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INTRODUCTIOR

A reduced profit margin in ths poultry business has brought
about the demand for more efficient methods of poul try farming. A
savings of a few cents per bird on the cost of raising poultry may
mean the difference between profit or loss. With this is mind an ef-
ficiency study was made of three types of electric brocdere. 1Iwo of
these types of bdrooders, the infra-red lamp and the conventional elec-
tric resistance type heating element and hover, are available commer-
clally, The portabdle floor plate brooder with electric heating elemente
was constructed for research purposes ia this study.

These three brooder units were tested in portadle, wood construc-
ted, shed type brooder houses. No insulation was used in the con-
struction of any of the housee, The floor was uninsulated except for
the litter that was used on the floor. Baleg of straw were used to
bank the outside perimeter.

lnside temperature of the brooder house was therefore subject
to variation of the climatic temperature. Temperature variations in
South Dakota in early spring may range from se low as minus fifteen
degrees to as high as a plus forty degrees Fahrenheit,

Under these conditions the primery purpose of this study was ¢to
coapare the heat transfer from radiation, conduction, and convection
that wers recorded in each of the three types of electric brocders.
This meant an investigation of materials that will rediate or trans-
fer heat by rediation. Ueat changes due to the veriation of rediant

enargy received froa the sun were noted.



REVIEY OF LITERATURE
Cost Comparison

A great deal of work has been done in poultry breeding. Egg
size has been brought under genetic control, slow feathering has beem
improved in flooks, and many other characteristics have been improved
by selection. Work has been done on the nutritional meede of poultry,
Yot there is little basic eavironmental information concerning the
chick during the brooding periode This perhaps is the moet oritical
ard difficult period in the management of domeetic birds,

Recommended temperatures for chicks can be found from the time
they hatch from the egg to the time they are four to five weeks old.
However there is no gensral ugresment among poultry men as to what
constitutes proper brooding ‘emperatures for chicks Jjust out of the
e3g or at succeeding ages.

Experienced poultry meu regulate broo:'ling temperatures according
to ohick reaction. Less experienced growers find thermcmeters helpful.

Teste have shown that for each age of chick there is a tempera-
ture at which metabolisa was at a minimum. This temperature was 94 to
95 degreee Fahrenheit for day old chioks and decreased about .3 of a
degree per day through the thirty-second day. At ons yeer of age, thie
optimnum temperature was found to be 70 degrees F-hronhoit.l At temper-
atures belcw these optimum temperaturee, the chicke need more heat and
this is supplied by increased metabolic activity. This incresse con-

tinues until the chicks are no longer able to produce enough heat te

lgwnura. James e The Physiological aAspects of Chick Brooding.
Journal Ag. Bng. Volume 33. p. 298. 1952,



maintain body temperature and they die from cold. Thus chicis from a
day old to two weeks of age are usually unable to survive temperatures
below 70 degrees Fahrenheit for twenty-fcur hours; chicks five to
eight weeks of age under similar exposure normally die at temperatures
below 50 degrees Fahrenheit, Similar lethul temperatures have not
been determined beyond eight weeks of 050.2

Metabolic activity aleo increases when the ambient temperature
rises above the optimum temperature. This 18 primarily due to the
extra effort required in panting to evarorate extra moisture from the
respiratory trect for cooling purposes to main®ein body teaperature.
This process too, has a limit beyond which the bird osnnot go snd 1t
dies from heat, Thus the exposure of a baby chick to a temperature of
about 103 degrees Fahrenheit for twenty-four hours is lethal while a
similar exposure of a mature pullet at 90 degrees Fahrenheit is die-
utrouc.B

Some research has been conducted on electrically heated brooders,
They offer more possibilities than other types such ae those heatsd
with oil, coal or gas as far as ease of control 1is concerned and also
in mafety from fire hazards. Oue of ths first electric brooders in
use was a hover type brooder, a semi-enclosed chamber surrounding a
heat unit. This unit provides warmth for the chicks irrespective of

the ambient temperature of the brooding rom 1itself. Conatruction of

25bid., p. 298,

31v44., p. 298.



such a brooder 1s made so chicks can move in and out of the heated

arva at will. Ventilation under the hover 1s provided by either nat~
ural or forced air flow.

e last few years have brought about a deviation from the con-
ventional, e¢lectrically heated brooder. This was caused by a widespread
use of the infra-red heat lamp, Elimination of the hover was possible
besocause infra-red rays of thess lamps were not converted into heat until
comiaz in contact with the floor or the chick's bodies. In some re-
spects the infra-red heat lamp proved unsatisfactory. The heat require-
ment proved to be greater since heat from the chicks was dissipated te
the surrounding air and not utilized as in the case of the hover type
brooder. Another heat loss was from the infra-red rays that did not
strike any solid object. Costly coatrols had to be used for goed tem-
perature regulation..

Since the infra-red lamp proved ocononiucclly disappointing in cer-
tain ways, poultry men and researchers turned to other ways of brooding.
Cne method was heating the floor of the brooder house. The chief disad-
vantage of this methcd was the lack of portability., Efforts have been
made to design a portable heat slab, yot retain the advantages of the
permanent type of under floor brooding.

e Department of Agricultural Engineering Research, Agricule-
tural Experiment Station of the Loulsiana State University built sev-
eral portable under heat units, The unit was designed with an insu-
lated layer at the bottom % restrict heat flow downward and a top of
materials that would provide a uniform passage of heat, The heat unit

which consisted of soil heating cable was placed between the top and
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bottom layers. The area of this under floor heat unit was 48 inches
by 48 inches, which proved ample roamr to accommodate 350 chicks through
a five-week brooding period under conditions found in the spring in the
state of Louisiunna,

In the early part of 1954, two unitz were installed at the
Rorth Loulsiana Experiment Station, and zimple flat top wooden hovers
were supported 12 inches above each unit.

At the time these units were in use, four other units, two
using butane xs a fuel and two using infra-red lamps as the heat sour-
ces, were instelled in the same buillding and accurate cost figures
were kept. These figures are shown in Table 1.

Table 1. Comparative Cost Pigures for Five Brooder Units®

Cost Fuel Consumed
Brooder Units Per Bird Per Rird

l. Premier Butane Brocder 2.88 cents <19 gule.
2. A. Re Woods Butane Brooder 2.52 cents 17 gals.
3. Buckeye Infra-red Brooder #1 4.21 esnts 2.02 kwhr.
4. Buckeye Infra-red Brooder #2 L4.02 cents 1.93 kwhr.
5. Underheat Brooder #1 1.02 cents 5 kwhre.
6. Underheat Brooder #2 0.85 cents o4 kwhre

*Table reproduced from Report on a Portable Underheat Brooder Using
Blectric Soil Heating Cable, p. 5+*

“Test run for a five-week brooding period.

The low fuel cost shown in Table 1 was encouraging so another

test was run at the Louisiana Agricultural Experiment Station after



Table 2, Comparative Cost Figures for Brooder Units®

Cost Puel Consmmptioa

Brooder Units Per pPixd Per Bird
et gl Tess #2°  Pet g3 Bes A
l. Premier Butans 2.30¢ 1.41¢ o16 gals. 094 gals.

2+ Ae Ko Woods Butane 2.0)¢ 1.02¢ elh gals. 07 gmls.
3. Buckeye Infre-red #1 3,37¢ 2.14¢ 1.62 twhr. 1.03 kwhr.
4. Buckeye Infra-red 2 3.22¢ 2.04¢ 1.54 kwhr. .98 kwhr.
5. Underheat Brooder #1° 0.82¢ 0.212¢ 40 kwhr. .102 kwhr.

6. Underheat Brooder #29 0.68¢  0.22¢ .32 kwhr. .106 kwhr.

*Table reproduced from Report on Portable Underheat Brooder Using
Electric S01) BHeating Cable, p. 6."
®Four week brooding period.
Prabient temperature for Test j2 \ns. higher than for Test #1l.
®Underheat Brooder #1 had pyramidel aluminum hover.
d5aderheat Brooder #2 hed quonset aluminum hover.

Tadle 3. Per cent Cost of the Infrea-red Brooder

- - R o 1st Test 2nd Test

—hrosder Unlta 2 Coat &.Cozt
l. lafra-red 100.0 £ 100.0
2. Butane 6546 % 58.0 %
3. Underheat 22,8 %Z 10.33 %

*Table reproduced from Report on Portable Underheat Brooder Using
Eleotric Soil Heating Cable, p. 6.*

“ive rage of each of the two units tested,



redssigning the two hovers for the underheat brooder. The results are
shown in Tadbles 2 amd 3,

The averags materlel costs of all units made with aluminua
hovers were 3$34.00, not 1acluling labor. These figures are based om
the cost of materials in loulslana where the study was carried out.
It 18 hoped that this cost will zZo down as ths units are 1nprond."

