 77% maisture content, wet basis, which is

the average moi~.+,ure con‘L ent of fresh droopings, to 3573 moisture content,

wet bn sis, which is the average volue of‘ a rensonnbly riry litter. The

percentage of excreted moictnre to be evaordted from the litter is given

by the formula:

F::€}-'Ea)l%9~

F:E-(D-Cflj%L

where A Pounfls or water excreted in the droppings of

100 hens pcr day

B =-. A g. I'feight of droppings at 7753 moisture content,

:0: :

wet b“ Si s

C - B - A = Pounis of dry matter in droppings  
 



   

   
  

  

  
  
   

  

 

   

  

’D = U‘gs . Weight 04" droppings at 355 moisture content,

. wet hesis

E = D - C = FounFs of water remaining in the droppings

355 moicture contont, Tet basis

F = (A - E) 100 = Percentage of excreted moisture to

——7r——

be evnpornted from the litter to

maintain the litter moisture content

at 35%

jar substitution of the values mentioned, the percentage of excreted

‘v

ififire.to be evaporated from the litter (F) was found equal to 83.9%.__ ,5.

' - ’W‘CTable 28).

girend 1n the water to be evnporated from the droppings of 541b

-f hens at d.ifferent environmental temperatures, in order

:jfi 1 maintain a litter moivture content of 35%

 

 

Trend in liquid wnter Trend in the water to be

  

  

  

 

excreted in the evaporated from the droppings

dropping”t to nn.intain a litter moisture

content of 35%

(Lb/Day, 100 hens) (Lb/Day, 100 hens)

h1.2
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Considering the feeding rate of 109 grwns per henc. Other voluos.

per day, Fhrre and ¢anmet (ll) c~tinnted the excreted moisture of four—pound

hen to be about 0.17 pound par day or 97 pounds per one hundred hens per dog.

This volue ”we obtained by assuming n litter noisture of hOg.

Oliver (73) states that: "repeated tests by lending college poultry

departrents, relinble textbooks on good poultry nonnfiencnt, and personal

obsorthions have shown that six gallons of Water per dny is required to

satisfy one hundred heavy brood hens which are laying well. Of this six

gallons, thfit is, fifty pounds of woter, approximately five to six pounds

are removed in the eggs gathered. The hnlnnce, approximately WE pounds of

water mu~t be removed by ventilation of which about 9 pounds are given off

by the hens breathing, the remaining, 36 pounds is contained in the excreta".

Accordinc to Jull (5 ) "... 9t prcVflilin" temperatures in the ma'oritvo - :2 - J J

of poultry houses during winter it is safe to assume a respiratory moisture

output of 11.66 pounds per day and a total output of kg pounds per day for

each one hundred hens." This represent hS - 11.66 a 33.3h pounds of water

excreted.dnily in the litter.

Hill (hB) reports: "Ttrictly fresh droppings contfiins approxinntely

q

fl "1' o . .

c3» nOirturo. Although influenced by body Size, feed consumption and rate

of l_y (The higher the rate of lay, the greater the amount), focal moisture

approximates 33.3 pounds per diy for eich one hundred hens."

According to Goodnen (37):"ObserVntions at the Cornell Experiment

Stations indicate that hens weighing h.5 pounds each, produce approximate

lhh pounds of drOppirgs per yeir. This checks closely with findings at the

other northeastern stntions. It is agreed that droppings may safely be

assumed to contain 70% water. On this basis the moisture eliminated in the

would be: lbh lb X 7Q§ x 100 hens

‘365 Java

27.6 pounds of water per day, per one hundred hens. This corresponds to

dropping per day, per one hundred hens,
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~-rn+,nr in he removed from

   

  

   

  

   

  

   

 

  

 

The total water climinbter? by birr‘s is common!" of the eXpircd noivture

plus the licuid water excrc’rc" in H1: lit+er.

a. Hitchell and Kelley vnlumq. "3' fichell 1nd Kelley (73) estimated the
 

total water excreted by active hens not in production to be as follows at

an envirnnncntAI temperature of 82°F (Tnble ”9). Thu oriqiml values were

.i. in grams. The writer convorfed ton +0 pounds by using “the folloring con—

1eraion formula:

’v ‘ Lb of water/Day, lOO birds = Gr'uns/"‘5 “1rd X 100

~ hr3.L grams/ib

h‘ 629. Total water excreted by hens and +otn1 mter to be removed

from the house at 82°F (Lb/Day,100 heng)*

 

 

Total water excreted Total water to be removed

 

bhxens frog the ho_1_1_s_er

Active1h~ne ctT§F h-ns Active hens Active hens

producing not in producing

production eggs production eggs

 

 

2038 '-

16. 21 —

210 93 "'

26.97 -

31.98 .-

h1.20 5h.1

117.20 61.1

5.08 69.0

59.68 73.6

67058 81.11
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h Noflified 0t“, Server and flehhy volncs. Table 24 in the orcvious

section shows the total omount of wotor eliminntcd by five pound laying

hens 9t ”ifferent environmental temporqtvres, for an egg proiuction rate

of 60%. However, a certain part of the lionid wntnr excreted in the litter

I

4

”oer not neefl to be evaporated einne 4rying the drowninge fron 77% to 35;

(wet hacie) in anally oonqiflered satisfactory.

The writer computed the totnl water to he removed from the house by

aodinq the expired moirture to the moisture to be evaporated from the crop-

pings. The results {or five—hound laying hens are presented in the fol—

lorinCr tfible (Table 30):
C)

Table 30. Trenfi in the total amount of motor to be removed from

poultry houees sheltering F—lb laying hens at fiiffercnt

environmental tennerntnree, in oroor to maintain a litter

noicture content of 3533 “f

 

 

Environ- Expired Trend in the water to be Trend in the total cmount

mental mois- evinoratea from the drOp- of'weter to be removed from

temper- ture‘ nines to maintain e lit+er nonltry houses to maintain 2

' cm ,4 . . .

ature (Lb/Day moietnre content of BSmV‘“ litter m01cture content of 355

 

3

(OF) 100 hens) (Lb/Day, 100 hens) (Lb/Day, loo hens)

3; 9.3 MM" 1.1.2 my: I d: 30.5 353,. .1 .1 .1 ,

ho 10.8 30.8 h7.6 ‘

hS 12.7 32.2 hh.9 ;

50 11.7 29. 11.0 *

SS 1700 21303 143.3 Liin 4' * *

60 19.5 2h.1 h3.6

65 22.7 21.5 h3.2 .

7o 2S.h 19.1 :4.

75 28.7 16.5 hS.2

80 31.8 1h.9 h6.7

85 33.8 Mum 13.6 151m“ 1.7.1.

 

a: Calculated by the writer (Table 21)

a: it Calculated by the Writer (Table 28)

*'* * Maximum and minimum for the range of temperatures studied

 
 



6h

0. Other veluos. Jull (53) states that: "... at nrevuilin: tenoer—
 

ntures in ‘he nojoritv of poultry hounds luring “int r it is safe to n3-

eume n respiratory moisture output of 11.46 pounds oer doy find a total

output of "S poun‘s nor day for each one hundred hens."

According to Well Dnd “core (IL): "A flock of one hundred birds gives

”f at ledst 22 quirts of water every twenty-four hours." This represents

.1 p

5.5 gallons of water per day or ;.S x -.3h = 35.8 pounds of water per day

nor one hundred hens.

Mable (55) presents a sonevhat lower value; he considers the water

vapor expired per day, at 50°F, as being one—eighth per pound P9? day and sue

wnter excreted in the drOpnings ee one—fourth pound per day, which gives a

total of three-eighths pounds per day,per hen or 37.5 pounds per day per

one hundred hens.

According to these throe references, it seems therefore, tint undor ordi-

nary conditions, i.e. for house tenperatures below 50°F, the amount of to—

tal water eliminated by birds is around hO to hS pounds. The amount of

total moisture to be removed is somewhat lower, since a part of the liouid

Wrter in tho excrete rennine in the litter, as shown in the previous section.

Concludinc from the shove roview of literature the writer believes that

‘the modified Ota, Gnrver and Ashby volues for five-pound laying hens rcp-

TTesfint the hest nvnilnhle data since they are the only ones to consider

thereffect of the environmental temperature. Some research is required

Flowever’ in order to get more ncourate values for birds of different weights

’“fli different levels of egg production, when submitted to different environ-

mental1 temperatures. The effect of the protein level of the diet should

,
:11 so be investigated.
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d. Slide rule for deternininr the evpired moidtnre produced by birds

9nd the totnl moidture to be renovni from the house. The Writer has pro—l

#hA—A

pore? two slide rules to find the exnired noieture produced by the birds

and the total noifiture to he removed From the houne. The first slide rule

is on 9n hovrly havie and is derived from the following equations:

1)‘3 : qt x L x 100

81 1'3} L3
 

- water expired by the birds (lb/Hr, 100 hens)

Totnl heat produced by the birds (Btu/Hr, hen)qt :

L = Percentage of latent heat produced by the hen: (fl)

th3 = Latent heat of vaporization of one pound of water

. . IO

at skin temperature or apprOXinately 80 F

(Btu/Lb of‘ water)

100 To convert the Value to 100 hens

‘Wéz . Linuid moieture to he evaporated from the litter

(Lb/Hr, lOO hens)

WET .‘WT . Total moirture to be removed from the house

(Lb/Ur, 100 hens)

The firqt equation was chnnged to the following logarithmic form:

+(log qt) — (O)-+(1og L) - (log 10.h3'Wel) = (O). A middle supnort'was

required for the conversion of log (lO.h3 ”51) to ordinary values of W61.

The second equation‘was given the form:-+(Wél) - (0)4-(W32) - WET) a (O).

The final value obtained for‘WeT (or WT) is that to be used in the formula

for mOieture removal:

w ‘

VL = #175 (To be explained later )

The second slide rule is derived in a similar way, except that the

first eonation is multiplied by 2h to convert the value to a daily basis.  
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As on illustrition of the use of these two slide rules, consider the

tolloning applications:

'
3

liven:

(f

ON

1.1 Lb/Hr, lOO hens.

 

Perccntafie of Intent heat produced by the hens = 2

Liouid moisture to be evanorqted from the litter :

6- hourly.tot"1 weight 0? moisture to he removed from the hound,71'nnted: The

(Uee of "lide rule ho. 1)?olution:

l—Put t.e first arrow Opposite Qt = 35 and read Ve1= 0.67 opposite

L I 20.: o

2-Put the second arrow opnosite WEI = 0.67 and read WT = 1.77

Opposite We? = 1.1 .

uirds a h2 Btu/Hr, hen.v
.
4

Given: Total heat production of the

Percentage of latent heat produced by the birds = 17,o

- 23.5 Lb/Day, 100 hens.Liquid moisture to be removed from the litter

Wented: The total weight of moisture to he removed from the house, daily.

Solution: (Use of slide rule no. 2)

l-Put the first arrow opnosite qt = h? and read Wél = lo.h3

opnosite L = 17¢.

2—Put the second arroW'opDonite'Nel - l§.h3 Pnd rend WT a 39.93

conceite 102 _ L3.)

The two above slide rules could easily he combined with the two slide

These two sliderules nrepared to solve the noirture removal equation.

rules will be presented in a later section.
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7. Net sensible heat of hirfis and net availahle scucihle heat in the

house

The net sensible heat of hirfls is thfit part of the total heat produced

by the birds which own he used for (l) evrporation of noioture from the lit—

ter and drinking fountains, (2) compensation for the heat loss through the

building materials, and (3) heating of the cold incoming air (ventilation

and in’iltration). When deep litters are need it is customary to consider

'the heat produced by litter decomposition to be sufficient to evaporate the

moieture from the droppings. In such cases, the net sensible heat of birfls

is therefore usefl only for purpose of (1) compensating the heat loss through

the building and (2) compensating the heat loss through the ventilation sys—

tem and through the infiltration by the cracks.

It is also customary to add a certain amount of heat to take care of

the heat gain from the sun and other secondwry bent sources. The totnl Of

the net cencible heat from the birds find there secondary heat sources is

calleé the totcl avnilwble heat produced in the house nnfl is represent by

Q8 or Q n the formula for temperature control:
atotai i

o _ 60 V -

”stotal ‘ 5 A00 (To be explained later)

a. Hitchell and Kelley values. Mitchell and Kelley values (73) for
 

the net sen"ible heat of birds may be obtained by rabstracting from the

tOtal heat production, the product of the total heat production and the

D“Fcentage of latent heat for the given temperature. 3y referring to

”aetinne 2 and 3, these values will be found. The writer will present at

thfi and of the present section a slide rule which giVes readily the amount

Vof net sensible heat produced by the birds. This slide rule can be used

"0t Orfly'for Hitchell and Kelley values (73) but also for Ota, Garver and

Nifixv values (79) or for any d”ta to h” obtained in the future.
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b. Gieee wnfl YcCornick voluns. In 1933, Ric's on“ hoCormick (3h) re-

portei 3n the heat production of poultry under houoinq conditions as found

The experiments referred tont the Iowa AgriculturEl *xperimcnt Wtfition.

were conflucted in two tiers of five pens each. Each pen Wfls 7 feet by 5

feet 6 inches in plan and 3 feet 6 inches in height. Ten White Leghorn

birds were confined in each pen or one bird for each 3.85 square feet of

floor «once. This battery was entirmly inclosed within another building to

eliminate the ef‘ect of cunliezht. It mp3 passible to add feed nnfl water

@nfl to remove the eggs through stoppered pipes nnfi small felt—sealed doors

with prrctically no e1fect on the interior oonfiitions. Five of the ten

pens were open to natural ventilation. The quantities appliei to the five

pens with controlled air supply were 0.05h, 0.15, 0.70, 2.63 and 9.93 cfm

per hen per minute.

According to their computations b°sed on daily, weekly and monthly av-

erages of the intake and outtake air hent and moisture content, (a) the net gen—

sible hoot available would vary considerably'with the outside temperature

and.(b) the amount of water vaorizei from the birds and the litter would be

refluced considerably at lower outside temperature because of the greater

emount of heat used for the building nnd ventil

ere eumunrized here (Table 31).

nting losses. Their results
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Tnhle 31. Net ovoilthe heit production (Stu Tr, CF, hen;

 

_—_

 

 

 

Outside Total hept characteristic of the house a

temnereture Vuilcinn loss + Ventilation loss

range (Btu/hr, 0F, hen)

(0F) 1 1.5 2.0 2.5 3.0 3.5 h.0

0_10 35.0 52.0 (3.0 72.5 77.0 - -

11—20 32.0 h5.5 5P.5 67.0 71.5 - -

21-30 29.5 h0.0 52.0 60.0 6h.5 07.0 —

31-h0 25.0 35.0 L§.5 53.0 57.0 50.0 -

hl-SO 18.5 30.0 39.0 h7.0 51.5 Sh.5 56.5

51-66 15.5 25.0 33.5 39.0 u5.0 h8.o 51.0

 

* From data by Giese and McCormick (3h)

0. Ota, Gnrver and Ashby values. Ota, Carver and Ashby (39), in their
 

nanny described previously, oresentefl the not sensible heat production of

hirfis at ditferent environmental temperatures (Table 32). These values

Aiffer from the total sensihle heat nroAuction'which includes in addition,

the heat nroJuced as eensihle heat by +he birfls but lnter used for the va-

porizntion of unter from the litter nno drinking fountains. This net sen-

sible hent usable for temperature control is for the ten hen calorimeter

neefi in the test and may not be renresentntive of actual poultry houses

conditions, or at least not representative of all of them.

The net sensible heat of a five-pound bird is found to decrease from

32.5 to 5.0 Btu/hr, hen, for an increase in temperature from hO to 85°F.

  
 



Table 32. Net sensible heat produced by S-lb lnying hens at different

environmental temperatures "‘

 
 

Net sensible heat produced

 

Tenpcrature

by S-lb 12* ng hens **

(0F) (Btu/Fr, hen)

hO 32.5

L 31.0

50 28.5

55 26.0

60 23.5

65 21.0

70 18.0

75 1,100

80 10.0

85 5.0

 
* From data by Ota, Carver and Ashby (79)

I: 4* 'T'hie n-t senwihle heat was obtained by subtracting the

total latent heat (birds, litter and drinking fountains)

from the total heat production

d. Slide rule for determining

net sensible heat available in the house.

rule to Find the net sensible heat

sihle heat avnilnble in the hon"e.

loving formulas:

1) q=1

the net sensible heat of hirds and the

The writer has prepared a slide

produced by the birds and the total sen-

This slide rule is based on the fol-

qt - qt 1 L - qt (1 — L) 8 qt x S

and 2) Q8 2 (131+ q32

where q31 = Sensible heat produced by the birds (Btu/Hr, hen)

Qt

L

S

(152

.
‘
3

Totnl heat produced by the birds (Btu/hr, hen)

Percentage of latent heat produced by the birds (%

Percentage of sensible heat produced by the birds (%)

Secondary sources of net sensible heat produced in

the h0u"c= Litter, Sun, etc. (Btu/Hr, hen)

Total available net sensible heat produced in the

horse (Btu/Hr, hen)

'
‘
r
‘
‘
-
‘

-
~
-
~
«
—
~
_
-

c
.
.
.
m
m
.
»
—

‘
0
‘
-

.
—

W
.
.
.

.
-

 



mun Pivef qoqntinn Mn: cunngnd no the rollowjnv logarithmic form:. ._ \

+(dog qt) - (O)+-(log “) - (log q31) = (O). anucc of lo: 9 were plotted

and vnlues of 105 L were snhg‘ituted for then. i uiddle surnort was re-

ruired for the conversion of log q31 to ordinnry vnluns of q91'

given the form:-+(q81) - (O).>(q32) — (Q3): (0).The second eduation was

final vwlue obtained for :5 is thit to be used in the formula for temper—

I

ICs = 60 V3 - ACD (T0 he exhl°i““d 1at°r)
r S.

As an illustrntion of the use of this slide rule, consider the two

following ”P“1icgti°n3’

fipflli2fition No. l

r7“ct-'11 hent production of the birds = h2 Btu/Hr, hen.

Percentage of latent heet produced by the birds = 13%

Given:

Qecondnry sources of net avrilnble sensible heat (sun, litter,

etc) = 7.5-Btu/Ur, hen.

The total available sensible heat produced in the houseJanted:

Solution:

l-Put the first arrow onnosite qt = L2 and read gal = 35.50

opnoeite L = 13%

Z-Put the second arrow 0pp0°it6 q81 = 36.50 and read Q: a hh.0

OPUOF‘iitC (132 = 7.5 o

fiPRlicitiofl E0; 3

Given: Total heat production of the birds = 33 Btu/Hr, hen.

Percentnve of latent heat produced by the birds = 7.5%".3

Secondary sources of net sensible heat (sun, litter, etc.) a

50 S Bill/III" hen.

Vented° The total avnilqble sensible heat produced in the house

 

 



"201“tion:

l—Iut the first arrow 0pno¢ite qt : 37 ”Nd T0°fl qsl = 30.59

a v"
[I .

P
‘

‘
n

O

C
)0-?ut the second arrow opnoeiio qs : 3“.5O and read Q5 = 3~

' l

f.

. v-’

opn031fie qs? = 5.) o

T719 ”170‘,“ («WI-«lag s‘lnlje Co1l-Lr1 He enqj 13' Cnmbiqefl “City! the “1.4130 r1116

prepared to Folve the ficfipqrntnre Control fgrnulq, This seconfl slide rule

rill be presentefl in a later section.
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C. CCTOanry Vources of Kent ono hoisture

n 11. .3econ"-"r}’ gowrrjws Of 1197‘};

 

Although the birds are the main source of heat in poultry houses,

there are zumsrons seconrlsry sources of heat 31in. ”hose arc:

l-Solsr heat through the win4ows

O—FOIsr heat gain of the wells and roofs

B—Uent generated in the litter

h—Hent transferred from enrth through floor

S—Weat stored in the huilfling mntqriflls and the equipment

6—Latent heat from condensing moisture

7—West from light bulbs and other equipment

E-Heat from personnel

9—Hent from the water, feei and equinnsnt entering the house.

”ll of these secondary sources of hent will he iscussed here.

a. Solar heat throug1 winiows. Discussing solar hent radiation as a
 

source of secondary heat for the coliest design pcriod in poultry houses,

Isrker (82) stntes: "Since the coldest periods usually occur just before

muujan, solar radiation will not be considered as a source of heat. Colar

heat stored during sunny Hays will help maintain higher night temperatures,

msmcinlly in masonry structures (triter's note = Cr in other s,ructures

‘mving lsrqe thermal capacity). Since solar racintion is uncertain for a

‘fiven Pariod eni the effect of color lag is not W611 0°t9h1i9hed, solar

tnatvdll not be considered in this type of prohlcm."

lhstever he the unknowns in "olnr host radiation, there is however

ONE certain thing: Insulating glass windows con help quite appreciably'in

“Olving the problem of temperature control, especially in areas of much

‘1”+er sunshine.
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glass. Lois is hnoed on an av-rnve o? 2V0.l 3. oil. h~"r so. c. nor hour

a -. A‘ H
- (‘A r‘ r~ -

UCCG”W°P 1h, "/43 to ychruiryz l9h9. 0f the looO otu, per

,fi to be 7hcowhed by the glass, port trinsmitked through the3

J
) )

O .
3 J

r
J
'

'
3
.

’
3

*
‘
3

’
3

’
W

glass and port reflected. Handbook sources indicnte that for the prevail—

ing conflitions, lh42 Rtu per hour woul” hove penetrnted a clean gla.s.

light meter reniings were used to deterninc the rQJuction in trnnsnissivi,y

Rue t0 Gust. Thee" move n ”incl determinqtion of 1?76 Btu per hour input

from colcr sourcec." The glaag area was R3,? squore feet, Which made on

average of 29.2 Bfiu of s01°r gfiin for each sousrc foot of orainary glass.

. is is about 1.8 tines more than the 15 Btu per scunre foot of ordinaryL :
3

less per hour computed by Winkle (hh) for on influstrial atmosphere, and9'
3

about 1.? times more than this value of 2h.6 Btu for a clear atmosphere.

In a hereonal letter to the writer, Hinkle made the following state—

ments: "The area around the Blue Hills Observatory is usually snow covered

during parts of the winter and the atmosphere is clear. - th of these

factors will increase the amount of radiition coming into a south facing

Vdnion. Iansing on the other hand has more cloufls and the overall results

give an atmoqphere comnarnhle to that of Chicago or Pittsburg. Added to

this was the fact that even though my calculitions cen be extended to fit

8.Clcar "tmosphcre as you did, snow cover curing the winter of my tests j ‘

r
4
-

Was about one half of average. Thus if .here had been an average snow cover,

{
‘
3

my results would have sporonched the 9 Btu per square foot nor hour ob-

: I
4- ' n a e . e -

unined by vtnplcton 0nd cox. On this baSlc say'thnt their calculations

are as valid as mine. They both have the some fault, however, that they

1mfl-F'nppl‘y to just one particular Winter. The Sun Angle Calculator was

(J. c

e g o

Veslgned primarily for summer use IOr air conditioning calculations and

m
.

O I

QkBs no compensation for a snow cover. Thus the results from this instru-

m‘} o o ‘

“t are also only apprOXimnte. The agreement between the three of us is ,

v
”3' good however." ‘
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’9) or” octo" th't i11:". tomoorct‘ircs of those 20:10:: Tie os—
(“+ 1

~ rn‘or . .
.Ji 1‘ .. \’ «x. . {I ......

A!“ 0 V_ ,3 _\ 'I ‘ V ‘ r I M o . ~ .

frmllcifi. 1s nto*~nr” voltcs to do ucol in controllin, oil dosibn of

builJian to houco ”ciry cows nnfl poultry, except that tho dcily mcdn

H ‘ O ’07—. u e

value at 3 n.n. for none 9 3% reduced from 17 F to o r to maintrin on

O O

ecunl tcnpcrcturc aiPFcrence of 11 F hctvnen Zones 1 anfl 2 anfl between

Zones 2 and 3. ”c rcconron”s that the vcntilction system be designed to

function nornclly when thccc tempcrntures are obtained, and so constructed

thfit ventilation may be restricted at lower outside temnerntures and in—

O

cre°¢cfl ct hlf.

Kore recently, Ashby, Hillcr at 11 (h) presented a variation of Kelley's

clim9tologic11 map (Figure 2). The hounflary between Zones 2 and 3 was

chnnged to the 35°F isotherm for average January tomnernture. Tho hounflary

r? o o 1

Between cones 3 and h was choson as the 50 F isotherm. The ooundnry between

Zones 1 nnfl 2 was aijucted to take account of the effect of high rclqtive

humidity in increasing hont loss by vontilation: "Whore the average rel-

ative humid'ty in Jnnuary is 70%, the zone boundary coincides with the

20°F isotherm. Whore it is above 80, the boundary approaches the 25°F

isothc m."(h)

Ashby, Nillor ct a1 (h) also and concerning these zones: "hinimum

tsnpcrntures - about hOOF In or than the January average — occur once or

twice a yccr in ncct of Zoncs l and 2. In Zonos 3 and h tho minimum is

o
usuolly shout 30 F lower thcn tho January'average except along the wcst

coast. There are no abrupt changes at the zone lines, and except as

influenced by altitude, the changes are noticeable only over considerahlc

iistances. The climnte within all zones changes with altitude, the averag

temperatire being about one degree lower for each hOO—foot rise above the

average elevation of the area."
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FIGURE I

CLIMATOLOGICAL ZONES OF THE UNITED STATES

(BASED ON AVERAGE TEMPERATURE FOR THE MONTHS

OF JANUARY AND FEBRUARY)’

 

    
eB'y Kelley (58)

 

 

 

TEMPERATURE DAILY MEAN MEAN MONTHLY

ZONE AT 80.m.('F) ('F)

ZONE :______ 5°____ n"

ZONE 2 17° 22°

ZONE 5._____ 27°_____ 30° .

ZONE 4 ._____ 36'________ Above 32°   
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FIGURE 2

9S

CU MATOLOGICAL ZONES OF THE UNITED STATES

(BASED ON AVERAGE TEMPERATURE AND RELATIVE

HUMIDITY FOR THE MONTH OF JANUARY )*

 

   
 ‘By Ashby, Millet et‘al (4)

 

 

 

 

TEMPERATURE AVERAGE JANUARY MINIMUM JANUARY

ZONE TEMPERATURE TEMPERATURE

ZONE 1 ‘0-20 and 0-25°F__4O (Approximate

ZONE 2 20-35 and 25-35°F____4O number of

ZONE 3 SSS-50°F 30 deans: 10""

ZONE4‘ 150-70% ' 30 than The Jan.

average)
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FIGURE 3

CLIMATOLOGICAL ZONES OF‘CANADA

(BASED ON MEAN JANUARY TEMPERATURE )"
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V By Kolbfleisch and White (57)
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FIGURE 4

AVERAGE JANUARY TEMPERATURE (°F)

PERIOD l899-I938 '

(BASED ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

 

    
'F
'°m CIImoIo and Men, US Yearbook oIAngcuIIun.I94I (2n
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FIGURE 7

I

AVERAGE JANUARY TEMPERATURE, ‘

MICHIGAN ' .
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Cloce (7T) nlno found *“Wt the recommended deoiqn tennerntures for

“enti”fl find nir Conditioninv eh~oied “loceTV'with the nvernr- nP inn min—,‘V -~.‘ U - .». . . ..A,- W.) v . 1. a n: .1” -_i - p. ‘1 \4 -_J _a ‘ )1 A

i"um tenpnrfitures tnét have ocewrred once each winter for n period froma;

1999 to 1935.

However, Barre and Samnet (11) state that although the outdoor design

temnernture For heating is usually assumed as approximately 15°F higher

than the eytrhwe reoorded loner tempernture for the locality, "this guide

cnnnot be npnlied uniformly".

method renarFs that "the extreme lOW'tenper~9
1Parker (82) discusnin; +Hi

ature for filtersburg, Virgiria~nne -2707 on “econher 30, 1917. This would

give a teflp‘roture for desibi of ~120F if the above recommendation were

followed. Hovever, he r‘dtes~th~t tro reeommended residential degign temper—

. o a a O“ o e o

ature for the locslity lS ;u~t slightly below 0 r, whic nukes a difference

5'0 p ....
A. t *“e absolute minimum. As will be shown in the'ldn'h IL'

L
J
‘

0? nnnrorimntely 2

description o? method d, Paner found the denign temnernture for poultry

So? in this locrlity. This is juct slightly more than fivehounes to Fe

degrees hijher than the recommended reridential heating design temperature.

Eb therefore recommends that: "in the absence of better information it is

felt trfit five degrees above the recommended residential design temperature

ray he uqed as the outdoor minimum design tenperrture for poultry ventilation

Systmns in areds near leekshurg, Virginia." He adds that: "caution should

be taken in applying this general analogy in other areas."

The following figure (Figure 8) published by the National Warm Air

Thating and Air Conditioning Ass-Ciation (77) gives the OUtSide design

temperatures for heating estimntes for many cities of both United States

r‘nd Canada. It is believed thot such a table Will be valunhle. For snimal

dmflter application, these temperatures should however be raised by some—

‘Hdng like S°F or 10°F. Figures 9, 10 and 11 are presented to supplement

Figure 8.
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FIGURE 8
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FIGURE 9

LOWEST TEMPERATURES EVER OBSERVED I°F)

PERIOD I899-I938‘

(BASED ON 200 FIRST ORDER WEATHER EUREAU STATIONS)

 

   
  

'From Climate and Mon,U.S.Yearbook ongricultureJ94I (2|)

 
 



FIGURE IO

ISOTHERNSOF WINTER OUTDOOR

DESIGN TEMPERATURED
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‘I From Heating Ventilating Air Conditioning Guido i950 (5)
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FIGURE II

AVERAGE ANNUAL MINIMUM TEMPERATURE (°F)

(BASED ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

PERIOD l899— I938“
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d. 7304:7109: nf‘ 10an "'"YX‘rected f‘“il~1res". In 1:777, inro-

.5mended n n-r-r method celled "exnected failure method". Thin nrthod consists

of assuming a derign ovtside temperature and analyzing the local weather

records over a period of as finny years as noscible, to determine the number

n? fnilures that would have occurred during that period. A failure is

counted

(a) Then the temperntnre rennins in a range of 2 degrees below the assumed

design temperature for 10 hours or more

(b) When the temperature remains in a range of rare than 2 degrees below

the gsguned deqign temperature for 3 hours or more.

The same author (92) mnde an annlysis Of twelve year records for

Blacksburg, Virginia, and trnnrcribed minimum tennerntures and the amount

of time thnt the tennerstnres rem°incd below -§, 0, S, 10, 15 and 20°F.

0 o 9 c

Fron the data it appeared thit approxinntely S F would be a satisfactory

outdoor minimum design tenpirntures. Applying the above definition Of a

failure, the results shmred eight frilurcs in twelve years or an average

of two-thirds failure per year. Since several of the fnilnres'were for

2°, 3° find MOF, these failures are prooahly not very serious, he concluded

thnt a minimum outdoor design tenpnrnture Of 50F is considered satisfnctory

for Blacksburg, Virgina.

Parker (32) also RtPtes: "It was noticed thnt 50F iS Slightly more than

f
l
"

five degrees higher than the recommended residential heating design empcr—

ature of Blacksbnrg, Virginia. Therefore, in tie absence of better infor-

rmtion, it in felt that five degrees shove the recommended residential

‘I
r

*‘ as the. outdoor minimum unsigndesign temperature may he use= temperature

fOr poultry'ventilntion systems in areas near BYE ksburg, Virginia. Caution

nhonld be taken in applying thin general analogy in other areas."
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The “ritsr using fnrtnr's nothoi analyzed win+0r terpernturcs for East

Innring for periods fron 19L? to lCCB. Th“ follo in; table (Tnhle 3?) shows

the nunhor cf fdilures n’ieh have occurred *y using design tenpcrnture of

-lo,.$g -2rww 00?.

T1510 39. Conrrtntion 0’ the O“tside desifin fiir t“V?crnture

for Rest Innsing

Outside design Winter Kunher of Total number Of Average number

tennerature failures per failures for the Of failures per

assumed winter fhur winters winter

_lOOF*' l9h9—l950 No failure

1950-l9hl ifo 7"nilure

1951~1952 Yo failure

1952—1953 No failure

O failure 0 failure

- 501"” 1910-1950 3'0 failure

1970-1951 2 failures

19F1-1932 Ho failure

1992-1953 In failure

2 failures 1/2 failure

- 2°F"* 19h9-195'O T"o fr? ilure

l9SO-l9Sl 2 frilures

1951—1952 30 failure

1952—1953 to failure

2 failures 1/2 failure

o°r**“ 1919—19510 2 failures

1950—1951 h failures

1921—1952 2 failures

1952-1953 30 failure

' 8 failures 2 failures

*I A failure—was counted for each 10 hours the tenperqture remained

between ~10 and ~19 or each 3 hours it rennined b010W’-12

¥'¥ A fnilure was counted for each 10 hours the temperature rennined

between -S and -7 or each 3 hours it remained below ~7

* *hu A failure was counted for each 10 hours the temperature remained

between -2 and —h or each 3 hours it remained below —h

* i ¥:* A failure was counted for each 10 hours the temperature remained

between 0 and -2 or each 3 hours it remained belOW'-2
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"trul’firlel‘otinn of” til". shove 75.11310 ("-131le 3‘0) Film”? that 001" 31" firmmbly

a good outside design tensorature for Lansing. Since Lonsing outside design

sir tenfrroture for heating estimates is —lOOF (Figure 9), it scene to the

-hnt the design outside tenrcrnture for animal shelters for most lo-
wl-“elai 4|- 07‘ J-

celities can be safely assumed from S to 10 degrees above the recommended

0

a.residential design local temnernture for hosting es nresented in Figure

2. Uesign outside relotive humidity

Strahan (99) recommends the nee of an outdoor relative humidity of

100% since "the most difficult conditions for removal of moisture will be

when outside air is saturated (100% R.H.) and when under this condition it

o o e I O I v ’ 0

is necessary to hold the inside relative humidity at 55% to aV01d conden-

sation." Parker (82) also recommends the use of an outdoor relative humidp

ity'of 1003 for design during the critical period "since a relative humid-

ity'of 100% exists during rainy or fog,”v periods_end these conditions may

list for several He believes thnt this value should be applicable

to the humid east.

Barre and Sanmet (11) used an outdoor relative humidity of 803 in the

drawing of their air flow chart. Oliver (78) also used an outdoor relative

humidity of 70% and 80% in his calculations which cover the outdoor temper—

ature range from O to hOOF. It looks like each had in mind the estimation

of the probable performance under average outdoor weather conditions, rather

than computation for the purpose of design under extreme conditions.

The writer believes that for critical design analysis 1003 relative

humidity should be used or at least a value of 90% or 95%. For general per-

formance analysis a vnlue of 80% is satisfactory in most cases.

Figures 12 to 15 are presented to give an idea of local January av-

erage relative humidity at different times of the day.
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FIGURE l2

AVERAGE RELATIVE HUMIDITY—v 80.m(E.S.T)

JANUARY

(BASED ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

PERIOD I399-I938' , I

 

    
  
*From Climate and Mon.U.S.YeorbOol( Of Agriculture, l94l (2|)
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FIGURE I3

AVERAGE ‘RELATIVE HUMIDITY— Local noon

JANUARY

(BASED'. ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

PERIOD l899- I938 "

 

 

    
*From'CIimate and MonjUS. Yearbook Of Agriculture,194l (2n)

 



FIGURE I4

AVERAGE RELATIVE HUMIDITY— 8 PM.(E.S.T.)

JANUARY

( BASED ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

PERIOD I899—I938‘
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3. ‘esiwn ironnd +ennora+nre

mu .: , .. h n ‘ - ¢ .- .‘I “,5 MHA .-+~ a -' ,. A. ~.
12%.? moistme content, oOdSlSOCUCJ HILL In-‘Ht Cu‘prlqu Oi SOll 518--blj

affect the pronno Tennere*n“e nfi verious flepths but, eeeoreing to Allen,

qqlker and James (1), it can generally he assumed that the ground tenner-

- s O o u o

etnre unier e hnsenenf Floor T111 average “Donfi 50 F in nest localities.

If such a fer_ere£ure is frne for poultry house floors, it can he

seen {hef ?or hOHHe Tenneretnres e? holow ROOF, fhere fionlfl he q heet Cain

iron fhe soil. ”owever, Teies (1?) oh‘u"ir-eA fhe Following everege Temper-

atures from his one4week host on a concrefe floor poultry house. These

- ,1 1‘ ‘I ‘

teeeerehures were taken five feet from fine week of tee House.

l-Outdoor tenpernfiure 25°F

E—Temnerefinre at Jhe surface of The concrete floor 30°F

3-Temnerattre in litier tfio inehes thove the floor 39oF

o o o ‘ O

-A1r +enperefure immediately nhove surface of litter 3h FI

The earth temperature unfier the concrete floor therefore seems to be colder

than the air fenperafinre eni 50 he a kind of intermediate value between

the outdoor temperature end fhe tonnereture'ef the air in The poultry

house. This roulfi neon +het The soil would be receiving some heat from

the litter instead of giving some to the houre.

The writer believes fhef some reseorch is required To find the groundA»L

temnerqtune Rt ”ifferent depths around the fonnontions and uneer the Floor

or litter of animal Shelters. The results of such research wonlri Show if

there is a loss or a gein 0’ heat one would perhaps make possible the de—

+erninetion of ifis velne for purpose of design or perfOrnence analysis.
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I O - O C , ’ A

’18 “In he seem “e over-“me "1‘1": velocity is in :jermrol suave lo mp71.

1‘ - J. . ' :w" A 4' r “~L '

' W??? ".e er'ur.._.-w the 79171-53", corviucts, ee, 1T, 157'71", s probnhl 3r ejqoln ins ""11? ,

’ieiently accurate to fissure q velocity o” 13 nrh. . -- . . 4 \ . ._ .4 . .. . AA- A .

Sin e there is ectunlly en incredeed heat loss on the windward side of

a building, the question no? arise coroernin: the Onnortunity of adding an

ellovrnee for this fector. Allen, Helhor and Jones (1) onswer the question

"1ing: "From yeers o? none—too—relioble ernerience There has grown -

J

~ an allovencc to the eelenleted hes” loss on the sides oferectice of Riding1

the building exnosed to the nrevailir; winter Winds. This exoosure Sllow-L;

It is difficult to defend this practice,isonce, when used, is @4331»in 15:3,

in as mucu as the trensnission losses end the infiltration are already fig—

ured for a lg—mile, or higher, wind velocity. Exposure allowances are arbi—

trary safety'feetors, whieh~rere more necessary in fervor years then they

are today when methods of calculstions qre more exact, and the present

xI

tendenc" is away from the practice."

5. Design solar heat conditions

The analysis of solnr host as a secondary source of heat has been pre-

sented in a previous section and will not be repeated here.

However, the T‘ollo-zrinp; figures (Figures 16 to 19) are presented in

order to give the designer a better understanding of the solnr conditions 1

' 1

characterizing the locel area he is covering.
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FIGURE I6

AVERAGE NUMBER OF HOURS OF SUNSHINE, DAILY,

WINTER IDEc.- FEB.)

(BASED ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

PERIOD I899— I938‘
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FIGURE I7

PERCENTAGE OF POSSIBLE SUNSHINE,

WINTER (DEc.-I=EB.)

(BASED ON 200 FIRST ORDER WEATHER BUREAU STATIONS)

PERIOD l899—I938'

 

      
. FROM “CLIMATE AND MAN'. U. s. YEARBOOK OF AGRICULTURE. I94I (2|)
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Tohle hl. Air infiltrstion due to riniows of various typos *%

 

TVDc of window Wind VQlOCity

5 mph lfi mph 30 mph

erouble-hung, Wood-sash Windows

(per ft of crack nround. sosh and

 

meeting)

l-Vindow unlocked, without weather

strips 6.6 39. 3 “ * 103.7

2-Tith weather st ips h.3 23.6 63.h

B—DOuble-hung, metal sash windows

(per ft of crock around sash and

meeting rail)

l-Nb wenth"r strips, winJOW'locked 20 70 15h

Z-HO weather strips, window unlocked 20 7h 170

3—Fe1ther strips, window unlocked 6 32 76

3-Rolled-section steel Windows

(p“r ft of crack around ventilating

gosh)

l-IndUstriel type, l/lé" crack 52 176 372

E-Residentinl type, 1/32" creek 1h 52 128

B-Henvy casenent,type, 1/32" crock 8 38 96

a; From date in the Lem. 3; v.2. Guide 19h? (25’)

According to Goodndn (37) this figdre also supplies toe «r _

T011 i‘itte'a doors

Since air is rloving inward through some of the windows and outward

through others located on the opposite side of the buildings, the gener-

Ally accented nethod for rooms hdving three or four exposed walls is to

tePe the amount of cracks in the Well having the greatest number, but in

“0 Case less than hnlf Of the total cracks.

Allen, Walker and James (1) give the followinv considerations concern—

ing storm sashes: "Storm sashes are Often not very tight-fitting and there—

fbrea may not greatly reduce the infiltration if the original window itself

ifi‘”¢ll.iitted or is'uenthsr-stripped. But if the window is poorly fitted

andlfllo storm sash is tight, the infiltration is much reduced by the latter.

Ii 13 impracticable to set up any definite standards, but tests indicate

that:
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C. Hethods of StandariiZaiion of

fioultry House Ventilstion

Because of the great reli+ion existing between insulation of houses

and the efiiciency of ventilstion systems, certain methods hive been pro—

poeafl as a neans of conprrison in measuring the perfornonce of ventilation

systems in houses of Wide difiorence in design.

1. The fiC method
 

"‘is nothod was proposed by 7trahan in l?hO (99): "If precise obser—

vations could be nsde on performance in houses with AC Cdsracteristics

ranging between 0.6 and h.5, and if +hcse observations could be studied

and results analyzed, fairly detinits relations between the Vilue C and

actual performance should show up that would lead to justifiable recor-

mendctions concerning design and management of houses for different cli-

matic conditions. Would it not be possible to develop some sort of coop-

erative investigation by means of which data from different sections could

be correlated in some dppropriate central ofFice, and would it not be rea-

sonnble to expect that from such a study there would emerge design recom-

rmnd"tions that could be generally accepted because they would be ration—

”lly based?"

The AC valve of a building is obtained by multiplying the ovsrill

Qhfifit transfer coefficient f the building C or Uaver ) by the total er-
0

t is therefore:*
J
.

Posed area per hen (A). T5“ Ln

Btu lost from tie house/Hr 0F hen
9 9

U
1

Its range as mentioned above by Strahan is usually between 0.6 and h.

.en3'wouldD

fbr poultry houses. Considering A as the eXposed area per 100

:nke the AC value vary from npnroximntely 60 to h50.

2- 1h: exposure ratio method

Barre and Sammet (10) introduced in 19L9 a modification of the AC value,

Called the "Exposure ratio." The exposure ratio is obtained by dividing

l
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F. Poultry Youse Ventilfition Fbrmulos

R_"’+.‘. 04' {vqnfiilhieiqn rap/~11; year; {‘07, +,:p"'{rxnrfit1w~ COTT’TI‘OI

s. Qtrnbnn formula. In llho, Stribin (9?) presented the first sim~

nlified formula for deterninv the rite of ventiletion renuired to control

the tennernture of poultry houses

V [:2 (’38 - ACU)

”here Vs : Air flow rate required per bird to control temperature

(cfh/bird)

Q3 = Not snount of sensible heat produced in the house (Btu/hr,

bird)

D : At = Difference between inside and outside temperature (OF)

C = never, = Averige heat transfer coefficient of the building

(Btu/Hr, sq. ft., 0F)

Total exposed area per bird (Sq. ft/Bird):
3
-

0

1 LP . . . .

52 = v - 12’”' a number of cubic feet of air raised 10? by one

0.2h 0.2h

Btu at slightly above

 

freezing temperatures( 33°F and 80% R.H.)

V : Specific Volume 0’7 the. moist in'flflfi 9111' :: 190,18 Cll.ft., 9'15

r4 0 I 0

33°? find ¢o~ h.r. (cu.ft/lb dry Plr)

0.?h = Specific bent of air st constant pressure

Tbis formula was derived from the following heat balance equation which

neglects the secondary sources of best losses in poultry houses:

Net sensible best Neat loss due to Heat 1039 due to

produced in the = the building ‘+ the air change

poultry house (Ventilation and

Infiltration)

Q8 3 Au; +- Va D

52

* Strahan was using 50 instead of 52, which corresponds to about 17°F.
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"heck of the units of eicb t-rn on the right of the lost ecuotionL \1‘

 

Gives:

AC? : ft2 X Pig x OF — Wtu/hr, hen

En 211‘ OF ft?

ft3 x OF 3

5., 1 0*;

V ‘ — 'r’ wen - ft- 1 X Btu “tn/hr he
«.~'- 20s ma” —7-—~=“"’-'“

ft— ‘1 ‘ 3 ft OF

52 ”Eu

0 also Btu/hr, hon.which is in agreement with the left member v,,
L)

b. Barre and Cannot formula. In 19h9, Barre and Samnct (10) presented

a difierent eouation than Strahan's formula for the same purpose:

AU

8

V __ V

S - bot-h (AB “is

V - Air flow rate required per bird to control temperature

 

where S _

(th/bird)

Q8 _ Net amount of sensible heat produced in the house (Btu/hr,bird)

th = D . lifference between inside and outside air temperature (OF)

U ever 3 c = Average heat trdnsfer coefficient of the building

(Btu/Hr, sq. m, 0?)

v - Specific volume of one pound of dry air (Cu. ft/Lb dry air)

0.2h = Specific heat of air st constnnt pressure (Btu/Lb dry air)

A — Total exposed ores per bird (sq.ft/bird)

Tb’annlysis and comparison of the two formulns, the writer found this

second formula to reduce to fitrahnn formula if Unver. is replaced by C,

AtbyD,and 7 W52:

V ~S2H3_-AC)Q News AC)8 - ' 3 _ 2 -

Us ‘17"

Va = 52 Q3 " ACD _ 52 (Q8 - ACD) (Strahan formula)

D
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It should be noted here +bnt the qure end Sonnet formula is just a

TCNDliCStion 0f rtrfitfifl's, the latter being much easier to remember. If one

. . ‘ w r’

keeps in mind that the volue of v may vary, altnough usually around :2

.E, If};

tor poultry houses, the writer believes that Vtrahan‘s formula is proper—

nble. “here greater occurecy is wanted, 9trnhsn's formula can be slightly

changed +0 toVe the form:

V v (38 — AC?)

8 - U. (“L

Asza numerical check, consider the follouing example:

" : ‘.

'unericnl cheer
V

I
.

Givfi’n. Inqi’qc temperature 2 35,0}?
 

Inside relative humidity = 80%

Outside tenpersture = 00? (tenpcrnture differential = 35°F)

AC value of the house = 0.75

Wanted: The amount of V“ tilntion allowable for temperature control

Solution:

A)Use of Strnhan formula:

Q - ACD

Vs : '52 A = '52" "3 ‘ 0"
75 x 35 - 52x Iii-25.25

D 35’ ' 33

5? x 15.75 : 2h.9CO crh/hen (or O.h2? cfm/hen)V

“ the modified Borre and Sonnet formula:

V3=52(1 - 718:5”:(1 — 0.75) to

at ”a; ‘55" e

= 52 h3 — 0.75) z: 52 (1.229 - 0.75)

2 x 0.1;79 = 211.900 cfh/hen (or 0.1m flu/hen)l
l

"
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C)Uss of the unmofll’fod Worrv “oi ¢nmnot formula;

76,009 cfh/fien (or C.h15 cfm/hen)

I
!
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\
3
1

V

fi) : ¢?.21 x O.h79 :

The diff‘erence obtfiinefl By the use of the unnoflified Barre snfl Sonnet

formula as connotes to ?trahnn formula is within hfi error (refer to ppqe

‘0
s o

iuq) for tho route of inglde tom oroturos frofi 15 to 5007. NW? PHTWQFG

‘ sinp‘ifinntion is therefore very satisifictory.

D ‘ a

n_- He'fiifrfi, 17:”.1':

fi fi 0 I

.nfie of routilition roomirnd for moisfurfi rsmovnl
 

n. “toninrd formula. The stonflord venti1“tion formula for moisture

T°WOV51 is

V _ Voisture nroAufied in ”no House, per hen _ th/hen

L . - ' '(015+urs Cgrnquq conncmty of one pound
viqct x o _1 o ' o

' of nutsiwe or incoming Air

If the moisture nrofluotion is computed in groins per hour per hen and

the moisture content of inside and outside air is also considered in grains,

the shove equation becomes:

V

 

  

.[grgflysins/tr, hon) -1W"(pr1ins/Br, hen)
- TT _ {L h

“i ‘351 ’ no so

 

:vs~(grains/hr, hen) x vi
-

act
Formula (1)

 Ive? 7"-

'\..i CD .10)

If thA moisture proiuction is computed in pounds her hour per one

h I, o 9 o o o o

‘Hhred hens and the nolnture content of inside and outSide air is also

conci ~
°«flared in pounds, the equation becomes.

V rr 0

L : 3%élhs/hgjfs 100 hens?r in"? (lbs/hr, 100 hens

ui '31, ' “O '30 100 “1 ‘W51 - 10011.o 'Wé

viac‘b “# v.

3act
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1‘

J3 s x v- -

) lact — vflr(lhs/hr, 100 hens)

‘1

(100 ui “T , - 100 u is r ’ 100 X/ Wi .. trio j

: TIT (lbs/hr, l ‘I

'31 O o )
\ Vi

\ act

_ 1? lhs .r 100 hens) - ll lbs hr 10? hens x v'
_T( /H»’ I _ 'fi / 9 J ) last : Cfm/hen-

1 no T'I. — lam nor

..-l l \. . .-O r a. Var. - It.

 

vinr‘t
(..\;

Formula (2)

he ning of the symbols are as follows:In these formulcs, the

V1 : Venf‘lcuion rate for moisture renovel (cfh/hen)

WT — Yoisture production in the house (grains/hr, hen) or

(lbs/hr, 100 hens)

Degree of saturction of inside (or outgoing) air (For prac—
“i

tical purpose usually may be assumed equal to the relative

humid :1 ty)

no : Degree of saturation of outside (or incoming) air

W31 = Voter content of inside (or outgoing) air when saturated

(groins/lb dry air) or (lb/lb of dry air), consistent With

H unit

'WSO = Thter content of outside (or inconing) air when saturated

(groins/lh dry air) or (lb/1b dry sir), consistent with H

unit

W1 ; T~+~r content of inside (or outgoing) air at the given tenner—

nture ind relntive humidity, consistent'with M unit

”5 = Voter content of inside (or incoming) air at the given temper»

ature and relative humidity, consistent'with M unit

V1 : Specific volume of the moist inside sir (cu.ft/lb dry air)

act
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YuneriCil check

A3 ? nunericnl chock or those fornulns let it he required to remove Ilh

per hen or llh x 10Q_ : 1.63 pound per hour per

7000

{amine of moisture per hour

Icreted water production of four-poundfpired andC
D

100 hens which is the totvl

.1 . ..\ ' .: [1

hone according to Warre and Sonnet (ll). Insioe and entaide conditions of 3; and

- oa a n n o . "

OOF‘nnd 1u55oe end outside relotive huuidity of CO and 100” are assumed.

 

Formula (1) V _ M (griins/hr, hen) x vi

” (Vi ~‘W )o ‘

‘ " V r! I

: 1i§‘§”1¢‘{3 = 77.7 cfh/hen (or 1.395 cfn/hen)

it . 6 X $.55

Fornuln (2) _ M (lh/hr, lCO hens) X Vi

 

(loo Ni — loo W0)

/ in C h,e x i_ - n r,.1 3 "3 - 77 ‘ cjn/hen (or 1.?95 Cffi/hen)

(0.3h090 — 0.07U52)

h. Cropsey farmulfl. In 19ml, gropgey (96) presented a mathematical

”nalysis of the ventilotion prohlem to Show that it is theoretically pos-

Sible to obtain dry litter in noultry houses by choosing the rote of flow

.in such a way as to obtfiin the lowest inside relative humidity.

With this idea in wind he derived the following formula for the rele—

tive humidity in terns o? “if 95””309: O 30/ C
1.3. 75 0.00532+—1W—."‘‘I.

‘R.n. : __

0.1217 (0.00h8 x M30) +((0.000095 x (h “)2

CFUIQI LViSU -, . c   . a Q o

Where R.H. 3 Relative humidity (Z

G lumber of chickens

N Number of air changes

V = volume of the house (cu.ft.)

° = Exposed area of the house (sq.ft)

U = Hover a C . Average heat transmission coefficient for

the house (Btu/Hr; sq. ft., °F)
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The assumptions used in the deriVntion of this formula were: hOOF and

1005 reletive humidity outside conditions and 17 Btu of latent heat her

four pound bird (7ar"e and Sonnet Values)/assunptions whiCh are debatable.

3y further differentiating this equation with respect to N and then

solving for N, Cropsey got the following equation:

N = 0.0191 SU
lr‘

where N - Number of air chanqes

S a Wrnosed area 0' the house (sq.ft)

" Aver. heat transfer coefficient of the house (Btu/Hr, sq. ft.,°F)

V = Volume of ‘he 110393 (SQ-ft)

Which represents the nunher of air chances to secure the minimum relative

humidit' It should he noted here that his lost equation is not an exact
,

.Lae - LI.) .

differential for positive values of U. However, Cropscy in a letter to

the writer states: "Practically the Formulas for minimum relative humidity

hes worlred out very vell‘because there is only a small difference in relative

humidity between twhe formula N u S U (0.0191) and the true minimum. To illus-
 

V

trate refer to the tahle below (fable h2)."

Table L2. Xunher of air chances required to secure the minimum re Etive

humidities and value of these minimums;*

 
 

 

—_M U N = 0.0191 8U R.v. I! R.u.

V exact

minimum

0.05 1.2 6h.6% 1.39 eu.uz

0.10 2.h 81.9% 3.28 81.15

9.20 h.7 92.0% 7.66 90.65

Coho 902'. 96.);3 14.924 9g. :3

* From conputotions by Cropsey (26)

 



"“e croceoure is firct to Vino the numhcr of air chcnzes to secure

the minimum relative humi”' y 9nd thon to suhstitute it in tho iirst equa-

tion to set the voluc o? this minimum relative humiiity. Cropsey adis in

his letter: "The fornula for the exact minimum is long and cumbersome.

""th the formula above, one con ruickly determine with reasonahle accuracy

+he minimum relstivc humioitv ohtoinnhle from a poultry house unfler filmoct

the hoot coniitions o” ventilstion. Also it will shOW'very quicle'whit

ertoct adiitionsl inculotion "ill hive on relotivo humidity."

Croncev holicves that hv choosinv the nronor decree of vontil°tion,

or" litter could he ob,nineo riih the uce of a lesser amount of exncnrive

insulntion. To verify this stctouent exocrincntclly he conducted some

tests during the vintcr of 1950—51 and found the litter of the cxncrimcntnl

noultry honco +o remain Hry~vhen *Ee prOpcr rate of ventiiotion as obtained

by the use of his formula was ippliefl. According to him a check pen of the

same size recuired iive changes of litter in order to maintain the litter

below h0% moisture content.

The limitstions of the Cropsey formulas are:

l—The tormule is more difficult to solve thin the stnndnrd formula

2-The assumption of hOOF outside temnorsture does not suit northern states

3"il1’j

Barre cni "omnot's heat Values apnly.

formuln is limiteo to four pound laying hens sheltered in houses where

 

 

 



f

13‘

?. Poultry Tones Ventilation Shirts

In this section the "ritcr's intention is (n) to present in chrono—

loficcl order 3 review of all the ventilntion chorts prepared for sinjli~

ficntion of poultry house ventilstion oesiqn, (h) to onnlyuo their hncic

assumntions, and (c) to point out their linitetions.

l. "trnhon ventiletion chort

In 19*0, Vtrnhin (99) presented 1 oerforncncc chwrt (Figure 90) for

poultry houses contiining four pound hiris. In the construction of this

chirt, he used the totnl heat production for fictive birds not in produc—

tion (33.9 Btu/hr) and the percentage of latent heat (7.9fl) ciVen by

“itchell end Kelley (73). This percentage of litcnt heit‘corrcsponis to

s noultry house tenporiture 0? 35°F which the author assumes to be con-

stant for the range of outside temperatures from S to 300F.

The "olid curves renresent the air flow variation required to main—

tain a constant tenperaturo of 35°F. The dotted line shous the air flow

requirement to remove the expired moisture. This line was computed on the

assumption of 85% relctive humidity and 35°F inside conditions and 100;

relstive humidity and o ronqe fron —S to 30°F outside conditions. In

figure 20, it is noted thet the dotted line for renoving expired moisture

crosses each solid line for tonnernture control at only one point. This

dononstratcs the fact that for a given conhinntion of temperature, AC value

snd outside temperature, only one rate of air flow satisfies both the heat

holince and the moisture balance equations. This rate is cnllod critical

air flov rate. If the rate of air flow used is bigger than this critical

air flow rate the rel°tive humidity will decrease below 85%. If the rate

of air flow used is smaller than this critical rate, moisture will accu-

mulate in the house nnd condensation will occur if this condition remains

long enough.
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VENTILATION CHART (99)

 

FORMULA FOR TEMPERATURE

PERFORMANCE CURVES

V:

TEMPERATURE FERENCE

'5 INSQE TEHE RATURESO 35 4°

35 35 35 35 35 35

OUTSIDE TEMPERATURE

20' I5 I0 5 O -5

138
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FIGURE 2|

BARRE AND SAMMET

VENTILATION CHART (IO)

INDOOR TEMPERATURE,‘t.-(°r)
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3. "t rflJiton 'vu‘ Cotrixcntilfrtiorz'flicrt

QCT'fi “‘1... .1- .....3 .‘v I L" ,. ‘ 1- n .L~ r c. ,.

In l,,o, J rlc on “i ,ox x92 nrc ontoc o tuiru ugpo of gcrtornunce

in thech*rt (Figuro 2?) For poultry housos contoininfi six nounfl hsns.

con~+ruc+ion or *hOir chcrt thnv assumed a totol hoot Droiuction of 52 Ftu

 per sir nouno hird, ns given by Yitchcll and Holley for notivo non—proflucirg I

hircs, hut +hey included also tho offset of solar roiiction who litter de— ,

composition as found in thcir tests. Their ch“rt thcrcfore groups the ef—

fect of hoot iron hircs, color rsdition on”1 litter oeconpocition. They

nlso cssuned the wotfil noistxre proouction qs. being MS pounds pcr day per

one hunflred hens. Inooor sir was taken st 30% relative hunioity on” out~

side sir fit 25°F nnfl 70% rmlotive humiflity. r”Minor“turn differential ringe

is from five to tvcnty—five degrees (4st or D):

25’ 25 25 25

10 15’ 20 25 I

‘
J
1

\
I
\

At :

t' 30 3; h0 fig 50
1 ’7

The chirt has three sections. The hecvy linos in the bottom section :

'rfihrnqnnt +h- cir ”lo" voriction recuired to maintain the desired temncr— I

ature diiferential. Three curves are shovn for volues of AC = 50, 100 and I
.

200, whore A is the total expose area per 100 six pound birds. Other ‘ ’

crrves con he added for flifferent values of AC. This psrt of the chart can I ‘ :5

I

he applied to any outside tonpnrsturc condition. ;

The heavy lines in the upper section of the chart shown the sir flow i

a

variation reouired to remove both the expired moisture anfl the liquid water

eliminoted in the excrement. Since outdoor temperature conditions were

assumed to be 29°F and 70% in the computction of those curves, this section

0f the chart apolios only'for those conditions.

The ootted line in the lower section of the chort represents the ma-—

ismm "U" value which can be allowed without excessive condensation. Two
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The limitations of the Stapleton and Cox chart are:

l—Indoor and outdoor relntive f1.idities are fixed, and the chart does not‘l;

apply to other conditions. in

Q—The curves for moisture removal are based on 80% inside relative humidity , .‘

and outside conditions of 25°F and 70% relative humidity, and do not apply; .I ‘

to other conditions. .>

3—The curves for maximum "U" value possible without excessive condensation -‘5*.

are based on 80% inside relative humidity and outside conditions of (a) 23§EH

and 70% relotch hum'dity, and (b) O°F and 70% relative humidity, althoughilrirw

it seem" thnt for design conditions an outside relntive humidity of 106%3i615

probably more suitable.
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FIGURE 22

STAPLE TON AND COX

1M;

VENTILATION CHAR T (95)
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;. Clivor vantilntion ohirts.

“ISO in 1953, Clivcr (73) nrewonted a fourth t"po of vcntilation short

(Fiflureq 73-93) for noultrv houses hnvinn an AC value mouol to one ond "on-

I I O I 1

t“ln1fij 108 ”envy brood hone or 133 light brood hens \fonr DOUNG hens).

The total hoot production vos token from Barre and Simmet (10) 15 55138

6 total of 7980 Btu *er hour40 Btu per hour per four—pound hen, which makes a

for 133 four-hound hens. The total moisture production (expired and excreted

moisture) was taken as LF hounds her d~y be“ 133 four—pound hens. Approx_

imately 2080 Btu per hour are reouired for the vaporization of this Voter which

left 5,900 Btu avéilahle rgr Bowen losses on” For honting the ventilating

Howover, the author considered 4,000 Btu instead of §,9OO heconse of

the solar heat (average of three to five hours of runliqht nor Fay) and theA I

heat from the morning 0nd evening lights

The house losses in fitu nor ”ny'znd the sonsiblo heit availohlc for ‘ {

ventilation in Btu per day are shown here (Table h3) against diiferenoe

bctumcn howls: f‘efinn‘rqfnre 1nd OllthLdfl twinernhlre:

Tnhle £3. "est nvilohle ior heating ventilating air, as afiocted

tw'environnental tonnernture"

 
 
Differential between Total net Building Heat available

son°ible heat losses for heating 1

ventilating air

(Btu/hr)

Qv

hou"e and outside

temperature

0F)

production

(Ptu/hr, 133 h-lh hens)(Btu/hr)
_fl_

5 3b

O°F 6000

50F 6000

10°F r4000

20°F 6000

309F 4000

hOOF 6000

 

0 6000

500 5600

1000 5000

2000 L000

3000 3000

hooo 2000

* From computations by Oliver (78)
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> ponn’s for the vol-Tho onount o? moisture removed should be above

'1ixive humidity o” tho house to stay below tho relative humidity assumed in

iffy: charts and for tho littcr +0 rennin dry. TFe conditions assumed for

ssfivch o9 those chorts are:

 Inside conditions Outside conditions

 

 

Chart

Temperature range R.H.i Temporature rang R.H.o

7T0. 1 .9.- No. 1:. 20° to 60°F 905$ 10° to 14001" 7 ,2;

. . o i

no. 2 r.- 110. 5 20° to 60°F 80,: 10 to 110°: 80%

.r r n f 0 + ( O c’ O ‘ 07- 0. 0"
«no. 3 V: ”O. 3 20 no )0 F 90,J 10 to 1.10 «L. DON

 o A . o , o ("

Ol1ver (70) stntes thit Figures 23 and 26 with tneir 70p average out—

”firle relative humidity are more rcprosontative of average Wintor conditions

In northeastern states, mam: Figures 2)., 25, -27 and 28 with their 80:;

(DTIfxside relative humidity are more representative of the north central states.

Oliver's charts hive some very good characteristics as will be seen by

a Check of them. Consider to .... 25°F and. who ._. 702: while ti = 35°F

r d O 0

“31¢! R.H.i = 80p. Reference to a psychrometric chart gives the follow1ng:

 

 

 

 

 

\ *

Tomoer— Relative Hoisture content Heot content Specific

oture humidity of the air of the air volume

(OF) (:5) (Grains/Lb) (TEtu/Lb) (Cu. rt/Lb)
\

inside .1;- 35° (30;: vi = 21. hi = 12.1 vim. : 12.53
L:

Outside air 25° 70:: we = 11. ho = 8.2
\

100 iii-16703310 111-110 :3. 9

\
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looking in Tools L3, {or 100$ a 'clue of f,ooo Btu/hr is found for

{Ixr- RV ‘Dnlicntion of iornulfis (a) (h) and (C), fhfi results ohtcined arc:

‘ n

(a) Pounds or" Fir/"'1", 333 h-ll“ hens ;- --'v = 5000 -_-_- 12572 lb/hr

77E,“

‘ . / $

(b) Cfm of air 133 b-1h Fens _ lo “ir/hr, 133 h-lh nous x Vipct

-’h w,’ 9‘ —

K .L’ hi..th

 

: 198i 3:19.53 2 257 cfm

60

This vsliw is read horizontally from fii'furc 7?}; at the pofnt ‘.'.-'here 250

carrtside and 35°F insidc temrorntures meet.

‘ «' 1 _ ‘~— I Fro
(C) Pounds of water removed/diy': 1b “Ir/hr} 1“3 h lb hens x (31_Vh) x 21 I

7000 grains/lb

1282 x 10 x 2L = L}. lb/day

7000

-nis volue is read horizontally in Figure 27 at +he! Point where 250

Olrtefde and 35°F inside teppnratuves meet. It should be noticed that this

Tvxint also gives ohlicuely the nnount of ventilation required for temper-

Efaxre control as found from ”inure 2h (267 cfm). Since the amount of we—- 1‘

1391‘ remover? was fmmfl to be ’11; pounds, one pound will remain in the house

efififivdny. According to Cliver (79): "The litter Will have to absorb this

Or the air flow nnd moisture removal con be increased, which will produce

‘ (.1
a slight drop in the house and discharne temporaturc." The author odds

thot if the onount of water romoved per day'is above LS lb/do‘: "... the

relative humidity will drop until a halance is reached."

The limitations of Oliver's chart are:

1~The AC value of the house is considered equal to 1 and the charts do not

”poly to houses having different AC values.

P¥The total heat production is taken from Barre and Sammet Whose estimate

”We previously proven to be based on a.wrong assumption.

3-0n1y one set of inside and outside relative humidity can be considered

for each chart.
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?:_The drm'ring of each ohsrt involves ntvmrovs COHPI‘tatiONS 1

cummture of‘ the lires "7‘14 ch recuire the plotting 05‘ “”137 points.

5—‘."he latent heat 'f‘i‘??me need includes hath. “Intwr fila'fli‘r‘ed 7W 3'15 v-I‘q's 9}“

-..;1 tor evaporated from the li+ter, nltho‘zzrfh it sector. thot at f? very 107'?

tewomrnturo (criticol Accign teztnfornture) a port of‘ this hoot will be ’18-'11

for tom-oraturo control rothor than for evnpm‘ati on Of moisture from {-116

1:1tter.

fi—The chorts flre for 133 TOUT 13011115 birds or 3.00 heavy breed birds only.
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”Vune t*e rote of ventilntion From one hour

to one ninute.

VL : Yontilntion rote rocuired for moisture removal

(023+... of moist air/"inJ

The first of the two equations is really a four variable equation and

s not ensily presented in o nonogroph. It would result in a more compli—

O

.I..\) -

'ndex lines instead of two. In0 (
D

HGated nonoqraph involving the use of thr

Vieu'of simpliflying this nonogrnph, Perk -fiuced this equation to n three

Variable one(AN, K1, K9) by assuming fixed indoor—outdoor temperature re-
L.

ations:

Outdoor temperature (to) 15 2o 25 30 35 no £6 50 55

Lssunefl inioor tonpersture (ti) 3O 35 b0 hS US 50 55 60 60

(At) 15 15 15 15 10 10 10 10 5Tenprrnture difference

~VuCh assumptions result in an error when these conditions do not hold true.

Y! j' . g I o '

Jilhever, according to Parser (02): "If the inside temperature deV1ntes from

the flSSIH’Iyi Value, the error would ‘30. rflfiI'ifil“ Mill 33‘1"]. may be neglected in

V3”?ctical opplicotions.“

Tre first equation noy be cnnnjod to take the form Kl : KOI-Afi'wnere
(—

“1. im the result of an addition. BY reference to oi' textbook on nonogrnphs

, . O O ‘ O

(HfS), it can be seen that such on equation con we solved by a chart haVing

+ n ' ‘I '

-Jtrwee parallel scales. lie two vsrisoles which are added are presented to

the: left and to the right and the result is read on the center sonle<K1).

fl" 0 ‘

she TWOdulus of each of these two scales determines tne modulus of the center

scale 3End the spacing of the scales.

III) the second equation Vi is the result of a division. Reference to

a . ~
my t4=>Ctheok on nomozrephs (hG) shows that such an equation can be solved

Ir . . .
J a”TL-chart composed of two parallel scales and one intermediary oblique

50,1]-8 -'t‘n ‘
‘ I o 0

‘~ -3‘.‘ +410 result 0f +106 lelSlOTl(vL)o
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Tonbininq t*68° two eouotious, iho result is a five variable e untion

givinq the ventilation rote reouired For moisture removal in a house of

.
.
.
—
—
_
‘
,
_
_
_
‘
‘

given design torneroture 0nd relative humidity conditions find of given wa-

ter production.

V
Wm

Info
_ 1 l _ .

L - ——» - cu. ft./M1n.

{IO All" 6 / Li -- no)

 
 

 

Values of'?o and Wi were tqken from Zimmerman and Levine, 19h5 (110).

Al.
on+ed on the nonograph and is checned here:One :ppliCfition is nres

rliven: Number of hens - SOO
‘-

Avcrege weight of hens : 6 lb

inount of moisture respired daily‘fiy the total number of birds =

h3 lb (From Terott and Prinqle) (or 8.6 lb/qu, 100 hens 0r

0.3593 lb/“r, 100 hens) ‘

Outdoor design tonncrnture = 50F minimum

I

Outdoor desiqn relative humidity ; 100% (critical neriods)

Indoor des':n tonpcroture = 30°F minimum

Indoor design relotive humidity : 80$ (critical periods)

.
.
.
_
.
“
;

.
.
.
.

,
_
-
,
.
.
.

:“niLGfi: Tl ,' ' t ? .nt‘leti reo ' d t rehov . ir_____:; .Ie minimum r1 e oi V9._1W ._on - ‘uire- o l n e respn ed

moisture at all times

m I

irue: mathematical solution: (Zimmerman and LeV1ne, l9hS)

(30°F) = 3h.76 x 10'“h lb/Lb dry air

(30°F) = 3h.76 x 0.80 g 27.90? x lO‘h lb/L‘b dry air

I

(00F) - 9.322 x 10'“ lb/Lb dry air

AW', 18.h86 x lO~11 lb/Lb dry air

viact (30°F, 803) = 1?.39 (By use ofslide rule Ho 5)
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W6 x vi 0.?535 X l“.39 C EHC“ v 1e10
1. act .' ' " A "J’ ‘ 1., /-r

VL = .. .: ,‘ A 0 -h= , F‘ o : 0.L49h crm/nerl

(go-loo m (m x 10.1106 1: 10 0.!) x lc ..uts

Solution:

J. t-.A IL..:.

I c o a 0 fl :7 T I

l-Finfl the intersection pOint for to = 50" ”rd 7 o = 100” and

project coniitions horizontally to right edge of shirt A to

1 I ‘l'

0
Va 7

"'F a\1d ’- 4: — SO!) r'lflCl...... _2_Find the intersection point for til: 30 .. . 1

project conWitions horisontelly to right edge of chart 8 to

obtain U1

3-Drsw an index line through U0 and W1 and find.AW'at the point

I O W O C *

where this inflex line intercepts the AM scale (Pivot line)

h—Urnv an inflex line through the value of.AW founfl above and

WT g h3 lb and reid the answer on the VL scale = 230 cfn

(or O.h6 cfm/Hen)

Percentage of error:

O.h6 — O.hh9h lOO c.010b K 100 d
=-p2.3n

(I

p error = x

( OQHh9h

is monograph, theIn order to check more thoroughly the accuracy of thi

= + 0.7411924

7. . 5 O o 0 up 7 \

’Plizer‘werred out 18 additional applications: (HT : 2.0 lb./hr., 1L0 hens

or 1:8 lb./ny, lOO hens)

(*Parker did not put graduations on his Wi, W6 and_Afl'scale,

although he could have done SO.)

 



‘
I
I
I
‘
I
‘
I
I

o



AA

 

 

 

 

heck ti ". i, to I“. . IT. i W... 771 Imher 'IL(’?<‘;-*:rg-{:r'w;:h) VI. ‘1. 1‘. error

Of hens Tofigl Per hen Math.

so] ut. )

TTo. 1 75 70 60 7O — - - - - c -
Yb. 2 AS 80 5'0 50 2% K00 hco 0.665 0.4615 +0.0035 +0.55%

no. 3 60 90 50 90 7M) {-00 7/0 1.52 1.20. +0.08 +5555:

770. i: 5:0 80 .‘IO (30 3'39- €OO 862 1.};51 Jami? +'77.-’)()8 + 0.56;;

No. 5’ 570 90 M0 100 13L. 300 775 2.58 2.50 0 0;;

:Io. 6 2.0 {‘0 30 70 12:11 300 720 2..‘-.0 2.).3 —0.03 - 1.2573

Ito. 7 2:0 70 30 90 M}? 100 71.5 7.125 8.11; -O.r.<9 - 8.503

7%. 9 Mo 70 20 70 192 mo .925 2.00 2.00 0 0

‘Io. 9 35 90 30 “.0 23,0 500 31.0 1.08 1.703 -0.023 -1.3':5:5

No.10 3 5’ 80 20 50 23:0 500 910 1.. 82 1. 83 - 0.01 - 0.55;:

“10.11 30 90 20 100 90 200 9753 M798 M. 90 -0.02 -0.2._:1;:;

10.12 30 80 10 90 1th 300 86. 7.86 2. 8 + 0. 02 +0.70%

No.13 30 90 10 100 m; 300 750 2.50 2.50 0 0

No.1); 30 f" 0 60 1M; 300 568 1.9, 1.86 +0.03 +1.61”;

no.15 25 90 10 70 13m 300 820 2.73 2.70 +0.03 +1.16

No.16 25 80 ~20 8 13-1; 300 020 2.07 2.055 +0.015 +0.73%

50.17 20 80 0 8 96 200 7.50 3.753 3.72 +0.03 4 0.81%

No.18 20 so -20 90 11:14 300 810 2.70 2.06 +0.01; +1.59;

m conclude from the above applimtion 0an checks, it can he snii that

the accuracy of this nonogrnph is very,r good in general, since of the 18

. o o 9 ,4

qDf‘la.<:n.tions chosen at rqn’ion, only tv'ro were in error by more tnnn 550.
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b. Choinicre nonogrsph for determining the Ventilation rate required

for moisture removal. The writer is presenting here a second tyne of nono-

granh to solve the genercl ecuitions for the rate of ventilation recuired

.for moisture removal.