In the fall of 1949, sxperimentsl work on the comparing of the
various methods of poultry brocding was atarted at the State College
at Pullman, Tushington. All tests were msde in a bdrooding laboratory
at the colloge.

The laboratory was a frame bullding with two inches of tlanket
ingulation on the wall. Five inchas of wood shavings provided insula-
tion for the ocelling. The dullding was oquipped with a heut exchanger
agd &« forced air venﬁlating syssen. Inside.texpersture of the labor-
atory could be regulated,

Test rocms were equipped for dupl ication of each trooding me~
thod so thut with eight roczs, four methcds of trooding could be
studied at one time,

Srooding methods of this study were the electric hover, under
floor electric, underfloor hot water, battle gaz hover, and the heat

lamp. Kesults of this study ure shown in Table &.

"Roash. Jo He Report on a Portnble Und;moat Brooder Using
Eleotric Soill Heating Cable. Depertment Circular #20. p. 9. 1955.



Teble 4. Comparison of Energy Costs for the

liethods usad in this Stucly.4I|I

L

Brooder Units Cost Per Bird
l. Electric Hover 1.90 cents
2, Under Floor Electric 5.71 cents
3. Under Floor Hot Water 9.54 cents
4o Bottla Gas 7.26 cents
5. Hmat Lamp 2.61 cents

*Table reproduced from Report on Compurison of Various Methods of
Broodiuge Jourmal of .ige inge Volume 33. pe 558. 1952."
2gsch test for five week duration

hkea.n of savan testse



Heat Transfer

The three methods of trensferring heat ere by coaduction, con-
vection, and radiaticn. Coaduction 1s the transfer of heat frem one
part of « body to another part of the same body, or frow one body to
another which 1s in physical contact. .0 example of conduction can
»e found within a metel rod when one end is belng heantcde The fast
moving rolecules in the heatsd area strike other molecuies and heat
15 transferrad to the unheated end of the rod.

Convectlion 1s the heat transfer which occurs when wara particles
of a f£luld mix with cooler particles. The alxing may be accompliched
Ly wovement resulting cnly from temperature differences within a fluid,
a process of natural or free convection. XKixing by power operaved
blowers or puxps 1s known @& a process of forced convectioan.

the transmiseion of energy by a process similar to the behavior
of 1ight is known as radiation. This enerfy is not heat until it is
ubsorbed by some objects ERadiunt neat energy is present in and emit-
ted By all bodles. The rate of trunsmission depends on the tempera-
ture and character of the body. +n example of this 1s heat from the
sun, Heat passes through smapty space with no apparent mediua to carry
it. 1In the electric heatsr, aeat from the glowing element 1s directed
and focused by the reflector sad passes as a beam across the roea,

For the speclal case of hest trunsfer by flat surfaces to air,
the heat tranemitted per unit srea of a heated surface to air by nstural
convection varles as the 1.25 power of tie %emperature difference (aur-

face and air) ors

5Stroeh. C. Heating & Ventllating's Eniinnr:lng Databook. 1lat
BEd. M¥ew York, The Industrial Press. -8. 1930,



Qe = pel 25
where t= the temperature difference, surface and air, in degrees F,
Qe = heat transmitted by convection, BTU per hour per square
foot of surface, and
b= a constant depsnding on the position of ths surface and
the mean temperature involved, and with values

(from Fishenden) as follows:

surface vertiocal b= 0.3
surface facing upward b= 0.4
surface facing dowrward b= 0.2

Heat trensfer by conduction is actually heat transmission
through the building material. The unit of heat tran=aission through
materials is calculated by the forsula Hs Au(ti - to) where H is the
total amount of beat in ETU per hour, A is the area of the construc-
tion, The teapsrature of the indoor air is represented bty ti and that

of the outdoor temperature by t,- The valus of U can te calculated

from the formula: U= 1
T e
1 ¢ 3} " %

#here fy:= 1inner surface conduotance usually taken at 1.6 or 1.65

outer surface conductance usually tsken at 6.0

x= thickness of solid material (inches or feet)

k: heat coaductivity of solid, ETU per hour per squsre foot
per inch thicknsss per degree Fahrenheit

a:= heat tranamitted across air space within construction

BTU per square foot per hour per degree Fahrenheit = 1.1
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Table 5. Coefficlents of Thermul Conductivity of Various Materials
BTU psr Sguare Foot per Hour per of Temperature
Difference per Foot of Thickness

Apparent Density

Matarial Lb, per Cu, Popt O k
Alr 32 0.0140
Asbestos -~ cement bourds 120 68 043
Asbestos sheets 56,5 124 0,096
Asbestos 36 32 0.090
36 212 0.111
Alusinuc 32 117.0
Aluminum foil, 7 air spaces
per 2 c5 1nch°‘ 0 02 100 O .025
Brick, building 68 0.4
Cardbourd, corrugated 0.037
Concrete lil dry O.44
Concrete, stone 0«54
Copper, pure 64 224.0
212 218,0
Cottoa wool 5 86 0.024
Cork, board 10 86 0.025
Cork, ground 9.4 86 0.02§
Diatomaceous earth 27.7 399 0.066
27.7 1600 0,092
Fiver insulating board 14.8 70 0.028
Glass, boro-silicate 139 © 86-167 0.63
Clesa, soda 0.3-0.44
Glﬂﬂﬂ. window 003-0.61
Ice 57.5 32 1.3
Iron, wrought 64 34.9
2R 34.6
.Iron, onrst 129 27.6
216 26.8
U111l shavings 0.033~0.05
¥ineral wool 94 86 0.0225
19.7 86 0.024
Sawdust 12 70 0.03
Saow 34.7 32 0.27
Steel, mild 64 26.2
212 25.9
Steel, stainless (10-8) 932 J2.4
Mater 32 0.330
%ood shavings 8.8 86 0.034
%¥ood, across grain, dbalsa 7-8 86 0.025-0.3
oak 51.5 59 0.12
white pine 34 59 0.087
fool. animal 6.9 = 86 0.021

*Table reproduced from Enginsering Elements of Agricultural Processing.
P llh- 1952-'



U= heat flow through wall, BTU per hour per square foot
per degree fahrenheit

Values of f, xo ky, and a are found in -Tables 5 amd 6.

Heat tranafer by radiation has the characteristics of light,
The Stefan-Boltzman law sta®ss that radiation from a black body to an-
other body is proportional to the difference of the fourth power of
the absolute temperatures of the two bodiu.6 ¥Yhen the radiating body
is not a perfect black one, the following formula 1s used.

Q= 0el74 ae ('rh" - rc")
8

10
Qp= radiation in BTU per hour
A = area in square feet
e = emlsaivity of radiating body
T, = absolute temperature of the radiating body
T - absolute teamperature of receiving body

Table 6. Representative Surface Conductance Coefficients

h
Service BTV per (8§ £t hr %)

Evaporating water 400 « {000
Condensing steam 300 - 5000
Evaporating ammonia 300 -~ 500
Condensing ammonia 900 - 1600
Alr on wall surface, natural convection 1.65*
Alr oa wall surfeace, 15 m, p. h. wind 6 .00¢
Alr forced aoross 1 in. tubes at 10 ft per sec T
Water at 4 ft per sec in 1 in. pipe 930

Surface cooler, milk flowing over horizontal tubes 200 - 650

*Table reproduced from Engineering Elements of Agricultural Processing,

p. 115. 1952.°
*Radiant transfer is included in these values

6id. p. 5-10.
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Care should be taken in selecting the value of e since it is
dependent on the characteristios of the body surface and its tempera-
ture. Temperatures most common in agricultural practices range below
600° Fahrenheit and do not effect eaissivity (e) to any great extent.

To help clarify the meaning of emissivity the following defini-
tion is used., ®Daissivity is the ratio of the emissive power of a sur-
face (1 aa®) other than a black body to the emissive power of a blaek
body under similar conditions. Emissive power iz the radiant energy
or power going out in all directions within a complete hemisphere.