This nomogrsph is a combination of the same equations as the ones

Ilsed.hy Pwrker (82), except that the meaning of the symbols is changed

somrr'fitat as shown here:

 

1) AV = —"""‘.vi Vi ) Vi r11 ' K2

2) ‘vi 3 WT ”T

60 x 100:: on = 6000 m

where (SW = "Cisture carrying Capacity'of outside air

(Lb. /cu. ft. of moist inside air)

W1 . Hoisture content of inside air (Lb./Lb. dry air)

W6 = Woisture content of outside air (Lb./Lb. dry air)

'V1 5 Specific volume of the moist inside air

(Cu. ft./Lb. dry air)

W1 = Hoistnre content of inside air

Vi

(Lb./Cu. ft. of moist air)

K1 ._.,

W5 : moisture content of the outside air per cubic

Vi

foot of moist air, when considered as having the

temperature and the specific volume of the moist

inside air. This term has a mathematical meaning.

However, for convenience it will be celled "Heis—

ture content of the outside air" (Lb./Cu. ft. of

moist air)
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WT _ Rate of moisture production in the house

(Lb/hr, 100 hens) and (Lb/Day, 100 hens

60 = To reduce the rate of ventilation from one

hour to one minute

100 a To reduce the rate of ventilation from 108

hens to one hen

VL : Ventilation rate reouired for moisture

removal (cfm/Fen)

Fouation 1 is really a four variable equation and is not easily pre-

ve‘flted in a nomognph (it would result in a more complicated nomograph).

In View of reducing the first equation to a three varin‘oles fem, three

methods can be used:

1‘331e volume 0' entering eir may he considered equal to the volume of out-

going air (i.e. we may consider that for each cubic foot of inside air

55°ng out, there is a cubic foot of outside air going in).

2‘11 constant v1 value may be assumed

3~A variable v1 value may be assumed, (i.e. we may consider fixed indoor-

01M“floor temperature relations).

The writer computed some typical percentage of expected error which

"“T’IL‘Ld he obtained by assuming the volume of entering, air as equal to the

vol‘lme of ontgoirg air. The results are shown here: (WT : 2 l‘o/Ur, 100 hens,

O V v a

r 118 15/393”, 100 hens) . Values of ”i and no for these computations were

tf . o 3. o 0 o

LlCell from Heating, Ventilating, Air Concitioning Guide, 1951 (6), and values

or ,
"'1 were taken from Taole hh.
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t1 3.1-1.1 to 11.130 At. VL (ch/r...) Pif“erenee Emecied

True Assumption error

math. of equal

(0“) (7,) (‘0?) ('1) ('F) solut. volumes ( 7.»)

60 70 55 80 5 13.?h 1h.72 -+2.88 +2h.3:

50 0 10 2.71 2.95 4-0.2h + 8.9

1.5 .‘30 15 1.81 1.7118 +0.108 + 6.6

L0 80 20 1.23 1.298 -+0.068 +-5.5

5o 80 L5 90 5 10.80 11.75 +0.95 + 8.8;5

35 90 15 1.395 2.013 +0.118 «+6.7

25 90 25 1.178 1.22 +0.th + 6.2

15 90 35 0.937 0.963 -+0.026 -+2.77

c) 90 50 0.797 0.809 +0.012 +1.51

ho 50 35 90 5 13.07 c5“ °<= —<:

25 100 15 2.938 3.135 +0.19? +6.35

15 100 25 1.699 1.765 -+0.066 -+3.88

5 100 35 1.30 1.375 +0.035 +2.65

0 100 to 1.2h7 1.275 3+0.028 -+2.2h

30 80 25 100 5 127.1 ac: “=' —<=

15 100 15 3.8h h.oh +0.200 +5.25

5 100 25 9.363 2.hh8 ‘+0.085 -+3.6

0 100 30 2.088 2. us +0.05? -*2.73

- 5 100 35 1.912 1.95h +0.0u2 +2.19

2° 90 15 100 5 116.8 ac -<= -c

5 100 15 5.77 6.05 .+Cu28 -+h.8%

0 100 20 5.325 h.h9 '-+0.165 1+3.82

- 5 100 25 3.62 3.728 3+0.108 +2.78

- 15 100 3 2. 91.3 3.00 + 0.057 +1.935

\
 

Since CXDGCtOd errors above h or 5% 00u7d easily be encountered, the

pbOVe ' .. u . - _
assumptlon Ins ”nerefore put 051de.

be 0“)

The wr4+I‘d-U

‘tained by using constant vi values of 1

er compufed next the percentage of expected error which would

2.53 (35°F, 80;: 11.11.

(bcyb
" 1?, EN¥$TLIL). The reeults are shown here:

) and 12.67
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*1 Vi Difference Emectod error (,5)

act l—Diff‘erence 2-Difference l—Use of 12. r’3 2-Use of 12.67

(03‘) (80%) from 12.53 from 12.67

75 13.75 +1222 +1.08 +-9.25 8.6%

70 13.51 41.08 ‘- 0.9.’1 “‘ 9.5 7.11

65 13.1.11 +0.91 4- 0.77 + 6.7 6.1

60 13.28 +0.75 e 0.61 + {7.6 I;.8

55 13.12 +0.59 4- 0.55 {21.5 .3123

50 12.97 +C.hh + 0.30 + 3.8”; 2.87

85 12.82 +0.29 +(n15 ..2.2 1.2

be 12.67 «+0.18 0 ..1.1 0 i <: 8%

35 12.53 0 -0.11: 0 < 11."; 1‘1! error

32 12.115 - 0.08 “O. 22 " 0.6 error 1.75

30 12.39 —-0.1h -0.28 - 1.1 2.2?

2‘3 12.25 - 0.28 - 0.8.2 - 2.2 3.3!

?0 12J1 -0Je -03% .33. THE

As shown in the te‘ole, monographs based on this second assumption would

1 u . .

‘09 1n error by as much 2.3 h to 1073 for compu’mtions involv1ng the use of

tQTT‘Qratures from 50 to 75°F.

Put aside.

This type of simplification was therefore

The third methoi of sihplificntion consists in assxming a variable Vi

Value or in other words in assuming: fixed indoor-outdoor temperature rela-

t‘ .
10118, as used previously by Parker (82). Since Parker‘s nomograph seemed

t
.

O
O

0 have a rather satisfactory accuracy, the writer choose this method of

Si . . . .

P‘plification as the most reliable one.

13° 55' 60 55 50 1.5

ti 70 65 60 6o 55

4t 5 5 5 10 10

12.97

1.0 35 30 25

50 1L5 ’15 110

10 10 15 15

12.97 12.82 12.82 12.67

The. relations used were as follow:

20

35

15

12. 53

It ShOUld be noted that this method involves an error but as mentioned

pr

evj~Ously by Parker (82) the error will generally be rather smell and me;

be
11".”

.Dlected in practical applications.
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Moeified DRYChrometric charts for ”i and W0 were computed by the

 

Vi Vi

'writer, using data from the Venting, Ventiliting, Air Conditioning Guide,

lififlflt). These charts are presented as curved lines, on the nomogrenh, for

Irnrpose of re"embling the standard psyohronetric charts.

Two verintions of the sane nomograph were made. The first one is a

single nomogrsph requiring two index lines meeting on the Afl'scale as a

Ixrvot line. This type or nomograph is esoecinlly suitable when one is in—

'terwested only in finiing the minimum rate of ventilation required for nois-

tque removal. The second one is made of two separate monographs requiring

an index line for each. The advantage of this type is to give 71. perpen—

dlcular V scale with uni”orm grefluntion which make it possible to make a

a-Chsnplete heat anfi moisture balance nomogreoh as will be done later in

Paris III.

In order to illustrate the use of these nonogrnphs, consider the fol-

ln“"in5_; 'zpnlinntions'

' 52211922122 EEO; l

235:233: Rate of water nronuetion in the house = hS 1b/Day, 100 hens

(or 1.875 lh/Hr, 100 hens)

Inioor tomnerature = hOOF.

Infloor relative humioity = 80%

Outdoor temperature = 00F.

Outdoor roletive humidity = 10073

Werr+ , , . . . ,
’ The minimum rate of ventilation required unver the above con-

\Q—g

dition to remove all the moisture produced.

Tru . .

“-Si~jysthemat1cel solution:(Hoating, Ventilating, Air Conditioning Guide, 1951)

wisat (hO°F) = 52.13 x 10“11 lb/Lb dry air ‘

Wigog (hOOF) = 52.13 x 0.80 = 11.708 x 10'h 1b/tb dry air
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”Togqt (00F) _ 7.515? X 10"L Ila/I3.) (hf; air

AW'= h1.70h - 7.952 = 33.892 lh/Lh dry air

v'a (LOO? BOfi) = 12.67 (Tron Table he)

 

 

 

1 ct ”

.. Wm K V'
VL 1 1act 47 1.875 x 12.6? ..2 1.975 X 12.67»1.1696 cfn/Hen

50004?! , 6300 x 33.7732 1: 10'“ 0.6 x 33.832

Solution by use of the nomographs:

l-Find the intersection point for to = 00F and R.H.o = 100% and

project conditions horizontally to rigat edge of chart A to

obtnin W6 = 6.h

_-Find the intersection point for ti : hOOF and R'H'i = 80% and

project conditions horizontally to right edge of chart A to

obtain Wi = 33.0

B—Draw an index line through W0 and mi and. find AW -_- 26,6311; the

noint where this index line interconts the1AW'scole

h—Urnw an index line through the value ofNAW'= 26.6 found above

and WT hS lb and read the answer on the VL scale = 1.175 cfm/fien.

Perla .

..__:ggntage of error.

7 error : 1,175 .. 1.1696 100 _+0.00§h x 109 : +0.16%

151696 ‘ 1.1596

  

épnliCS‘iOB E0; .2.

(1‘! V , .

JELZEEIE: Rate of water production in the house = hfi 1h/flny, 100 hens

(or 1.R7§ 1b/Hr, 100 hens)

A o
In oor tonnerature z 50 F

Indoor relative humidity = 80%

Outdoor temnerature : ZOOF'

Outdoor relative humidity = 100%

‘-~.£E££: The minimum rate of ventilation required under the above con-

ditions to remove all the moisture produced.
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True nethQWathil solutiorn (Heating, Ventilating, Air conditioning Guide, 1971/

arr-ism (573%) = ms? at 10'Ll lh/Lh dry air

”1:70;:1 (500?) = 76.58 .\- 0..'10 = 61.261: x 104‘ 15/15 dry air

1703a.) (2002?) = 21.59. x 10‘21 lh/Lh dry air

W = 39.7.11; x 10"11 1h/L‘o dry air

(50°F, 90% = 13.9? (From Table hh)
viact

t W’ x Vo 1.97: x 19.9" 1.87“ x 1?.
I] : T 1act - '/ I J 9? ; 1.0198 Gin/Hen

 
  

J “6000 t ‘ 5000 x 39.7er x 10"If 0.5 x 39.711:

Solindon By use of the nomogrsphs:

l-Find the intersection point for to = 20°F and R.H.o ; 1003 and

project conditions horizontally to right edge of chart A to

obtain W6 = 17.3

2—Find the intersection point for ti = 50°F and R.H.i = 80% and

project conditions horizontally to right edge of chart 3 to

obtain W1 : h7.3

3—%a‘" an index line through W0 and Ni an“ find A?! = 30 at the

point where this ind x ine intercepts the‘ W scale.

h-Wraw an index line through the values ofAW .-_ 30 and VT :: 115 pounds

and read the rms'vrer on the Vi scale = 1.0h cfm/Hen.

Pp '

-;I:3:j¢taqn of error:

5% error r {it-011 - 1-0198\' 100 : +0.0202 x 100 -.+1.90;.;:
{ 1.0198 / 1.0198 ,

 

In order to check more thoroughly the accuracy of these nomographs,

th

‘e’ '"riter worked out 18 additional applications: (WT : 2.0 lb/Hr, 100 hens,

°r 118 lb/Day, 100 hens)
W
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3h96k ti R'H‘i “h. . to .?—¥.s ”nah; 13” we V1 Diff. Error

ac... - I ~ Thee of True

+2319 (MI-13+”

(of) (7') ‘ (of) (7.) 4‘ ’ an ofraghm :olii. C")

To. : 75’ 70 274.0 '.-‘=‘ mf”t 9.0 was 0.5;? b.2723 .32

”b. ? f? 80 7f hi 3) 29.9 “1.0 2.“ o.fié “.K5: 0 oi1 0.1“

-?u .3 A0 90 75.1 51 ?o 51.9 23.? 7.0 1.x 1.1;: 0.31 g,7g

3’0. 1'. SO 30 117.2 1:0 (30 234.0 73.3.3 .\3 1.3.3 1,. ‘1 (.011 {1.77

330-; 50 90 333.; 1:0 100 310.: 13.9 72.34:: 2.3.; 0.17 0.51.

“0- J ’40 90 32.0 30 70 19.0 13.- fl 2.1.0 2.}.«12 0.0on mm

‘30- 7 ’10 70 29.0 30 9O 2?“? ..7’ (3.0 7.50 “5.30 0.,0 9.9

2b. 8 ho 7o 29 o 20 70 11.1 16.9 2.0 1.27 1.965 0.003 v.2

£0. 9 35 90 31.0 30 ho 10.8 20.2 7.0 1 A; 1.€9§ 0.0h5 ?.43

3.0-10 35 80 7.7.); 20 So 8;; 2.0 1.80 1.79 5qu 1,13

£9.11 30 90 25.2 ?0 100 1?.2 8.3 ?.0 L.ho b.37 0.12 7.78

'o.12 30 “o “2.h 10 9O 9.4 17.R “.0 ?.~3 2.'1 0.o2 P.77

}£:%? 38 20 $2.; 18 198 12.? 1;.2 £.? v.32 2.rffl o.r2r 1.3g

:0 15 r) L» (may; '3 :3: li.q 1;") ’13.”, 3;.“ 0.0...-) 1.3)

”0.16 “ 20 LE3."- 10 ‘0 1'0) '11.}.8 “.0 :o\ _ :.'.:‘ ”3.0,? 0.26

10:17 25 : 1;°O ~20 190 3.0 L..,;.o 2.0 ..10 1.1.3 9.923 1,os

0.18 :0 50 19.0 p0 uO ..o c.8 2.0 3.;0 3.«g u.41 9.99

a :0 14.0 .—40 100 2.0 11.9 9.0 ?.u2 2.? 7 0.053 1.02

4- Lo/co.n. OF non'sr mi. “0'“

5* u/ua.’ no It“:

From the above apnlicntions and. checks, it is seen that

Oi" fh- - - u. ".' n 4.
' 1 s nomograph is in general ".1 chin 3 or 1;» ...or ..th whole

'“"1Pnture from 20 to 7S°r.

the accuracy

range of inside

90:10 of the advantages of this monograph over Parker‘s are:

14m

"“13 Ventilation rate is given in cfm pcr hen which makes it very Mutable

for

purpose of comparison and analyszLS (To 1‘1an the fan capacity for a given

Wh

i(3h is n. sinple operation)

2-.
"711“- Water production is given hoth in pounds per hour and in pounds per

(in

y D’Er 100 hens

3~n
18 V scale of the second nomogreph presented by the writer is vertical,

WhiQ"

‘\4\v

"ril

1 he done later.

- , thi s velue nun-t he rultiplied by the nunher of.“ hirds in the house,

‘1 moves it possible to make a heat and moisture balance nomograph, as

.
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To concluce from Perter's end ”he writer's nomograph. for moisture

removal, it own he sass thet thaws nomogrnphs are only approximate heonuse

of‘the nssunption or fixed indoor—outdoor tonpernturo relrtions on which

‘they are bases. horever, “3 shown hy the numerous checks done for each

n, they are accurate enough for most ”esign prohlens.
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NOMOGRAPH FOR DETERMINING THE RATE OF VENTILATION

REQUIRED FOR MOISTURE REMOVAL
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Iri orfler to illustrate t' nee of this second nomogrnph , consider

. . o I A,- n 1‘ . v‘ ‘1 ‘3- rir 1.. . 1‘17 11’ Q!) '4) 3‘13 6

the folilovinq nnnliontions -.n.o nvnh ohn cine poult.d Home- 3 t on

3‘913Z6Ki nrovionsly for moisture romovol.

Application No. 1

Given: Wumber of hens = 500

Average weight of tens = 6 lb

' I ,3. -. I- .1 1'" p 17le _ cf": c:

\nount of sonSihle neat pro aged “on: y J; on- i _ ,I.,

(From Hitchell & Kelley total heat production and Barott and

Pringle latent hefit production)

~Outdoor deqiqn temperature : 50F minirum

Inooor decign temnerntnre = 30°F minimum

"AU" value of the house : lh96 (Hhere A = Total exposed area of

the house)

lfimtnd: The maximum rate of ventilation required to maintain the above

r’_o':fotemhnrnfiur‘e differential (AT : 3O "’ Q — “/

True mathematical solution:

v1 (30°F, 80%) -_- 1?.39 (33' use of 51139 rule No 5)

992 Ptu/Hr, 0?, Hen

 

12.39 (2.3 - 2.992) 1

0.25 ‘66

_ 17039 X 00692 II _207 7 Cm (:00 110115)

- 0.2h x 65' - —O.S9Sh cfm/.en (or , . e /.

(The negatiVe Sign indicates that it is impossible to

maintain a temperaturo difference of 25°F)
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k
n

fiolutirni‘n'uoe o” the nonogrnnh:

l-Drrv an index line through W = 6 lb (or qs — 57.58tu) and

rt the point where the index line

  
2-Drnw an index line through the vnlue 0? QB foun shove 1nd '

At ; 25°F and find K (dummy veriohle) at the point'vhere

"the in-n* line intereents the pivot line

3-3raw an index line through the value of K found abov- and

5U “IIQK to finda.- answer. Since the VS scale indicates

less than 0 efn (or - QQD'by extending the scale below 0).

This shows that all the heat produced ly the chickens is

lost by conduction through exposed huilding surfaces and no

heat in availahle for hosting the ventilating air. ‘ I

3253233339 of error:
 

d

p error =

7.7 " “°

u
.
.
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Applizfition Lo. 2

 

Given~ o
._. wane data as for afiplication Yo. l, exceyt ihat the ”AU" value i

Q

of the houre it given as 900.
!

infant, .
. .

l

“er-1. Th“, Flair-um rate of venti] Q’fiion rCQ‘llrf‘éd thO maintain '3. tezuper- J

thr 74¢? ° r 5°

1 f

.. Le (.-l.erent1al ol 2; At

--~§flllfmthfil solution:

’

 

V1 (30°F, 80%) z 12 .39 (‘u use oi‘slide rule No S)

.. AU, _ 900

 

 

.
.
.
.
.
.
“



 ‘fs = —- ...—...

Ci, :7}. D 00

-1733 $7.,“ —1.8 ”1“

7.3.7.11, 2,) (

.- 19039 (q. 3 "' 1.8) 1,1“.79 X 0.5 : C ‘13 (girl/Iran
,

.. C‘. 7,1, - '71714 X (‘0

(or ?l§ efn/BOO hens)

Solution by use of‘ the nomofi‘r‘nph:

1.83d 2 Same as for fippliention No. 1

l
l

. . _ . T’P .

1 c “riv in index line throvgh the valie of n lound above and

43': 900 And read the answer on the VS scale : 225 cfm

per 500 six—pound hens (or 0.h6 cfm Der hen)

Percentage of error:

 

 

77 ~ “15 100 -+10 x 100 - -rh.655...L")

 .a error-" 215 - 21

£72 13.1.03} 210:. 2.

.EEEQ: Ikrfier of hens - 500

Average weight of hens = 5 1b

Amount of sens"ln hoot produced liourl" by one bird : 27.5 Btu

(From totnl heat production by Hitcholl and Kelley and latent

heat production by Borott and pringle)
I

I

Outdoor design tempnr7+nre-- 50? minimum ~ 1

Indoor desirn temnorotuVe : 30°F’nininum

VS = 230 efn nor 500 six-pound hens (or 0.L6 Cfm per hen)

Eflflifll= The "AU" value of the house required to maintain the above

tennerature differential : 30 - 5 : 250 (At)

True MW

‘““—-___:Datieal solution

V1 (30°F) 80%) : 12.39 (By use of slide rule No 5)
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Vs : : 0.L( n°n/Ven

o - 60 V

AC :3 S

D

  

 

. . - ' l‘ X ‘\l .l r.) T— f-e; - _ /

= ‘%P5 ‘6 3 ° _ 2.3 — 0.53h0 ; 1.7‘Sh

4) ;_._)

Chlntion.by u"c of the nomozrfl“h‘

l-Urnw an iniex line through W'; 6 lb (or Q8 3 ,

N = 500 on“ find 03 at the point where the index line in~

J. I“

tercepts ohe Is see l
—
I

(P

?-Drnw on inflex lino fihrongh the value of Q5 found above and

at = 23°F and find K (dummy variable) at the point where

the_index line intercepts the pivot line.

3—Drsw an inaex line throuxh the value of K found above and

VS = 230 cfn and find the answer on the "AU" scale = 900

(or AC = 900 = 1.8)

5 U: s .

fEEEZEfiEgngf error:
fl

.4 . r, ' 4
» error : 1'8 " l‘YQib 100 4-0'03L6 x 100 :-+1.96b *

1.7551; ‘ 1.7651; ,

 

.1

Troy‘the above nrplieofions, if can be snid that Parker's nomo- ,

gran}: 89 .L o

« -ems 90 be accurgfie enough For mosh design problems. The degree

Ofe axpected error due to fihe assumption of a constant vi value equal to

'UTEh
53'wi

ll.b¢ Presented in the discussion of the writer's nomograph.
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NOMOGRAPH FOR DETERMINING WINTER VENTILATING RATES
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b. Choiniare nomofirnph for determining the ventiletion rete required

for tenpnreture control. fifter onnlyzing Parker's nomograph for temper—

eture control, the writer thon7ht of sore ways of improving this monograph.

913‘” it W?fi flesirca to ohtnin the rote of ventilation Der hen, the first

equation used in Parker's nonogranh (QB = U x qs) was not consiiercd. The

terns of the second eountion were noflified as shown here:

3 - Q "1 n < r _ d u C"

“-7-“- -—-—-—-
)2 D

where Q3 = Total sensible heat proouction per hen

(Vim/Tr, hen)

40 — Usefl to reduce the ventilation rate from one

hour to one rinute

VS 3 Ventilation rate required for temperature

control (Gin/Hen)

H“ . 2 '9 0
D = ;o~p1ratqre rifierence ( F)

52 = v = 1?.h8 (where v is the specific volumecfi?

one pound of moist air at approximately 33°F and

80% R.H., 1nd 0.2h is Jrhe specific heat of air

at conetnnt uressnre) = Yunher of cubic feet

of air rniced one OF by one Btu.

"AC": Refit loss characteristic of the building

(Btu/I-Ir, 0F, hen)

1‘13 8 equation was senarated into two equal parts each containing two

vari , . . . .”bless and made equal to a. third variable (rimmy variable), for instance

. K:
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'T‘hg fikaory of‘ H10 nrrnnqu'ieni‘. of‘ the differont scales and their spacing

~731.11 he found in nmr textbook r~11 nomographs ()16).

The "Titer computed the ocrcontage of ezmcctcd error caused by the

assumption of a constmt vi

rm:

Vi = ['2 (as used in this nonogrnph) and Vi

many other dc signers ) .

value.

an

Computations are shown here for both

: v3 (:13 used by Parker and

 

 

 

 

  

t1 v1(80;5 v1(80?$) Difference Emmcted error ()3)

‘UTQT 1."'!ii‘f. 2-Diff. l—Usc of 52 2—Use of 53

from 52 from 53 (‘v‘i'riter's nomograph)(Pnrker's nomograpll)

80 13.98 58.25 + 6.25 +5.25 -12.o ~10.S

75 13.78 57.1.2 +512 +1.12 -1o.h -— 23.5

70 13.61 56.71 4-11.71 +3.71 - 9.0 - 27.1

65 lBol-lh 56000 +£1.00 +30m ’ 707 - 5.8

60 13.28 55.33 +3.33 + 2.33 - 6.1. .-

55 13.12 Sh.06 +2.66 +1.66 - r: 1 - 3.1

50 12.97 511.01. +2.01. +1.01; - 3.92| - 2.0

115 12.82 63.12 +3..)12 +0.12 - 2.73 — 8.81, < 1.3

L0 12.67 52.62 m.62 -o.38 - 1.19 + 0.73' error

35 12.53 52.21 +0.2 -o.79 - 0.10 «1% +1.52

332 12.. 115 51.87 ' 0.13 -1.13 + 0. 25 error 4 2.17

23 113:3.3; 51.612l 41.3?) -1.3g + 2.3 .36;
“~02 )100 -009 “'10 + o + g

i? 12.12 SCoSO -1.";Q " 2.50 +2.88 +1108

10 11. 990 29.96 4.011 -3.0h 33.92. ,+ 5.8

5 11.855 119.37 -2.63 -3.63 «813.1?J +7.0

0 11. 722 l:.8.83 -3.17 -!;.17 + 6.1 +8.0

ll. 59 118.28 -3.72 41.72 + 7.15 +8.9
\

 

A O

“3 Shown in the table, such a nomoarnph would give an error as much as h to

9"” . . . .11... for computations 1nvolv1ng the use of inside tanperatures from 50 to

‘SOOF.

However for the ranr:e of tcmnera tures from 15 to 50°F the amount
, - - 9

of expected error is below hi; and the nomograph can he used safely for this

1":1 .... , . . .

«n ,e of inside temperature, when a greater accuracy 15 not requ1red, as 18

t1«
.e Case with most design Prom-“5'

To illustrate the use of this monograph, consider the following appli-

1;
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Aprlicqtion r6. 1
.0 — .— .—.. — —— ..— .” .—

o o o T") .

01vcn: SerSIL1° hbfit Urodnctior 'ncr har = t5 Lin/Hr

Wcsircd inioor tonf0r0+ure : MOO?

' 1 .L
O

“OFlfh Ottroor nonwornture : O F

i0 value of the house : 1.0

17nntcd: The moximum.ratc of ventilation required to maintain the above

tournraturo dificrence (MO - O = hOOF)

TPrue mathematical solution:

vi (hOOF, 80%) = 12.07 (From Table hh)

 

v3: vi (QB—AC 1

= 12.67 (hS _ 1.0) 1

of... m at

.._ 12.67 (1.125 - 1.0) 1 = 12.6 x 0.125 3 n 11 fix}: ..

..1 60" 0.221 x 00 ‘ C “’ ‘8

l-Usinp o straight edge, join Qs ; h: to At = ho and find th
J

pivoting point on the K scale

Q—Toin QC = 1.0 and the pivoting point Found above and find

V': 0.11 cfm/Tcn on the V scale.

pew

-_:JZ::ntage of error:

3’3 error =(0.11 .. 0.110) 100 ._. 07.7. « I .

0.110

Annlication Ho. 2

53:11:32: Sensihle heat production P”? hen ' hg Btu/Hr

Desired indoor {anornture = hOOF

Desired outdoor temncrature : 00F

Average sir iniiltration rate = 0.20 arm/Hen

JEEEIflfigi: The "AC" vnlue required for the house to maintain this temper-

ature differential, with no ventilation other than the infil-

tration
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Trvq mqfaamhticpl solution:

vi (h00?, Egg) = 3,fi7 (iron Tahle MN)

I

AC = 08 - «0 VS

D Vij

(m

_ hS — 60 x 0.20

H0 15.1 5—

"727271

f _ 60 x 0.20 x 0.?h

12.67

a 1.1250 - 0.2273

= 0.9977

 

 

Tn lution:

l—Y’sing a straight edge, join Q8 2 .‘15 to At = h?) and find the pivoting

point on the K scale

2—Join V :: 0.20 and the pivoting point found above and find AC : 0.90

on the "AC" SCflle.

Perncntawe of error:

 

' 0.9977 0.0977

20mg 3:- +ng qr‘lvn‘fljnf‘fqg 0? this monograph over Parker‘s nomograph are:

3'3 error - (0.90 -— 0.9977) 100 : 1 000023 X 100 : *0'257‘;

1-”.7he AC value of the house nor hen is used instead of the total AUavcr
’ 0

value, which makes it easier to compare houses of the same capacity but of

a.

-lf‘f‘ercn‘a
insulating value.

?‘ v o o o 9

‘ Th? ventilation rate 18 tnven 1n 07011 per hen z-rhich makes it very suitable

gs

-OI‘ purnoses of‘ comparison and analysis. (To find the fan capacity for a

0.
. .

.

"lv‘en howyn, +3119 value must he multiplied by the number of birds in "the

1

fl 1 . . . -
01,319, ‘-"h1eh is a Simple operation.)

3"h‘
o

4, ‘ .
. .

Lila? slope Of the A¢ scale 18 not SO great, maxing the reading ea31er.

‘-

1‘ :'h

n 0
° '

L *“n nensible heat from litter decomp051tion and from solar radiation may

be
.

added to the sensible heat from the h1rdS.
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NOMOGRAPH FOR DETERMINING THE RATE OF VENTILATION

REQUIRED FOR TEMPERATURE CONTROL

 

  



I. Poultry house Ventilation Composite Charts

. are another Way of nrnscnting the solution of aComposite Pha Jr

given formula. 'T'heir main advantage is that they usunlly recuire a small or

99303 than “000V?““hfi. They ”r9 similar to nomographs in that an eqnation

is solved hy drs"ing lines from one axis to another; however, their appear-

nce is much difi'ere-nt and for this reason the writer is presenting them3"

apart from simple chrrts and from nonographs.

A composite chart is made by choosing; two variables in the equation

to he solve and placing them on a chart, one as the e‘-:»:=.cissn~ scale and the

other es :1 granh line. The conhination of these two independent variables

Yields a third dependent vnri nhle "rhich is read on the ordinate scale.

This deoendent variahle is, in turn used as the ordinate scale on an ad—

J'Oininn chart in *"hich another of the variahles in the formula is presented_ , o

as a graph line. This new conhi notion yields a second. dependent variable.

1‘10 process is continued until all the variables in the equation have been

Used.

If two variables are to be added or subtracted, the graph lines will

3

:3 O O O O l

-e Rtrsight and parallel. If they pre to be divided or multiplied, the

graph lines will be studight diver vent lines or curved lines.

1’TEte of ventilati on required for moisture removal

3.. Goldrieh composite chart for determining the ventilation rate

reQuired for moi stura removal. Goldrich (36) presented in 252:; 1953 a com-
\

posits chart to solve the equation for moisture removal. This composite chart

may be considcred 15 being a combination of two equations each containing

t .
hree variables:

1) AW = Wi .. 1:10

where AW = Moisture carrying capacity of outside air

(Lb of moisture/Lb of dry air)

‘
.
-
m
*
_

_

-
—
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.
-
_
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” - Hoisturs content c? inside air (Lb of moisture/Lb

(‘1wa '1:V)

t. .-

KO : "oicturo contort of outside air (lb of moisture/Lb

dry air)

0\ V _ “T ”T‘

“’ L - z ‘

371 .- El: 3: IO MED [3.7

where VL = Ventilction rete recuired for moisture removal

(Lb of dry air/him, hon)

’" Vote o? noic+ure production in the house

(Lb of moisture/Hr, 100 hens)

dfi'3 Hoi~tnre carrying capacity of outside air

(Lb of noictm‘e/Lb dry air)

60 3 Used to reduce the ventilation rate from one

hour to one minute

100 3 Used to reduce the ventilation rate from one

Hundred birds to one bird

1‘3"

.23, L ss— which

6000 (W1 - W5)

  

7mc combinction of these two tornnlss gives: Vi :

is 't}le stcndcrd ecuction for moisture removal. ¢ince this Formula includes

0

“012" ‘variahlcs and may be divided into tvo equations involving three vor-

io . . .

WEfiL“’S 910h (73 FWOTD ahove), fiFO graphs are required to solv~ it for V1.

w a, _ v , .
0 ““ren in ordcr to Tlni the'vnlues of Ni and J6 corresponding to the filVGH

Jib . . o o o o O

‘trlrle and outside tenncrnture and relative humidity conditions, a third

snry which is n psychronctric chart with W as the ordinate,graph is eces-
l

.
_
J

t r: . . .
S ‘5he abscissa and relative humidity he the graph line.

In.order to simclify his conposite Chfirt, fioldrich (36) assumed that

the v
()1me Of dlSChaI‘!'9C‘. air C'Wlal the VOI‘LJG Of enterilw all“. .‘Lhe above

a ‘1 u

as ‘ o O

Enlhflption.bring the following changes in some of the symbols presented

Above =

fi
—
-
—

-
p

—
-
~
.
-
.
-
—
.
_
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.
—
_
_
,
A

-
-
.
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t

ITO-v therefore p”cscnted a modified psychromctric

[
c
4

V
)

«
J

V : Ventilation rate requived for moisture rnmoval
L

(cmf't. hf‘ moist air/7.7111, hen)

13'. Eloisture content of.‘ inside 1111‘ (Lb of moisture/Cu.ft.

of moist air)

‘0 -

of waist '31)?)

AW : .‘fo‘btm‘c cam‘yf-ng capacity of outsidc air (Lb of

moisture/"7:1.ft. of moist air)

chfirt giving W in pound per

cubic foot of air instead of being in pound per pound of dry air as in the

standard psychrometric c}1".rts

A sketch of the three graphs to be ccm‘nined is shown here:

CHART No \

 

 

CHART No 7. Cumm- No 3

  

   
V...

  

I

     
 

 

 

VJ.

coco

AW

 

PS i. ta Aw

(“Vt "none-mic can't cwwr 'ro gm," n; cum-r TO vsoue Tue

\Dnflm «has» 3") ' E‘Quu‘n‘m _ EQWON y.‘ WT

AW“ “'1 V' m

Since

right

An application is presented on the chart and is :hcckcd here:

charts Nos. ’2 and 3' have the same abscissa, they must be super-

lmpoPed. Chart 1 is to the left and charts 2 and 3 are presented to the
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Apnli“ntion (Refer to the smart)

Given: 129157."! fn‘f‘.‘r"-7"1“11re = (1501?

 

Inside relative hzni’i+y -_173

Cu+siflc temn1rnture : 25°F *

Outside relvtive humidity = 85%

Etc of mainfure proiurtion in the house - 1.25 b/Hr, 50 birds

(or (O 1b/Uny, 100 birds) (or 2.5 lb/Hr, lOO hens)

Wentcd: The rate of ventilation reonired for the complete removal of

the moisture as soon as it is produced

True mathematical solution: (I eating, lentilnting, Air Conditioning Guide, 1951)
 

Wis1t (65°F)-13?.6 x 10‘“ lb/Lb dry air

W1 (65°F, 87%) = 139-6 x 377 = 115.362 x 10"’1 lb/Lb dry air

an lb/Lb dry air3,0881} (25°F) : 27.33 X 10

W5 (25°F, 07 = 27.33 x 85 = 23.?30, x 10h lb/Lh dwy air

AW = 115.3620 .. 23.2305 : 92.1315 3: 1o"h 111/11) an air

viact (6g0F, 97%) = 13.h6 (Use of slide rule No S)

11 x Viact _' 7.6 x 13.16 2.5 x 13.h6_ A, 3 = 0.6087
6000 AW moo x 92.1315 1: 10’" 0.6 2: 92.1315

 
 (a) VL :

cfm/fien (or 152”. l cfh/fiO hens)

2:3£L_I::tnenatical solution: (himmormnn nnd Invine, lQhS)

xvi (65%, 87:3) = 115.352 x 104: Ib/Lb an; air

Wesat (25°F)_ 28.26 x 10"h Ib/Lb dry air

wo (25°F, 85:1) = 28.26 x 9.5 = 21.021 x 1o"h 113/113 dry air

AW = 115.362 - 28.26 : 01.3h1 x 10"14 Ib/Lb dry air

 

t(6)F, 877)=13.h5 (USe Of' Slife rm}e No. S)
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: C. 51’},
 

 

.. “ 5 x 13.h6 2.7 x 13.u6

1. ‘ = ___... : _ =

(J) IL 4000 A37 (10“) X 91.331]. X 10 J 0.6 3:? 91.3311

non/Von (Fr 17L? cfh/fo hens)

Solu+ion By use of *he couposite chart:

Goldrich in his illustration (re’cr to the chhrt) found Vg

1°70 orb/C0 Hiras (or 0.0066 cfm/Uen)

Percentage of error:

 

0.60““ - 0 4077 100 1—0.00?0h x 100 ___ /d

(a) 7’ crr0r=<
f1, ) "

0.33x),a

0.40 0.4087 ’

o

'7

l

.— 1.27
 

% _fo,éo£6 - 0.61h 100 ;-c.007h x 109__

(b)’ ermr'\ 0.6111 ' 0.61? '

a,curqcy of Golirich's chart would

\

Based on this unique noplicntion, the

he very good. However, it should he remembered thqt hecnuse of the assump-

tion on which it is besefl, this chart is suojcct to an error. In the dis—

cussion 0? his nonograph, the writer has computed the degree of error to

These values are summcrized in the followinq table: (fig ; 2
A

be expected.

lb/Vr, 100 hens or L3 1h/97Y: 100 “v 5)

From this table it may be concluded:

l—That the percentage of error 1'‘or temperature differences swoller than

10° varies from about 10% up to infinity

2-Thfit the percentage of error for temperature differences from 10 to 350

decreases from 10% to about 2% with an increase of the temoerature differ-

2:106

3-Th1t the percentace 0? error for a temperature difference:fron 35 to
1 )

50° is around 2%.

Since Goldrich‘s application is ”or a temperature difference of’hOoF,

this probably explainei the low percentage of error found. It iS probable

also that Colfilrich (36) has used Zimmerman and Levine psychrometric table

C19h5) although he did not mention the source of his data.
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ti H.H.i to R.Y.O At EXpncged error

(;.»)

:30 70 5.1:? 90 5’ + 2 ‘I. 3:1

50 «“0 10 + 9.9

’15:,» DO 15 + (ff/J

m ".0 20 + 5'. f:

{70 (X) “J 90 S 4» KB

33 9O 15 + 5.7

95 9O 25 + 6.2

15 90 35’ + 2.77

o 90 50 + 1.?31

L0 90 35 90 S '<:

2:? 10C» 15 + 6.,33

15 130 25 + 3. 88

5’ 100 35’ + .../>5

0 100 )L0 + (422$

30 8:) 25 100 5 0C

15 100 15’ 5.273

5 100 25 3.5

O 100 30 2.73

.. 5 100 35’ 2.19

20 90 15 100 5 .c

5 100 15 lugfl

o 100 20 3.82

.. s 100 25 (..78

-15 100 33 .935

To conclude, it sfinulfl be $144 khwt the above composite chwrt is only

Hpnroximnte; it gives its greaficr accuracy when lfirgo tompornfiuré differ~

”nCGS (35 to 5099 are inv07ved. It Should probably never be used for small

temnerature flifferences (100 and less).
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GOLDRICH COMPOSITE CHART

FOR DETERMINING THE VENTILATION

 

RATE REQUIRED FOR MOISTURE REMOVAL(36I
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..\
‘ ‘h, Ch01n1nrfi cnwrnc1+e chart For worsture removal. The writer 0T0P3T9d

\fl ‘ 1 " H , - ‘-~ - . u :1 ' . '1 . 1‘ I“. a. .- ~- “‘1 ‘ 1 v

'5 seoom tme r11 3:1..noqite chnw’m., much is -13.30d on ....1e mule formulas ._.hanH5

‘he ones used 5y Goldrioh (Bo) and is using the modified psychromefirie chart

prepared by Goldrich (36).

One advantage of this new composite chart over Roldrich's is that the

ventildtion rare is read in o’m per hird, a value easier to use for COmpdr—

However, bes““se it is based, like Goldrich's chart, on- \Adtive annlysis.

+he essunpfiion ‘hot +he volume of enfering oir is equal fio the volume of

discharged air, ifi is subject #0 the same errors discussed 9or the previous

chart.

Two applieotions nre presented on the chart and are checked here:

Application No. 1 (Refer to the Chart)

. . 0
Given: Inside tenoersture : hO F
 

Imejfie relfiiive humidity : 80%

Outside tennernture = 00F

Outside relotive humidity = 100%

Rate 0? untor production in the house = RS lb/Dsy, 100 hens

(or 1.873 lb/Ur, lOO hens)

flhnted: The rate of ventilation required to remove all the moisfiure as

soon as it is produced.

True mathemniionl eolution: (Nesting, Ventildfing, Air Condihioning Guide,19§l)

W1 t (ho°r) = 52.13 x io'h lh/Lh dry air
33

Viact (1.001; 90,3) = 52.13 x 8.0,: = 11.701 x 10"h 113/113 dry air

Wbaat (0°r) = 7.872 x 10"h Ih/Lh dry air

AW 3 111.7011 - 7.872 .1: 33.832 x 10""1 lb/Lb dry air

viact (hoOF, 80% = 12.67 (From Table uh)

WT xviact 1.875 x 12.67 1.875:x 12.67

:: . 11:, _-_ 1.115 ci‘m/Hen

6000 AW 6000 x 33.832 x 10' 0.6 x 33.832

   
(a) VL
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“rue mothoniiicsl solution: (Tinnornon and Livinc, 19h§)

, -2
w not (MOOF, 90;) : 31.7Oh x 10 L lh/Lh dry dir

 

 

 

i

w _I .
”0.1+ (OF) = 9.322 x 10 4 lh/Lb dry air

n-.U

Afl'z Ll.70h — 9.322 3 32.332 x lO-h lh/Lb dry air

Vi (hOOF, 90%) = 19.57 (From Table hu)

act

W5 x Vi t 1.875 x 12.67 1.975 x 1?.57

(b) VL : fi «'10 " -‘ _fl :3 = 1.167

6000 A?! (2000 1: 2.382 x 10 0.6 x 32.332 Cfm/Hen

Solution by use of +he composite chart:

 

Dy refering to the oorposite short, the answer is found to he

1.?0 cfn/Hen. (3.3. = The writer had first read it 1.95 but

later revised it and found it to be 1.20 which shows how difficult

to scourotely road a composite chart)itiS‘e

Percentage of error:

 

  

 

(a) g error : 1.20 - 1.115 100 : 0.085 x 100 : +7.5g

01.115 1.115

d _ 1.20 - 1.167 100 _ 0.033 x 100 ; ¢ 2%
(b) N error _ 1‘115—v ) _ . ) _.+_.9).

Since the true mathematical solution using Zinnerman and Levine data

(l9hC) gives a percentage of error closer to the exuected error, the writer

believes that Goldrich probahly used Ziunormnn and Lavine psychronetric table

although he does not mention the source of his dota.

. lication'go: 2 (Refer to the chart)

\

. . o
0 ven: Inside temperature = 50 F
 

Inside relative humidity = 80%

Outside temperature : 20°F

Outside relative humidity g 100%

Rate of water production in the house : h5 Ib/qu, 100 hens

(or 1.875 Ib/ur, 100 hens)
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Tanted: The rite of voutilvtion required to remove 011 the moisture as

soon “8 it is produced.

H.
. I“ "

( ~ v—nrrfi 191". (111,4. Ln,VlIlO’ l>’4!/ )

h

True mathenitical solution:

Wisat (50°F) = 78.55 x 10’ 1h/Lh dry air .

Wiact (50°F, 80%) = 76.55 x 80% = 61.2h lh/Lh dry air I

Wbsat (20°F) = 22.87 x 10"11 lb/Lb dry air I

AW = 61.221 — 22.87 = 39.37 1h/Lh dry air

(500p, 80%) : 12.97 (From Table ht)

, r, o .8” - ’20V - WT X viact - 1087) X 1?. 97 A -1 (5’ X 1 97 = 1.045, (34‘4/‘31’6‘1.

L ' 6000.00' 6000 x 39.37 x 10‘H_ 0.6 x 39.37

viact

 

Solution by use of the composite chart:

By refering to the Ch7rt, the answer is found to be 1.10 cfm/Hen

(3.0. = The writer had first rend it 1.16 but later revised it ;

and founi it to he 1.10, which shows again that composite charts

are very difiicult to read exactly). i

Efrcentage of error:

4 error___(1.10 - 1.005) 100 _ 0.035 x 100 z..3.28%
__—

p
..

1.065 1.065

To conclude from Goldrich's composite chart for moisture removal and

the sinildr chart presented by the writer,

np‘proximate and great care should be taken in their use. The writer believes

i

f

9

f

2

it can be said that they are only I

l

t

that nomographe and slide rules should he preferred since they are easier :

£0 road accurately'nn” are therefore more reliable.
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a. Solarich Composite chart for determining the vontilction rate re-

nuired fortenoeratrrm =cntrol.“oldrfich (36) also prepared a composite chart
AL 2 x—IA—

 

to solve the eoustion For tonnernture control. This composite chart may

be considered as heing e combination of six equations each containing three

variables:

1) “Let. : HET x L

2) HS(B) = EXT - “Lat.

3) HS(BL) = “8(8) 50 BL

h) H5(0Ls) = H5(731) 50 HS

5) K = 53 II8(BLS) ; 53 C“S Total

T t

6)VS=K-53AC

where Hint. = Latent heat produced by the bird

(Btu/Hr, 50 birds)

HfiT = Total Neat given off by the respiratory system
L

W3 body of ”1" ‘3de (Mitchell and Iteiiev's

h.‘ o

curve;(3tu,ir, 50 h1rds)

L = Percentage of lotent heat produced ,y the birds

(Hitchell 0nd Kelley's curve) (fl)

”8(“) = Sensible heat produced by he birds

(Btu/Hr, 50 birds

HS(BL) = Sensible heat from the birds-bflet sensible

heat from litter decomposition

(Btu/Hr, 50 birds)

“$031.53) -.-. Q5 Total = Sensible heat from the birds+IIet

sensible heat from litter decompositionnpfleat

from the sun, lights, etc. = Total sensible

heat available for temperature control

(Btu/Hr, 50 birds)
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UL : Yet sensihle heat from litter decomposition

(This is the portion of heat from litter de-
D

eonnosition which is in excess of that used

to vaporize the uoicture in the litter).

m [7"

(5011/ 1.1“, hen)

HS = Heft from the sun, lights, etc. (Wtu/Hr, hen)

K : Dummy verinble

53 = v : Cubic feet of air raised one ”F by one Btu.

UTUh

t g ti'to = Temperature difference between inside

and outside air (0F)

VS 3 Ventilation rate required for temperature cons

trol (cfh/50 birds)

A0 = Heat loss characteristic of the house

(Btu/Hr, 0F, 50 birds)

50 = To convert the rate of ventilation from one to

50 hirds

ise conhination of these formulas gives VS = 53 QiTotEl'- 53 A0

A.

which is the stcn43rd countion ”or temperature control. A sketch of the

seven graphs to be combined is shown here:

 

 

CHART No \ Can RT No 2
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Her .1;

"iTCHEU. mo kcuuv‘s “item; AND “nu 7‘s

0)th Foe m; 1.735 cunvc FOR “I: Libra“

Hear vacuum». or “an “9151' 910900110! (7.)
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CHART N93 CHART No 4’ CHART N0 5

Ham) Ham.) // ' ”“80 /

L/K’ /..

Nb" HS(B\.$)

on

stunL

Cum To SOLVE THE CHART To $°Lvs THE CHM“ To SOL V: THE

EQURT‘O“ “‘(g‘- “‘1' ‘ S EQUK‘W’N H‘(B\) : HS‘B)+H'- EQV AT‘ON "'3(.Ls): “S (u) + H5

CHART N06 Caner N07

SSHKILQ t, / VS

01 ‘3 Q79“. V A,

’0

K K

Cuba: to some TH! CINAQT To tour we

summon K: 53 05197 FQupm'ou Vs: K- 53M

(3

An applicntion is nrescnted on the chart and is checked here:

Apglicition (Refer to the chart)

Given: Inside temperature = 65°F

Outside item’Eratm-e : 25°F

Inside relative humidity = 87%

Weight of ‘nirds; 5 1b

Total heat nroduction (HAT) = According to Mitchell and Kelley's

curve.

Percentage of latent heat (L) - According to Mitchell and Kelley's

CUI'V'C .

 

 

 



19?

Wet sensible first 4‘row litter decomposition (HL) : 5 “tn/”r, hen

Ynet Prot“! the sun, lifihts, “to (HQ) 2 5 Ytu/Yr, hen

feet loss characteristic 0? +he house (AC) : 30 Etu/Vr. 0?, 50 hens

Wanted: The ventilation rate re uirei to maintain the above tenpernture

difference ((50 _ 25° = Moo)

True mathennticel solution:

 

I. = 2b? (From Nitchell's curve)

3 = 100— 2h = 76%

HAT = 2315 Utu/Ur, 50 birds (Fron Mitchell's curve)

”8(3) : 2315 X 75% : l7g9.h

L = 5 Btu/Yr, hird or 2S0 Yin/Hr, 50 birds

5 Stu/Hr, bird or 250 Btu/Hr, 50 birdsHS

HS(WIS) = 1759.h+-2504-2SO = l7§9.h»»500 = 2259.h Btu/Ur, 50 birds

: 13.b5 cu.ft/lb 0? dry air (By use of sliderule No 5)

 

V

1act

Vs =15; as Total - ACRE

‘ 0.274 At

_ *6.2H no .EU

_ 56.0h (56.t85 - 3o) 1 __Sé.oh x 26.hg§::2h.737 aim/50 Birds
 

50 .' 60

(or O.h9h§h cfm/hird) (or lhhh.? cfh/ SO hires)

Solution by use of the composite chart:

Goldrich in his illustration (refer to the chart) found

vs i.- 1820 cfh/SO birds or 30.33 CPA/50 birds

(or 0.6066 cfn/bird)

Percentage of error:

5% error _ (0.60666 _ 0.191611) 100_ 11.0.12 3: 109 _ 22 73;

" 0.11.9151; " 0.1191151; " '
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GOLDRICH COMPOSITE CHART

FOR DETERMINING THE VENTILATION

RATE REQUIRED FOR TEMPERATURE CONTROLBG)
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cared n new chart. This new chart on; he anngjcn ed a L .nfl -

  o o 0 V"

of two eouctions each contnining three var1a»les: I

OE

where h Dummy variable

Q3 : Total sens hle hoot nViilable (Btu/Hr, hen)

at : Tennereturn differential (OF)

§2 : ‘v : l2.h8 (where v is the specific volumeof one

0‘. 0";

pound of moist air at approximately 33°? and

80% R.H. end 0.2h is the specific heat of air i

at constant pressure) = Cubic feet of air raised

1017 by l Btu.

2) 60 va ._. K — 532 "AC" ;

where Vs a Rate of nir flow required for temperature control I

(Cfm/hen)

7
:

I
I D'umrv verie hle

 v = 12.38 = Cubic ft of air raised 10F by ;

00:5 I Uo/h » I

l Btu.

"AC" = fleet loss characteristic of the building

\
fi
,

h
.
)

(Btu/Hr, 0F, hen)

60 number of minutes in an hour

 

 

 



2

5 Q8 - 5’2 AC

At

Sketches of the

 

The combination of these two formulas gives 50 VS :

which is the standard emm’nion f‘or temnnrature control.

*r'ro :rr‘phs to he contained are. s’om‘l here:

 
 

  
 

   

 

 

 

CHART Nol CHAIT No 2.

i - /

b

52 Q,

CHMII' T‘o soLve T“ CHART TD saw: 1»:

Fawn-u» K: 23.5%: Eauhfl‘ou \Iss k- 51. AC

- Since charts Nos. and have the same abscissa, they must be super-

imnosed.

Tt-ro applications are nresented on the chart and are checked here.

épglicgtiog L10; _1_ (Refer to the chart)

Given: Total sensible heat available for temperature control -_-,

ho Btu/Hr, hen

Inside temperature = LLOOF

Inside relative humidity = 8073

Out side temperature : 10°F .

Heat 1033 characteristic of the house (AC) 3 1.0

Wanted: The rate of ventilation required to maintain the above temper-

ature differential (1:0 - 10 = 30° )

True mathematical solution:

viact (10°F, 80%) = 12.67 (From Tame an)
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. o _ q
Vs : vlpct 28 A.\ l

(5. “h D— [6.0-

= 12.67 39 - 1) 1 12.87 (1.333 - 1)—3—

c. h 30 ‘50 0.25 00

..: 0.202 cfm/Hen

Solution by use o? the composite chart:

nownosito ehdrt, the nnSWOr is foun” to be

Percentage of error:

e _(b.30 — 0.292) 100_ 0.008 x 100 _ 2.74
/ CI'I‘OI‘ ..\ 0.292 ._.... 0.292 _ 4‘ 1°
 

Applicgtion 30. 2 (Refer to the chart)

Given: Total sensible heat av7113blc for temperature control =
 

ho Btu/Hr, hen

. on

Imelda temperature = L0 P

Inside relative humidity = ROS

n + . , oh
uueSldC tempelature : 30 n

Heat loss characteristic of the house (AC) : 1.0

hunted: The rate of ventilation required to maintain the above temper—

ature differential (ho - 30 : 10°)

True mathematical solution:

vi (LOOF, 80%) = 12.678 (From Table nu)
act

0 - I’LC ' '

VS - viact (“8 1

' 0.2H D 80

_ 12.67 (59 - 1) 1 __ 12.67 (h - 1) 1-

' 0.2L 10 ”""' ‘ 0.2 "3600

12.67 x 3 = 2.6h cfm/Hen
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Solution by use of the coupocite chart:
_—

Ry reFering to the composite chart, the answer is found to be

?.6 cfm/Hen

Percentage of error:

 

 

VT ___.

2.x _ 9.52., 100., -0.0?: x 100 - -1529;
P 0.; _ 7.6L, - ' I

-0

One advant.ge of this composite chart over Goldrich's is that the ven—

tilntion rate is read in cfn per bird which is a value easier to use for

comparative analysis. finothor advantece is that this chart is epplicahle

to 9 condition and the sensible heat from litter decomposition end fromny

the sun may'he naded +0 the sensible heat from the birds.

To conclude from Goldrich's composite chart for temperature control

and fhe Similnr one nrnsented by the writer, the writer found out that

they are somewhat more complicotei to read then nonographs because of tho

intersecting lines. For this reason, the writer's conclusion is that

nonogrtphs fins slide rules should he preferred.

-
0
—
‘
_
.
—
.
_
.

-
_
_
.
—
-
_
_
.

“
-
-
fl

‘
v
~
¢
—
.
~
.

.
-

~
.
.
-
.
.
.
-
-

.
-
.
.
.
.

 





206

(“NM up) M ‘aaumoaa N0uv1uN3A so any

l
=
3
V

H
a
n
/
m
a

9
7
3
%

{
0
'

'
0

o
n
'
o

©
3
1
d
“
'
1
3

I
3
3
'

2
"
3
'
”
N
O
O
‘
Z
‘
O
I
‘
A

O
E
:
0

0
9
2
'
!
)

Q
3
1
a
m
”

 

 

 
-
—
‘
»
.
_
_
_

-
—
-
—
_
.
.
_
.
_
.
.
.
.
_
“
—

u
u
u
u
a
n

I
Q
p
u
o
d
u
d
t

 
 

 

 

W
"

'
A

'
N
O
I
l
V
'
I
I
l
fi

l
‘

‘
0
"
‘
3
0

3
A

:
1
0
3
1
W

3
H
]
.
9
N
|
N
I
W
3
3
1
3
0
L
0
3

_
L
H
V
H
Q

B
L
I
S
O
d
W
O
O

8 x: a53

(mum-u ) 'e ‘31av1muvau THISNJS 'Ium

 



 

 

.
—
.
.
-
.
-
M
.

-
-
—
—
.
—
o
-
~
_
.
_
.
.
q
.
.
_

7
k
7
”
-
.
-
_
.
_

i
.
_
_
.

 

 

w
’
-

-
_
.
’
-
-
k
fi
r
h
,
f
—
d
fi
fi
_

.
7
.

Ahwmpumcfikc

oPLmofirC\Crr,:n+u"..PE.HOonwaHvLn+fl7-mtfirflLg.....:..rCHCL.

-
H

cv>fimyc.sfimvTfiurfl+rm+rooesr+c-rc;is

Ahflcxvfiofiwe.yc.do\o;:¢mwczwe.LJJ
L.\

_

par.cTsmLitreTomeflorrncSCELE98+:chIEd

osawbHaLHCCTco;w.m.fiassescTusseweahu00H

I.,I,na.

OVWWCHLRLf‘H‘IT-rflf(.\Il?

\

mapewe:H:+-rTm::~cbwwzrcsMCevapCTcp(LIrc

ApfirpcflccTc.nm

.i\‘u.J1.O.‘.\)

Lm\c.:I(rnLnoCSAr.;”codCorr.»

0I...

\,II.I:144¢11‘.IIprrfl..

llfilrndpvmt‘Pfh“QHIWC(Trrtr).'[WC+rl(.4rr.f\yfl\OoWN.rTI-.lbeff-3PI

As?.o;+CLMT

'

.\.C.50\mcmdptiwofi9C.23-.n+HTH,£fi£Chunrcnczr

CobwvpasewnoTHucwcc¥r04rcgcsrrrwc:s.

.mroa+c:.m

aooflwehpflwwfisgv>wpefichooozecc:0TemaLww
Q

m(HQ”.1;

ocsxwnoa(ItchfcoomTmooTcE.mwTan

A:o:madeoTmeVmfifip

 

m \J\.Jal‘l.
\.‘.IIII..,..rI.I.lIJ~I..Il\..t.l.,AI.e.\I\I‘7....14.

$WIV4HHHV(UWIFE.TC‘u-Crkrrscc$.er”Err?“"(VOL-r(rHr;(".\.W.rll(Him-[C1£4Inf.)Tncgrc(Vc

 

HflKrCfCi.

 

0::«usouyouTo:Jdro;e+chpowxgfl

O.sH#.PI1‘PrrUrHHO:H..WCCC®?er.4_h!Hm.UF..C®~+murflaunkrtyrHrrr‘trcgiii.._{COM

‘I)..I.4.\..1...'I|‘.

mauhcvhkC'eHrlhfthfHCheefirflhi"(lu‘4(I,(L.I|($IVfir.”"(»r‘

J.vs

>1TI...s:.I..I‘I.I.I..l..I4II)154...I

,...f..4LCTrrI(1+;th(-.rrrrI-L.L:(...ICIC.).yrrrrrl:‘r(

IOI

..\.IxI\v\.,...‘filx.~.<)....J‘4A

(.ch..(L.++2.!0C3...+i(:_2c(fr).((2..{ZCCSinCfSr

J

4..,..,I.._.T....i...

vCHr',»an,.r.rr(rrpw4.(rv4...rr\krflor'kp

(
x
-

O(
\
1

."'4_rfirtrr

I:4......,«.T..I.I.{l1.

w.4.r)(s>rCF.2‘.(.rr¢.m.£(+cn\..\erC(Qror(nIWFrxH

rutJrH.flt..hCrVr

....1,‘~,..1‘,\,

rcul‘.fltrH(_l-s(..:.W(Rib!(ckPk.“

.......,\‘V.....A.’I.\.

.ruqOfvczrtu‘v‘l'fikrbI7\.(fC‘

'



 

m
u
m
s
-
“
_
-

“
b
.
.
.

.
-
.
s
.

a
n
.
.
.

-
<
.
.

,
,

-
—

fl
H
-
—
.
.
_
-
n
n
n
.
‘

 

“
—
.
.
—
_
_
_
—

.
—

-

.
-
-
-
-
-
.
v
w
‘
_
_
_

_

pmfiUmH.mmsHa> 0
r
!

"SHOToHESHHpanHmQHECHHomTLHCHTcynczgmm:mmno

thHcwmTSchb.weCCHmhcbrcopcwTmpmzccmup?chpgwe0HTHETcooom<

CH......»...C“(HHHCLW“LP...
L.

.

.Ev:¢newTogfipHHmQSuwho?OHmcmcrchcxw.TnpxcHamay? c

H..IVI.H

ADVAbNQVIA0brvITAOVA.I.‘I-\+

pOTpcUEHLTHHOHcg¢:HTomvcphrup:aHOwarum.:H.>H:opmouspHR

mCHweCCHmhobrocpCTTHSLchHrcr+ECToLH?gup?+Lrpm5eoHTTHI<

_-of.7

.uwr+pomTepfi¥m+u::u.LrbHpTouOSHcL«xxchTmp+rHcm(b.HrthwenoHca.

.3....

o....fa).ll+CUH:.,1-

SVL..,§HY$115518A...:T

..«IOpfinfl.2,IINa.

.:.sTCH+.nto..HHLOH ._.»r.

.EpomOHFL+HLmCHcopma:r,<ac?H20H+c:c,0

AnHrHTHcEkc.yk.:n\w&:+uHcckc.JHV

hHa0THm4:cweHpHccmcrHTHHLLccc;r+chLIhwq

0.-...HHCWHH.Q.£CC.+

:0:0:0COMMoHCHCOHHcHHJCC>e34crsTcLc;TspuICT

hasego

CH(CHEchHQHTHCcCHHiHHfiob03$crrwoh0+TanaIOOH

AchfiOOH«ML\e;:TCHCEkc.LHV

vane;cmwTHCCH+TSTTLQrxz+chIacTTca

Ase;«CHLXTHcHLHTCTc.HmLTT

HI.I

Hr..?.£($LLLLHL.HCE..HCQ.CCeHr..-“(LC4LLSLM..+I.Mr._.r.+CIfi.L».....r:

 

 

AIHHrVLHCVMC.+M3%\c...r.4r..[r.1

.U.II).II—.

90or:rtf”FTCHTLIFT”if...(...,4crLL.

Fwfluc.k.+(LIMP.»QPTW.‘+rrcL..f\.+,Irr\.",.rrCrz(.xrrJIIo..0......

\JzJ

LCC



lfig h.un~2-(1ov'imcwm'>

...(1053 mm AW) .. (0..) + (4.0;: 172) _ (419': VL) ___: (0)

”5n Tn°"£inn n? ‘*1 fininfl “”rqw wns cliQHfly lomnvnd in orflor to fifirtifilly

ennr1nt fbo asenrption nvfln “y hrVin: +Eo Volwne of entering rir n8 equal

to fihe volume of muffininfi 5i .

7n?enanca to flny ficrthonk on nomofirfinhs 1n” Slide rules (hfi) Will ex-

plfiin how 5W6 Clidé rule "is prnnnred Tron in“ above equnfiions.

In aniér to-illnsfirnfic fine use of'slido rule No L, consider the fol-

lowing 1pnlimfinns For inwifle tannnrnfiures of 20, 30, hO find 50°F.

Application Ho. 1 (ti = 20°F)

Sivan‘ late 0? ”star nroflnntinn in fine %0Use - 1,879 1b/"r, 100 hensI __~ -- -v .

. -

 

(on MS lb/Ufiy, 100 hens)

Inflonr innnnrfiture — 20°F

Infloor relfitive humiflii

Onfflonr flennérhfiurc = -2003

O11+rlonr rn1n+l1rn h11u‘11f‘i‘ky =100‘“; |

fi9n‘fidt mhn minimum rn+e of vnntilrtion rervir94 undér +he above coniition

+0 :‘nrnrnlrn '1114‘ 11A moin+yr~n prophusnd

True nfithemntical solution:(Heating, Ventilating, Air Conditioning Guide, 19h5)
 

-1

Sat. (20°F) = 21.hh x 10 ‘ lb/Lb dry air

-h .
.1 833 (2002) = 21.hh x 0.85 = 16.?lh x 10 1b/Lb dry «1r

-h

”1

W lb/lb Hry nir
053.130

Aur=19.-1) 9 .625 = 16.58 1b/Lb dry air

(-20°F) = 2.625 A 10

A
.
.
-
4
—

-
_
.
-
t
*
-

-
_

Vinct (20°F, 85%) = 17.12 (Use of slide rule No S)

  

 

Vi 2 WT x viact 1,275 x 12.1g_2 1.875 x 12.12 : 2 129 032/en

60.00417 0 x 7.59 xlTJ'h" 0.6 x 15’. 5’89
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I? . ,— I. w I an ' 5 ~ V
..olu+ion by n e 01 +‘e nar1~n£o° 61100 1nlo:(flron lfi’f £0 rirhfi)

J

 

_“ 1' +‘1 : 1n~ ‘,, ' . o w 1vr

1-3U2 . 9 ’. -fi firro 00000106 ti : 20 F on" r094 “i = 15

71 v' (‘r'r’

'i-o--o' ‘5- 'J

l "' "

7" '5 fl \ ' . "' ~,- ,

53-1113. he to .0-“ arrow opporiie "i : 15' find 1‘om:ld..r .—. 1.3.7:";

- l + ‘ 1"? . ‘I R. ' L, -v3 Pu. hue UJird nrrov oppoaitoASW'= 12.7; and read V: = Q.M2 cfn/ncn

1..., .n o, 2,, op 0.1.0 “T = l.u7) (or kg)

Percentage of error:
 

 

 

)5; Error .1 (,3.‘¢2 '- 2.91.29) 100 B — H.009 X 109 = ~0.37F’o’

\ 2101029 72—0229

as compared to+W35for the non-corrected slide rule.

Annliontion 1'0. 2 (ti ___ 30°F)

,1. .
. , /

given. Rate of Water production in ihe houne = 1.875 lb/Ur, 100 hens

 

(or L5 lH/znv, 100 hens)

Indoor tennnro+ure = 30°F

Infloor roldtive huniflity : 90$

Outfloor tonporfiture = 10°F

Outdoor relative huniiity = 100%

2

72.3 . 'P

i1n-ed. 10 minimum r1+c o” vw:1ti]“tion requirod unver ihe anove con—

 

di+ion *0 “a“ove “ll fhe noisturc ““0'1000

Tru, mathoh.fi' . . +'. ° '9 / '-“1~1071 901“u133;(Heating, Ventilating, Air Condifioning Guide 1925

(30°F) = 3?»..39310"h lb/Lb 0ry air
lsat.

12:. (, I300?) ’
“h a .u 995 \ . - z 3A.39 x 0.90 = 30.951 x 10 lh/Lo dry nir

—L
"I (10°F) = 13.11 y. 10 115/115 dry airOsat.

A?»r a 30.951 — 13.11 = 17.811 x 10"115/115 dry air

. 077‘ R. 59" “.1 1 .
vlnct. (30 -, ~9n 4.1.) = 13.3; (Use of slide rule No S)
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17 (200?) = 21.1.?» x 1044 111/113 dry; air
Cent. 2

AW = 311.038 — 91.11,}; ..-.. 3956:”) x 10‘ ‘ 111/130 dry air

V' (:1110 P, k ([5) ..:. 114'. I)? (f 1"(jA'T: P” E )1}? I‘ll—l}

..':3 (‘t

l.k}'iS X 16.9; J..“l'/' K -Lf?.;2

V _ JT x viact _ 1 : :1.0?h3 cfm/Hen

L ' .6000 as: ’ {-000 x 39.568 x 10-11 0.6 x 39.568
  

Solution hv use of the correcfed slide rule: (From left to right)

. o .
l—Put the firsfi arrow opnosite ti = 50 F and read ”1 = h7.1

- v . r"

Op..'091te 77.1.1 : 80,0

Z-Put fihe second arrow opposite Wi z b7.1 and read AW'= 29.7

oiflosife t — “00F1“. ..' I O — .

3—Put the third arrow opoosite AW = 29.7 anfl read Vi = 1.0h3

(1.07 non—corrected) opposifie WT = 1.875 (or hS)

Percentage of error:

4 (1.0h3 - 1.02%3) 100 0.0187 x 100 _ 41.83%

p error = » ' -

 

 

1.02H3 “ 1.0283

(25 comoared to -+¥.LGS for the non-corrected slide rule)

In order to check more thoroughly the accuracy of this slide rule

the writer compufied 10 additional npplicqtions: (WT : 2.0 lb/Hr, 100 hens

or L8 1b/Day, 100 hens)

Check ti R,Y{,1 Wia 1; 2.17.0 AW WT vL Diff. 5 Error

 

0

Ct Use of True

slide math.'

rule solut.

 

n. 1 50 80 87.1 20 100 29. 2.0 1.118 1.087 «+0.031 ..2.85;

no. 2 50 80 87.1 10 100 36.3 2.0 0.91 0.897 1+0.013 +1.h5

no. 3 50 80 h7.1 0 100 h0.75 2.0 0.815 0.81 .+0.005 7+0.62

No. 11 50 80 177.1 ~10 100 113.21 2.0 0.765 0.762 4.0.003 +0.39

Nb. 5 ho 8 32.75 10 100 22 2.0 ‘1.50 1.h78 .+o,022 -+1.h9
No. 6 80 80 32.75 0 100 26.2 2.0 1.25 1.251 -o.001 -0.08
No. 7 no 80 32.75 —10 100 28.85 2.0 1.1h5 1.11 +0.00; +0.88

No. 8 3o 80 22.25 10 100 11.6 2.0 2.88 2.78 +0.06 7+2,16

no. 9 30 80 22.25 0 100 15.8 2.0 2.085 2.05 7+o.03s 7+1,71

N2-10 30 80 22.25 -10 100‘ 18.5 2.0 1.785 1.763 1+0.022 +1.25
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M ' A» V 2" a . ‘~ 1. :4- H ‘s . ~ -. -

1rom the eoore cppilc-tions and checks, is cin we Sflld ttet s 1de

1?

rule LO. h secrs to maintiin an accu-ncy within T. 3 for the whole range

of inside fempereture from 20° to 50°F, and For this reason may be con-

sider as given a very satisfactory approximation.

A few of the ndvnnfages of slide rule No. h are:

l-Little sosce is needed.

?-No sfrnight edge is required.

B-No psychrometric chart of any kind is needed.

h—The ventilation rate is given in cfm per hen which makes it very suit-

able for purpose of comparison.

S-The accuracy seems *0 be within 9.53 for the whole range of inside ten—

pereture from 20° to 50°F.
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D
b. Erect derirn ~lide rule. In fill the composite chart33nomogriphs,

and slide rules heretofore treeented for solving the moisture removal—for—

nule, the results were only Approximate because of the use of some kind of

modification of the true formula for moimture removal. These modifications

were mede for purpose of nirplification. It can be said in general that in

poet cases the results given igr the above tools are not too different

from the true mathematical answers but the errors do not always have the

same megnitude and cannot be oredicted, :9 he: heen «hown in the applica—

tions illustrating their nee.

Of all the tools mentioned nbove, the corrected slide rule just pre-

sented (slide rule No b) is probably the most accurate and the most satiefe,—

tory. However, in an effort to re uce still more the differences from the true

methemetical solution, the writer prepared e new slide rule (slide rule he 6)

based on the true mathematical formula (unmodified). This formula is:

VL :.
   

< "JIT [ ZVi-"fo ._ WT x viact ._. WT x viact

60 x 106 ' \Viact ‘ 6000 (W143; ” 6000 w

where Vi : Rate of ventilation required for moisture

removal (cfm/Hen)

WT 3 water to he removed from the house (Lb/Hr, lOO hens)

'Wi ; Moisture content of the inside air at the given

temperature and relative humidity (Lb/Lb dry air)

_ Moisture content of the outside air at the given

0

I

temperature and relative humidity (Lb/Lb dry air)

taW'= moisture carrying ceuecity of the outside air

(Lb/Lb dry air)
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viact = Specific volume of the mixture of one pound of

dry air and the actual weight of moisture held

by it at the house temperature and relative

humidity (Cu.ft/Lb dry air) (From Table L1; or

the writer‘s slide rule for the specific volume

of moist air)

60 = To reduce the water production to one minute

100 = To reduce the water production to one hen

9ince viact is affected hy hoth the temperature and the relative humid—

ity inside the poultry houces, its value must he found in appropriate tables,

if svnilnlfle (the writer found no tahle giving them readily for any combi-

nation of temperature and relative humidity), or else may be computed by

the use of a special slide rule prepared by the writer(gliae rule NO 2),

Since Viact must be known as a preliminary step in the use of the exact

slide rule for moisture removal, slide rule no T‘will he explained first.

Slide rule Ho 5 (for deterrining the specific colume of a mixture of

dry air and water vapor) can he considered as being a combination of the

two following formulae:

1) Avisat X R.H.i AVj—f-lCt

and 2) Aviact + Vidry = vinct

where lavi Volume occupied by the saturated moisture

Set =

hold by one pound of dry air at the house

temperature (Cu.ft/Lb dry air)

R.H.1 = Percentage of relative humidity inside of

the house (5)
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Ava = Volume occupied by the actual (unsaturated)

act

moisture hold by one pound of dry air at

I I

the house temperature (Cu.ft/Lb dry air)

vi1 = Specific volume of one pound of dry air at

the house temperature (Cu.ft’Lb dry sir)

i ct : Specific volume of the mixture of one pound

a

of dry air and the actual weight of moisture

hold by it at the house temperature and

relative humidity (Cu.ft/Lb dry air)

Ecuation l was changed to a logarithmic form:

+(10g visat) - (O)+(log R.H.i) - (log viact) : (O)

The values 01' 10g Avisat were plotted from 1ieating, Ventilating, Air Condi-

tioning Guide, l9h§ , and the values of ti'were substituted for then.

A middle SUpport was required on the slide rule for conversion of log

aviact values toAv'iact values. Equation 2 was arranged in the following

order:

+(Aviact) - (O)+(vid17)'(viact) = (O)

The values of vidry were plotted from Heating, Ventilating, Air Conditioning

Guide, 19h5, and the values of ti‘were substituted for them.

Reference to any textbook on nomOgraphs and slide rules (M6) will ex-

plain how the slide rule was prepared from the above equations.

In order to make possible a comparison of the results given by slide

rule Ho 5 with the true mathematical results,the writer computed the following

table (Table hh) by the use of the standard thermodynamic formulas for the

psychrometric volume occupied by a mixture of one pound of dry air and var—

ious amounts of water vapor. Dalton's Law of Partial Pressures which states
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that: "the volume of a mixture of cases is the same as the volume occupied

hy each gas at its partial pressure" was used to make these computations.

An illustration of the type of computation required is presented here.