Values for e in Table 7 are given according to the above defini-
tion and at corresponding temperatures, This explanation shows that
the angle between two radiating surfaces does not effect the amount
of power beiag emitted and therefore is no§ taken into consideration

in the computations.

pomin

1i847

&
(W] |

5

sGUTH DAKOTA STATE COLLEGE
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Table 7. Normal Total Bwmissivity of Various Surfaces

Temp

Surfage a Emlseivity
Aluminum, polished plate 73 0,040
Aluminum, oxidized at 1110 Op 390-1110 0.11-0.19
COpp.r. pOIIw.d 2&5 00023
Copper, heated to 1110 °F 390-1110 0.57
Polished iron 800-1880 0.144<0.377
Ground sheet steel 1720-2010 0.55-0.61
Oxidized iron 212 0,736
S“.l pl‘t‘. rough 100-700 009“"0097
Hickel, 98.92 pure, polished 440-620 0.07-0.087
Nickel plate, heated to 1110 °p 390-1110 0.37-0.48
Zinc, 99.1% pure, polished 440-620 0,045-0.053
Galvanized sheet iron, fairly bright 62 0.228
Galvanized sheet iron, gray oxidized 75 0.276
Asbestos, paper 100-700 0.93-0.945
Ensmel, white fused on iron 66 0.897
Glass, smooth 72 0.937
Oak, planed 70 0.895
Snow-white enamel varnish on rough iron platss 73 0.906
Flat black lacquer 100-200 0.96-0,98
011 paints, 16 different, all colors 212 0.92-0.96
Aluainum paint, 108 i1, 22% lacquer body 212 0.52
Alumigus paint, 268 A1, 272 lacquer body 212 0.3
Aluminue paints, verying age and Al content 212 0,27-067
Paper 66 0.924-0.944
Poroelain, glazed Zz O.9§t;
Roof 1 r 9 0.9
nt.rns pepe 32-212 0.95-0.963

*Table reproduced from Engineering Elements of Agricultural Proceesing,

pe 127. 1952,
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Brooding Controls

Controls for electric brooding have been a bdig problem, The
most coamon control has been the gas filled wafer thouolht.7 As the
element procduces heat the wafer is wamed and the gas inside expanrds,
causing the wafer to widen. This action will opsn a set of contacts
which will in turn cut off the current to the elements., With the
current cut off the element and wafer cool and the gas contracts and
allows the contacts to ccme together to turn on the current, This
wafer thermostat has been used extonsively on the farm, In many in-
stances it has good control and its original cost is low. Its appli-
oation to the infra~red heat lamp has not been very satisfactory.

During the 1952 late winter brooding season, a saturadle Core
Reactor was built by westinghouse Electric Corporation.a The unit
consisted of a reactor and a temperature sensing element, The sen-
sing element regulated the amount of ourro.nt that was supplied to the
core winding of the reactor, which determined the degree of saturation
of the core. The degree of saturation rogulated the voltage that was
supplied to the infra-red load.

This unit has given satisfactory results as far as brooding has

been concerned, From an economical point of view, 1ts uss will proba-

bly ve limited to flocks of 5,000 to 10,000 birds and larger.

7Hright. F. B. BHleotrioity in the Home and on the Farm. BHew
York, John ¥Wiley & Sons. p. 251. 1950.

astanloy. Jo K., Baker, Vernon. Control Equipment for Infra-red
Poultry Brooding. Jourmal of Ag. Eng. Volume 34. p.751. 1953.
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In many experiments air teaperature has to be controlled very
scourately. Many commercial thermostats used to control air tempera~
ture have too low a sensitivity which brought about the development of

the supersensitive therwostat,. I

This thermostat employs the use of
two principles to provide on and off control: (1) a spiral bimetal as
primary sensing element and (2) the thyrathron relay to switch the
working current. These two principles cosbined give good teaperature
control and have been applied in the use of curing tobacco.

A differential thermostat!® is activated by temperature differ-
ences. This thermostat, for exaxple, will start ventilating equipment
whenever outdoor air temperature is lower than inside air and will atop
equipsent when favorable tsapaorature idifferences no longer exist. Tis
type of thermostat may make possitle the cooling of farm commoditiee
below average outdoor temperatures, A differential thermostat provided
the type of control used in potato storages ;r other similer applicators.

Another method of temperature control used has been ths cyclic

teaperature ro;uhur.n

This regulator has beea used to simulate some
typical temperature conditions. Its conatructiorn is such that it oan
be modified to fit any resulting temperature cycle. Ome application of

this unit wae to atudy the effect of %emperature on ra%e of nitrade

9H.on10r. Fe Joy Puchett, H. B. Supersensitive Thermostat.
Journal of As- Bn&. Volume 3&0 Ppe 8“1. 1953.

lotoung. P. D.y Soderholms, L. H. Different Thermostats for Ag-
riculturel applications. Jourmr:l of Az, Eng. Volume 33, p. 205. 1952.

nbnp. Je G.o Cook, F. D, Cyclio Teaperature Regulator. Jour-
pal of Ag. Eng. Volume 35. p. 40. 1954,
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accumulation in soil.

Cannercial temperature controls are now on the smarket that are
acourite to two degrees or less. U(me such control, known as the Line-
Vol dage Farm-Q-Stat, number T631A, is made by Minneapolis Homoynll.12
The sensinz elexent 18 a hydraulic filled copper tube which operates
e nicro switch within a 2° differential. This and the rugged construct-
tion has made it desirable for faram application, Besides this particular

thermostat there are many other commercial thermostats that can be ap-~

plied readily to farm %asks,

1280nqyn11. Catalog of Automatic Controls. p. 86. 1955-56.
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ANALYSIS OF THE PRORLEM

The hover type brooder is used mostly by farmers and emall op-
erators. Basically, a hover type brooder is & semi-cloaed chember
surrounding a heating unit which provides a wam shelter for young
chickens or poultry. This unit 1s not effected Uy the amblent tsmper-
stare of the brooding roos itself. Its construction is such that
the chicks have freedom to move in or out cf the heated area. The
heating element is usually placed in the top of the hover and ventila-
tion 1s provided by either natural or forced air flow.

Thie type of hover is produced cocazercially and 1s accepted by
the small operator. It will provide anple heat for chiek broocding in
areas of severe climatic ccnditions, but from the ssandpoint of profits
for the poultry producor it is not very economical.

The last few years have brought abgut a deviation froma the con~
ventional electrically heated brooder because of the inoreaeed use of
the infiu-red heat lamp. The ianfra~red rays of this lamp have a be-
havior pattern similar to ligat; however these rays are not converted
into heat until coming into contact with solid todles. The eolid
bodies in this case are the ohicks, The infrr-red heat lamp has beea
fcund tc be expencive since the rays that dc not strike the chick are
lost to the surrcunding air and floor. Alsos., costly controls have had
to be uned to maintein a comf'ortable trooding zone for the ohicks.

Since the use of infre-red lampe proved econosiocally disappoint~
ing in some respscts due to costly controls and high operating costs,
research has been cons on a porteble floor plate drooder with electric

heating elements.
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The problems with which this resesrch has boen primarily
conoerned include:
l. The use of an insulated flocr plate in a

brooder to reduce heat transf{er and power
costs in that urea,

2o The conatruction of the hover of a brooder
fros a material which will reduce heat transfer
and power costs.

3. The conatruction of a pcrtadbls drooder unit
that can be moved froma house to houae.

4. The investigation of radiation reflective
characteristica of various building materials

to assist in selecting the material to be used
in constructing the hover,

A careful study of heat transfer froa radiation, conduction,
and conveotion was mude on three types of electric brooders. These
brooderes were the portable floor plate brooder with electric heating
elements, the conventional electric broodar, and the infra-red heat
lamp. Ths results of the heat transafosr atl:ud:los were compared. These
results will show the effectivensss of the portable floor plate brooder
with electric heating elements and will serve as a guide in future con-
struction,

Energy consumption 1a another factor used as a guide for the
construction of the portable floor plate brooder with eleotric heating
elements. EBach of the drooders was connected to a separate kilowatt
hour meter and the input recorded. On the bdasis of input, operating

costs were compared.
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EQUIPMERT ABD MATERIALS

The portable unit was visualized az a sandwich with an insulated
layer at the bottom to prevent heat flow downward and a top of materials
that would provids a uniform passage of heat, The heat unit was placed
between the top and bottom layer, molded into ths required shape.

The bottom layer consisted of 3* celotex insulating board, mount~
ed on {* marine type plywood. A sixty foot length of soil heating
cable of 400 watt capacity bent to form a flat grid (Figuro l) was se-
cured to the top side of the celotex by wooden spacer strips. To this
was added a layer of sand to provide heat retention in case of power
feilure. The top consisted of 1/8* asbestos board. The entire unit
was bound together with edging of sheet metal., (Figure 2) The dimen~
sions of the sandwich were 48" by 48, This area provided room for
200 chicks through a four week brcoding period.

The heating cable was controlled bya thermostat which was in
contact with the topside of the flexboard and was partially shielded
by a sheet of aluminum,

The hover (Figure 3) was made of lightweight aluminum on a
frame of angle iron for rigidity. Aluminum was used for the hover be-
cause the high reflective power would raise the heating ef'ficiency.