Application of the standard thermodynamic formulas
.c -— can — .— ~._ — —. — —. I'- -—.~— — — — fi —

Tor the psychromctric volume 0? meist air
-"-.‘

. . 0“

Given: Air temperature 3 50 r
 

Percentage of relative humidity : 70%

Barometer pressure = i‘.696 psia

Wanted: The specific volume of the mixture (dry air and water vapor)
 

per pound of dry air

Solution:

a) Use of the partial pvessure of water vapor

The formula to use here is:

8 ‘ 4W

P
g

 

where v = Specific volume of water vapor at partial

g

pressure p"g (CU.ft/Lb)

W . Specific humidity of air at the given relative

humidity (Lb/Lb of dry air)

Rw Gas constant of water vapor = 85.7

(ft-lb per lb per deg R)

T 3 Absolute temperature h60«r°F = (0F)

p"g 3 Partial pressure of water quor (p81)

Eth_l: Find the partial pressure of the saturated vapor

Refer to e. Steam table. For t =‘50°F, p"g = 0.17811 psi

§222_g: Compute the partial pressure at the given relative humidity

0.17811 1: 70% a 0.12h677 psi
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Find the specific humidity of saturated air

Refer to 1 Psychvometric table. For t = SOOF,

”eat = 0.007426 lb of water vapor/tn of-dry air

Find the specific humidity'ct the given relative humidity
 

0.007626 x 70% = 0.0053332 lb of water vapor/lb of dry air

  

 

 

 

 

 

 

Step 5: Apply the formula

Vg : ‘W x 3E x T

p g

_._' 0.001339? 2 «$4.? ir. (1240+???)

13h x 0.12u677

= 12.95

b) Use of the partial pressure of dry air

The formula to use here is:

Va : 'w Ra T

pa

where va 3 Specific volume of dry air at partiil pressure

pa (Cu.ft/Lb)

W" = Unit weight of dry air = 1 lb (lb)

‘a = Gas constant for air = 53.3

T = Absolute temperature = h60i-OF = (OR)

pa = Partial pressure of dry air (psi)

Step 1: Find the partial pressure of the saturated vapor

p"g = 0.17811 psi (as found above)

Step 2: Compute the partial pressure at the given relative humidity.

0.17811 x 70% = 0.12h677 psi

Step 3: Compute the partial pressure of dry air

1h.696 _ 0.12h677 = 1h.5713 psi

Step h: Apply»theg£ormul§

 

 

Va : w Ra T _ 1 x 53.3 x (h60+50) g 12.95
pa - 11111 X 11105713
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The writer made a certain number of
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.J. L

.ncsc are prcsonued “are.

 ir

 

 

ti 1.2.1

1-Unth0natical 2-Slide rule

solution (Table hh) U0 5

h0° 100% 12.69 12.69

100 80% 12.67 12.67

ho° 705 12.66 12.66

ho° 60% 12.65 12.65

h0° h05 12.63 12.63

15° 80% 12.82 12.81*'

50° 80:3 12. 97 12. 96 *

60° 70% 13.25 13.25

65° 95% 13.1.8 13. M3

65° 75% 13.53 13.53

70° 1005 12.68 12.68

 

'* Slight deviation (negligible)

As a conclusion of these checks,slide rule Ho 5 (for detorrining the specific

volume of air and water vapor mixtures was found extremely satisfactory.

“lide rule He 6 (for determining the rate of ventilation r,cuir06 for

moisture removeJJenn he considered as being a combination of the four fol-

lowing formulas

1) W183“: X 1.1-.1101 3 ‘I1

2) W130t .. was“ +AW

3) K = “T

"10075!

11) VI. = K x (713“)

‘50-—
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The combin'ttion of these four emmtions gives the true mntherrmticnl formula

for moisture removal:

‘W W \ n

T XV“ - T v- — cflm hen

  

VL ‘3 K x Viact) : m #_ x 0/ act

do AW W" III W

lact Osat

In all these formulas the meaning of the terms are as follow:

17,313.11“ vrpor con-tent Of 8514.11)???th air at 1313:1118

temperature (Lb/L5 dry air)

R.H.1 = Qelative humidity of inside air (3)

”1201; = "inter mpor content of moist air (unsaturated) at

inside temperature (Lb/Lb dry air)

~ r

Vi t = eater vepor content of saturated air at outside

Sr'l

temnerature (Lb/Lb dry ‘3”) ‘

AW Water carrying capacity of one pound of outside

air (Lb/Lb dry air)

K = Dummy veriable 3 WT

100:32

V}, = Ventilation rate required for moisture rcmovel(cm/?Ien)

viact ' f“138051310 volume of the mixture of one pound of dry

air and the actual weight of moisture hold by it

at the house temperature and relative humidity

Cu.ft/Lb dry sir)

Equition l was Chang-zed to a logarit‘mic form:

+(log Wisst) - (0) + (log R.H.i) -(log Wiact) =(O)

(

q

islsat were plotted and values of ti were substituted forThe values of leg 1

them.

A midfile support was required for conversion of log Wiact values to
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22b

15- values. Eon tion 2 was nrrnnvcd in the following order:

lnct ”

w. _ (0)+(‘.7 —(AW) = (O)
+'( lnct 0set

A second middle support was reouired for conversion of 'W velucs to

log W’vnlues. The third eouetion was changed to a logarithmic form:

+(log 100 A?!) -. (0)+ (-log 37p) — (+log K) = (0)

A third middle cupnort fins rcouired but the same log K scale was used.

I
)

fourth equation was chanted to n logsrithmic form:

+(log K) - (O) + (108 V1)- (log VI.) 2 (0)
"735"

Reference to nny textbook on nomogrnphs and slide rules (hé) will ex—

plain how the slide rule wns prepared from the above equations.

Since (a) the lost scale for viact is very small, (b) the variation of

the value of viact for a given temperature is very little, and (c) 80% rel—

ative humidity is the most common relative humidity percentage encounter

poultry houses, the writer thought of modifiying the last scale by substi-

tuting ti values for the viact.vnlues corresponding to 80% relntive humid~

ity. Such modification does not impair the accuracy of the slide rule very

much and there is no need of finding viact as a preliminary step. Using

this ti scele instead of the Viact scale the same degree of accuracy is

obtained for the three applicntions given above. (Accuracy within 0.01 cfm

per hcn from the true mathematical solution).

Values of Wisat and‘flbsat were taken from the psychronetric tahle

published in Heating, Ventilating, Air Conditioning Guide, 1951 (6).

In order to illustrate the use of slide rule No 6, consider the following

applications for inside temperatures of 20, 30, to and 50°F.

Application No. 1 (ti = 200p)

Given: Rate of water production in the house - 1.875 1b/Vr, 100 hens

 

(or hS lb/Doy, 100 hens)

Indoor temperature = 20°F
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0‘ r:,.'

Indoor relotive humidity = ;,s

Cutdoor tenperature = —2OOF

Outdoor relative humidity = 100$

Wanted: “he uininun rate of ventilation required under the above con-

ditions to remove all the moisture produced.

True mathematical solution: (Heating, Ventilating, Air Conditioning Guide,l951)
  

1
w. 0 'w ..9 fie _ 0F“ 13*t1orv r
lsat. (‘O°‘) - '1'*“ y 1 1 /“ ” 1r

‘31 93% (20°F) 3 21.52 x 0.95 = 18.290 x 10“h lh/Lb dry ni

W6 (_ZOOF) , 2.630 x 10"h lb/Lb dry air

sat.

AW = 19.290 — 2.630 = 16.66 lb/Lh dry air

viqct(20°F, $53) = 17.12 (Use of slide rule 30. 5)

WT x Viact 1.975 x 12.12 1.875 x 12.12

- = :z : 2.!1 rm/i
VL - 6000 A11 6000 x 15266 x 10"4 0.70 x 1:376? ‘ 9 C “an

 
  

Solution by use of the exact slide rule: (From left to right)

l—Put the first arrow Opposite ti = “00F and read U = 18.3

iact

2—Put the second arrow opposite Wis = 18.3 and read AW'= 15.5
ct

opposite to = -200F

3-Put the third arrow opposite.AW'= 15.5 and read K = 120

opposite WT = 3.975 (or hS) I

ha—Put the fourth arrow opnosite K = 120 and read V: = 2.hl cfm/Hen

opposite t1 = 20°F

hb-Put the fourth arrow opposite K = 120.5 and read Vi = 2.h1 cfm/Hen

opposite viact = 19.12 (from Table hh or slide rule No. 5)

Percentage of error:

a. b. g : 2.1a - 2.1119 100; -o.oo9 x 100 __ ,3
and error ( §:h19 - 2.h19 — 0.37,
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lpplicnfion V0. 2 ti : 300?)
_ — D-. " -.. — -- I- ‘

fiiven: Rate of water Production in the house 3 1.979 lh/Hr, 100 hens
 

(or hh 1b/ony, loo hens)

Indoor tQHPOTnturg
: 300F

Indoor relative huniajty : 90g

Cutdoor temperature = 10°?

Outdoor relative humidity : 100%

Wanted: The mininun rate of ventilation required under the above con-

 

ditions to renove all the moisture produced.

True nathemat'cal solution: (Venting, ventilating, Air Conditioning Guide,l9§l)
 

1

(30°F) = 1M.Gh x 10‘"L lb/Lb dry air

.7

isn‘t. . ,

'wi 90; (300p) = 3u.9n x 0.90 = 31.086 x 10'"1 lh/Lh dry air

wheat (10°F) : 13.15 X 10"h lh/lb dry air

AW n 31.086 _ 1.15 = 17.936 x 10")L lb/Ib dry air

Viact (300?, 90%) : 1Q.39 (Use 0? Slide rule NO. 5)

WT X'Vinct 1.875 x 12.39 1.875 X 12.39

- 7.: : 2.15 Cfm/Hen

6000 AW' 6000 x 17.93 x 10" 0.6 x 17.93

 
 

VL 3

Solution by use of the exact slide rule: (From left to right)

l-Put the first arrow opposite ti : 30°F and read_Wi = 30,90

' opposite R.T.i = 90% th

2-Put the second arrow opposite wiact = 30.90 and read AW': 17.7

opposite to 3 10°F .

3~Put the third arrow opposite AW : 17.7 and_read K a 106

oprosite WT : 1.875 (or MS)

ha-Put the fourth arrow opposite K = 106 and read VI = 2.17 cfm/Hen

opposite ti = 30°F
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hh—Put the fourth arrow opporite K = 106 and read Vi z 9.17 cfm/Yen

onnosite vioct : 17.39 (from Table Lh or slide rule No. 5)

Percentage of error:
 

 

2.11:: 2.15) 100_ +0.02 x 100 : +0337;

2.15 2.15

[finnICATToubIVI§L_(1?=QOPF1
----“‘-‘

a. and b. 5 error :<

Given: Rite of water production in the house = 1.875 1b/Hr, 100 hens
 

(or LS 1h/Day, 100 hens)

Indoor tennerature = hOOF

Indoor relative humidity = 00%

Outdoor tenrerature : 00F

Outdoor relative humidity = 100%

Wanted: The minimum rate of ventilation required under the above con-

ditions to renove all the moisture produced.

True mathenatical solution: (heating, Ventilating, Air Conditioning Guide,l951)
 

Wisat (1.0%) = 52.13 x 10"h 1b/Lb in air

'Wi 90g (hOOP) = $7.13 x 0.90 : h1.70h x 10'h lb/Ib dry air

s -h
wbsat (00.) = 7.872 x 10

AW = 111.701; - 7.872 :.- 33.832

viact (1.003“, 8073) 3 1.2.67 (from Tahle Mi)

WT X Viact 1.875 X 12.67 1.875 X 12.67

  
 

V _ _ _ .1 ___-

L 6000 AW 6000 x 33.832 x 10"H 0.6:: 33.832 "

 

Solution by use of the exact slide rule: (From left to right)

7 h1.6§l—Put the first arrow Opnosite ti = hOOF and read'Wi

ac

opnoeite R.H.i . 80%

Z-Put the second arrow opposite Wisct = h1.65 and read.AW': 33.75

opposite to = 0°F

 

 

i

f
i

f

i
I

= - 1.1703 cfn/Hen ‘

 

 

 





979

33.75 and rend K = :u A
/.'O '3"?“f the third arrow opposite AW’:

ij~1c~¢_",+,e TIT : 1.07:; (01‘ Lg)

1.18 cfm/Henha—Fut the i"mirth arrow opposite K = ,5,6 and rend JL

opposite ti = hOOF

fb—Put the fourth arrow oppocite K 1.18 cfm/Uen55.6 and read VL

opoocite viec+ = 17.57 (from Table hh or Slide rule No. 5)

Percentage of error:

1.1703 1.1703

 

Annlionti_on "o. h ti = SOOF)

Given: Rate of water production in the house : 1.875 lb/Hr, 100 hens
 

(or hS lb/Dey, 100 hens)

Indoor temperature = 50°F

Indoor relative humidity = 80%

Outdoor temperature = 20°F

Outdoor relntive humidity = 100%

iTantedz' The minimum rate of ventilation required under the above con-

ditions to remove all the moisture produced.

True mathematical solution: (Venting, Ventiln.ting, Air Conditioning Guide,19§l)

Wisat (50°F) : 5.58 x lO-h lb/Lb dry air

W 8y(m%)-%58x0.%- 61.%hxm¢1wmdwan

t..=(20°F) 21. 52 x 10-h 1b/Lb dry air

M:WAL%1-152 ”JMxIthflbMyflr

t(50°F, 80%) = 12.97 (from Table uh)

NWT x‘viact 1.975 x 12.97 1.875 x 12.97

Vi-_ : 3 1. 019 cfm/Hen

6m0W 360003:39.7111x10"ll 0.6xw.7w

 
  

E§31ution.by use of the exact slide rule: (From left to right)

- l-Put the first arrow Opposite ti = 50°F and read'Wi ct = 61.3

a

opposite R.H.1 : 80%
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2-?ut the ccoond nrrorr opposLite Wi : 61.3 and read A7“r : 50.1

act

oprocite to-_ ZOOF

3-Put the third arrow opposite AW : ho and read K = h5.9

op:ositc WT a 1.°7§ (or LS)

la—Plf +he felrth erro1v opposite K = h6.9 and read VL = 1.025 Cfm/Hen

opposite ti = 50°F

hb—Put the fourth arrow opposite K 3 L6,? end read Vi _ 1.025 cfm/Hen

opposite viact”-12. 97 (from Tahle hh or slide rule W0. 5)

Percentqge of error:
 

l]. 02 — 1. 01 100 0.006 x 100 1 M
a. and b. Z error :\ E “19 9 : +-_ 4;}019 ‘—‘:'+O.>9n

.L. -’

 

  

In order to check more thoroughly the accuracy of this slide rule,

the writer Worked out 10 additionel npplicntions: (Wf : 2.0 lh/Ur, 100 hens

or he lb/Jnv. 100 hens)

 

 

Check ti 8.11.1 Wiact t 417 K vL * Diff. % error0

Use of True .

slide math.

rule solut.
 

1 so 80 61.35 20 ho 50 1.09 1.087 +-o.oo3 «+0.28%

2 So 80 61.35 10 88. 2 81.3 0.90 0.897 -+0.003 -+0.33

3 So 80 61.35 0 S3. 6 37.8 0.813 0.81. «60.003 -+0.37

h 50 80 61.35 -10 7 35.1 6.763 0.762 -+o.oo1 -+o.63

5 no 80 11.75 10 28 .5 70.2 1.188 1.h78 .+o.01 -+0.70

6 ho 80 81.73 0 33. 9 S9 1. 26 1.251 +0.009 +0.72

7 he 80 81.75 -10 37. 3 53.65 1.18 1.18 - o

8 30 80 27.5 10 1h. 5 137.8 2.82 2.78 ~+o.oh +1.hh

9 3o 80 81.75 0 19.8 101.5 2.085 2.05 +0.035 +1.71

10 30 80 81.75 -10 23.2 86.2 1.785 1.763 ‘+0.033 .+1.2S
 

From the above applications and checks, it can be said that slide

rule No. 6 seems to maintain an accuracy within 1 or 2% for the whole

range of inside temperature from 20° to 50°F, and since it is based on

the true mathematical formula, unmodified, a similar degree of accuracy

can he expected for inside temperatures outside this range. It should be
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noted also thet the use of the upper scele (ti) on the fourth runner from

+he left does not impair the accuracy of the solution end since it mates

PQFICI‘ .
1
)

nd saves a few steps, the writer recommends

use in plecc of the lover (Viact).

A few of the advantages of slide rule ho. 6 are:

l-Little space is needed.

Z-Wo streight edge is reouired.

B-No psychronetric chart of any kind is needed.

h—The ventilation rate is eiven in cfh per hen wuich makes it very suit-

able for purpose of comparison.

S-The accuracy seems to be within 1% for any inside temperature.
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c. Exact slide rule for design and analysis. For purpose 0; simplifi—
 

cation, the previous two slide rules ?or moisture renoval (slide rules noc.h

and 5) are based on on ossun04 outside relative huniiity of 100$. This 93—

sunption nakesthem fitted for oriininy design purposes, since it is cus-

tomary to use 100% relrtive humifiity for oesign conflitions. For analysis,

however, it is necescnry to deol with outside relative humidity values dif—

ferent from soturetion and two slide rules (slide rules Nos 7 and 8) were

designed for this purpose.

Slide rule No.7 permits finding the moisture carrying capacity of the

ou side air on“ is mused on the following formulas.

1)'Wisqt X R.V.i wiwct (Left portion of the slide rule)
, p

"I -, I-r - .

2) “Osat. x l.H. : Joact (Left portion of the slide rule)

3) AW = ‘3' — "' (Center portion oi‘ the slide rule)

Equation 1 was changed to a logarithmic form:

"3'. ’3 T . (7 'f . ..(10g 11831;)- (0);, (log 1.1.1) - (lob llactI‘ Io)

The veluos of log'l'fic t were plotted and values of ti were substituted for

U9. 0

them. A middle support was reouired for conversion of log Wiact Values to

27 values

iact "

Eonstion 2'wes chanced to a logarithmic form:

- log I +(log m. I - (0) + (log W: -"O}
oact 0 \ Bat -\

Elna values of log wbsnt were plotted ant values of to were substituted for

tkuan. A middle support was recuired fer conversion of log Wba t values to

c

’1? V3 IOact lies.

4

Ekpiation.3'wns changed to the form:

+Q‘I11CtI-(AW)+(O) -(w I: (0
'Oact
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Volues of 1i and T5 .+ were token from the psychronetric table

S-Qt. 8". J.

I I 0 v o o o o O o O f"

publishe“ 1n Testing, fentiliting, Air Conoitioning Guiie, 19 l.

\ o h 0 ,- ‘ 0 _ o . _ ‘ A . o M . O

flifie rule No. o Pdlfllts Flnoing file rite of rentiletion iGQUlTed for

noicture renovcl once the moisture carrying capacity of the outside iir is

known. It is hnsefl on the follovin~ formulas:

h) K WT

' _IUU7BW

5) V: : K x vinct

to

"hese two formulns are identical to formulas 3) and h) used in the

derivation of slide rule No. 6 1nd Will therefore not he explained further.

In order to illustrate the use of +he above slide rules, consider

the some applicntions used for sliie rule No 5. fierhnps anplicstions

with outside relative humioity fiiffercnt from l00fl would have given better

illustration of the reel usefulness of +hese two new slide rules, but more

space would have been reiuired to present computntions for she true nethe-

noticql solution given by the new set of conditiont.

ipzlicztice 250,-. .1. (t1 - 20°F)

Given: Rate of water production in the house = 1.875 Ib/Hr, 100 hens
 

(or us lb/Day, 100 hens)

Indoor temperature 3 20°F

Infloor relative humidity = 85%

Outooor temperature a -QOOF

Outdoor relative humidity = 100%

Wanted: The minimum rate of ventilation required under the above con-

ditions to remove all the moisture produced.

True mathematical solution: (Heating, Ventileting, Air Conditioning Guide,19§l)
 

2.h19 cfm/Uen (Refer to apnlicetion 1 of slide rule No. 6)
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golution hv 1‘so of slide rules Yes. 7 end
  

n. Flide rule Ho. 7: (From left to right)
 

- o O ‘vr 1’

-Put the first arrow opposite t 20 F and read Jiact (or Mi): 13.22i-

. :4

Oppo 5.1+}? POILOi : 85/9

Q—Put the third arrow opnosite to = —20°F and reed Whact (or W5): 2.53

3-Put the second arrow opposite W6 t (or W6) : 2.63 and read

ac

A?! = 15.6 opposite ”1101-, (or vi) = 19.22

b. Slide rule N .‘g: (From left to right)
 

1_Pnt the first arrow opposite A3": 15.6 and read K = 120

opposite WT = 1.875

 

 
 

Q-Put the second arrow opposite K = 120 and read Vi : 2.hl cfm

‘ -+ 0“
per ton opposi e ti = 20 u

Percentage of error:

o L _ o . ,
:3: error = (..LJ. 0 .-.),19 100 =-0.0D9 X 100 = 0.37.:

Lou 20m

Application No. 2 (ti 3 30°F)
._./“L.- _______

Given: Rate of water production in the house : 1.375 lb/Hr, lOO hens

(or 1:5 lh/Doy, 100 hens)

Indoor tcnpersture = BOOF

Indoor relative humidity : 90%

Outdoor temperature 3 10°F

Outdoor relative humidity = 100%

..‘," . . o o I

;EEE§§Z= The minimum rate of ventilation reouired under the shove con-

ditions to remove all the moisture produced.

T . . . . . .

:EIEleiflhemnticel solution: (Heating, ventilating, Air Conditioning Guide,19Sl)
 

2.15 cfm/Hen (Refer to application 2 of slide rule no. 6)
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Tolution hy use or slide rules Tos. 7 find 8:
 

a. qlide rule “o. 7: (From left to rifiht)
 

(01' I'Yi ): 31. l
a o o o w b '

l-Put t¢2 first arrow ounOSLte t- z 30 2 and read ji

“ 1 act

- ,, H

Op“0"l+'e 30.;01 .7; 9‘3/J

. u i e 07"! ‘ w' 37 \

2—Fut the third arrow opposite t0 = 10 r one rend Joact (or no): 13.2

opno—ite R.H.O = 100%

3-Put the second arrow opposite‘flbact (or W6) = 13.2 and read

AW': 18.0 opposite Wiact (or W1) = 31.1

b. Slide rule No. 8: (From left to right)
 

1-Put the tirst arrow oppocite AW'; 13.0 and read K = 10h

o w 0 S

oppOSLte JT 3 1.07

2.1h cfm2-Put the second arrow opposite K - 10h and read Vi

nor hen onnosite ti = 30°F

Percentage of error:

 

  3 error a (

imlicrioa 230:. .2 (ti = 10°?)

3
J
o

<
3

(
3

1 n: Rate of water production in the house = 1.875 lb/Yr, 100 hens

(or_h5 1b/Dny. 100 hens)

Indoor temperature = LOOF

Indoor relative humidity : 80%

Outdoor temperature = 00F

Outdoor relntive humidity = 100%

22333523 The minimum rate of ventilation required under the above coup

ditions to remove all the moisture produced.

EEEE_E§EQematical solution: (Heating, ventilating, Air Conditioning Guide,1951)
 

1.1703 cfm/Hen (Refer to application 3 of slide rule No. 6)
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Folution by use o’ sli*e rules 708. 7 7nd 83
 

 
a, 11.». ”oz. w., 7; ( rem left to right)

15—1311“ {:“n fi-aS-F‘ fir1~p~tr Opnq qi+'e ti = :‘LOOifl find reef-{r1 ‘s'ol'iact (or ”firi): 1ng8

. V‘: v If

opposTte u.L.i . 90»

V"

Q-Put +he third nr“ow opposite to = 00? and read “Oact (or 76): 7.88

onnocite 9.x.o = 100%

3—Put the second arrow ooposite W (or W") = 7.88 and read

‘ 0act O

l: _ '1). OnnOc-itn "7- (0” VI') ' ‘11 8
. .. 2:. t" "J" ' l L 1 - l .act

b. Slide rule to. 8: (From left to right)
 

l—Put the First arrow opposite AW'g 3h and read K = 55.5

'1. 1'? O S

opposite "T : l.o7

2_pu{3 1,»,th eqcnnd RTT‘OW opoooi‘te K z: 56.3 and read VL :3 1.175 cm

. 0
per non op“osite ti = MO F

Percentare of error:

 

 

  
.1750 - 1.1703) 100 . +_o.oob,7 x 1°9.=..o.u3z

% error =(}

_ 1.1703 1.1703

innlicfiiozz 210:. 5 (ti = 50°F)

Given: Rate of water production in the house = 1.875 lb/Wr, 100 hens

(or MS lb/bay, 100 hens)

Indoor temperature = r0%"

Indoor rnlntive humidity : 803

\ Outdoor temperature = 20°F

Outdoor relhtive humidity g 100%

EEEHEEZ= The minimum rate of ventilation required under the above cony

ditions to remove all the moisture produced.

.3222_flgih§natical solution: (fleeting, Ventilating, Air Conditioning,1951)
 

1.019 cfm/Hen (Refer to application h of slide rule No. 6)
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Solution bv use of slide rules "08. 7 9nd 8:
 

a. Slide rule No. 7: (From left to right
 

l—Put the first arrow opnosite ti : 50°F and rend Wiact (or W1): 61.5

o 1‘. 9? rr,’

ODf‘O“1te f..!..i a 80,)

o
. O .

/

2-Put +he third arrow oppOSlte to 3 20 F and res Whact (or W6): 21.05

opfiOfilte Q.W.o : 100%

B-Put the second arrow opnosite W6

* act

and read AW = 1:0 Opposite "Ti-act (or :71) ;-_ 61.5

b, Slide rule No. 8: (From left to right)
 

l-Put the first arrow opnosite AW' hO and read K = h6.75

-0pnosi+e WT : 1.875

Q-Put the second arrow opposite K = L6.7S and rend VI = 1.015 cfm

rer hen Opposite ti = 50°F

Pcrcentnqe of error:

77 g 77—1.015 — 1.012 100_ 0.00h x 100 _ n 3 .
IJ error - 1.019 ) — O 1.019 0— 0-9:!

In order to check more thoroughly the accuracy of slide rules Nos. 7

  

and 8, the writer worked out 18 additional applications: (WT : 20 lb/Hr,

100 hens, or L8 lh/Dly, 100 hens)
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Check ti 1.H.i winct tO “.H.O 15-”; ?f " LL Ulff. k error

‘V “V” Use of True

slide math.

/ rule solu..

l 75 70 1?? 60 70 77.8 Sh.1 37.15 0.855 F.?hS +0.01 +1.33

2 a no 100.3 SO 50 3P.h 67.9 29.6 0.66h 0.661 +0.003 +0.85

3 63 90 100 50 90 69.1 30.8 (3.5 1.hSS 1.0h0 +0.015 +1.08

1'. SO 80 £1.6‘ ’10 6'0 31.3 30.0 66.3 1.21,)1 J.)LI_L1 -C.OOl -0.07

S 50 90 09.2 20 100 32.1 17.0 117.7 2.3h 2.572 -0.032 -1.25

7 Lo 7 36.h5 3O 90 31.15 3.35 37.5 7.95 7.80 +0.15 +1.92

8 L 70 30.25 20 70 17.05 21.3 90 1.982 1.965 +0.023 +1.17

9 35 90 13.25 30 ho 13.8 2L.6 71.h 1.70 1.695 +0.005 +0.30

10 35 to 35.3 2 50 10.8 23.9 85.3 1.782 1.78 +0.002 +0.11

11 30 90 31.1 20 100 21.6 9.75 206 2.29 0.32 -0.0h —0.93

12 30 80 27.65 10 90 11.9 13.7 12 2.63 2.81 +0.02 +0.77

13 3o 90 31.1 10 100 13.25 18.0 111 2.28 2.30 —0.02 -0.87

lh 30 80 27.65 0 00 h.7§ 22.8 88.1 1.82 1.805 +0.01; +0.83

15 95 90 25.7 10 70 9.2 15.h 130 2.6h 2.65 -0.01 —0.38

16 25 80 71.9 ~20 100 2.03 19.2 10h.8 2.13 2.123 +0.00? +0.33

17 20 8 17.2 0 80 6.38 11.0 183 3.685 3.69 «0.005 -O.1h

18 2o 80 17.2 —20 100 2.63 15.6 137.3 2.77 2.767 +0.003 +0.11

From the above Applications and check, it con be said that the slide

rules Nos. 7 and 8 seem to maintain an accuracy'Within l or 2% for the Whole

range of inside temperature from 20° to 75°F and since they are based on the

true mathemctiCQl formula unmodified, a similrr degree of accuracy can he

exnected for inside tenpcrnture higher or lower then that range.

Beepuse of the accuracy obtained'with slide rules Nos. L, 6, 7 and 8

end the enee of their use the writer believes:

lpThnt they could he need in place 0? any nonoqreph or COHPOSite chnrt

Whenever an answer having a degree of accuracy within or near lb is desired.

3-Thnt they should be used to advantage even when no great accuracy is

needed, becnuee they require no straight edge and occupy only a limited

Space.
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3. Slide rule For Ectcrninint the vwntilation rite recuired for tenpcriture
 

control

a. Aggroximate design elile rule. In the construction of this slide
 

1‘1 (In ' ~¢ ‘ T \' a . w. . rs, e v: or 0

rule (slice :nle to 9,, the folloxin£3 equn* on mas used.

533 = 60 Va D ...Im

52 ’

or 60 Va: Q3 _ ..C

52 'U'

'TTT‘

‘where Q5 ; Total sensible heat profiuction per hen

(Btu/Fr, hen)

6O - Used to reduce the ventilation rate from one

hour to one minute

«
a

l_ Ventilation rate (cfm/Nen)

U l_ Temperature difference

52 : V : 17.h8 (where v is the specific volume

73".? '63?

of a mixture of moist air at approximntely

33°F and 0.2h is the specific heat of air

at constant pressure) g Cubic feet of air

raised one °F by one Btu

AC = Heat loss characteristic of the building

(Btu/Hr, 0F, hen)

This four-variable equation was separated into two equal parts each

containing two variables and made equal to a third variable (dummy variable),

fbr in stance K.

1) K: Q,-

“B'—

2) 1.15385 v8 ... K - "AC"

 

 



Couation l was chanced to a logarithnic form:

10"
IL)

+(log cs) .. (o) + (-103 n) —(log K) ._.(0)

Piglog 5‘s— log?)

I midPle support was renuired on the slide rule for conversion of log K

r v - o ' ' 1 -. I I“); a o

Vfilucs to valuecof L. Uquation 2 was arranged in the following Cldélo
I)

“ .'
+(K) — (o)+ (~AC') - (1.15365 V4402

Reference to any texthook on nomographs and slide rules (h6) will ex—

plain how the slide rule was prepared from the above equations.

This slide rule is based on the assumption that viact = 52; therefore

'TEEHT'

it involves a certain error when values of viact are different from 52.

“UTYH

This error is helOW'lz for the range of inside temperature from 30 to 35°F.

Since most of the design or critical temperatures used by designers are

around 30 and 35°F, it may be concluded that this slide rule is in general

very satisfactory for desicn purpose. The percentages of expected error“

V

have been computed in the section of nomographs, and are summarized here

for bOth‘Viact = 52 (as used in this slide rule) and viact = 53 (as used

5.25
TUTEH

by many other designers).

 

 



I
‘
Q

 -.....“-

  

 

  

 

   

ti S'of expecicd error flwof expected error
when using when using

vi = 52

Vi = 53
Z: act

Z: act
T11

0°25
80

_ 12.0

- 10.5
75

-- 30w:

'- 8'5
7O

_
- 7.165

_

"' 508
60

_

" 21.555
_

- 3.19

So
-

T 2 OhS
'

T O 8 ‘<’1%

ho
_

+ O 935
_

+ l 232
+

+ 2.1730

+7

4- 2.6525

...

4- 307720
+

+ h.8
15

+
+ 5’8

10
+

+ 7.05
+

+ 8.0 
_

In order to illustrate the use of slide rule Ho 9, consider the fol-

loving applications.

fipplication Ho. 1

Given: Sensible heat production 3 hS Btu/Hr, hen

 

Desired indoor temperature = hOOF

Design outdoor tonuerature = 00F

AC value of the house a 1.0

Wanted: The navimum rate of ventilation required to maintain the shove

 

temperature difference (LO - 0 g hOOF)

True mathematical solution:
 

o ‘ p) (:3 I- 9 I 1 I.
vim,c (1.001“, 0,) _ 1...67 (Prom Tails .1.)

60 V3 = viaCt Q8 _ AC\

 

 



 

 

 



QHS

Yr "3 W ‘.,rj __

V3 2 1-0/7 (.-‘ 1) 1

 

Vol-’1 m —’:U

CO

= 52.7 r 0.125 = 0.1093 crm/Nen

60

Solution by use of the slide rule: (From left to right)

l-Put the ’irst arrow opposite Q8 3 MS and reed K = 11.25

opnoeite At :3 1:0

Q-Put the second arrow Opposite K = 11.25 and read VS : 0.11

Opp/l Giff! AC :3 1.0

 

  

Percentage of error:

0.11 - 0.1098) 100 = +0.009; x 199 -+ F 1'»

( 0.1093 “ 0.1091?

Appliciting£0.i 2

Given: Sensible heat proiuction/hen z hS Btu

 

Desired +ennernture diiferentiel : hOOF

iverege air infiltration rate = 0.20 cfn/Uen

Wanted: The "AC" value requirei for the house to maintain this temper-

ature differential, with no ventilation other than the infil-

tretion.

True mathematical solution:

viact (LOOF, 80%) g 12.67 (From Table hh)

AC = Q8 - 60 V3

 

D (Viact

5.2h

1K7. .

5.25

= 1.125 - 60‘: 0.20 = 1.1250 - 0.2277 : 0.9973 Btu/Hr, 0F, hen

52.77

Solution by use of the slide rule: (Mom left, to right)

l—Pnt the first arrow opposite Q8 = hS and reed K = 11.25

opposite At -_-_ ho

 

 



 

 



2—Put the eooonfl qrro‘rr opnOQite K : 13.1 fin] ”933 $3 = 0.90

onro~ite " 0 OO'8 = \’.L

“ereenteee of error:
*w-c—o-o 

 

(0.90 - 0.?973) 100 = 1-o.ooe7 x 100 =a-o.3ofi

5.3973

Apnlicetion V0. 3

Given: ieneihle heat nvoiuction/hen = MS Etu

 

Average eir infiltration rate = 0.20 orb/Hen

A”

«a value o” the house = 2

Rented: The neximum tennrreture iifferontiel possible with no venti—

 

lfition other then the infiltration

True nethenetieel solution:
 

v- t (hoop, 80$) : 1?.67 (From Table hh)

C

U I

Q:

BO‘VS

{Viect)

‘\ U. 2!;

hS : hS : hS : 20.2 r

so x 0220.. 2’ 12 4_ 2 '672277‘+ 2

)20:.-. 3

m.)

Solution by use of the slide rule:

l-Put AC = 2 Opposite V8 = 0.2 and read K = 22.3

 

 +AC

 

opposite the right arrow

. o
2-Put the left arrow opposite Q8 _-, 1:5 and read At = 20.1

opnosite K g 22.3

Percentage of error:
 

 

/2o.i _ 20.2 100 : _ 0.1 x 100 . - 0.50%

k 9.0.2 Q '~ 9.L-

 

 





In order +o check more thoroughTy the accuracy of this slide rule, the

writer Worked out 19 3””itionfil applicetions (CS : SO Stu/Tr, hen)

 

 

 

:YKmk ti R.U.i t At AC VS Diff. lexcentn7e of error

0 Use of True

glide math. Actual Expected

rule solut. error"r error at

N . 1 75 70 60 15 1.5 1..»1 1.75 —0.11. -8:’ 10.117:

to. 2 65 70 - 50 15 1.5 1.131 1.707 41.097 44.22; ~75!

to. 3 60 70 50 10 1.5 3.0:: 3.22 41.17 451.3»: 6.31

No. 11.. 50 11 110 10 1.5 7.05 3.152 5.102 3.2 —3.92

No. S 50 {‘0 30 2’1 1.5 13.157 0.9003 41.0303 9.36;; -3. 2

No. 6 L0 80 20 30 1.5 0.1145? 0.13166 .0.0016 -1.1:: -1.19

No. 7 ho oo .0 110 1.0 0.2115 0.2199 4.01.9 4.28.7; — 1.19

:‘o. 8 35 80 2 10 1.5 3.05 3.0792 -—o.0292 ~0.95;3 - 0.110

‘30. 9 35 80 10 25 1.5 0.135 O—.‘z3990.0019 1.1;: -0.?10

No.10 30 80 2O 10 1.5 3.05011.«roQ79 +1.31 +0.73

150.11 30 C 10 20 1.5 0.07 0. 86 +0 91 71.16; +0.73

1ro.12 30 85 0 30 1.5 0.11.; 0.121335000175 1.25 +0.73

No.13 30 90 ~10 ‘4 1.0 0.215 0. 21508—0. 00008 '0. 0?". . +0.73

No.11: 25 9O 5 20 1.5 0.87 O. 851 +0. 019 +2.23, +1.81;

No.15 25 90 -15 10 1.0 2,215; 0. 2128 +0.0092 +1.05% +1.81

No.16 20 9O 0 20 1.0 1,30 1.9.62S1+p: 037; +2.07j .+2,98

1‘30.17 20 90 ~20 to 1.0 .O.215 O. 210h-+o ooM +p,]9fi +2.88

No.18 10 90 -30 no 1.0 0.215 0.2059 m0.0091 +1.11: +5.00

 

*'”hen V is eousl to approxinstelr 0.13 cfm/Hen or less, the

actual error Jill be bigger than the expected error if s greet

core is not taken in mckrng the readings.

From the above ennlicntions and checks, it mny’be concluded that for

Values of VS greater than O.h0 cfm/Hen, the actual error is quite close

to the expeccted error as computed previously. This means that for the

range of’tennernture from 15 .0 50°F and for values of VS greaterohen 0.30,

the error may he expected to fell within 0 to 5%. Such a renre of accuracy

is satisfactory enough For most design problem.Fbr values of VS sinller than

0.h0 cfm per hen, a great cere must be taken in making the readings, other—

wise the actual error may he much hiqger than the expected error.
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b. Corrected slice rule for design and analysis.

the amount of error given by the approximate glj4g ru13(slidg rule 30

writer adfled a third slide involving a factor of correction.

250

In order to reluce

0‘
1 +7- 0

/ I ’ U.1\J

The value of

the correction factor W75 tound as shown in the following table.

 

 

 

ti v1(30;) Z _ Vi(80% Correction

“““tfififlf’ factor

2+%

80 13.98 58.25 1.12

75 13.78 57.52 1.10h

70 13.41 55.71 1.0906

65 13.hh 54.00 1.077

60 13.78 55.33 1.06h

55 13.12 5h.66 1.051

50 12.97 5h.oh 1.0h

as 12.82 53.h2 1.0273

ho 12.67 72.62 1.012

35 12.53 52.21 1.00u

32 12.2 ' 51.87 0.9975

30 12.39 51.62 0.9927

25 12.25 51.0h 0.9815

20 12.12 50.50 0.9711

15 11.990 L9.96 0.9608

10 11.855 h9.307 0.9h8

5 110722 IL8083 00939

0 11.59 'h8.28 0.9285

The equation of this third slide is:

V

This equation was changed to a logprithmic form:

+ (10g

8 corr.

0V5

where
VS COI‘I‘.

VS appr.

_ ‘

l
l
'

Corrected ventilation rate

(ci‘n/TTen)

Apnroxinatc ventilation rate

(cfm/Hen)

Correction factor =

corr. = 108 VS appr.+ log C.F&

Z

TZT'

VS appro) ' (O) "’ (log C'F') -(log VS corr.) 7- (O)

= V1(80%)-:- 52

o I»
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a‘
Y" . I

valuss of I“: '.F. wcr‘ Plotted 2nd anncs of ti were sn“st1tu*ed for then

a ‘\ fir ' t v 3, n . I N ' . ‘

deferon c to any tcitoooh on nomogrnpns dnd slide rdlcs (MC) W111 ex-

plain hai'slide rule Ho 13 wrs Wreinrcd.

7

Che writer use1 this slide rule for the same 18 applications solved

with the approximate slide rule. The corrected ventilation rates and the

o Iv,

percentages 0? error obtained are frescnted here: (@s ; SO Btu/fr, hen)

 

Check 1.1 12.11.i c
f

-t AC VS Actual error (S)

Appr. Corrected True Appr. Corrected

 

slide slide math. slide slide

rule rule solut. rule-‘1‘ rule"t

No. 1 75 70 60 15 1.5 1,61 1,753 1.75 - 01: . 1 7,

No. 2 65 70 50 15 1.5 1.4.1 1,791; 1.707 — .r’ p + {113

no. 3 60 70 SO 10 1.5 3.35 2,025 3.22 - 5.1 .+ 715

1:0. 11 50 80 110 . 10 1.5 3.05 ’m/x 3.152 _ ”3:5 . (5'31:

No. 5 50 80 30 20 -1.5 0.87 0,90 0.9003 -. a 1; .. 1‘1 {133

No. (1 110 80 20 30 1.5 0.1115 10.11114 0-11166 - iii $1017
Nb. 7 hO 80 . C) hO 1.0 0.915 0.717% 0.2199 0.3? —1J14

No. 8 3s 80 25 10 1.5 1.05 3.1.15 - 3-0792 -- 0.05 1 0 95
no. 9 35 80 10 25 1.5 0.235 09:15 5311399 —1 3/ - 11
No.10 3o 80 20 10 1.5 3.35 0_1 3.011 +17. +r1'1r.
No.11 30 80 1o 20 1.5 17.97 0.855 0.86 115/, -5‘15

No.1? 30 85 0 30 1.5 0.1315 111- ; 0.121335 +11? , 0'3;

No.13 :. 9o -10 110 1.0 0.2.15 0.2.13 0.21508 - 13.111. 43.37

30.1h 25 90 S 20 1.5 0.87 ' 0.85 0-251 4.? 5% ._n.19

No.15 25 90 -—15 110 1.0 0.215 0.211 0.2128 .1138, -q'ofa

10.16 20 90 0 20 1.0 1.30 1.43 1.2625 1 51:95 -1134};

110.1? 20 90 -20 110 1.0 0.215 0.209: 0.21011 .1119 -5353

No.18 10 90 -30 L0 1.0 0.:15 0.2.“, 0.2059 .1 11.1: -0392

 

1‘,"

I‘)

 

* When Vq in canal to npnroyimntely 0.110 cfm/Hen or less,

the actual error may be Bigger than the one indicated‘

here, if a great care is not taken in making the reqdings.

 



To conclude from the nhcve table, it con he veid that the corrected

1
I

‘ . -
.: F l’ I"

slide rule for tcnrrrntnre centre; (slide rule No 10} cites onshcrs g‘ncr.lly

I u 1 I o T“!

vu‘hrn 1 or 1.“? error, for the whole rnnye of inside temper turcs from 10 to 7502.

O

inis is mrch better than the apnroximate slide rule which was giving errors

as did as CS Check No.1) hecnuse of the assumption of a constnnt Vi value

IT."211

The ndvnntnges of this slide rule are the same 28 for the approx-

imate slide rule. In addition it gives a higher degree of accuracy as

comoered to the true methemnticel solution.
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35;“? (9:), Voter and fili3kle (6C) fifid w»ny other poultry houoo de—

si3r3rs st3te tH3t, if 330* s"3vin;s, Ary S3wiust, groind corn cobs or

s“op3eA r+rev ere useA 3s insUl3nt, it is hotter to nix one pound of or-

Tin3rv hydr3ted line with 330k b3shot of those Anteriels in order to dis—

courage rofionts 3nA insects. CH3r*3r(20) cons3Aors *h3t “3xin3 the lim

with the shavin3s n3kes 3 very irrit3tin3 dust for tno workers. Ne re-

connenAs in3t03d (1) putting two to four pounds of line at the Bottom of

the studs (%o.enAin3 on th.e specin'), (2) nAdin3 sh3vings up to the r3iddle

(5f 'h‘wo «..’rr‘ll ‘v-lpirc‘tvt, (3) pAslehr: AAMA ~33an I-wrrisaaup4d Lhe, (1;) at;Rting Sk‘qviielgs

Up to the ton, (5) pl3oin3 h3lf 3n inch of line at the top. .

d. ?3l3tion het33en insul3tion enA ventil3tion. Insnlntion 3nA venti-

l3tion work +oqet‘or rnA it is inpossihle to get 3 good.temnernture and

nsulatlon.H
o

Hnninity 3ontrol without nroper

"he 32r CH3n3e resuired to remove tEe moisture varies with temperi‘ure

3nd rel3+ive hUU3A3tv ou+side 3nd insiAe tile house. T3e followin3 exampleALW ._..

shows th3t 3n uni333l3toi house requires a much higher rate of ventilation

than an insul3ted house with rosnect to moisture removal.

Given: OUtHi_e tonn3r3ture = 10°F

OUtsi orol3tive humiAity = 803

Uninsulated ‘Well insulated

house house

nside temperature 15°F 35°F 3
I

a . . . 0 r] C/ i i

Ins1de rel3t1ve humiAity UON 75p

rented: Tag r3te of ventilntion required for the removal of 30 hounds
h“

‘ A

of moisture per Amy per one hunWred. ens (or 1.25 lb/Ur, lOO hens).

Answer: Uninsulnted house 3 8.76 cfm/hen

Insulated house = 1.15 Cfn/hen

e, Determinntion of the economicnl insulation requirement for tanger-

nture control. he nmount of insulntion rGQU3red to restrict heat losses
M

+‘\ o 0 °

«urongh the wnlls, ceilings, doors 3nd‘fllnAows can he calculnted so that

+U

‘9 inSiAe temn3r3+1re of the house C3n be n3in+3ined at the desi3.red point.

-
.
.
A
.
.
-

.
.
.
.

.

i e insul3tion rerui renonts first AenenA on the exposed are3 in square4...?
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nfil concerned, L. tn? not“ in {e per~.ivu ri,icrct in] ace rcu Jlnh one
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“kc fonmmlw for Finfiinc tte amount of in=u19+ion re mired is derived.

q C O ‘1- l
5. ..‘. «a

from *‘0 ollthn~ 5?“phlnl@d Heat balance countlon ”chh neglects theU4. .e -

seconflnry rourocs of Pent lodges in poultry houses.

tonsinle that pnodnced = Kent lose fine to Kent 1038 inc to

By the biris tWe builoing '+ the minimum air
1.

fl

Change

Q 1:3 -+ Vnin D

J;

erre is = Tntnl sensible hent available in the house

(ntu/Izr, bird)

Vnin = "ininun oir flow rate during extremely

cold spells = Average infiltration rfite

whore intermittent ventilation is used

D :‘At = Difference Between insifle and outside

tempgrnt‘! II" P, (OF)

Average heat trnnnfcr coefficient
UéVGT.

of the building

C
4

Co v l¢°h( (w%n - i *30 nn'D’
(g _Tr:m.= _6_—T- _ ”erC V *8 buy Spgulllc

....

,
—

volume of one pound of sir 1t opproxinntely

o O . I U

33 F and 0.?h 18 the spoolflc hent of air

at constant pressure) = Number of cubic feet

of air raised one OF by one Btu.

A a Total exposed area per bird (sq.ft/Bird)

v = Specific volume of one pound of dny air

0.2h = Specific heat of air at constant pressure
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inter forru v and rakin: some bisic assumptions he though suitable

for Ohio weather confiitiona, thor (92) prepared in 19h3 the follorin~ type

of chart (Figure 31) for findin: the Rt vnlue (or average insuleting value)

to he recornénded for poultrv houses having dift-ront numoers of loving

birds and different totsl exposed area (or radiation area). The writer

believes that such a type 0? chart is very useful for feest determination

of the most economicnl insulation value to use for a building. Similar

charts could he made for other states. Once the economical C or Unver.

value is determined, it is a sinplw matter to design or adjust the con-

struction of walls, coilinrs, doors and windows in such a why to get a

value close to the one recommended.

Since Tr. Shier is no longer living, the writer'wns unable to get any

detniled information concerning the besic assumptions used in the drawing

Of hi 8 chart.

The radiation are: (or exposed area) is made up of the sum of the

"T915 of the c.ilino, side walls, end‘wnlls, Windows and doors.
D,
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FIGURE 3|

SHIER CHART FOR DETERMINING THE

AVERAGE INSULATION VALUE NEEDEDTO

MAINTAIN DESIRABLE INSIDE TEMPERATURES(92)
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T157” {5. “D“““ri00fi 0? 0V0rn“n 40$i1“t‘fifi V”1ue rQOOfififinflfifiionS

f0? 0310 0nd VihneCHtfi “011*V? HOVVQS

Vufiber of T0+nl R0410tion Avorfive inqulwtinq value recommendnfiions

hang r°fliqfi°n ”r9” per Ohib grinnesota

fires hen * ‘* A?

(qq.ft) (sq.ffi) (Shier) (92) (Ryan and P119) (03)

*
500 500 1 2.20 O Smaller

1000 2 h 1% 3.00 value

1500 3 V.3O $.80

2000 h 0.10 8.70

2500 5 10.50* 11.00
 

 

 

  

 

 

1000 1000 1 0.20 1.S0

Sfinller

2000 2 1.35 b.30

value

hfico h 9.7 9.00 Greater

5000 5 11.50 12.85 value

1500 1500 1 2.20 2.00 Smfillcr

*_ _ 1_- 7 value:“ ‘

3000 2 b.30 h-RO Greater

1.500 3 <. 15* 7.7 ml...

(,0 1. 0.00 * 10.50

75100 S 1030* 13.50

 

 

*’ Ohiqined hv erfirnnoldfiion

* * Rinntion area or erpnned area - Total area 0

ewhosad nailing fin 0 00115, the latter area including

the aren occupied by the ”indaws and doors.

VnTLues are Fauna fin agrze quite 010201? ”ICQPt for very 5m”11 1nd very

higfl rafiiqtion area (1 sq.ft an3 S sq.ft per hen).
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9; Design and use of heat exchangers in poultry houses

“uring periods of low temperatures, the animal hezt alone is often

insufficient to vnnorize noisture from animolc, to offset hedt losses

thrqugh builflinq “1113 nnfi to warm the renuirod supply of ventiliting nir.

Feat exchpngers are for the purnoee of providing a source of supplementary

hefit, Hy neinz the otherwise wneted heat energy 0? +he exhaust air to warm

tFe innoninr Frerh air. lhhy are especially cuited for areas having rel-

“+l_’."97 j.’ Col” "inter.

Tent oxeh1ngers are renorted by Ciese and Wand (35) to have been used

var“ effiectively in Both ”Dir? burns and poultry houses. They say: "It

was possible to ventilate horns ht iull ventil“tion rat? Tith outside air

terreratures from 15 to 190? lower than when ventilftefi by some neans in

which the inooninf nir W”S untenpered."

?ent exchangers N13 be either of the parallel or of the counterflow

principle. 53 to their fntrié~tion, it can be varied treneniously; In

their review of literature, Giese nnfl Bond (35) describe some heat ex-

changers need in Porn buildings as being built in the following manner.

 

 

 

Heat exchanger Warm sir ducta Z 701% air ducts - ' Principle

No. 1 An 5" sonar: duct, Four 3—in galvanized Counterflow

20 ft long steel pipes

Yo. 2 An 16" square duct, Sixteen 3-in pipes Counterflow

39 ft long

To. 3 in 11 x 21" air duct, Sight h—in pipes ParOllel
,4

h) ft long

 

They also report that several units were manufactured b the Louden Ma—

chinery Compnny find installed in cooperation-with the Public Service Com—

—
4
—
.
.
-
~

‘
-

.

pany of Northern Illinois. These units have proven eminently satisfactory. ,
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theraforv feet‘“” 3 " v'o"r ti fivnt frersfer coefficient of such 2

dfi-ww nn "7"? lgn- n~ ~~ ‘\ q ‘ ~:

1 r‘ f
— , > I I}

- 2.29L x 10" (T?) '

where h = Tncel heat transfer coefficient on either side

. , o
of cennretlnq wall, Btu/Tr, sq.ft, F.

fluid rate, 112/3:-

0 = Fluid ?lnw nren, 5c, f*,

u = Absolufie viscosity of fluid, lb/Hr, ft.

The value of he correspondfing tn fihis equation may be fnunfi directly by

reference to Figure 37 (Log log graph). Gieae and Bond (35) fovnd out that

. , . 1 I!

J- .- 1 . \ J ~‘ -'— ‘ ~ ‘ x-u ~— -. A H ' 4‘. "V"‘\‘ V 1 '1 '

.F‘. :‘3 (gr)- +“' ' ‘l-‘ ..-C‘ ’_. F‘! r '.. —' - . ‘31. éAkL-1-'q.th e 8X?6Tiflflflt31 formula given ‘V71w“: cri‘’
4
'

L

hc ;_- 3.93 x 10"“ 227 )0.75

CU

Lnborqfiorv fierfis °lso sfiowed the static pressure to vary as the square

of ihe capacity. Firure 375 W“S plotted from their rcsr ts and shows th

characteristic the blercr must meet. t should be remembered that the blower

must also overcome any AJAificnel ?riction in any duct~ attached to the

exchanger.
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FIGURE 37A,

LOCAL HEAT TRANSFER

COEFFICIENTS FOR GIESE

AND BOND PLATE TYPE

HEAT EXCHANGER <3s>
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momma) PSV CHRONETRVL ChART
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AT vm‘cu CON 0'?" SATIN; wiu.

ocwu Fovt sin.» 12 AND 1“"

VAuns

The reconfl sfiep Consists therefore in firavinq a vorticnl line down from

"tdp" to "ti" on" flan HrSWing a horizontal line to fiho loftJfron the

in+orsocting point to "RT".

Since +his Chart is rathor oomplinoted because of this superposition

of two diffcront ohfirts, fhe four following nonlic1tions are presented 93

on illnstr°tion of its use.

Given: Will hodt trtrsfar coeffioiont (U) = 0.36

 

Inside +cnnor~ture = VMOF

Outside ‘ennenatwve = 60F

lfinwted: The critical rolntive humidity which would cause condensation on
 

the‘walls

Solution:

l-quw a line from ti = 7hoF and to = ~6°F

0

2-Find tdp 3 57°F bv going horizontally from U'; 0.36 to this line

and than vertically from the intersecting point to the ti

( .d c 0(1h tdp) scale
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INSULATION BOARD INSTITUTE CHART FOR

WALL SURFACE C(NIINSATION (49)

AllOlWflH BALL 
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where R.?.C Critical relative humidity at which conden—

qfition will occur on well—surfdce

”oistuce conent of Sefurnfed air at the

g

d 3 point temocrnture for the wall

: Xoisture content of saturated air at tmi

iceide air temoerature

This equation was changed to a logarithmic form:

log R.H. lo”r Vi

wdpfifl 513a?’0

...(1og “7dPQ‘(O)O:(‘1°g 3715815.)-Q08 Who): (0)

The values of log Wiqqt were plotted and the values of ti were substituted

I c .

C

for them.

The follO'ing npplm tions are presented in order to illustrate the

nae of this slide rule.

Application No. 1

Given: Well heat transfer resistance = 10

 

Inside temperature = hOOF

4- ' 0

Outeide temperature = 0 F

'Wanted: The critical relative humidity which would cause condensation
 

on the'wnlls

True mathema.+1c31 solu+ion: (Heating, Vextilition, Air Conditioning Guide, 1931‘

0.61 At 0.61 x ho _ o 0K _ Rt ._.T — Lohh

 

_ 37.56°F

I

wisat. (37.56°F) = h7.2 x 10'“ lb/Lb dry'air (Use of slide rule No.7)

W1wt (hoOF)= 52.13 x 10"4 lb/Lb dry air

f _ h7.2 x 100 d
ROIIOC CD 52.13 = 900 5N

tdpg t1 - K g IO — 2 .hh
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Solution:

l—Put the 'irst arrow onnosite Rt : 1” 7nd read t

oprosite em = LO

Q-Put the second arrow opposite ti'tdn : 2.h2 and read W

‘L

~~ '+ ) 0*."
on.051ue ti : 40 s

Q" o o v' ('f

3-yut the third arrow opposite hdp : h7.2 and read W.Y 00.5p

‘ '4. L O
Opoosite ti = 40 F

N.B. - Ry using Wdcar's chart, the answer is 90%, and by using the
I. \ 7‘. I . 0 O ff

Insul“t1ng nonrd Institute chart 1t 15 91.5».

Percentage of error given by the slide rule = O
 

Annlicntion No. 2
JL ..-.I.I—._..—

Given: Well heat transfer resistance ; lO
 

. 0

Inside temnerature 50 F

0
Outside temperature = O F

‘Vanted: The critical relstive humidity rhich would cause condensation
 

on the Wills

True nethemiticnl solution: (Tecting, Ventilating, Air Conditioning Guide, 1951)
 

K ._.: 00/31 At __ 0.61 X f:_ 2 3.0510

‘ 10

tdp = ti - K a 50 — 3.05 a h6.9S°F

 

”i t (h6.9S°F) = 3?.2 x 10“h lb/Lb dry air (Use of slide rule no.7)

53 o

-1 ~
(50°F) = 76.58 x 10 * lb/Lb dry air

1H1 sat a

(3.2!;

Solution:

1-Put the first arrow opposite Rt a 10 and read ti-tdp : 3.0h

Opposite at g 50

2—Put the second arrow opposite ti’tdp g 3.0h and read.Wap : 68

opposite ti 2 50°F





o O V" O ‘

B—Put the third erro” 0p“0”ltfi s Ck and read 2.? — C9“
dpz

Opcositc ti 50°F

0):. = W? 11"?hr? Aflfiw's clear-tr 4‘.-y“r‘s 'WVIm'v'er is 9C1r: find b;? 11".qi‘lg “:10

Irsultin" o.rd Insti.ute chart i. is 39.5».

 

 
 

gpnliC2tion NO. 3

Given: Well heat transfer resistance 3 S

 

Inside temperature ; 50°F

Outside temperature . 10°F

Thnted: "he criticnl reln+ive humidi‘y'vhich would csus e condensation

 

on the walls

True mnthensticnl solution: (Heating, Ventilating, Air Conditioning Guide,1951)
 

K = 0.61 x at : o.A1 x to - h.88°

at s "
tdp : ti — K z 50 _ b.88 : h5.12°r

  

 

Wisat. (hh.l2°F) = 3.6) X lO-h ID/Lb dry air (Use of slide rule No7)

Wisat (,OOF)= 75.50 X 10_h lb/Lb¢ air

R.U.c = 63.65 x 199 = 83.1%

73158

Solution:

 

l—Put the first arrow opnosite R+ : S and read ti-t
dp = L' 9

opposite At a LO

2-Put the second arrow opposite ti-tdp : h.9 and read wdp a 63

opnosite ti = 50°F

3—Put the third erro opposite “dp = 63 and read 2.3'c = 830

opposite ti 3 50°F

N.B. ; 3y using Rdgsr's chsrt the answer is Chi; and by using the

Insulting Board Institute chart it is 83.5p.



p9?“°“£”?¢ 0? cr“or civen hv the slide rule:. , .1 -. I.

". .. 0. (‘ v "F‘:

3 error = ('3 “3'1)1OC- -."1 “ 113 = «0.12% 

Application No. h

Well heqt transfer resistance = 8

 

fiiven:

Inside temperature a 320F

Outside temperature =«280F

Wanted: The critical relative humidity which would cause condensation

 

on the walls

‘Erue mathematical solution: (Heating, Ventilating, Air Conditioning Guide,l951)

K = 0061 X At . Oof’l X ('0 = 3606 = :1 S30

Rt W o

tdp z ti _ K . 32 - n.58 . 27.h2°r

wisat. 27.h2°F) = 30.50 x 10"h lb/Lb dry air (Use of slide rule No.7)

W1 sat.(3201‘) = 37.88 x 10"L lb/Lb dry air

n.z.c : 30.50 x 100 = 90.5%

37.36

 

SOlution:

“ J

l-Put the first arrow opposite Rt = 8 and reid ti-tflp = h.;8

onnosite At = (’10

2-Put the second.arrow opposite ti-tdp = h.§8 and read‘wdp = 30.7

opposite ti = 32°F

3-Put the third arrow oppositeWdp : 30.7 and read R‘H‘c 3 81%

opposite t1 = 32°F

By using Edgar's chart, the answer is 81.5%. However, by using

the Insulnting Board Institute chart, the answer is 8h.5%. This

3% difference is probably due to the fact that the Insulating

Board Institute chart is based on a fixed inside temperature of

around hEOF.

Per
-———EEEE§ge of error given ' uhe slide rule:

5.; error ___, 81 .. 80.5 100: + 0.5 x 100 = +0.62%
80.5‘ 80.5

I"





:92 _i .

I
V
I

Appli3“ti0fl No.
—-————.——-—-

Given: ?nll heot trinsfer resistance : 8

 

Inside téfihernture = 65°F

n“+side terrernture ; 50°F

Wanted: The critical relative humidity which would cause condensation
 

on the Wells

True mathematical solution: (Venting, ventilating, Air Conditioning Guide,l951)
 

K : 0.61 X'At = 0.41 X 15 = 9.15 2 1.130

trip = ti - K .-.- 65’ _ 1.13 = 6.3.870!"

U. at (£3,870F) : 196.8 x 10"h Ih/Lh dry air (Use of slide rule No.7)

15

Wi t (65°F) . 132.6 x lO"h lb/Lh dry air

51 . '

R.H.c : 136.8 X 100 = 95.7%
 

132.6

Solution:

l-Put the first arrow Opposite Rt = 8 and read ti-tdp : 1.13

Opposite At = 15

Q-Put the second arrow Opposite ti-tdp = 1.13 and rend wap = 1?4,S

Opnosite ti : ésoF

3-Put the third arrow opposite de = 12%.5 and read R.H.c = 95%

Opposite ti = 65°F

3:2. = By usirq Edgnr's chart, the answer is 965. It was impossible

to use the Insulating Board Institute chart since thigfichart

is only for tenrereture differentials of more than hO r.

Percentage or error given by the slide rule:

«v 95 - 971.7) 100 -0.7 x 100 d
error = = :-O.73,a( I m—

 

. .30 ’7.
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A few of the advantages of this slide rules are:

l-Uo straight edge is rc:uire..

2—There are no superimposed curves.

B-This slide rul- is good for any inside temperature and any inside percent

of relative humidity.

ngnr's chart, the Insulation Bosrd Institute chart and the writer's

slide rule were all prepared on the assumption of an inside sir film heat

conductivity of 1.55 or an sir film resistance of approxinntely'0.61. An

interesting fact to consider is the effect of variations in the velue of

nside surface coefficient on this problem of condensation.H
.

the

Strahsn and Marsh (97) state in this respect: "It has been observed

that smooth inside surfaces seem to show condensation more quickly'then

connerntively rough ones, In our own experience we have observed this on

smooth plaster wells whereas wpparently'similqr conditions did not produce

condensation on piinted wood walls." These authors presented some con-

densation charts for heat conductivity of 1.6, 1.h, 1.2 and 1.0.. These

charts are not presented here because they are limited tO'wells having a

total heat resistfince of $.25 nnd do not apply to other walls. According

to Strehnn end Harsh (97) a rough W711 (wood) is represented by an approx-

imate air film host transfer coefficient of 1.h while a smooth plaster wall

is represented by nn.spnroxinnte value of 1.0.

Kore specificslly, it can he said that the air film.heat transfer

coefficient is effected by the temperature and emisivity of the surface,

air velocity, end temperature difference between the surface and the air.

Figure h2 gives the heat transfer coefficients (surface conductance) for

different materials and air speeds at 20°F mean temperature.
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Yahle (Sh) illustrates the effect of air motion by stating: A.W. Clyde

found that When the stable air is in motion the condensation point on the

‘walls is from 1 to ho? helow the d.W'point in still air. This may be im-

portant if the prevention of condensation is a controlling design factor."

Because of the possible variation in the inside air film heat transfer

coefficient, the writer included on his slide rule values of hi from 1.0

to 2.0. A comparison is made here (Table h9) of the critical relative

humdditv for'walls of 1.55, 1.h, 1.2 and 1.0 air film coefficients, to show

the effect of variation of the air film heat transfer coefficient on con-

densation.

Table A9. Effect of inside air film heat transfer coefficient on

the critical relative humidity causing condensation on

‘wall and ceiling surfaces.*'

 

 

 

Conditions Inside air film heat transfer coefficient (hi) Maximum

1.65 1.h0 1.20 1.00 difference

Inside air film heat transfer resistance

as t1 to ‘At 0.606 0.715 0.833 1.00 (z'R.H.)

8 65 50 15 95.5 95.0 9h.2 93.5 2.0

10 L0 0 to 90.5 89.5 87.0 8h.5 6.0

10 50 0 90 89.5 '87.8 85.2 82.0 7.5

S 50 10 to 83.2 82.0 78.5 7h.0 9.2

_* 32 -28 60' 81.2 78 75.2 71.3 9.9
 

*Computed by use of the writer's slide rule.
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1:

u. The Iroblen of Condensation fiithiz halls and Ceilings

Condensation Within the structure mny he considered an eurfece con-

deneation transferred to the interior parts of the structure. In fact,

an analysis of tenncrature gradient through a,oomnosite wall show thet if

no barrier is eppneed to the flow 0? moisture vapor through the'wall, this

vapor will finally reach a plane where the temneruture corresponds to its

dew point and condensation will occur within the well. It is therefore

very important to orevent vapor from getting to the interior sections of

3 wall.

Birre and Sanmet (11) list as follow the conditions favorable to con-

densation of moisture vapor within walls:

l—A lfirne vapor nressure difference between the two sides of the wall

2-A high vapor permeability of the warm side material with a relatively

lower permeabi 'ty on the cold side

B-A large tannernture difference on opposite sides of the wall (or a high

insulnting value in the wall). '

To control condensetion'nithin'nalls, three ways are therefore possible:

l-Reducing the vapor pressure on the warm side (Proper rate of ventilation)

2—Increwsing the vapor resistnnoe on the warm side of the'wall (Use of vapor

harriers)

3~Re€ucing the amount of innulntion (Smaller temperature dif’erenoc

Since ineulntion in desirable for the purpose of temperature control,

”Uly the first two of the above methods of control are recommended.‘

Building materials offer a resistance to water vapor flow in a way

Somewhat similar to the reeietance they offer to heat flow, and vapor dif—

fusion is from the region of higher vapor pressure to the region of lower

vapor pressure, just like the heat flow is from the region of higher temper-

ature to the region of lower temperature. Therefore: the theory of’vepor
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3

trnncnioeion noy he comp"rc4 to that of hcnt transmission, one formulas

similer to thoce ucefl for hoot trnnsniesion niy he derived.

Q = AU (Ti—To) (Kent transfer formula) (Synhols not explaincu here)

W': Au (Pl—P2) (Eoizturc transfer formula)

where W’ = mot-‘xl moisture vapor flow through the walls

(groins/hr)

u - Overall permeability (or noieture transfer

coefficient) of the «all. (grains/hr, sq.ft,

inch Hg)

A = iron of the wall (sq.ft)

P1 9 Vapor pressure on the humid ride of the wall

(inch Hg)

P2 - Vapor oreseure on the other side of the wall

(inch Hg)

 

 

 

  

 

l

U = “7””? '+ 1 ’ 1 (Heat transfer formula) (Symbols not

'73f“* YES" 33 "‘” '12:” explcined here)

u = 1

1 ‘_ l -+ l +’_-_ 1 (Moisture transfer formula)

111 V 112 113 un

where u = fiv-rcll ncrnenhility of the well (grains hr,

sq.ft. inch Hg)

ul u2 u3 un = Vapor permeability of the dif—

ferent layer of material forming

the compocite unll.

Permechility (u or K) is expressed in terms of grains of'water trans—

mitted per hour per square foot of nurfnce, for a vapor pressure difference

of one inch of mercury or one pound per equarc inch (psi) and a thickness

of waterinl as indicated. Reciprocnls of permeability, D = = l are1

'TT' '7?-

designed as vapor resistances.
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In the “p”liC“t? O n of the littor fornula; it is assumed thnt the por-

noobility i3 ”ircctl" pronortionnl to the Vipor pressure drop between two

fiifferont piones and thot the resistnnce to vcpor is aflditive for several

materials in series. This thoory is not true:

l—lh£n_thc_v:pgr_encountgrfi chin:e_t2 a liluid_or :olij :titef Quch a

change of state completely chcnges the mochonism by ntich moi'ture is trnnn—

ferred thorouah the material.

Q—Eh:n_thc_n:t:riols_n:e_hygrosogpic;_ Such motorinls absorbed vapor some—

what in the proportion to the relotive hunioity, anfl not directly propor—

tional to the pressure of the vnpor in contact with the material.

A further point to he considered is that the vapor pressure or dew

point tempnroture orop per degree of temperature drop is much greater in

high temperature than it is in low temperature rmnges.

Due to the uncertfiinties as to the exact mechanism for the transfer

of vapor through various types of structure, the .S.H.V.E. Guide 1950 (5)

recommends the application of the above formulas to be used.with caution.

The following volues or permeability for various nnterials can be used as

a guide (Table 50).
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Tdhle 50. Perneahilitv of voriouo Riterials to untfir vanorIll

 

 

 

Votericl Permeability Authority

Grains/Ur, oq.ft.inch Hg

ond given thickness

l-Fbil-surfnced reflective

insulation, couhle-faced C.08 to 0.13 b

2-mynsum lath with metallic

olurinum backing 0.09 to 0.39 b

3—9011 roofing — smooth, MO +0

45 lb nor roll 103 8d.ft. 0.13 to 0.17 b

h—Sheathing Donor, asphclt inp-

regneted glossy 0.17 to 2.05 b

S-Plyvoofi, 2 coats of sspholt

point 0.h3 b

6—PUplex or liminnted popcrs,

30—40—30 0.52 to 0.86 b

7-Duplex paper, couted with

metallic oxides 0.52 to 1.29 b

S-Ineulation backup paper,

treated 0.86 to 3.h2 b

9—Brick masonry, h in. 1.1 a

lO—Plaster, 2 conts of aluminum

paint 1.15 b

ll-Plywood, 2 conts of aluminum

paint 1.29 b

12—Duplex or laniuotcd papers

30-30-30 A 1.37 to 0.58 b

13-Fir sheathing, f in. 2.9 a

lh-Insulnting sheathing, ourffice—

coated 3.9 to h.36 b

lS—Paint film 3.h a

lé—Plzoter, 3 coats of leqc and oil 3.68 to 3.8h b

17-Pine, lap oiAing h.9 a

lB-Insulating cor? blocks, 1 in. 5.19 b

l9—Plaster, woo4 lath ' 11.0 b

2n—Gugzr cone finerhoord, f in. 12.5 a

21-P1nster hone and plaster, a in. lh.7 a

22-Plaster, fiberboard or gypsum

lath 19.73 to 20.57 b

23—Insulating loth and sheathing,

board type 26.68 to 3h.27 b

Zh-Hineral wool, unprotected, h in. 29.07 b

 

* A.S.H.V.E. Guide 1950 (5)

a) From Rota by L.G. Killer (69), Calculating Vapor and heat transfer through

....‘.walls, Heating 7nd Ventilating, Vol.35, No. 11, November, 1938.

b) From data by L.V. Teesonle (10h), How to overcome condensation in building

walls and others, Heating and Ventilating, Vbl.36, No.h, April, 1939.
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Barre (9) nloo nresonts cone vqlues as n result of his extensive test

on vnnor nerneibility of different matorifils. rpho volues he found are pre—

sented here (Table 91):

Table 71. Peruenbility o? rmriouc rot-rials to water Vapor“

 

 

Vescription of ”rick- Vapor permeability Vapor

material noes (3rwins/Xr, sq.ft, resistance

(in) psi) and given D = 1

thickness R

K

n—RUILUING noanns

l-White pine board 3/h 2.83 0.353

2—Cedqr bevel siding - 3.69 0.271

3-Cednr hovel Piiing'With

3 coats ”bite lend ncint - 2.06 O.h3

h-Uouglqs fir piyvood (023% 1/h 7.h8 0.133

S—Doumlas fir plywood 029 3/8 7.19 0.108

6-00uglns fir plywood (029)

'With 2 coats white lead

paint 1/h 3.95 0.253

b—QUIIUIFG PAPERS - ROOFTNG

PAPURS

l-Red rosin sheathing naner — 123.13 0.008

2—flsphnlt-snturnted felt

(19 1b) - 2.72 0.308

3—Athalt-cnturnted felt

(30 lb) — 1.90 0.556

h—Poof‘ing paper (:1 1b) - 0.12 8031‘ 3 l. t

S— .oof‘ingj paper (<59 1‘3) - 0.06 15.7" ' *

c—IfchATIOU $01309

l-Honosote 1/2 38.77 0.026

2-Nonosote with 1 coat -

aluminum paint 1/2 2h.56 0.0h1

3-H0mosote'with 2 coats

aluminum paint 1/2 0 0C?

L—Celotex vapor-seal insu— '

lating sheathing 25/32 3.99 0.251

S—Colotex insulating lath 1/2 58.13 0.017

6-Celotex with 1 coat

aluminum paint 1/2 13.95 0.072

7-Ce1otex with 2 coats

aluminum paint 1/2 0.72 1.388

G—Structural insulating

board (uncoated) 1/2 117.115 0.021 " "’

9—Ftructura1 insulating

board (coated) 1/2 th 0.192 . ...



O
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H-PIACTTRS

1—Plaster on wood 12th

(3 coats) 3/h 5.81 0.172

Z—Plaster on Wood lath

(3 coats) with 2 coats

aluminum paint 3/k 0 Ct:

3—Tlaster on 3/8" gpsmm

lath .. 22.9 0.0111“ “

h—Plastsr on 1/2" ins. 11th 1 7.93 0.133

S—Plaster on 1/2" ins. 12th

painted (2 ceits) l 1.72 0.572

e_vA?OYRY tATERIALS

l-Brick—wall section laid up

with mortar h 1.61 0.021

2—Tile—wall section laid up

with mortar concrete h 0.25 b.000

3—Concrete 1 1/2 3.38 0.296

h—Concrete with 2 coats

licuid-coating asphalt 1 1/2 3.18 0.31h

f-FILL INSULATION

l—ROCk 17001 1 51089 0,019

2—3awdust (D.F.) 2 0h.3 0.016

g—T'TTAL rtmrr — 0 oc

h—S'I’ILL AIR - 257.00 0.001: * * *

 

* _From data by rm. Barre (9)

# ¥ F.P. Rowley and 0.7. Lund (86), Vapor tronsnission analysis

of structural insulating boards, Bu11.22, Univ. of Minnesota,

Eng. 2X91“, (Zita-g 1911b.