One side was hinged so that the chicks could Ye inspected below the
hover. (Figure §)

The conventional electric bdrooder was purchased commercially,
I1ts dimeasions were 72" by 48° and wae used to brood about 200 chicks,

The heating element has a 700 watt heating capacity., This unit was



Figure 1. Location, method of fastening, and shape of the heating
element for the portable flocr plate brooder with elec-
tric heating elementsa

-

Figure 2, Floor plate of the portable floor plate brooder with

electric heating elements showing the edgings of
sheet metal
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Figure 3, Lightweight aluminum hover on an angle iron frame

Figure 4. Hever with hinged door for inspectiom of chicks



equipped with a wufer type therwostat and operated on 110 volts 4. C.
(Figure 5)

The infra-red heat lamp brooder was also purchased cosmercially
and was used to brood 200 chicks. This unit consisted of four 25C watt
infra-red bulbs, two of waich were in operation at all times and twe
that were operated by a enfer type thersostat. (Figure 6)

These types of brooders were pluced in separate breoder houses
which were of the portable wooden shed type, No insulation was used
except for the litter of sawdust on the floor. Bales of straw banied
the outside perimetsr, (Figure 7)

for temperature measurement a portable Rubicon Temperature Po-
tentioneter (Figure 8) calibrated for copper-constantan thermocouples
was used. dlong with this potentiocmetsr, some use of mercury therzo-
meters was kade. For air flow meaguremens a kodel 60 anesothers air
Meter was used, Some quuntitative measurements of radiant heat were
made by the use of a D%60 radiaution mster. The air meter and rediation

meter are shown in Pigure 9.



Figure 5,

Figuro 6o

Conventional electric brooder

Infra-red heat lamp brooder



Figure 7.

Figure 8,

Portable wooden shed type of brooder housss

Portable Rubicon temperature potentiometer with
thermocouple

%
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BAPRKIMENTAL 1INVESTIGATION

The site selected was locuted st the poultry farm, Agricul-
tural Experiment Station, South Dakota State College, Brookings, and
wus chosen partly becuuse of the in%erest and cooperation of the Poul-
try Department. ilso shrough that departsent the breoder houses, the
conventionul electric brooder, and the infru-red heai lamp brooder
were made avalladble. The feeding facilities were another important
factor in the cholce of the poultry farm as the site for this research
project,

The sBelection of materials and construction ef the portable
floor plste broeodeor with electric heating elements were carried on by
the author, Kilowatt hour meters were purchased and installed in the
three brocder house unita., These gave an accurate record of the elec-
trio energy input.

To measure tesmperutures, therzocouples were installed on each of
the brooder units, The thermocouples consisted of frem two to five
Junctions. Temperatures could be measured at oach of these junctions.
any large area had a taermocouple with five junctions while a smaller
area would have only three junctions per thermocouple. The tempera-
tures at the Jjunctlions were averaged to give the temperature of that
particular area or surface.

ihermocouples for the portable floor plute brooder with electrie
heatding slements wore installed at varlous locations. Thermocouple
nusber onv was looated bslow the plate. Thersiocouple numder two was
located inside the sandwich to give the tasperature of the heating

element,. Thermcoouple number three was located at chick height to



give the temperature in the chick brooding zone. The third junction
fron the end of this thermocouple recorded the thermostat temperature,
Thermocouple number four was wrapped around a suspended wood strip to
give the tamperature of an area six inches below the hover peak.
Thormocouple number five was secured to a 3/4 inch wooden atrip to
give the %emperature just below the hover on the inaide. Thermooouple
number six was fastened directly to the hover surface by means of
black electrician's tape, This thermocouple gave the surface tempera-
ture of the hover, Thefmocouple seven was inatalled like number five
except 1t was located just above the hover, These two thermocouples
gave the temperature difference between the inaside and ocutaside sur-
face of the hover.

A meroury thermozeter (Ty) was suspended to read air temperature
of the brooder house just above the brooder. Another mercury thermo-
meter (1'9) was secured to the wall of the brooder house to give the air
temperature near the outside wall. To measure the air temperature ocut-
side, a meroury wall thermozeter was used. It was installed on the out~
side wall of the brooder house (T )e The locations of the above ther-
mocouples can be found in Figure 10. also some of the thermooouples
installed on the outside of the hover can be found in Figure 11,

On the oonventional electric brooder. thermocouples were install~
ed at variocus locations. Thermocouple nuaber one located at chiok
height gave the temperature of the brooding sone, Thermocouple number
tso was installed on the ventilator inlet to give the temperature of the
air as it entered the fan. Thermocouple number three was fastened to

the celling of the hovers This ceiling was a plece of fider board that



Brocdsr houss wall

0:3
«T2  Heat slad |
.rl

(Side view)

/"1'1 es0c0000000 ‘Durlooouplo below heat slad
/1‘2. eeoccccove Thomoouplo inside heat slabd
‘/T3.o. XX LX) Thonooouplo at ohiak h.iat

‘1‘,‘...... IR morlogouplo below hoyer at the
peak (6¢) -

‘1'5........... Thermoocouple below hover surface

(3/4°)
Tgesosooseeee Thermocouple on hover surfaoce

1'7........... Thermocouple above hover surface

(3/4°) -
Tgeceveccccee Thermometer suspended near hover

’1‘9-.......... Thermoneter inside brooder house
wall

Tgeeeveccoers Thermoneter outside btroader house
wall

Figure 10. Thermocouple and thermometer locations on the portable
floor plate brooder with electric heating elements

&
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Figure 9. Model 60 Anemotherm air meter on the left and the

DW60 radiation meter on the right

Figure 11. Thermocouple and thermometer locations on the outside

of the hover of the portable floor plate brooder with
electric heating elements
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oreated a laft or air space in the hover for added insulation. Thermo-~
couple number four was fastened to the outside of the hover with black
electrioian'’s tape. A temperature difference was obtained between these
two thermcocouples,

A mercury thermcneter was used at the following locations to
measure air temperature near the hover (TS); alr temperature near the
brooder house wall, (T4); outside air temperature, ('ro). Location of
these thermocouples can be found in Figure l2.

On the infra-red heat lamp, a thermocouple was installed at
chick height for recording temperature in the brooding zone. Thermo~
couple number two was fastensd on the under side of the base between
the buld sockets to give temperature readings at that point. Thermo-
couple pumber three was installed topside of the base and fastensd by
seans of tape.

Mercury thermcmeters were located near the base of the infra-
red heat lamp brooder, on the inside broccder house wall, and on the
outside wall to give air temperatures near the brooder, near the in-
side wall of the brooder house, and the outside temperature respec-
tively. These thermoOouple installations may be seen in Figure 13.

The temperatures of the above thermocouples were read by means
of a portable potenticmeter and recorder. The temperatures for the
portable floor plate breooder with electric heating elements and the
time at which they were taken are found in Tadble 8. The temperatures
and the time they were taben for the conventional electric brooder
are found in Table 9. Also temperatures amnd time taken for the infra-

red dbrooder can be found in Table 10.
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Brooder House Wall

Ty sesecccccoThorzocouple at ohick height
TyececccccceTharaooouple at fan inlet
?3..........Mnooouplo on inside surface of hover
Tao.......,.mornocpuplo on outlid:o surface of hover
Tgeessssees Thornometer suspended ‘near fan outlet

T, ecccccoccsThornoneter inside brooder house wall

6
1'0 essesscsssThornocnetar outside drooder house wall

Figure 12. location of the thermoocouples and thermometer for the
coaventional eleotrio brooder.



Figure 13.

Location of thermocouples on the infra-red heat lamp
brooder

32



Table Be

Date

11
sgt(h.ooyn)

21 (8:00am)
22 (6:30am)
(2:15pm)
23 (5:00pm)
24 (7:30am)
3130
25 73553
(2:00pmm)
26 (8:15am)
(4:00m)
27 (8:15am)
(10:30am)
(1:30m)
(3:155pm)

28 (8:00am)
(4:15m)
29 (7:00a)
30 (8100am)
(411Spm)
May
1 (7:15am)
(4325pm)
2 (8:15am)
(4315m)
3 (7:5am)
(4:00m)
4 (8:15am)
(4sdSpm)
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Daily temperatures taken for the portadle floor plate brooder with slectrisikeating elements

- I
1‘: T.Z B Tu Tg ", Te 77 T8l T9 Tooy- set- kilo-
122123_123"12312312-_555123 ola tin~ patts”
86 83 91 119 112 112 97 101 92|95 95 95 95 93 93 86 8 87 84 87 85 85 85 86 84, 71 off 100 263.5
102 96 113 140 133 145 78 92 82|88 87 86 82 82 81 €9 M 6 70 TO 63 63 63 55 52 44 on 95 268.0
106 106 118 148 140 145 97 100 77 |™ 79 79 75 75 75 57 62 58 56 60 49 49 51 36 32 20 on 95 274.0
88 88 100 123 116 108 96 93 B4 |82 82 82 79 79 77 68 68 68 67 67 66 64 38 off 95 276.5
88 88 94 127 127 141 92 91 86|86 89 85 B4 8, 84y 73 73 73 69 T4 68 68 66 66 64 4 on 95 285.0
99 99 119 137 139 143 75 73 70|77 78 77 72 72 75 S8 & 57 60 60 51 51 52 42 30 32 on 95 291.0
98 106111130 130 145 79 79 818 85 85 80 82 82 6 72 67 67 67 62 62 62 56 54 gz on 95 293._3
100 106 122 137 140 L4 79 78 78|82 82 82 76 76 76 61 6 62 62 62 55 55 56 48 46 on 95 291-0
86 92 97 108 108 100 95 95 89|87 87 87 86 86 B4 79 82 79 T T9 61 61 61 78 76 51 off 95 305'0
99 100 114 140 133 145 81 107 78 |8 84 82 79 79 77 63 68 63 63 65 57 57 58 50 47 41 onm 35 307.0
8 86 94 100 100 95 90 92 86 8 85 83 B84 82 81 78 78 77 77 79 T2 Th T4 76 75 63 off 95 3‘{-0
106 110 122 147 140 148 87 105 85 85 85 83 80 79 T9 63 67 64 62 65 55 59 56 48 45 31 on 95 31;-5
92 96 106 131 121 131 76 97 71 72 73 73 68 68 &9 51 57 52 52 53 47 47 46 46 A3 29 on 99?5 313.5
B9 95 103 130 122 135 78 105 72 76 76 75 7L 73 69 52 57 55 52 55 48 48- 48 b5 42 27 en ; -3
83 89 97 129 120 132 72 102 68 72 72 Tl 66 68 66 49 53 51 49 52 45 46 b4 b4 42 |27 om 95 iu'"
21.0
2 91 10613 128 144 75 107 68 72 74 72 68 68 68 52 ST 53 53 55 b &5 45 36 33 |25 on 95 3
33 992 102 130 12, 142 78 93 74 61 B8l B0 75 76 76 58 64 61 58 60 53 55 55 46 43 gl on 3.55 ;27232
102 101 119 143 138 143 87 98 82 82 82 82 76 T7 Tr 61 66 63 62 64 52 Sy 54 "2 37 Z °!; Ly 335:0
90 89 107128 123 133 59 82 64 70 71 71 €5 67 €7 50 Sh 51 51 51 45 A5 b6 A0 43 150 O 29 on -
105 102 114 142 138 152 89 104 95 94 94 94 88 69 88 77 T 78 77 78 71 72 T2 & 43 o
95 3435
98 1 1 132 136 70 89 72 74 77 74 70 72 72 52 57 54 53 55 48 48 49 49 4T |37 on .
3’32 104 1113; ﬁa 137 14,8 92 104 92 90 91 91 83 86 86 70 72 69 69 70 63 64 63 sg ig g; o 3% 13;52.5
103 103 121 1\l 144 146 B84 95 83 85 86 84 79 81 8 65 & 65 & 65 57 59 58 5 > %t 95 3935
86 85 95 103 100 97 91 95 92 69 89 8y 88 87 87 82 83 83 81 81 60 80 79 73 7; ga B e
98 112112137 137 W5 73 89 74 76 79 T? 72 72 T4 56 9 56 56 57 k9 49 Sl 38 A3 O B o5 13¢s
80 78 90 |6 98 101 88 92 88 86 86 85 84 83 63 78 79 T 77 7 75 75 15 7 S %8 om 90 |38400
200 98 118 138 138 144 87 92 78 85 86 8 79 81 81 & 69 67 68 68 62 62 63 551 29 2 o 90 |32
85 80 93 11 114 134 87 88 81 85 86 87 64 85 & B8 7 76 7 76 72 73 77

1

SNuzbers for each individual oolumn of number under a T heading indlcate thermocouple Junctions

bm.mst‘t temperatires

hefer to Figure 10 for the thermocouple looations

dglectric energy consumption in kilowatt hours

W ¥

=3
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Table 8. "(Continusd)®
n T2 3 o, Tg 76 Ly 3|y | 0|0y~ I-.t- kilo-
Date 102 -3y @ 3 .32 X 2 W Y2 Il I cle |ting watts
lay
5 (7:30am) | 102103 120 330 143 112|86 96 85|84 85 85/ 80 80 80| 67 70 67 67 72| 60 60 60| 56|53 |A2| orr| 90 | 371.0
(4:00p@) | 98 100 113035 139 145|83 92 83|86 87 86| 81 Bl 82| 68 71 68 68 70| 62 62 63|57|55148] en |90 | 373.0
6 (7:00am) |96 96 111034 136 22|79 91 77|77 78 T?| 73 73 74| 59 62 60 60 61|52 52 53| 56|54 42| om | 90 | 376.0
7 (8:30am) | 100 101 116028 132 11|89 96 86|88 88 89| 85 85 86|75 75 7 7T 7™M|70 70 71]|65|63]55| en |90 | 3.5
ﬁg.oon-) 78 70 81 Py 88 85 |89 85 87|86 85 85| 86 85 85| 8y 64 86 84 83|82 82 80| 82|81 |66| err| 85 | 382.0
8 (8:15am) |96 99 11235 132 14,3 |8 92 60|84 85 85| 80 80 83|70 70 70 70 70| &5 &5 66| 60|59 | 54| on | 85 | 383.5
(4:30pm) | 90 92 100118 116 137|169 1loo Bo| 87 8 88| 83 84 85| 76 76 25 75 75|70 69 70| 67| 66| 60| on | 85 | 384.5
9 (8:30am) (82 81 91 05 108 130|196 90 79|83 64 84| 81 81 82|72 72 70 71 71|69 69 69| 68| 66|58| on | 85 | 386.5
(4:00pm) 171 70 75 78 B0 78 |82 80 B0|81 81 81| 82 B0 HO| 78 79 79 78 78|78 78 78|81|80|61| ofr| 85 | 387.0
10 (8:30mm) | 90 93 107]135 230 136|800 96 78|83 85 83| 78 79 79| 66 66 65 65 67|59 59 61|56|54 [46| on | 85 | 391.0
(4:00pm) | B4 84 92 fl12 111 129|85 87 78|84 84 83 80 B0 80| 69 70 69 68 9|65 65 65|68 |62]55| en | 85 | 3925
11 (8:30am) | 95 95 109118 120 00|86 89 By| 86 86 84|83 83 8| 77 77 T2 T 76|72 72 74| 68|66 |57| oft | 85 | 393.5
(3:30pm) |77 74 80 B2 85 82 (87 B89 85|86 86 86| 67 85 85|83 83 B5 83 84|83 83 82|83]|82|74| ofr| 85 | 3940
12 (8:30em) | 79 79 87 95 85 |60 85 79183 64 64|81 81 83|77 77 T¥ TP 7TV|75 75 TP |76|7h | 68| ofr| 8O | 394.5
13 (6:h45am) | 85 87 92 22 112 131|822 87 82|84 83 84|81 81 8|6 6 6 67 70|65 65 65]|58]|56]|50| om | 80 | 395.0
14 (8:30am) | 82 83 94 1101 1oy 05|74 80 83|75 76 76|73 73 73| 68 68 6B 68 68 |6y 64 66|67 |6y |A9| efr| 8O | 398.5
(l:45pm) | 72 70 78 87 82 |83 86 8)|82 83 83|82 81 81|81 B0 B0 79 79|78 76 78|79 |70 | 64| | 80 | AOC.O
15 (2:30p®) |75 74 83 P2 95 109|76 79 75|80 81 81|80 80 80|75 75 73 73 73|70 71 71| 71|70 |S1| on | BO | AOZ.0
16 (8.30am) | 93 94 109127 127 13173 104 78|82 82 B0|77 77 78| 67 68 68 67 68|63 63 63|59 |57 |52| en | 60 | 408.5
17 (2:00pm) 170 69 74 (78 81 76 |60 81 80|83 83 83| 84 82 82|81 82 82 81 81|79 79 79]|81|80 |70| ofr| 8O | KOK.S
18 (8:30em) | 82 B4 90 flo4 101 93 |76 83 78|80 B0 81|79 79 79|72 73 73 73 73|70 70 70| 69|67 | 62| off | BO | 405.5
(a00pm) |70 69 72 |80 79 79 |82 83 83|85 85 B4| 86 84 64|82 8y 8 83 83|83 83 83|67 |86 |76 oft °°|'r°56

|
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i v Iy n T T6 To|oy kllo-c
1 2 1 2 1 2 93 M % T 2 3 ¥ 3 olo watts

82 82 946 95 8y 083 89 86 87 087 088 88 6B 88 88 89 T2 |en 8375
97 T9 102 100 9% 93 109 100 98 76 77 T™ 76 80 60 58 A8 | em 845.0