‘ ‘ * Figures presented by ”NT. IBarre (9) without intention 03" their

origin.

Barre (9) found thfit laboritory tests indicate one noteworthy Viriition

from the theoretical analysis: "In walls containing a highly permeable in—

sulation, condensation occurs not at a theoretical dew point within the in—

sulationwbut at the less permeable boundary on the Cold side of the wall.

This is explained in the following figure." (Figure h3)

Barre (9) also mentions that for a particular material, vapor perme~

ability varies according to the physical conditions.

l-At relative humidity of less than 75 to 80%, the rate of vapor transfer,

in general, is proportional to the vapor pressure

2—But at relative humidity higher than 75 to 80% this is not true, relative

humidity being the governing factor rather than vapor pressure
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032°F hut again flccroaso fit tonnfiraturcs

"e conclu”o9 +hfit: "the lack of complete correcponflencc in the test

data and v=rintionq cue to ipmnwr°+uuc “no relative humifiity affect the

reliability of computrtionsin which thefvwrnfihility data arc usod. For

thin reason, nnfl hocwuse of the nature of tho practical problems to which

no applied, Calculntefl vnpor floW'should be regarded as an

inflicrtive “other than an absolute quantity."

From tho above pormcability tests, it can be said that:

l—Loosc—fill insulition dnfl unconted insulating boards are relatively per—

men‘nle, as. are lightvreif‘nt "sp719_1t,-sat‘1rnted and lightweight T‘osin-mturntcd

huilfling felts uni unconted planter

Q—Unpointed noofl apnenrs to he roieratnly'pcrnenhle

3-Hnterinls ouch "a heavy rooting folt weighting forty or more pounds per

square (1 square = lOl ftg), curPnces having two or nave conts of aluminum

point in a varnioh vehicle, nn‘ huilfiing felts saturfited and coated.with

nephalt ipneur to )e relatively imncrnenhle

h—Shect rotnl nni glass may be regarded as conplctely impormenblc

Goodman (33 states: "Tests made by United States Forest Product Lab—

oratory inJiCfite thit any 0’ n numher of motoria1s may he huilt into a wall

to make eatic”nctory vapor barricrs. Among these are:

l—fietnllic surfaced reflective paper or foils

2-Qypsum lnth hackefl with aluminum foil

3—Asphnlt saturated, glossy finished sheathing paper

h-Smooth-surfnces rolled ocphalt roofing



r'-I.:»min'a.‘-.3c‘-.ri krnft unnnr Bl—hO-BO anfl 30-50-30, which are undo up of two

layers 0? krn't paper with acohilt between. (The hO and 50 in the grade

indcrtificntion numhors refcr to the number of pounds of asphalt to each

tivc hunired saucrc feet of tJe finished product)

Tarrcd nnpcr 4005 not mnhe a satisfactory vapor barrier. Asphalt is sne—

'citiei."

Ashby, Hillor at n1 (h) recommend the follOWing: flhiny heavily as—

phf‘vlterI popsr, aluminum “oil linhtweight roll roofing, find two coats of

nsphnlt or nluninun~flqko paint.

In the appliC°tion of vapor barriers, the following fundamental prin-

ciples should he remembered:

l-The vapor harrimr "houli he placed as near to the worm surface of the wnll

n s practi cable

Q-The vcpor harrinr shoulc he continuous vith no direct Openings through

the harrier, Usually s two-inch 11p over n Framing member will Mfihs n

*ufficiently tight joint for membrane barriers

3-i11 openings *or olcctricnl ‘irturss nnfl joints around'winfiow'nnd door

casings should he carefully sealed.

h—Spacc packed with fill insulvtion should breathe to the cold (outer or

upper) side to «ssist in drying out moisture that might penetrate through

the horrier.

F-On the outer side of the wall a good felt building paper can he used.

Its purpose on tho outer sicc is to keep wind anfl rain out. It should not

he vapor proof.
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0. The Not Litter Problem

The primary prohlen of tho poult qun is to keep the floor litter

dry (below 3?; or 1:0}! mirth-Fur? cont'fnt, wet hasis) (1;), since thi s will

elirinnte the joh o? chqnging the litter, reouce the nunher of dirty eggs

and tend to provide more canitnry conflitions for the birds. Proper insu-

lntion and ventilntion are nhaolutely necessary for the maintenance of dry

litter, nince they reenlt in the following three f°ctors all of which are

conducive to or? litter conditions:

l—Hedt conservation

B—Tonpfiratnre control

B—Proper anount of‘watcr vnpor removal

\ny scientific attcrpt to control the condition of litter in the poul—

try honce must nreeufinooe a Vnovledge of the moisture ond heat problem'with

which one is dealing. This involves a study'of the moisture and heat nro—

dnced or taken into the poultry honre by fill agencies and the moans by

Which it may he renoved from the house. A port of this study'wns done in

the section dealing with "Heat and moisture production of hens" and the

one on "Secondary qources of heat and meioture production in poultry'houoes."

The factors othor than insulation on” ordinary ventilation affecting the

evooorntion of this noioture will he iiscuseed hore.

l-Uninvorehle efrect of bird concentration on litter condition
 

to Bates (12) bird concentration is a factor of great im—

'1’

V

lportqnce in litter condition. .e states: "In the houses etudied the litter

remained relatively ory‘unier the roost'whererthe birds Spent less time andiflna

litter tended to he wet in the front of the house where they concentrated.

This would add to the belief that moiature concentration in litter is not

a problem of condensation but one of removing the moieture deposited by

the fropoings."
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q .flp. 5"" 0 u ‘ o
o

n-7*‘1C 321nc1chs o? ‘ntcr evnnorction from poultrv houscs litters

FT“

one wn+er clininctcfl in *hc firopninqs nu“t birst he evaporated from

the litter before it cnn he r~~ovec hy'the vcntilfition system. At least

four factors fiftect the rate of evaporation of Water from a free water

surface or from a net litter. They are:

l-Thc difference hetvccn the vcpor rrcscnre at tho water surface (or in

the wot litter) nni thc vcpcr preserrc of the overlying air

9-The rnount of eroovefl surface area

3—The amount of air movement

h—Thc cmount c? hcnt trcnsferred to +hc litter<r‘ generated in the litter.

Parker (82) consulted a bacteriologist, Dr. r.s. Orcutt of Virginia

Polytechnic Institute, coccrning the deconposition and possible heat pro—

duction of built-up litter. According to Dr. flrcutt: "Aneerohic bacteria

produce consiflcrnhly norc heat thfn aerobic; thcrefore, conditions that

promote the growth of anaerobic bacteria Ghoul” be best from the standpoint

of heat nroflnction in the litter. These conditions are:

l—Uc orygen

9-7igh temperature

3-Uigh moicturc content and

h—Large number of bacteria for stnrting the process."

Xitchell and Kelley (73) stcted that thore is some doubt as to the

amount nf'wnter that can he removed f‘rom the litter by ventilation. Much

depenfls on the floor temperaturc, the vapor pressure balance of the air

entrapped in the litter an” that just above, and depth and kind of litter.

Dann (97) roportei thct the rate of evaporation of'water from litter

deponds on the available heat, the rate of air movement over the litter,

the depth of the litter 9nd the frequency of turnover. He also recom-

menfled the use of insulfited and water—proofed floors because: "Litter is
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a very porous unterisl holdinj much entrcine’ air. Uheucver, the tchpsr—

nturc o? the litter is higher then +he sir above it the entrained nir, due

to its tenrcrntnr“, Will hold a large nurber of vapor psrticles and bring

its vopor brcssure in equilihrium wi,h that of the remaining moisture in

the litter and therefore rctqrd evnporction from deep litter when left in

a quiet stcte. Thus the teat required to maintain the process should be

d from the fiir above the litter." This stntcrent secns to be di~m 7
3

*
d .
1

3
4

H
.

J

rectly contrary to conclusions Prom experiments on the heating of poultry

house floors (70) (19).

According to Chier (92), the dsmpness of the litter and bedding of

poultry and ferrowing house is often caused by condensation of moisture

from the air whenever the floor of the house becomes cold enough to be

below the dew point of the air in the house. he adds: "In Ohio the reneiv

usually is better insulation to conserve heat and a suitable ventilation

system. A small omouut of condensation on the litter is not harmful. The

use or vapor—broo? naper in the Floor will not prevent damp litter, and

n9' in some Cosss increase the dampness in the litter by preventing the

moisture from moving downward to the colder earth belov."

‘

3—§gecial s‘vdy of some of the factors affecting favorably so rate of54 J»\\

rwter evoporstion from‘poulti' house litters
 

A. A.

From the basic _rinciolss just mentioned it con be concluded that the

following points are considered aids to evaporation of litter moisture:

l—Lower absolute humidity of the air

Z-Highcr moisture content of litter, up to a point near saturation

3—Uighcr temporature of litter (Heat is a critical factor in evaporation; +

if the litter is to remain dry, heat must be transferred to the litter or

generated in it).

-h-Air movement to help bring air of lower absolute humidity into contact 1

with the litter (Use of recirculating fans)

.

.A-



h—9tirrin3 of litter to no p brim, liter of:zi3“r nointno content into

contact With the “ir

c’)_?'nin+.cnflnce O? o rmv:h "lmffi’jf‘ J50 _I‘wap pTOVlfle 3? grootcr surface area

exporcfl to ih“ air

7—hifher went nroiuction in +he hon~e (Visizhcr bird p0pu1“tion, in8u1“tcd

glass and roterial, use of hoot cxchinger, etc.)

Photors l, ? 3 and 7 obove ar- eviflnnt or hfivc filreody been disCusscd.’

The facctors to be analyzeri here are:

+

a-Tffcct of he tyne of litter

b—Effect of the Aepth of litter (Use of deep litter)

c—Ichct of the ctirring o“ litter

d—Tffect of the uoe of recircul“+1ng fans

\

~7ff°ct of the type or litter. Charles, TCLopcr ct 31 (19) node cové
 
  

oral ‘entc of the moicture holding conceit? oi different plot house

litters. They mentioned that there resulto con only be considered aprrox-

imate, but give an inflicotion or the relative ndoorptive values. These

results a“c prisented in +he follo"!ing table (Table 52):

Table 52. Toisturc holWinq ahility of littersi'

Litter ' Absorbtive shilitv

(Lb of water absorbed per lb

3_ Of litter material)

 

l—Peflt Foes L.,

O-Sugnr Cane (Coarse) h.h

3“gt)?” 11.1:-

h-—fugnr Care (fine) h.2

fi-Pon+ "095 ”no °tr~W “.2

5-Fet "035 cnd Shavings 3.7

7-Cadust 3.3

E-Iiey 3. 2

9-Shavitgs 2.5

lO-Oat hulls 1.h

ll-Sanc and ervcl 0.1h

 

4* From data by, Charles, prper et al (19)
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,o thorn roqnltc, tho peat moss littor nhsorhcd ind rotninod

,Js Richest moisture coatcnt of .ng of the litters used and 33nd nod gravel

litter retained the leist moi~turo throughout the exporincnt. They add

however, that it is still to he :stahlisied whether or not it is oosirahle

to select "or poultry litter a material having n relatively high ahsorptive

capacity For rotor which retnins nhsorhed moisture, or one having a low

obsorptive capacity 1nd n lOW'moioture retention value.

From his oonVorsntions With poultrymen and from his own observations,

the writer hos n tenfiency to helieve thot the best type is prohahly an in—

ternofliate one. This opinion is based on the fact that some poultrymen

eXDerienoing Sooe trorhle with straw (high water ahsorption) were better

satisfied'With their litter conflition aftor using shavings (intermediate

wnter absorption). It is to he noted, however, that the ease with which

shavings are stirred by the hens, as conpnred to strow, may be of some

importance in explaining the better results obtained with slavings.

b. Effect of tho depth of_litter (Use of built-op litter). Built—up
 

litter, as compared to shallow litter, seems to he considerably more suit-

nble for the cvoporotion 0? liquid water.

Donn (27) however, mohes the ’olloving remarks concerning the depth

of the litter: "We have Found that litter over four inches deep is not to

be desired. It acts as 9 cushion of entrained air pockots which become

saturated with moisture nod through which ov2poration proceeds slowly or

not at all." He recommonfls stirring of the litter either mechanically or

by the hens in orfler to break up these moisture saturated air pockets.

W'nter (108), Kennnrd et al (61) (62) and James (50) advocate huilt—up

on the Basis that

l-It produces some heat

2-It remains dryer
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Exits 7nd wchqutcs \lO{} wwo conducted tests on well insulated lfiJlIS

houses in Vinnesotn, stated thnt in four houses the litter became objcc—

tionnhly vet until huilt—up litter wcs used. After this the litter re-

mained in flood condition. In one othcr sinilfir house the litter became

05j°0tionshly not and mos chanted every three to five weeks.

hover and Blickle (68) stn+e: "Covering the floor n’th 5 to 3 inches

of litter early in the ffill cnd adding more litter regulnrly during the

Winter is widely practiced to conhot net litter."

One of the advantages of deep litter seems to he that deep litter,

.inely broken, hos the cnpqcity to s+ore eYcess moisture not removed by

the ventilction system in periods of unfavornhle outdoor humidity, without

packing, and to release it to the ventilation system in periods of favorable

drying neither. Shollon littcr, to the contrary, has a tendency to pack

with on incrcsse in noistvre content end docs not have the shilit* to re-

lease the moisture so readily hecnuse of this packed condition.

0. Effect of litter stirring. Tie frequenqy of turnover of litter also
 

has a marked effect on evaporation. It breaks up the moisture saturated

air pockets of rocked wet litters and exposes the different wet surfaces of

The litter can either be stirred up by hand or by the use of a special

stirring machine. However, probably the easiest way consists of having the

hens stir the litter themselves by feeding them grain directly in the litter.

“uring cold or damp weather, the grain could be fed in smaller quantity and

nt more frequent intervals during the day.
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d Tttect o? the ““e of recircul”tin2 Tons. Th? P”iP“lD19 0? the Uqfi
.

LJ-h

 

o? recirculeting inns is exnlnined by “ates (l?) as follows: "Tince the air

near the ceilinq in n poultry house is usunlly lower in reletive humidity

on” hither in temperntfirc thnn the air near the floor, it was thought that

by h°ving a more thorough mixing of the air within the house, the strita of

warm air near the ceiling would be broken an” mixed with the cooler air at

the floor. By this action the tempcrnture of the air at the floor would

he slightly increased as “ould its ability to hold moisture. It Wis thought

thnt by this action more moisture could he removed from the litter of a

poultry house then had previously been done".

Discussing nir movement as an did to cvnpo ation of water from litter,

Venn (“7) stntes: "h- +o the rote o” eir movement over litter we have found

the optimum to he ahout V to 6 feet per minute (or 300 to 360 feet per hour),

which creates no perceptible draft end yet changes the air sufficiently often

to keep it pure and to move off the moisture—laden atmosphere."

Bates (1?) concluded from his tests and theoretical computations on

the use of recirculcting fans in poultry houses:

l—Tho moisture content of the litter in house A (inculnted house) did not

increase after the recirculation system was installed While there W38 an

3increase of 3% in th, moisture content of the lituer in B, the check house.I

This fact seemed significant.

2- ne recirculation of air at the rate of 2.h5 cfm per heavy ion brought

ahout q more uniform temperature in the house than when a floor exhaust

alone was used. No advantage'wes evident when a higher recirculati‘" rate

Wes Used, and although recirculPting rates 93 high 33 6025 ”nd 6°80 cfm

”
:
1

er heavy hen seemed to produce no harmful effects on the birds, the poul-

+'I'F-"I'm in cherge of the birds was of the opinion that too much air was

3
"

elnfi recirculated. From the standpoint of fan cost and power consumption

z"’11‘3h high rates are 71180 undesirable.
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Within the hen—e hclpq to dry the littcr on? sects to help in provvnting

troet accumuloticn on the ceiling. The tcnperiture his been kept higher

then wouli hove been poevihlc with naturil ventilition."

Sonc rescar01 would be required in houses exactly similor in usher

respects, to ieternine whether the nivantnge of recirculntion is really

Worth its cort.

h. qnecirl ~+u”y 0’ ”one 0? the factors_fnvcrahly'”fronting litter con-

ditions h: cone oth*r way ihnn improving the rate of water evnporntion
 

In ndJition to the Factors previously mentioned, there are a few

factors affecting the litters' nondition hy some othcr'wny than improving

the rate of water evnpcrition from them. These factors are:

l—Effcct of frequent cleaning of the dropping boards

9-Eftect o? the addition of new litter

3—Effect of the addition of line

a, Effect o£_frequent cleaning of +he cropping hoards. One way of

improving the noiqture conflitions in poultry houses, and of leaving more

avoilable heat for litter drying, consists of cleaning frequently the

cropping honrds. Quch 1 nractice leaves more availnhle heat for crying the

liquid water voided in the pen litter.

Ificcussing this point, Hill (h3) states: "Accepting Jull's (l9h9)

figures for mois,ure output, there are h6 pounds of‘wqter produced daily

of which 1? pounds are respiratory nnd 3n pounds are excretory in origin

(for the one hunfred h—pcund hen flock). If droppings are cleaned daily,

it may be assumed thnt only 20 of the 3h pounds of excretory'wnter remain

to be removed by heat and ventilation."

It should be noted, however, that this practice is quite burdensome

and requires much labor. This probably'explains th, actual tendency to-

wnrd the use of deep litter in combination with dropping pits as a sub-

stitute for dropping boards.



b. Effect of the aidition of new litter. Sharing, poher st 31 (19)

 

found thit vton now litter qd'litions were made to their experimental pens,

a surprising v rapid rite of moisture increase occured. Shavings required

two weeks to achieve a stable and normal rate of gain. During this two
" \

“Weeks. the;
. fl '4 I I 1",

v gfilnqd from T3 to )2fl of moicture, averaging 26». PCVi HOS

I O ’7’ O O O O . I .

required but one week to gain 2‘». After this initial period of mOisture

gain, the new littcr settled down to a more uniform rate of increase, cor—

I
J
.‘

respond ng to that held previously by sinilcr types of litter. The con—

clusion of thcir tests is that additions of fresh relatively dry litter

to poultry pens during the winter months does not result in continued dry

litter conditions; the newly added litter picks up moisture rapidly and

in a f;W'ree*s reaches the moisture level of the old litter;

sne ssne authors (19) also add thct excessive dampness about the

wnterers can hardly be controlled by litter additions, since these addi-

tions norely served to absorb the spillage and a vet soggy mass resulted

about the watercrs.

0. Effect of the addition of ling. Dates (12) ran a test to deter-
 

mine the effect of adding lime to wet and pocked litter, since it is be~

lieved by many poultrvnen that the addition of ground limestone causes the

litter to dry rapidly. The +est consisted of stirring into the litter one

pound of ground limestone for each heavy hen in the house (or one pound

for each 3.5 square f,et of floor).

We concluded from his test: "The addition of limestone does not in

itself Ciuse the litter to dry. It was observed thot after line was added,

the birds worked the litter more and there was less packing of the litter.

After the litter reachms a moisture content of 38%, it appears thnt stir—

ring without the addition of line in of little value."



He 1130 said in another section: "The addition of ground limestone to

litter having a moisture content below 39 t LOS, will condition the litter

so that the birds will work it over and allow the ventilating air to come

in contact with a greater surface area of the litter."

C.U. Turner (10h) stated as a result of his test on a rather cold

'* . .

and h9v1ng a fan capaCity of approx—poultry house loc~ted over an open barn

inately ?.§ cfr oer hird: "Once the litter becane damp (above hOK moisture)

it nos inpocsihlc to dry it out by means of the ventilation system even

1.

with an increased rate of air delivery. However, by the addition of new

dry litter and hydrated spray line, the old damp littcr'was reconditioned

and renained in good condition throughout the renainder of the season."

Paienent (91) recommends a rate of cpplication similar to Pete's: ”In

certain cases the application of one pound of hydrated line per four square feet

of floor area is sufficient. however, under average housing conditions 'whorc

there is some tendency to dampness, the rpplication may be increased to one

pound per two and a half square TCQt Of f100T.arQa. To be effective, hydrated

line must b applied on a deep litter and stirred frequent y." According

to this author: "The function of line is to reduce fermentation in the lit-

ter and to nerforate the I"alls of the absorbing material by adhering to it,

“tich favors evaporation."

Noyer and Blickle (68) state: "The use of hydrated line at the rate

of one pound for each ten to twelve square feet of floor space at interVals

of ten to twelve diys during thc'wintcr also aids in n‘intaing dry deep lit-

ter. When line is used it is essential to keep the litter stirred to pre—

vent p cking or caking on the surface."

'*'(Walls consisting of asphalt strip shingles laid on 7/8"

rough lumber over the rafters; floors made of single

thickness unseasoned matched lumber; built-up litter not

yet deep enough)
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The wrifinr hands tkfit the 1hove roviéw a” literfi+ure will holp in fiving

a be¥*er undorctqnfling n? Rho wet littnr jroblem and will be useful in the

plfinhing of furthnr redehrch on {his inporfiant problfifl.
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Walton “n4 ”nra;ue {196) were efirly inrentigntors to study'the inlet

prohlen on an engineering basis. They say: "Agricultural engineers have

been unable to meet the inlet problem on an engineering basis. They have

¢onnd it necess: f to work With exrerience as l”weir only guide. Results

“eve not been satisfactory." Yeennce of the importance of the inlet prob-

len, fine in “n eitort to proviie cone iniormntion bssic to the design of

‘
J
e

L .nlet systems, they stqrtei, late in 19H9, a stney to determine inlet

nir—f‘lo‘w chsrncteristics. Pecults of their study will be presented here,

)
together vith the opinions and iin9in€s of niny'other engineers.

2. Principles of fan ventilation — pressure difference coneitiens Chasing
 

flow throuvh inlets in actual in'tnllations
LL
 

The principle of fen ventilation is given by Baker (7) as follows: "The

fan exhausts sir fron the stable thus lowering the pressure slightly Within

the stable which in turns nllows outfloor air to enter through any and all

openings in the sideW1lls."

As to the relative cffc tiveness of the different air intakes, Saia

(99) niPes the ?ollo”ing ctatement: "It is justifinble to assume thnt the

efiectiveness of an exhancting fan decreases with Aistanee. Because of

the resistance to flow, air at the more fiistnnt locations from the fnn has

less movement than thfit nearer the fan. Thus intakes nearest the fan will

supply none air to the stnhle than those of eonal resistance to flow that

are located at a greater flistqnce. This might mean that increasing the

size of the intakes located further away might be desirable for a more

uniform air distribution.

“r ‘

Ian ton and Sprqgue (106) checked the pressure differences between

inside and outside of several ventilnted buildines.‘fhese checks were made

with a water mononeter capable of reading to 0.002 inch. Air fIOW'through

these buildings was presumably 90 to 125 cfm per animal unit. The results

of this stuiy are sumnprized here:
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a. Pressurc Hif’crenoe on very still flay. For this series of test‘,d)

 

J:

A

ccre '7-"15 tilts-'1 +0 tnfie resting? on V7117 till "'Ws so +3.1“) wind 91‘ S‘T‘U‘PS

'Tould not nf'cct rcsul,8. Tho Pollwving taole (Table 33) “hows their find—

lugs

Tible ‘3. Pressure fificreuces ttrough inlets on very siill days‘

_A“

 

Warn - Remarks Pressure difierence

(Inches of water)

1 No in].ts 0.025

2 Commercial inlcts 0.027

3 " " 0.023

h " 3 " 0.020

5 Ho inlets 0.013

Howevade inlets; small fan 0.008

\
1
0
\

Ho inlets; Vigh Pfln volume;

Very tight structure 0.132

_3 * From flcta by aslton and Sprague (106)

Examination of the £0516850WS prc ssure dif erences varying from 0. 003

to 0.027 inches of'w1tcr. The only exccp ion is barn 7. However, barns

this tight are rcther uncovmon cnd it is included here only'as evidence

that such Well Huil+ barns do evist..dv1y concludefi that: "typical presSIre

dificrcnces would npnear +0 he in +,he range of 0.01 to 0.03 inches of water."

b. Pressure difference as affected by wind. It is also important to
 

know how inlets would respond to higher pressures such as those resulting

from‘rinfis, aimce when wind hlons agn ins the side of a building its ve-

locity pressure becomes static pressure which is effective in causing air

flow through inlets.





.‘:CCO”"“i.‘lff to ".".':.".ton and 'anigme (10(3): "A 9‘3 niles For hour "find seems

to be a loriccl choice ”or top Volocity to consider. This wind velocity

has a stctic pressu“e equivnlent of 0.301 inch of water."

nirhonk. and Goodman (33) 213 state: "Iotors should be powerful

enough to mointoin nrocticully their full speed when the fan is dischnrfiing

agoinst a pressure ecuil to l/h o? an inch of water or rs connonly stated,

against 0.°5 inch stitic pressure. This is about the pressure developed

by c wind o? 73 miles nor hour."

3. “n“fiiql study or the Hitterent tynos o? in+nkcs
—.
 

 

fine of the rost controversiol points with regard to present-day, forced-

air-ventilotion inotollotions is the amount and nature of intake area to

Drovide. A studr of the Eifferent tvpcs of intikes will be presented here.

a. Stondwrd box—type intikes. The onne types of standard bOXhtype
 

intnkes (L—typc and T-type intakes) used in dairy horns ore generally used

in poultry houses. The recommendations for their ipnlicstion to poultry

V

houses Will be given here.

as. Size of intokes. It has been found that the best size of intake is

about 50 square inches (55) (76) (PP). This would mean an inlet 0 by 10

7'

’1

4.inches, h by 15 inches or 3 by 20 inches. .owever, according to Y. Kitchell

(76), it hwy be advantageous to use intakes of less than 60 square inches,

in the case o? small PoultnY hoUCES, in “’0“? £0 Sfit better distribution

of the inconing air.

bb. 2h2b2r_o£ inifles. The number of air intakes rsouired dcpcnds on the

t0t11 air intake are: required and the size of each intake. The stnndard

method of conputing the total size of air intakes is to choose a certain

desired qir velocity through the intokes find vary the air intake area re-

Cuired according to the capacity of the fan used (cfm). N. Mitchell (76)

considers a velocity of 700 feet per minute (or 8 mph) as being the maximum
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velocity which ney be safely usei, While Barre and Cannot (ll) mention

FOO feet nor Minute. It stould he noted, however, thnt interrodiete values

fTOH 390 to “90 ieet per minute should prohibly be use no minimize still
./

more the dfinjer of drift. Increasing the total air intake area also re—

4nces res "fence to oir flow on“ resulte in hotter performance of the fan.

The totol inteke are: required is given by the follo in; formula:

. . . . Fin canacitv cfm x lhl
Total air intone area (sq.in) = , . , v ( _) $‘

A}? velooity deSired (:pm)

T‘ I A o 0

Ryan end rile (3?) reoonnend one 60 square inch intehe for each 125

ecunre feet of Ploor snaoe or its equivalent. Based on a rsyimum venti-

lation rete of l cfn nor hen as they recommend, end on n hird population

. r’

of 35 hens For 125 snunre feet of floor (“PPTQKZWQteLV 3’ square feet per

hen), the correspondini V51°City is:

cfn/herl 3: 1M; _ 1 x 12:14 _ 1M; x 35 - 335.. fem
- ‘fpn =

 

q.in/hen " h0775 ’ O

Fairbenks on” Goodman (31) and N. Vitohell (76) recommend one 6L squire

J
o

.nch intake for each 250 square feet of floor space. Based on their recon-&

InenVntion of 9/3 cfn of fen cnpncitv per square foot of floor, the corre—

sponding velocity1is:

cfn/sq.ft x lhh .. 2/3 x lhh _ 2 x 50 x lhh- - 2 hCO fpm

sq.in/hen b07250 3 X 60

fpm

lkxvor and Blickle (68) recommend 300 to 350 square inches of air in—

trdnes for'ench 1000 cfn ccpncity of the fen. This corresponds to a velocity

crf.from ldIJ+o hPO feet per minute.

:D1 the use of the above formulas, no consideration was given to the

mount of ”-11“ coming in through the cracks. It is assumed. (a) that the

cracks simply help in reducing still more the velocity of the air flowing

into +flu3 house, or else (b) that the air coming through the cracks on one

(5133 cd7-the buildine is voing out through the cracks in the opposite side
0 u

.viiflugut,sz?ecting the flow of air from the intakes to the fan.

 

J
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o? tflo fhickncss of 7/9 inch Jumhor Vifih coon pqnor between or of a thick—

necfi 0? 7/1? inon7”finq hafri‘vi+h n covcrin; o? woofl. I‘chblc flnsning

is neoiec cvcr {he ononin: in +ho throat o? fhe flue."

Tho owoction foncfiifis nrices HS to whofihcr or not it is necessary to

1.

have none hinfed or flirinq doors on the top of air in+nkes in order to

incronee the air‘ rosishnnce nnfl decrease the nir flow at some times. Dis—

cnfining fihis cvccfiion Fairbfinks ani Goocmnn (33) fitqte: "Saloon in it nec-

eqany +0 hfivo donvs or n+he~r f“rr\+“]‘*‘6' 4.1V? mess on '41? “*1+""P“ Intfii’es

Wihhowf fhrof+7i“q Joors “qvo )“Cn need ’0“ "airs in centralTew York. If,

honovor, throfitlinq floors cre innhclled, they should be out a full inch

narrower than tho opening fhey nre to control so th. t the air passage will

ng more 3pcc1?icnlly for poultry houccs,

th

f‘

never be comnlcte13 cloned." onnapkin

they Pay in “mother pnblin+ion (31) 9t such doors are rarely needed ex-

cept on inlets placed unfier drOpping boards on the side of the house ex-

poccd to pnevoiling Wincs.

Another wey o? flecreasing the nir flou is by fihe use of a flap or "ind

damper. According to Kalbfleisch and ihi+e (57): "If deqired,9. wind f1p

or "ind donnnr may he placed in vents on the windward side of the barn. A

flap of thin tyne con~1c+s of n +hin piece of aluminum or galvanized. iron

nh vire or rod. For a standard h— byr
J
o

0fhot is hinged on a piece of 1/8

16-inch vent this sheet .eficlrgs about six inches Wide and sixteen inchcs

long. The hinge ”in“ is locfifeA inc? Felon the bonrd fihat forms the flop

of the vont. Yhon there is no wind the flap hangs in a vorticnl position

and fhe air enters the space between the bottom edge of the flap find the

born ”all, When n gusf of'min4 Hevclops., it 5"ings the bottom of tile flap

toward the barn thus cloning the vent. This flap has proved effective

during Windy wccfiher."
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FIGURE 44 329

AIR FLOW CHARACTERISTICS FOR TYPICAL CWMERCIALINLETS.“
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Flow characteristics for a typical commercial inlet. The broken

portion of the curve indicates a pressure range Wthh could not be

investigated. The pressure increase resulted from closure of the inlet-

flow regulating valve
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Air-flow results for commercial inlets tested. The larger rate of

air flow through inlet D is a result of its larger cross section and its

regulating valve design

4! By Walton and Sprogue(|06l

 



 

 
 



FIGURE 45 330

AIR FLOW CHARACTERISTICS FOR TYPICAL HOMEMADE INLETS'
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sumo PRESSURE (m. WATER GAGE)

Air-flow characteristics for a typical 6 x 10-in, L-type inlet
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Air-flow rates at 0.02 and 0.10 in water gage for homemade inlets

‘By Walton and Spray. (I06)
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C140 loavirq oncnings fien inches in lenv*?. Tho restriction opfcrod by
k ‘ l l '

lbw Harfiwnrh cloih over ‘le inlo+ entrfinne is not great.

(3) Tommi?!“ ”T-fiqoo inlcts (Ow-r 'L.':‘_'.'.l}.'7hc Tcmllt viii“ ”iffcr'ont
 

Lionel dimensions of T—fiyne inl“t3 ”loo strongfihcncd the rcoults

1'“ 1 1 i T L-v . \ --‘_ r~ ' m a J' ‘- L. 'V J“ . fi "' f‘. "

o, “1P9 :; n—cgpc i.l“te; Ice «ir Llcv rave: Jcro not nnncriillJ sif—

fermt.

b. Tip—in Win”ows n3 intakes. Win30? inlots have not been looked

upon'rith fovor by "any ontinenrs, but many peOple working'vith nnir'ml

shelter ventilofion would welcome fihcir simplicity. This led us to a

review of the opinions on” findings concerning them.

Knole (CF) sfafiesthnt tip—in Wintevs are not reconnendcfl as intakes

becpuee the sweep of “i? into the hon"e tends to chinncl and Crente drafts.

Qccorfling to him Winfloms can be used as intakes when sawed off and baffled.

The; Why be use} as tipping windows in the summer but are not tipped—in

for Winter ventilation.

Ryan and File (38) have concwhat sinilfir attitude toward tip—in.win—

flows. They recognize that winHOW'ventilntion is desirable in moderate

'wenthcr but they Find it nnreliihlc during cold windy'weathcr: the windows

Imight act #5 outtakes rother than intekcs, or drafts may bo Cinscd by not

properly regulating the windows. Where lip-in WiDdOVS'With side shields

are unod they reconnend the placing of a verticol board 9t the top of the

1Tindow £0 Air-ct the incoming sir Ftrniqht up to the ceiling. The upper

‘U”Ti Of the bowrfl Should not some Clocer than twelve inches to the ceiling.

n O o o 0 I

voflslflerlng the usual Tidth o? nnlnfil chnltor Windows, they any that a

tlp~in.dietnnco of‘about tYO inchos is gentrally adequate.

;iirhwnks (30) ofintos: "we tried as in the former tecto, to supply

lntake nir through the Windows and found figflin that it‘Wfis unsatisfactory.
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The efCoct of th° Window intakes fire: HNFQUDl ”ictrihution of “ir, droftsi

and the nnrfitifiinc+ory results of the hnnin element in judging the 5d—

tiucfnvnTt Op IE1N‘TiTVVTT OpATfijtj."

..‘If there is 6‘0“t 7“ inches httweon the top of the sash and the stable

ceiling, Fa rhan's or” Coo”nnn (33) sfiy thst WiniOWs, Flthongh in general

undo-oirn‘zl as iiit'k‘fi, con he used for this purpose under certain lini—

t1+ions. "Tide snicl.s should be used. A vertical hoard ahont eight

inches wide shmrl‘1 direct the ir strcight no to the ceiling. The window

is tipned enough to give an opening of $0 square inches."

Wolton find “progne (155) concluded from thsir labor°tory investiga-

tion: "Based upon the perfornance o? the frequently reconnended L—type

inlet,s"iniyvs 3L inches wide and Opened more than one inch at the ‘op o”fr

too lit+le restriction. Yithout a deflector a Window Nfiy easily misdiroct

nir. A deflector directing nir upwnrd reduces the Window inlet copacity

1
+

,e drafts. A BhHinc. window opened one inch and e-.n' not elinin“

quipp-ed with deflector should be equivalent to n 6- x lO—inch Iptype inlet

in perforrnnce."

C. Double—gash windows used as intnl’es. fie.“ordin; to I'over 1nd Bllckle
 

(63)''The lower sash of r’ouble hung windows can be raised to provide an air

intake. However,a biffle bo“rd should he ploced across the opeHing to

prevent the "ir from sweeping ncross the floor." He adds: "Window intakes

require only half the opening of fixed intikes."

Fairbnnss and Goodman (31) also state: "Air inlets may be made under

ViWflOWQ. The SGSh 19 TWiSCd from one and a half to three inches depending

on +he vidt.‘1 of *he windo". The are under the sash sould he 60 square5"
.)

inches, A baffle board the +,op of which is nhon+ four inchc 5 higher than

+53 bottom of the raised sash is nailed across the Window frame, so that

ixmonin; sir can never blow on the birds but will be directed.up along

_
.
.
.
.

‘
_
_
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tial vacuum thot “rows flir ”ovn thr

'“;'s cool oiJ"VLT"ingt (uni alon" t?v~«r1tside HallJ=Iw0335 the rnunwsd stable

air from zoning in contact with the solo outside "all. This provcnts con—

ocnsation ani tho Pornw+ion or moisture on the walls." He adds further:‘

"It shoulfl be sophasisoo that For the slot or bored—hole type of inlct at

rm‘

a L S ”‘30 prevon.
.
J
o

loact one exhoncting Fan must operate at ”ll tines is

3‘10"r of tho moisture-laden Sir to tho loft.

The sons author (105) gives the Following information regaroing the

construction details:

(1) Slot-typo intahe. Leave a one—inch slot in the ceiling at the
 

junction of the coiling ans the sidowall. Place a four-inch hoard on edge

‘{
,
4

.
.
.
]

by the slot to prevent hay on” “off from ng into the opening. Con—

struct the r"Lot nll firoun? the house, on” within two feet ofhe fan.

“I.

(2) Bore—hole intckos. ("he horn-hole in . flce is a modification of
 

tho slot-typo of intake). 30“e holes in the ceilinn close to the m..ll

all around two cage of the hoWIn s e.copt vithin two feet of the fan loca-

tion. Twenty-five one—inch holes or fifteen l l/h—inch holes are needes

t
.
‘

.
.
:

C
D

for each 100 cfm of fan delivery. Place a four—inch board on fl<ge, bv t

holes to kcep the chaff awry.

h—Hatural cracks vs special air intake
 

Some recent recommendotions call for no inlets. One of the claims is

that natural cracks oni.crsvioes provide sufficient draft free infiltration.