100 75 106 100 92 92 108 105 99 & 71 69 68 79 40 37 32 |em 855.0
68 78 B 89 88 87 99 97 93 H T T3 70 7 65 64 A1l |ea 859.0
69 65 95 95 913 89 99 98 96 77 80 80 T? 81 68 66 A8 |efr 873.5
90 74 101 99 87 87 102 99 93 62 66 66 65 T0 AT AN 37
91 80 96 98 91 91 102 200 97 72 77 77 7h 76 5 56 45 | en 882.0
94 79 108 204 93 99 106 10 100 70 TH 7% 70 TH S1 A9 P 893.0
90 90 95 9K 91 91 97 96 96 82 82 82 83 84 ™ 78 54 | off 89h.0
98 87 108 10 95 95 106 10 102 71 73 73 73 T7T 56 53 8 on 903.5
9% 69 96 96 92 92 99 97 97 82 683 83 82 84y 78 78 off 905.0
96 87 108 105 93 93 108 106 103 66 70 T1 70 75 A8 A6 33 | en 912.5
87 78 101 98 86 85 100 100 95 58 63 64 62 66 46 44 31 | on 913.5
90 82 105 100 90 & 104 103 101 61 65 67 64 70 AS AS 29 | en 914.0
8, 76 98 95 64 82 98 97 95 55 59 61 5B 64 My AH2 28 | en 915.5

8 70 102 100 687 86 100 97 59 63 66 61 66 39 36 28 | on 925.0
9% 6 107 105 93 92 106 104 63 66 69 67 73 46 45 34| en 931.0
100 92 113 110 96 96 10 107 65 69 69 68 76 &S KO 30 | en 938.0
& 75 97 95 83 &4 9 92 S8 6 63 60 65 55 52 37 | em 951.0
103 97 108 108 96 96 209 102 77 60 80 79 & & 66 L6 | om 95345

9% 78 96 96 8 085 98 97 95 57
100 90 110 308 94 95 106 103 102 70
98 682 110 107 96 96 11 108 w5 69 73 71 71 54 50 37| off 973.5
89 89 W0 100 93 93 100 97 98 83 84 84 86 8 8 56| en 9755

62 62 61 67 53 50 40 | en 962.0
73
3
6 64 97 96 &5 85 98 95 9#@::646167%52;0011983.0
D
78

72 72 77 58 55 M| en 965.0

86 688 96 96 91 91 98 96 96 60 81 81 8 76 76 52| eff 985.0
75 70 100 X0 93 .93 104 100 9% 73 75 T T1 61 60 A3 | em 993.5
@ 8y 93 96 92 92 2 9 WO 77 Tr 78 82 T@ 72 52| oa 99545

“Numbders for sach individusl oolumn under a T heeding indiocates thermecouple junotions
bllcfu- to Pigure 12 fer the therscoocuple locaticas

®Blectric energy consumption in kilowatt hours
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ble 10, Daily t
Table b:- oigo x‘:mpox'at;ux'os taken for the infra-red heat lamp

Ty T2 T3 Ty | Ts| To |kile-
Date 1 b il > 1 . watts®

ril
20 (4:00pm) | 103 95 ]| 120 125 | 103 104 | 96 2
IR (Cicow) |71 68 |9k 97 |7 77 | k2| I e
22 (6:30am) | 93 65 | 119 120 | 87 78 50 | 44 | 28 | 902.0
(2:15pm) | 79 72 | 101 105 | 78 80 68 | 66 | 39 906.0
23 (5:00m) [ 83 78 [ 107 11085 85 |72 | 6 | 45 | 925.5
24 (7:130am) | 92 65 | 122 118 | 87 80 56 | 51| 35 937.0
(3:30pm) | 86 7h | 119 124 |92 83 | %2 | %0 | 43 | 943.5
25 (7:15am) | 97 73 | 126 126 | 93 83 60 | 55 | 956.0
(2:00pm) | 90 86 | 107 114 | 92 92 82 | 79 | 51 | 961.5
26 (8i1l5am) | 97 77 | 122 127 | 93 82 | &4 | 59 | 46 | 974.0
(4:00pm) | 91 90 | 111 - 115 | 92 93 83 | 80| 63 | 978.0
27 (8:15am) | 96 71 112 21193 69 77 | 54 | 49 | 30 | 992.0
(10330am) | 85 62 | 107 109 | 80 69 52 | 46| 28 | 993.5
(1:30pm) | 90 67 | 109 111 | 82 70 52 | 45| 26 | 994.5
(3s45pm) | 83 59 | 103 107 | 76 65 50 | 44 | 26 | 996.0

28 (8:00am) | 90 63 | 105 107 | 78 67 46 o] 26 |1012.0

(4315pm) | 94 8 | 119 124 | 89 76 ;| 54 39 31 [1017.0
29 (7:00am) | 91 81 | 116 119 | 84 74 "k 52 | 45 | 28 |1031.5
30 (8:00am) | 75 67 | 120 114 | 81 73 62 | 57 | 36 |1048.0
: (4:15pm) | 93 87 | 119 121 ] 92 89 72 | 69 | 44 |1054.0
ay

1 (7:15am) | 80 66 | 110 112 | 82 71 | 59 | 54 | 38 |1066.0
(4:25m) | 90 79 | 124 125 | 93 83 | 64 | 58 | 38 |1073.5

2 Ea;l.s.m; 86 70| 122 125 | 89 79 | 60 | 55 | 34 |1087.5
4:l5m) | 93 89 | 111 116 | 9 8 80 | 52 5

3 e 7:15eam). § 73 53] 116 120 eg '9151 &l: 58 ga 129033
(4:00pm) | 86 86 | 108 114 | 92 92 80 | 77 | 48 |1111.0

4 (8:15am) | 91 77| 126 128 | 97 93 | 70 | 66 | 41 |1123.5
(4:25pm) | 87 80 | 208 111 | 88 89 |76 | 74 | 49 [1126.0

a
Numbers for each individual column under @ T heading
indicates thermocouple junctions

b
Refer to Figure 13 for the thermocouple locations

CElectric energy consumption in kilowatt hours
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Table 10. *(Continued)"
< T T T T. |kilo-
1 h 1551 78
May
8 (7:30am) | 91 80 127 129 | 97 86 61 | 67 | 42 |1137.0
(4:00m) | 92 88 (115 113 | 87 87 | 69 | 63 |44 |1144.0
6 (7:00am) | 81 70 {117 118 | 87 80 70 | 63 | 44 |1155.0
7 (8:30am) | 84 83 |112 116 | 92 92 76 | 73 | 57 11173.0
(4s00pm) | 85 96 |111 118 | 96 96 85 | 83 | 67 [1175.0
8 (8:15em) | 78 87 |113 13 | 87 87 70 | 67 |55 [1186.5
(4:30pn) | 77 91 |113 113 | 88 90 | 74 | 72 | 60 |1193.0
9 (8:30am) | 81 93 | 117 120 | 92 89 76 | 72 | 58 |1203.0
(4:00m) | 88 107|112 119 | 97 97 8y | 81 | 60 |1205.0
10 (8:30am) | 78 82 |11 110 | 87 o 66 | 60 |46 [1218.0
(4s00m) | 77 77 [321 126 | 97 86 | 71| 67 |55 [1223.5
11 (8:30am) | 87 82 |130 131 | 106 96 78 | 78 | 58 [1235.0
(3:30pm) | 89 68 |14 120 | 98 98 88 | 88 | 73 [1238.0
12 (8:30am) | 80 7 |9 88 95 8y 81| 80 | 70 [1245.5
13 (6:145am) | 73 70 (108 106 | 95 78 63 | 58 |50 [1253.5
14 (8:30am) | 67 70 |112 106 | 97 78 72 | 69 |50 |1264.0
(1l:45pm) | 82 82 |101 95 90 92 84 | 83 | 63 [1266.0
15 (2:30pm) | 81 73 1119 113 | 104 89: 74 | 71 |53 [1276.5
16 (8:30am) | 73 66 | 109 105 | 94 79 67 | 63 | 54 284.5
17 (2:00m) | 81 9 |120 119 | 110 96 8y | 82 | 69 [1296.0
18 (8:30am) | 80 85 |114 105 | 98 84 75 | 73 | 66 |1304.0
(4:00pm) | 87 85 |1o4 106 | 102 90 87 | 87 | 74 |1306.0
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Each time that the teHperatures were taksn, measurements of the
iir velooity about each hover were also taken. These measurements were
taken by a Model 60 ineuwctherm air meter and recorded. 4ir velocities
of the portable floor plate brooder with electric heating elements were
taken &t point one which is the ventilator opening. Points two and
five were air velocity measurements to check the convection air currents
neir the hover surface. Points three, four and six are air velocity
measurements around the hover edge. Locution of these points can be
found in Figure 1},

Much the same 2ir velocity measurements were taken for the con-
ventional electric brooder. Location of these points of measurement
are shown in Figure 15,

To check convection air currents around the base of the infra-
red heat lump, four measurements were maday The location of the points
of measurement are shown in Figure 16,

The purpose of these air vslocity measurements was to estimate
a surface conductance value. In heat transfer through building mate-
rial, this value is 1.6 or 1.65 for an inner surface. The outside
surface conductance 1z usually taken to te 6.0 assuming a 15 mph wind.