According to Volton cno Gprcgue (106) a second rcason is due to the fact

that. ield ouserV‘iion of inlet perfornonc has aidedt tlie conclusion.

"In a single installation it is probably that some inlets will be dis-

c‘orging, so.e inlcts Will he acting as inlots and some inlets may be
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nooocccrr ‘3 +1<htcv t'd w’ll noar the fin to roiucc "shortucircusting" of

. ‘ ~v r -.3 g. . r‘ v w ‘ ‘I V —irech cir. 3rfichs c~ov* Hoorwa;¢ ‘1: 'in ovs shonlfl he cioard and finy

II

n '11}"'() ‘ “ "C a ““ " 1‘" AN nY‘Ff‘]
u-lAw—r O:Q],1:..oif‘x' q~l‘."—L-L‘ .1.-1 -"-v,-~1‘.o

. . -\ 0‘ A 1 . fl ‘ n ‘. n1 ‘

(3) 7].? 1f. 3:0“."'.‘S. _-_:1.~o~1*.1:,' hr: i or rennficlrad 70” "33 ”91- 113' ‘1' KC)1

 

. ‘ P‘ . w n s 1 w . 1‘ 4‘ :1VD {he "tinht" type of Enzons, iight nay unponr; xnllr, tig ”or 'oors

"hi ”yr oms, nni relatively :ooi ccili17? are common to the 5011p. Ac—

\
‘
0
’

.
. .
.

-
.

00”Ai?j +0 Purrcss "nfl Tokoiiolé (l? i coneiccrablo portion of the re—

ouircd sir will iniiltrnte through the wdllo. In the tighter houses of

thic clnss, howover, clot inlets miy he necflei to supply ozle—TOIrth of

tho air when air is chnngod at a onrticulnrly high rate."

(h) Very tightly ”owwtrncted houccs. Such hor"es are rnro and usu-
 

ally of very recent corétrnction. Side Will: rnciuently are nude of well-

mortared block or extremely tight frqnc conctruc+ion such as plywoofl. Ceil—

ings are c'Hlicr pl“¢.t*rhoard, 913700! or Ri_mil°r na+erial, and floors and I

Winflovs fit clroct lihe those in dwellings. Accoriing to hurrcss and

'Vlefield (1?): "Ike: they are cacountored such honfics pose quite an en-

gineering prohlem. Inlot Hrcn mu9t_hc provided to admit about one-half

or more of the fresh air hooded."

“ielfi observations inJicnte thqt most ctahle and poultry houses fall

f7

into the moierately loose t tight conctruction group. Ihe general con~

clusion offiirress and Tfikcfiel-d (l?) is ‘horefore: "... inqtnllntion of

inlets will scliom he recnirod."

Saia (89) concluded from his tests on Hairy barns: "Operating with

tie intqke system open find cloned, it was found that n1though tlm total

fnn delivery was slightly less with intokos closed, satisfactory tempor-

nturo and relative humiii+v confl_1won3'we0 mintained. Cracks find air

le°ks provide suffiCLent izifiltrfition to Pfford adoq11ato Ventilation i.n

structures con.1darod relative v tight. Dietribution of fresh air cannot
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um~
;‘ u“? or “niliir~ vapor in tho Wolls and tho unp of_- .. | ‘ ., I . . —~; _. _‘ ~o .‘ 1 ,

tho sown Quinlan:
«9

storm sfish nnJ.A A storm ”core on the oponings is csscntiil in controlling

nir lochnfn. Yo vantilction sistsm will work sotisffictorily is long as

cracg vontilstion is nernittec."

Figure hC rcproscnts the finfiinns of Walton nni Sprngue (106) fron

their lcborctory investigstion, ini shows the choracteristics of nir in—

filtration through crooks in a frfine wall. The wnll panel tested was four

feet wide and eight foot long and contained five cracks eight feet long.

They concluded: "It can be seen that cracks admit a considerable Quantity

of air. One hun”reJ feet of tight cracks (cracks resulting from nailing

rough pine boards firmly ng"ihst each other)t?ill admit as much air as a

stendsrd ‘- x lO-inch Iptype inlet."

fley Dlso add in sunnnrizin; their results: "It is evident through

all 0? these tests that none of the connon inlets (any hini of special

inlot eycluding nq+ural cracks) aflnits a very large quantity'of air.

Based upon prescnt recommendations for size and number 0; inlets required

for animal shelters, a very large p rcentsge of the fresh air entering an

animal shelter nu~t of necessity come through cracks." l
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a. .-)i“:.:’fl~—f‘on «m om. ave-1w delivery. The 1..“ sysocm is
 

the si"plest type thot has given satisfactory results. A duct loading to

Within 1? inches of the Floor if verv ofton used. In such a case, Turner
d

‘

nfi the exnnust 4H0t Vilh a dam?”“ during

H
o

(lug) reconuonds ficrtiilly clcs

excessive.v cold weather. The duct should never be completely closed,

hovevcr. fi thorvostnt is generally used to cut off the fan Operation con—

olotely3 it n firedeternined low temnerature, resulting in 5n intermittent

Operation. T'-:~nu:vl control is not recommended becouse it is less reliable.

Kalbfleisch and White (57) stote: "Motors With a standard speed of

1795 rpm are suggested, cs low steed motors in sizes below one-half horse—

pover are not satisfactory When delivering air against wind pressure."

0 y ' - ‘

nqle fon cysioc with outomrfic oncrnted shutter or camper for
. ‘

F
“

b. S

M

EEC—volume delivery. rho one—fan, two-volume system gives more even temper—
 

ature control and uses a smaller exhaust duct thin the single-fan SyStcmo

A small duct is used that erterds to within 15 inches of the floor. The

Volume is restricted to from 30 to hog when drawing air through this duct.

A shutter thct is controlled by a thermostatically regulated motor behind

the fan provide the two-volume delivery. Manual control can also be used

although it is less reliable. The fen draws off the moisture-laden warmer

air at the ceiling when the shutter is open and draws the restricted or

reduced flow of cooler air up the duct from the floor when the temperature

0? the house drops below the thermostat setting point. This prevents lower-

ing the house temperature below the desired minimum.but still.moves air

‘ ‘ ‘ g ‘ ‘ o o 1 I . ‘

vurougn toe house. The shutter is activated 0y a Simple furnace camper
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flavor 1.0 JlLCnic (no) suioe: "ngérlmoaeal troru on qu a ocne 01 u1r

ro"uirod iu“io2tos *hot fho movement of l to 2 cfm of Sir for on overage

mnfiure Bird is sufficieufi with Forced ventilation." However, in fiheir

‘ . I a

recomreuofifiions \chlo Vb), +hey used 2/3 cfm per square foot of floor

urea, hosed on fhe fiuiirts of Turner (103).

Table Sh; Fan o‘pacity nui air intake area reoouueudotiou for

(it? Pit-went sizes of poultry housns*

 

 

Floor area Eon delivery ‘ Aphroxinste Total air Number of

(sq.ft) reoonmenfintion fan oinmoter intake area 60 sq.in.

(ofm) . (inohes) (sq.in) intakes

 

LOO 240 9 or 10 120 2

800 €30 9 or 12 , 180 3

1200 800 12 300 5

1000 1200 12 h2o 7

2700 1800 1b 600 11

*‘Tr0~ Voyer and Ulickle (68)

‘7 "O

.. uifichell (76) monfiions that inuesfiigntious conducted hy the poultry

hushoudry and agricultural engineering r?eporfir‘teuts of Cornell Universit'

have iuoioofed that 2 of“ per hird is satisfactory For light hreeds such

as {eghorus aha 2 2/3 ofn per bird is snfisfnctory for heavy breeds such

hooks, in houseS‘With walls hvving 0 heat resistnnce of aboutas 1370012+.}1

two. Using the general floor space occupied by these birds, this represents

about 2/3 C?m :ér square foot of floor space used by birds. Baiernks and

Goodman (31) also recommend 2/3 cfh per square foot of floor area.

Lippiuoofit and 08:4 (66) stoic thfit such information as is nV1ilnble

sngfiests miximum‘Winfier veufiilation in the poultry house should he at the

rate of eight changes of air per hour. In the average poultry house this

would neon about 3 1/3 cfm per hen.
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U‘ er the 9°V°FC usage *3“? T’0“7V93 1.6. l? 75”? m”‘£ OFGrote twenty-four

hours 0 day, do: o”ter Hey *huouth a whole season'without any attention,

exhausting duct, moisture, and r"*onia fumes all of which may cause damage

to the "o+or—'1rd*:g, nOV1h1e parts 9nd blades.

These motor reruircnents ray be listed as follow

l—"ctors 9H0“1i he enclosei for protection igainst a moist dirty atmosphere

B—Yotors should have hearings 7nd a luhrication system which require only

infrequent attention (Either hall or sleeve—hearing motors will perform

swtisfactorily providing the luhricction system is as near foolproof

possible, Pealed perennen,lv 1_nhrwnn+ad hearings are preferihlo)

3-Kotor type should he such as to insure imne.i1+e stnarting‘whenever the

current is turned on, ev-n ater long perods of disuse under poultry house

conditions. N. 'i tchnll (76) 3+.n+es +hat: "3ecause of their unctahle speed

characteristics and low stating torque, smaded pole motors are not suit,a .hle

for this application. ?plit-p*ase or capacitor motors have proven to he

satistactory."

h—Thormnl protectionsshould b.e provided to preilde a.possibility of over-

heat'ng and fire in case o? stalling. (Protection against motor hurnouts)

Overload switches on electric lines feeding each motor are considered

essential for the pro+ec+ion of the motor anh the building. A S'fltch with

as low an amperage rating as possiblerhould be used to obtain the greates

(1"?
anount of protection. '{alhfleisch and.hite ) recommend the {Ollowing

size of overlod sn;,ch: (Table 96 )
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In q 5wg_fqn gyw¥ow wfi+h thn fins rifle hy side, two Jams n1; he p11¢ed

in *30 "0“” tht (33) or "7ce only onA CV ffic two Gin be equipjed'with a

auct (105).

Exhaust duct Crn°8 r"dtinn“1 area and dimensions can vary consider-

ably. Th0 £011OVin: iimfinsions sngqcsfed by Fairhn0ks and Goodman (31)

are fireeenficd have 2s a guide. (T201: 33)

Tnhln KC firen nnfi fiinensions of duct for fans of different\I .

O O

capacifiy and diarcter

A.“

 

 

Capacity of fan Approximate diameter Area of duct Dimensions of duct

0? fan

(cfm) (inches) (sq.in) (inches)

270 9 to 10 1hh 12 x 12

hOO 9 to 10 lhh 12 X 12

SRO

645 10 210 1h x 15

to 10 168 12 X 1h\
O

800 12 210 15 x 16

1000 12 30b 16 x 19

1200 12 360 18 x 20

1L00 12 396 . 18 x 22

1600 lb h37 19 x 23

1800 11 _ hflo 20 x 2h

2000 16 528 22 x 2h

* From Ffim‘mnlm and Goodman (31)
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thit compromire finst he node. The Fan intake should be close to the wettest.

quce in the hence ind “lso in the roll opposite the greatest glass expo—

sure.”

7. Fitch-ll (7‘) ”“hns the following reconneniction for doiry_born

fon installation: "In burn: up to 50 or 50 feet in length the Ton find ex—

hfiust duct m"y he locoted in either side or end. In longer barns they

r‘houlr‘ be located in the center or one side. In.lrshnped barns the fan

should be located nosr the angle." He also adds: "In cases Where a two

fan system is need, both fcns should be locnted side by side. If they nre

sepnroted each ion Will have its spore of influence. fit the neutral point

between these two spheres dead sir rpnce or eddying currents may develop."

’
5
‘

nirbnnks and Goodman (33): "is with the outlet flue, forAccording to

stnhles up to 110 fe-t in lengths, fans may, in general, be located in any

convenient place. For lonver stables, the fnn may be near the middle of

n the form of an L, they are best placed3 L
5
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near the angle of the building.

Turner (105) also states: "Install both fins of the two-fan system

together in the “all, so "ir novement will always be in the some direction."

In the writer's Opinion, fbr houses much longer than 100 feet, fans

should probably best be uniformly spaced on oneawall and each controlled

12? a separate thermostat and hand switch.
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mfi~ ‘ w I . v _| ‘V (K 1

i‘lf) Dunn/inns 0‘? +11? 4" 1"" ' t“ "‘1‘, O“. ' ‘ ‘ "“"V ‘ wI' ‘“ ‘ r '

" ,‘5‘; __Olfi’ {- : .—‘ -‘ :v‘ V‘ r.“‘q ‘- fiIVF 1 .-—--—-. ~a -- .l-‘A vwfiufih Q... -~"-‘ ~‘ .1 f: pojjnior:

~ A-_; - A . 'I .ro. "I J .- ‘ ‘ -.1 .. 7,\A .. l.—. __1

l-To defiernine the trend in fhe total heat nVnilnble per hen at different

environmenfinl tennerdfinres, unler aefinnl honeine conditions, and to check3

them ‘-'-'.".‘.‘..h vr‘ltzos F""‘t_f‘i"" if. l.fi:*7'fe£~“ “91+:-

2-To determine the trend in Fhe net aeneihle heat coming from secondary

vowwwxzs.

3~To determine the treorefiienl moirtnre removal enpneity of fans and, if

possible, to relate it to eke total amount of water produced in the hence

nnfl io the change in the litter moisture content.

h—To fletermine whether or not ventilating rates as digh as four cfn per hen

offer a good recommenflntion fiwr houses of different insulafiing value.

S—To Heternine wreiher or rot interni+tent ventilation nny he eppliefl suc-

Oessfully in hovres of relnfiively high inculfifiing Value (AC value around

1.0 or lower).

6-70 check 930 usefulness of ventilation elifle rules in analyzing test Kata.

7-To inflicete +hn need for further research.

Two noulfiry Hafifies were siudied by ihe n-iter for actual performancc:

(3) Hr. Joseph Rohmwnlter's poultry house, Okemos, Route I, Lieiigen, and

(b 13. Albert Levneseur‘s poultry house, Ft.Albert, P.u., Canada. A de—

scripfiion of the flock", houses nnl vonfiilefiing systems will be presented

Here. The ’irst house'wn. sfiudied for fihe period extending from February

15, to finrch 17, while the second house was sfiudied only'for fine period

from ieeenher 16, to December 20.

Each house will be described and analyzed sepnretely then some general

conclusions will be drawn from the two tests.



”. lest of Mr fosenh lehmfl‘ltcr's Poultry Vouse
/ 0‘ ‘ . .

\Okencs, monte I, Vichigqn)

 

lhe “’rT yopW"°*ion "as tonnocei cf 3°23 Leghorn loyinr hens nnfl lOO

wales it the werinrin: of the exnrr’nent (February 16), nakin a totel of

5028 birds. it the end of the cxncrinent (Karen 17), the number of hens

woe reduced to 1598 raking a total bird population of 197? birds (Unrch 17).

”he average vroi rjht of‘ the hirds was eonpm‘od on Fehruary the 29th, by

W
O I» o 0 ~ Iv . a ‘ a i q

‘weignqng inW2Viflunlly ?flfl oirfls chosen at ranoon (approximately 10% of tne

hird popnlntion), and found to he E,9§ pounis per bird. The range of var—

. o (J \ o o o

j,"3+,1r\h woe Pt‘nvn 7.7 to 5.9 panting (thls 15: :1 ‘r‘rn'vz,'7r','«i'7})7:.}' heavy 11116 Of

Foghorn S.

r‘

0

pm. 1 I ~ 0 I

n n, 11 F"_‘ ..‘- v! {zvx ‘ ,A'v‘ (- hr "-1“ -,—-w

--lr‘! nth.) . ' \_.A.“t'~ ..:Lll..._p '71“. -1.'.L'r1n=.".CI

 

..‘

IT*c house Vixensions are 30' x 201'. -iPhtY‘fiV9‘”in””WS are $901“?

south (front) and eleven are fwoing north (hack). Jwe nects ere on two tiers

alone 5““ 751“ 3‘11s fxi LT: .or:\"s finfi 1°fifi9517 iiis'nrc nhout t7ree
.) n x.—

feet from this well. A V;shaped metal waterer is "ixed to the front'well

and extenos nequy all its length. Water is continuously flowing in order

to mflintnin shout l/k inch 0? water in the hotton o? the V—shnped waterer.

Feeders are ploood pcrpeniiculer to the Front well at a distance of about

four feet from this wall. The litter lies lirectly on a sandy soil and is

moie of baled straw. During the test period its depth varied from 6 to 10

inches 111 over the floor with an nvereqe of about 8 inches.
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Fig. h7a. Front view of Mr. Jo '

house, Okemos, Route I, Michigan. Eighty-fiverdndan

face south. From left to right: first, second and third

fan as referred to. In the m. This house is 30' by 200'

and contains more than 2000 Leghorn hens.
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Fig. 1171). End view and rear View of Mr. Joseph

Rolnuwalter's poultry house. Eleven windows face north.
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F“: ~ ...— J- ' ' 1" 1

I .2", I,“ _ ": 1‘0np.,1"lfif‘1f\fi 1g 3:; _, OIIOWS:

1—Io"er n‘rt o? Wells = 6 inches hlocks

C3"T‘TP’FW‘ Pdrt c? ”6173 = 7/h inch hoanS, building paper, 7/8 1000 hoards-/I

3-Qoof or ceiling = metal rootinj, 1 inch Colotex

.I'fi.§-\ "..\ "'.\‘f‘

h— wriows .-_- L171? 1 one
7

§_Door near *PG Tklrd f0“ = 7/8 inch boards
.1..

6-“oor near the ?irst fen = 703V? paper

7-Founintion wn_1 between the feed room 0nd the pen = 13 inci-ees concrete

3
"
]

he writer cenputed the area, heat loss and AC value of each of the con—

struction units. T‘e foLowing tooles (Tphles 59 nnfl 60) summerize these

Table 59 unnnry of the conputntions for the total heat loss of

ohmvrnlter' s poultry house, Okenos Iioute I,
7

Jr. Ioseph 21

Nichigan

 

 

Unit A . R ‘AU

Radiation or Insulation mt loss

exposed area value AU = A-E-R

(sq. ft)

l-Roof 7950.0 3.75 2120.0

2-Inwer port of

Wall 1050.3 1.89 ' 556.0

lh9.2 1.82 82.0

3JEWVT-nart of

wall 1061.1 2.26 h69.0

h—fiiniows h?9.0 7 0.90 h76.0

S-Doors , 100.0 1.73 57.8

Total 10,738.7 3,200.8

A total AU total

 

C=Uaver-- m - I'OTBET'Y" '33



 

 

Table ’0 AC V'xl“e of .I‘. Joseph Hohm‘rnl't‘er's poultry house,

01337108, I‘lnufe I, fichijen.

Ieriod A total Iurher A C or U ever. AC

RsJintion of Radiation or valu value

area birds exposefi area

per bird

\sq.ft) (SQ-ft)

Febr.ll-l? 10,738.7 1928 5.57 0.303 1.686

 

Febr.lC-2h 0,738.7 1919 5.60 0.303 - 1.697

Pear.2i-S 10.738.7 1912 $.62 0.303 1.711

rnrch 6-12 10,738.? 1906 5.6 0.303 1.710

Nerch 13—17 10,738.? 1698 5.66 0.303 1.711

 

”‘1

Per nrncticnl purposes the AC value of this poultry house can be

said to be 1.70 for the iull length of the test.

MV‘ _ ‘ v“ o _ _

11. ’3 fans, tiara s‘n‘rs and FT"? inf/13.05
 

-l. .
Three 19-—inch Junl—speefl fans (1/8 hp, 11h0/050 rpm) manufactured

by James Kenufncturing Company, Fort Atkinson, Wisconsin, are spaced 66 feet

m

.Lfrom each other in the south well. hose fers have a retefi capacity of

9950 cfm (high volume) and 1956 cfm (low volume), free delivery. The ther-

nostats ore set at 35°F nest of the tine. No special fiir intekes are pro—

vifled; some front end rear Winflows ere opened 1/2 inch at the top to serve

es intfihes. However, especially during windy flnys, the 10‘ x 10' door in

the west end of the house seems to he the nnin source of air intfike heCnuse

of tFe fact thet the frane 0? this florr is made of poultry mesh and only

pfirtielly covered with henvy paper.
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Fig. 119. The recording strip-chart potentiometer was

located in a corner of the house and protected by poultry

netting.
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Fig. 52. View of one of the three fans with its time at:

operation instrtment connected in parallel with the fan

motor windings. The time of operation instrmnents were

shielded to avoid am disturbance of the birds at night.



  
 ‘.

Fig. 53. View of a time of operation instrument with its

aluminum shielding door opened. This fan motor had a

characteristic different from the two other: one light bulb

only was required. This bulb was shining and giving heat

more or less according to whether the fan was on high or

low speed. The thermocouple is attached to a piece of

wood located one-half inch from the bulb.
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Fig. 5h. The two other

required two bulbs in the time of oper

one for the. low speed and one for the high spee

thermocouple is attached to the bulb which is in parallel

with the high speed winding of the motor.
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Fig. 56. location No. 1 in the center alley. The top of

the litter was in fairly ood condition and after analysis

was found to contain 112.8% moisture, wet ba'sis. (February

1J4, 1953).
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Time Iueiee Cu+°?fie Tenfier. V V VTotal Q5 (Btu/hr, hen)

/ +enner- tenoer— diff. (Fan (leil- ippr. Cor- True

et“re “trre (at) only) tretion) s iie reeted rith.

rule slide solnt.

rule

(or) (or) (or) (Cfn/Efen) (con/Tran) (Sin/Yen) T.’o.9 30.10

TV‘KWV ST; E? o 5 To V do? ("of EL. 0 If? 0:): 21?.3 jfif‘ro "8

time 50 L2 8 3.9 0.1 8.0 L’Co) ilkol )9. 3

of the h? 36 9 3.9 F.1 h.0 56.5 55.5 55.7

rkgr L2 32 10 3.9 (3.1 h.0 57.5 63.h 62.h6

8— ES’ 59 6’ 3.9 0.1 L.C* 37.7 35.8 3‘.§§“
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All answers obtaineo by use cf sliie rule No. 10 were found to be

'Nithin 13 of the true nathenatical solution and therefore very satisfactory

for computations of this nature.

For tenneritures of hOOF and below, computations of the total heat

available were difficult sinee fen ventilation was intermittent at these

temperatures one there wns no known method to determine the amount of air

infiltrfitior. However, the folloming reasonirg_was used and a few assump—

tions node in oroer to arrive at some values.

Step 30. l The first assumption mode was as follows: "For an inside ten—
 

eerature of LOOP, the difference in total heat availoble is probably very

small as compared to an inside temperature of h2°F (any time of the day

hl.250F (roost'ng time). Therefore, it is probably safe to assume the

gone amount of total heat available, i.e. 62.h6 and 57.78 Btu per hour per

hen, respectively."

Stop No. 2 The second assumption used.:my'be stated as follows: "Sinee
 

the total sensible heat available at hOOF is 62.L6 Btu per hour per hen-

(any time of the day) and $7.78 Btu per hour per hen (roosting time), the

total sensible heet available at BMQF is probably somewhat higher since

the trend is toward higher rate of heat production by the birds and the

litter, at the lower temperatures."



th

(" o o o o o 0

step “e. 3 The third essunption consisted 1n deterwining the average of
 

oir infiltration for neriods durinj which the fans were off continuously.

In the rariieuler hon“? studied, the writer arrived to the conclusion thet

two sir ehorges per hour would seem a very reasonable vnlue. This number

of 1ir ehnnge corresponds to en exfiltretion rate of 1.15 Cfn per hen for

t’e Fo“ce eoneerned here. Using this v*lue, the total amount of son_ible

heet production at BMOF was found by use of slide rules Nos. 9 and 10 and

checked netheretieelly hy use of the standard formula V vi Q8 — AC 1

flan-21“ Eb"

"he methenntieel results were respectively 53.h3 Btu per hour, per hen (any

tine of the day) and 63.29 Btu per hour, oer hen (roosting time). These

values seen reasonable since they indicate that the total sensible heat

available to increose somewhat wi,h a decrease in the environmental tem—

perature, es assumed in step No. 2.

SteE_Ho. h A fourth assumption was finally made by considering the total
 

sensible heat eveileble at 35°F to be the some as the heat total sensible

Leet et BhOT, i.e. 43.h3 Dtu per hour, per hen (any tine of the day) and

60.25 Rtu per hour, per hen (roosting tine).

Step Ho. 5 fiith the total sensible heat (Q5), temnerature difference (at)
 

and heat loss chorneteristie of the house known (AC), it was simple to find

the corresponding total rate of ventilotion (vTotal) for inside temperatures

of 35 and BhOF'with intermittent fen ventilation. The average rate of ex-

«
'
0

filtret on was obtained in each case by subtracting the fan ventilation}

rate (es given by the time of operation instruments) from the total rate

of ventilation. The results of all these computations are presented in

the following table (Table 66):



moi-30 ",5 H"'r‘ ‘ 7 .“ "si '11 ~.*."o-_;"‘*'l '3 “""J' “Era“:jfilnn ”4"?“ Y)‘Y‘"TWF»C(‘, (3.9
A A l ‘ a , . L - ~ ‘ ‘ .4 .0. I. . - \ ~ I. ..’ . ~ ‘ ' _ _ ... _n- .4 . _, 4' . , - ,. -,

. . I I .

w A 1,‘--...--.,.J.-., , J. " ../",. 1,1 M

- , O ‘ A ' 3 _ . j C'\' “110.1. \ “u L,‘ --‘. ’ - 0;.

 Ill

 

 

 

 

 

 

 

s. t t *1 v V~-+- .1 Fans- l O A .‘.\2 ..'.'.l ‘Srpgtfi‘l CDnrgfi-{qn

(Tan (f:’ l- Appr. Cor- Trne

onlv tr"tfon) slide rected nath.

rule s.r. solut.

(If‘n/Tign) (CD‘i/Ebtl) (Cfn/Tienhio 9 l-To 10

A— Ft’1‘; 4- -:ML '7' af t ‘ C ‘ «10.3".

H “ 0 VJ .

C5 ‘7.7 (.5 3.9 0.1 h.O H .5 47.u L .68 Fans

70 1%? 3 1.9 0.1 h.0 50.5 h9.l h9.0 running
’ I -. r’ a“ . ’

.‘gE" 3(' 9 309 (\01 Jloo (of), Flt/'0‘; {77.73 COI’I‘ETH—

L2 32 10 3.9 0.1 h.O 53.5 5?.h 5?.h6 nonsly

vs r'r r - 7 1- Ir *1

MO ?9 11 3.10 0.10 3.)? (9.5 63.: (7.9o :ans

35 19 13 1,? 0,00 2,00 63,8 {3'6 63.n3 rnnning

3n .1.-1 15: 0.8 0.90 1.60 0.8% 63.13 inter-

tritflve“rtl:v

3h 13 ?1 0 1.17? 1.15' :5:3 473.v 5;.h3 Fens off

1" I) 1. ° .1.. +3.
U—nons,1nn lee

“-3 1'9 6 1.9 0.1 3;.0 37.7 36.6 335’; :va
’ ' ' , or! .3. .fi

SO Lucy: {/05 309 001 2100 14100 BQO‘J) 3:0?2 1 J.. 17.3

1&5, 370.5: 705’ 309 00]— hoO ’l709 21(035’ hiked)»; Cfiltln—

Ares 32 9.25 3.9 0.1 L.O 58.5 57.65 57.78 no sly

..‘ ,f # O r T 7"" a

1L0 30 10 /O/‘{) Colo 3'06 Did—5r 570/); 27079, 1‘ ..IzS

/ .

35 2O 15 1.30 0.75 2.;5 51.0 31.0 93.23 running

3h 1:05 705’ ‘3050 1005 10,)5 (‘100 C-‘:I—.C) 20.2; 177+18r-

nittently

3.14 it :30 o 1.1§ 61.0 61.0 60.25? Fans off[
.
4

O

i
s
:

e
x

 

The next table (Table«37)‘was trefared in order to further summarize

the total sensible heat available and compare these values.

Table 5? . ‘end in total sensible heat available for purposeT1

of hen e tenberntnre control (Btu/Hr, hen)

 

 

 

 

Environmental Total sensible heat available Difference

For house tcngcrature control

tennorature A—Any tine FLRoosting

(0F) of the day tine

55 Ila-(’8 3605’s 9013

:‘0 h9,13 39.92 9. 21
415 53.7 h5.1di 9.2L

35 C13 0 L3. "’30 0 2S 3. 18l

 

* The triter believes that those two values are typical

of roosting time and would have been greater if more

sanples has been collected of occurrence of the giVen

'inside tenoerature during daytime.
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Fig. 62. Mr. Albert Levasseur's poultry house, St.A1bert,

Province of Quebec, Canada. (Photo furnished by the

Shawinigan Water and Power 00., Montreal).
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Fig. 63. Inside view of the pen showing nests, dropping

pits, waterere, feeders and location of instruments.

(Photo furnished by the Shawinigan Water and Power 00.,

Montreal);
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Fig. 6b. The 12—1nch fan shown delivers

more than four cm of air per hen and the

thermostat is set at 50°F most of the time.

The deep litter is made of wood shaving:

and was kept dry and friable all the winter

in all parts of the house. (Photo furnished

by the Shawinigan Water and Power 00.,

Montreal).  



 
L A . i

Fig. 65. The lvgrothermograph and the time of operation

instrmnent were placed approximately six feet from the

floor or one foot from the ceiling -in-order to be out

of the farmer's way and to avoid roosting of the birds

on the shelf where they were placed. (Photo furnished

by the Shawinigan Water and Power 00., Montreal).
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Fig. 66. Outside meteorological shelter with

an lvgrograph, a thermograph and a maxim and

minimum thermometer. (Photo mrnished the

Shawinigan Water and Power 00., Montreal .
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5U1oisrtors Inn FT: “TR TQEPRCH

TVs ”Titer Vclieves tht +he follOWing Points are worthy of further

rese1rch.

A. "eat and "cisture production in poultry laying houses
 

l-"Vot is +‘1 t.t1l :e1t prodnction 0’ lasin321ens under different env_ron—

‘ ternorctune ("113‘s1en e1lorineters91 :
1 3

*
4

t is ‘he percentage of latent heat produced'fiy laying birds under dif-

erent environmental tenperatures (single—hen calorimeters)?

-3 at is +Ve total heat producion in poultrv iouses under actual housing

onditiions (small houses for solar he1t study ?

h—Thdt is the total not sensible heat coming from secondary source under

actuol heroin: conditions (snall houses for solar heat study)?

S-TVfit 51 1‘0 “€111cn°31p Vetween environmental tenperatures and the

percent13e cf moisture content of +he fresh droppin3s of la"in3 hens

(sin3lo_hen calorimeterS/9

5-"‘*+ is *Vo relationship between o1V1ronnental temperatures 1nd the total

”1t1r eonsun1d 1nd eliminated by la"in3 hens (ten—hen C1lorimeters and shall

houses {Var solar hent stud; )?

7—Uhot is +Ve relLfitionship hetreen environment1l tenperstures andtflie feed

consunption o. laying hens (ten-hen calorimeters and small houses for solar

heat study)?

3-.t is +Ve relationship Vet"een ~c‘ve131t of 133dn3 hens and their total

V.e.t production (sin3le—hen colorineters)? '

—TV1t is e reltionship betveen environment1l teipcratures 1nd the heat

M1‘11ed by deen litter of diffefent depth 1nd different m1na3enent (tenn-hen

lorireters and small houses for solar heat study)?O
’
Q

\
O

13-..... tis tle relah isllip betseen environmental temperatures and the ten-

per1tnre of deep litter of different depth and different management (ten-hen

C1lorin1ters and small houses ,or sol1r hoot studs)

ll-Whet isdie rel1+1ionship betweenenvironmental te eratures n.nd the tem—

perature of concrete floor and e1rth floor in poultry houses (small poultry

houses directly on the ground)?

12—’h1t is the rel1tionship between environmental tenperatures .1ni the h21

ain or heat loss from the earth under the poultry house litter or floor

(small poultry houses directly on the ground)?
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V‘ w

.e proTlen o” tennnrntune control in lnring houses
 

.

l—*ow Ao host exnfinngers perform in hichigen poultry lfiyin: houses?

S—Vow do hint exclqngers conpere with insulation, in Nichignn laying hou—

ses, with respect to economy?
K
O

_Jhet are the nininun insulnting vnlues required in Vichigan for houses

" r‘i'..‘-‘ferent hird Population nni different BIPORQd (or raciating areas?

3

h—Uhnt :rc the economical advantages of insulation (amount of saving in

feei consunption, nnount of ircrense in egg production amount of saving

in labor rccuired for egg cleaning and litter changing (ten-hen calorimeters

and snnll houses for solar heat study)?

S4Whnt are *he environnnetal temperatures desired by Michigan poultrymen

( survey ) ?

£.Th~t is the most economical and the safest outside design temperature

for Fichiqnn aninnl shelters?

7-Vow does fen ventilation conpnre with the different types of natural

ventilation, with resnoct to temperature control (small houses for solar

hent study)?

C. The prohlen of concensation on walls nng ceiling surfaces
 

l—Whnt is the effect of recirculating fans on the critical relative humid—

ity for condersntion?

24Th~t is the effect of a curtain of cold inlet air on the critical rel-

ative hunifiity for condensation?

3_Uow horntul is condensntion on‘vnlls and ceiling surfaces with respect

to the life and nnintenance of poultry laying houses?

3. The problem of concensetion within walls and ceilings

l—hon do poultry houses without vapor barriers compnre with poultry houses

having vapor barriers, with respect to temperature control, moisture re-

moval, condensation inside ,he walls, duration of the building, etc?

Z-Uov much does condensation within wells affect the heat loss charac-

teristics of the insulqting neter'al and the amount of hent loss through

the walls of laying houses?

a. The vet litter problem
 

ln-Vhst is the relative importance of the different fsctors producing dry

litters (insulation, ventilation, type of litter, depth of litter, amount

of stirring, use of recirculating fans, use of heat exchanger, increase

in hird pepulation, frequent cleaning of the drOpping boards, addition

of new litter, addition of lime, etc.)?

lb4flhat are the most important single factors for the maintenance of dry

litters?
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~.‘ c. a
- . ' .. 1 ‘ ‘73 -.- f VlC- .nn+ ‘“(3 11:10 5131?le fQCtOrS fi.T)FO]-lIl.01:j I CCILiI‘Qx for the .-.-{lln?;0n?_.lCe Of

dry litters?

Q—T'OW T'Z‘ICH -,.f>~(3.1031311 +0 li’WFC-I‘ l’lrz’iflf’, is the feeding 0f LTW'IIS d1TQCtJ-y

in +19 1j_¥*er in order ot encourage stirring of the litter h" the Oirds?

3-"ould refular cleaning (binonthly or monthly) 0? +h° drOpping pitls be
prefernhle to the gg+ual practice Cf letting the drOppings piled throug

full the 5911021.

h—Yow efficient is the use of mechanical litter stirrers for the main—

tenance of dry litters?

..f"I’ " .
,»—;;t)vv t

11' 4 l

4.L?.‘L A

J. 9

any, 1.-Y L'f'ser‘.

ent is t.e use of ground limestone for the risintene.nce of

F. Design of the intake system
 

1-1hct is the effect of incre.asing the total air intake area on the tem—

perature control characteristics of the horse and the chances of having

some intakes act as cuttnkrs?

9-Vnm much infiltration occurs through L—type air intakes and the many

other types of air intakes when the fans are off and winds of different

speeds are blaring on the walls of the building?

3--1re hin~ed of slidirg door really necessary on the top of air intakes?

re tizey really affective in decre;sing air flow during cold spells?

h-Now do special air intakes compare with cracks 'with respect to temper—

ature control, moisture ranoval, conrlensation, etc?

5-"or Yuch exfil+ration occurs in a poulttry h01se with rites of fan ven—

tiltion from four to zero cfm?

G, Design of the exhaust system
 

l-Is the fan duct really helpful and necessa. ' in poultry laying houses?

Z—Hhat is the host location for fans in poultry laying house?

B—Uow‘oes continuous ventilation compare with intermittent ventilation

with respect to noisture removal, avoidance of condensation on walls and

ceilings and Maintenance of dry litter, in houses of different insulating

Va1110 s ?

h—Uow does intermittent one volume delivery fans compare with intermittent

two volume delivery fans (dual-speed moior or automatic Operated shutter

in the duct):ith respect to moisture remOVal and +enperature control?

S-How does ceiling fan system (combined with gravity'systen flue) compare

with wall fan system with respect to cost of operation?
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{-Are recirculating fans renlly helpEUl end Worth their price?

7-Thnt ere +Fe best thermostat setting for horses of different insulating

velues?

C-er does maximum fan capacities of l, 2, 3 and h cfm compare with respect

to noicture renovnl and temperature control?

9-3ow does +he performance of the second floor and first floor of a two—

story pcu‘try house compare, rhen using one fan only'nith the duct ex-

+ending to +he first floor and one opening provided in the duct at each

floor?

lO—Yow ”mes the size of intake ares (manual control on intakes' opening)
effect the rcrfornence of the fans?

H. Instruuentetion
 

l-Is it possihle to develop a simple cheap and reliable wet bulb instrument

“or outside conditions, utilizing a low tonncrnture of freezino liquid

insteed cf Weter 93 used in the Henderson wet hulb instrument?
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