The radiation intensity of esch brooder unit was checked by
means of a DWGO radiation meter. It was found that the radiation in-
tensity for the portable floor plate brooder with electric heating
elenents and conventional electric trooder was too low to be measured
with the wmeter. Anothasr means was used for calculating heat transfer
by radiation. Ca the infra-red heat lamp brooder, the radiation in-

tensity could be easily read with this meter, Radiation intensity



.1 F 5.

.

al.

2.

3.

lececocsAlr velooity at the ventilator opening
2.0.0...A1r' '.IOOIW at the °ut.14.£ hover surface
* -

3essssecAlr velocity moving below hover at the
outer edge

§eceoseesAlr velocity moving below hover at the
outer edge

ScecccecAlr velocity at the ocutside hover surface

6eseseseAlr velocity moving below hover at the
outer edge

Figure 14. Location of the air velocity measurements for the portable
floor plate brooder with electric heating elements
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8.
6. T
O 5.
2. 3
5

(top view)
licesesseAlr velocity at the ventilator opening
2.000000Alr velocity at the outside hever surface
3eeeccecAlr velocity at the outside ;mvor surface

BecceesceAMr velocity moving below hover at the
outer edge

SececsesAlr velocity moving below hover at the
outer edge

6ece coceAlr velocity at the outside hover surface
TececseeAlr velocity at the outside hover surface

Becceceeec AMr velocity moving below hover at the
outer edge

Pigure 15. Location of air velocity measurements for the
oonventional electric brooder
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2. 1.

(top view)
lecesoes Alr velocity at the base edge .

2ececeeeAlr velocity et the base od;o

3¢ececcedlr velocity at a central loeation
near the top surface of the base

BeceeeesAlr volocity at a point near the top
surface midway between the center of

the base and the edge

Location of air velocity measurements on the infra-

Figure 16.
red heat lamp brooder

i,
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(gram=calories pir square centimeter per rinute) was messured at eight
loeations arcund the bdase of the infru-red heut lamp. Four bdbulbs woere
lotated at intervals on ths base to form a square. Pcint number cne
was located arbitrarily at ons of the buldbs. Pecint two was located
betwien twc adjacont buldbs going in the counter clockwise directicn.
This same msthod of msasuring at a point directly opposite a bduld and
then betwaen adjacent bulbs was centinued until peint number cne was
agsin reached.

4 rending of .1 gram-calories per square centimeter per minute
wes chosen because of the graduation of the scale cn the rediation
meter. This reading was next to the lowest graduation and was consid-
ered in the fringe area of the brooding cone where the chicks were
nost comfortable. it each point at chick height the meter was placed
8o that this reading was reached. The distance of the meter from the
caater of the base was measured and recorded. (Table 11) These dis-
tances ware then aversged weekly and used to plot & heat pattern to
show the radiant intensity. Thess average weekly values are found
in Table 12.

For the portatle floor plate dbrooder with electric heating
elements the following calculations of heat transfer by conduction,
ccnvection, and radiation were made., For heat trunsmission through
the hover the formula H= AU (t; = t,) was used where H is the total
mmount of heat in BTU per hcur passlng threcugh a ccnstruction ef
arexn i, The temperature of the alr inzide the hover is represented
by ty =nd that of the outside alr by t . (Mmbdle 13) Heat flow

through the wall is represented by U,



 Table 11.

heat lamp brooder®

Daily radiaticn intensity measurements for the infra-red

Da te Im:heab
1 2 3 I 5 6 7 8
 April %
;_20 (4:00pm) 36 26 8 24 29 25 25" 26
2l Egngom)) 32 22 £ até 3 21 g* 25
2 130am 3 33 3 2 33 0
! (2:15pm) 37 28 85 29 36 22 '37} gg
23 (5:00pm) 36 26 g 23 30 2l 1 25
(7:30am) 35 35 3 25 31 31 32 33
(3:30pm) 36 3 34 25 31 31 34 33
25 (7:15em) 37 33 € 26 31 9 33 32
(2:00pm) 35 22 0 21 30 25 0 27
26 (8:15am) 36 34 33 26 29 32 30 32
(4:00m) 36 26 ) 23 30 26 0* 26
27 (8:15em) 36 35 36 5 30 31 33 33
(10:30am) 36 35 34 25 32 32 31 34
(1:30pm) 35 34 34 25 31 31 30 31
(3:45pm) 35 34 33 26 32 32 29 30
28 (8:00am) 36 34 34 26 30 30 30 30
(4:15m) 35 36 36 28 32 32 31 33
29 (7:00am) 38 36 36 28 33 +.32 32 36
30 (8:00am) 37 38 I % ity 2
(4:15pm) 33 23 0 2 31 2y o* 2l
May
1  (7:15am) 36 37 34 20 31 32 3 31
(4:15pm) 36 34 34 30 33 31 34 33
& (6r15em) - 35 34 34 28 32 31 32 -
(4:15pm) 35 2} 2 23 = 24 6 25
P T2 15am) 36 36 36 32 31 32 93 31
(4:00pm) 35 21 = 28 31 28 13% =He
4 (8:15am) 36 27 8 22 33 24 9 25
(4:15pm) 36 28 9* 26 34 25 102 is 2%

fNumbers with an asterisk indicate bulbs not burning

bDistmco from the base center to the radiation meter when a
reading of .1 gram calorle per sguare centimeter per minute
is reached.

All readings at chick height

44



,!Table 11. *(continued)"

Da te Inches

1 2 3 4 © 4 7 ]

(7:30am) 34 34 34 28 33 32 30 31
(4:00pn) 38 36 34 31 35 32 34 35
(7:00am) 38 27 10* 21 35 18 9* 26
(8:30am) 36 24 8* 22 33 26 v 25
(4:00pm) 41 20 1* 28 35 27 32* 25
(8s15am) 41 Lo ) 36 28 36 32 33 33
(4:30m) 36 18 13* 18 35 23 13* 23
(8:30am) 35 n 1 19 32 17 12°. '8
(4:00pm) 38 18 33* 21 36 30 32* 26
(8:30am) 36 12 12* 17 32 18 13* 23
(4:00pm) 38 31 35 30 85 31 33 32
(8:30am) 38 11 9* ¥7 32 20 1 20
(3:30pm) 40 19 12* 20 36 24 u* 26

(8130am) 8* 16 32 14 9* y 32 16
(6145em) 10* 15 31 12 1y’ 18 28 10
® Py )

%gx?‘gmg 13 20 31 1 9 17 29 14
s45pm

(2:30m) 17* 24 a2t i 9* 438 32 20
éazggun; 15* 21 3 14 13* 17 28 16
. (2:00pn

(8:30em)- ‘N* 21 29 15 12°

(4:00pm)

18 30 13
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Tadble 12, (vernge weekly radistion intensity measuriments
for the infra-red heat lamp brooder®

Feek Inches
! 2 3 5 7 I

1 38.5 3.0 34.1 25.7 31.1 314 31,7 3R.3
1 35.8 25.0 4.7 24.0 31.5 23.8 7.8 26,2
2 36.1 35.6 35.3 27.4 31.9 31.8 32.4 32.6
2 35.0 24.6 5.8 24.6 32.8 25.0 7.6 25.4
3 37.8 33.5 34.8 29.3 34.8 31.8 32.5 32.8
3 37.6 17.8 11.0 20.3 34.0 22.6 16.2 24.1
4P

i 12.3 19.5 31.2 1.3 10.5 17.0 29.8 1.8

l'.l‘ho first row of numbers for each week indicate that these val-

ues wore taken with all bulbs bdurning.

bOnly two bulbs were used for the entire fourth week.

The second row of numbers for
each week indicate that thess values were taksn with two bulbs burning.
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The value of U 15 deterained by the following formula.

U, 3.
2 gl L et
g vy K kg 9 8

where f;: lnner surface conductance usually taken at 1.6 or 1.65
f_= outer surface conductance usually taken as 6.0 (15 mph wind)

x = thickness of so0lld muterial, inches

w
]

heat corductivity of solid, BIU per hour per squars foot
per inch thickness per degree Fahrenheit
a = heat transmitted across alr space within construction BIU
per squure foot per hour per degree Fabrenheit = 1.1
U = heut flow through wall, 31U per hour per squere foot per
degree Fahrenheit (an overall coefficient)

The following 15 a sample calculetion of heat transmission
through the aluminum hover of the portable floor plate brooder with
electric haating elezents. In this calculation only the surface
conductance coefficlent was useds Alr velocity was checked cutaide
the hover as well as inside and was found to be low. This low value
of air velocity corresponds to the surfece conductance coefficient of
1.65 whiech 1s used for inside surfaces. This surface conductance
value was used for the inside and outside surface of the hover.

The thickness of the aluminum hover wus .030 inches and had a
conductivity of 1393 BTU per hour per square foot per degree Fahrenheit
difference psr inch of thickness. In the U calculation this has an
aluost negligible value and wis omitted,

Uz 3

_ _ <826 BI'L r hr per sg f't
1 T T%El' - per E;,
1.65 ° 1.65
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—h

area of hover, 29.7 square feet
H= AU (ti - to)

= 29.7 x 826 (78.3 --58.7)

29-7 X 0826 X 1906

481 5TU/hour

80,600 BTU lost by conduction and

radiation the first wsek.

Heat transfer by convection wis not calculated separately but
wig taken into account by the surface conductance coefficient. Heat
transfor by radiation was calculated froz Tudle 14. This table gives
the unit radlation fros the hot body to atsolute zero and the unit ra-
diation of the receiving or ocold body to nbsolute zero. By subtract-
ing to find the difference which is the unit radiation when the emmis-
sivity is 1.0, the heat transfer by radiatien 1s found. Values for
sm:lssivity of various m=tarials can be fcund in Tatle 7.

The following i1s a sample calculation of hsut transfer by radi-
ation for the portable flocr plate brooder with electric heating ele-
ments. 7he average temperaturs for the surfece of the hover (hot bedy)
for weak one 1s taken as 65.9 degrees Fahrenisit. The average air
tamperature for the first week is 54.9 degrees Fahrenheit. The unit
radiation of the hot body at the given teaperature in relation to abd-
solute zero and the unit radistion of the receiving bedy at the given
tomperature in relation to absclute zero are found in Imble 14. By
subtructiom, tha differencs or unit radiation butween the two bodies

is found.
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659 °F -- 131.7
549 °F -- 121.0

10,7 3TU per sq ft per hr
or unit radiation

167.76 number hours for week one
29.7  hover area in square feet

10.7 x 26775 x 297 = 53,400 BTU heat transfer for week one
for an amissivity of one.

The aEissivity of pclished suluminum was found in Tutle 7 as .04.

53,400 x 0L = 2,144 ETIU heat trznsfer for week ons by radintione

Tadble 13. iverage weekly temperatures for the portable floor plate
brooder with slectric heating elements

Hours by
e o Eaoh .
Té I? T9 Ig & 'I‘9 weeks

Teek rl‘

1 98.9 128.9 82.2 78.3 659 587 53.6 54.9 167.75
2 99.2 131.2 82.6 78.4 66.0 59.8 53.1 54.1 168.50
3 93.1 117.3 84.5 8l.5 72.8 68.3 647 6&5.5 167.25
4 8l.3 97.7 81.8 80.0 74.7 72.1 70.2 T71l.1 168.50

®Temporatures below hest slab,
b‘n-plmturoa inside heat slab.
CTemperutures below hover pesk (6%).
d‘hnponturos below hover surface (3/4").
®surface tamperature of hover.
tmmp-rntures atove hever surfuce (3/4%)e
€Inside tempersture of hrooder house wwll.

hCﬂbimd alr temperature inside brooder house wsll amnd eir
teapern ture near hover.
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Table 14. Radiation from surfaces to surroundings at absolute zero
when emisaivity 1.0

Surface Radiatica Surface HRadiation Surface Radiation
Teapsrature BIU per Temperature BTV per Temperature BITU per

¥ Sq. Ft./Hr. F Sqe Pte/Hr. F

30 99.3 66 131.8 102 172.2
31 100.0 67 132.8 103 179.3
32 101.0 68 133.9 104 174 4
33 101.7 69 134.8 105 17545
34 102.3 70 13549 106 176.6
35 103.3 71 136.8 107 176.9
36 104.2 72 137.9 108 1793
37 105.0 73 139.0 109 180.6
38 105.9 74 140.0 110 18e.0
39 106.7 75 1451.1 11 183.3
40 107.6 76 2.2 112 183.7
51 108.9 77 143.3 113 186.0
42 109.3 78 144 .4 114 186.9
43 110.1 79 145.4 115 188.5
VY 111.1 8o Ub o5 116 189.9
45 112.2 8l 147.6 117 191.2
46 113.1 a2 148.6 118 192.5
§7 113.9 83 149.6 119 193.9
49 114.7 a4 150.8 120 194.6
49 115.5. 85 151.9 121 195.9
50 116.6 86 153.1 122 197.
51 117.6 87 154.1 123 198,
52 118.4 88 155.4 124 200.0
53 119.4 i 2] 156.5 125 201.4
54 120.2 90 157.7 126 202.8
55 121.1 91 159 .0 127 204.2
56 122.2 92 160.0 128 205.5
57 123.0 93 161.2 129 206.9
g? 125.1 95 163.5 135 215.3
60 125.9 96 164.6 140 222.8
61 126.9 97 165.8 145 230.4
62 127.7 98 167.0 150 238.1
63 128.8 99 168.5 175 279 .6
64 130.0 100 169.7 200 326.3
65 130.8 101 170.9

* nble reproduced from Heating and Veatilating's Enginsering Databook.

P 5’10- ht Bd. 19“80.



Heat transfer through the ventilator of the portable flcor
plate brooder with electric heating elementz was calculmted from the

following fomuls,

Z = specific heat x dansity x (t‘ - tc)
S| Oth X 0075 Q (ti - to)
where 2 = heat production in BTU per minute

Q = air flow in CP
t] - ty = temporature difference inside minus cutside in degrees F

0.24 = specific heat of air (BTU per 1b per degree F)

density of air at 70 degrees F (1ts/cubic foot)

075

The following 18 a smmple calculation of heat transfer through
the ventilator of the portable floor plate brocder with electric heat~
ing elements. The temperatures (t;) were mvernged waekly and were
inside hover temperatures. The tonperlturei (to) were averaged weekly
and are air temperstures outside the ventilator opening. The average
weekly temporatures are found in Thble 13.

ilse in order %o calculate heat transfer through the ventilator
the size of the veantilator opening had to be taken into account. The
opening was ome square inch, which in terms of squnre feet ig .00695.
This value multiplied by the air velocity in feet par minute is the
value for Q (air flow oFMi). The nverage air velocity for week one,

found in Table 15, was 95.1 f'eet per minute.

Q= 9501 X 000695
= «661 oM
2 =024 x 075 0 (tg - to)

0.2 x 075 x «661 (82.2 = 54.9)



Teble 15. Avertire weekly air velocity (Pm!) measurements
for the portable floor plate brooder with electric heating elements

Toints
Flaa -
2 & 5P 1€ Sk 56
X 2l.2 95.1 26.9
2 21.6 107.8 27.9
at 22.2 93.2 26.3
5" 21.} 7543 244

“Yindows were open the third and fourth weeks,
“Alr veloct ty by matural convection near top of hover.
CAdr velocity through ons square inch ventilator.

dur veloocity moving under hover edge.

0.24 X 0075 X 0661 X 27.3

+326 BIU per minute
This value multiplied dy 60 minutes in an hour ani the number of hours
in week one gives the totzl heat transfer {or the week in BTU.

«326 x 60 x 167.75= 3,28C BT. heut tranaier through the
ventilator for week one.

Heat transfer by conduction throcugh the plate for the portabdle
floor plate brooder with electric heating elements was calculated in
much the samo pattern as for the hover. The same formula H = AU (ti - ro)
was used except that for different materials a new U value had to be
calculated. Using the sume formulas u8 before the U valus of the materi-
als in the plate was found to be .324. The ames of the plate was 16

square feet and the average weekly temperature for the heating element



and the outside mversmge weekly temperature ware found to be 128.9
and 98.9 degrees F resmactively., These values mre found in Table 13.
A gamiple cmlculation follows,

H

.".U (ti - to)

16 x 324 (128.9 - 98.9)

16 x 324 x 30

155.7 BTU per hour

This value multiplied by the number of hours in the first week gives
26,100 as the total hent transfer (BTU) by conduction and radiation
through the plate.

To find the energy consumption of the portsble floor plate
brooder with electric heating elements, e kilowatt hour meter was
used. This meter was read at the end of week one. OCne kilowatt
hour is equal to 2,415 BTU. . This vslue times the meter reading gives
the energy consumption for week one in BTU. FPor example, the number
of kilowatt hours used was 50.5.

50.5 x 3415 = 172,000 BTU ensrgy consumption
for week one

Heat transfer by conduction for the conventional electric
brooder was cilculated in much the same way. However the hover had a
ceiling of fiber board that creatsed a loft or air spiace for added im-
sulation, so that a different method had to be used for the calcula-

tion of the U value. 1The following formula was used,.

Ug = (u (U, )
\
U + (Uce/n’
where U, = combined ccefficient to be ap.;}l ied to the ceiling arey
U_ = transmizsion coefficient for roof
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Uco

transmission ccefficient for ceiling

n

ratio of rocf area to ceiling area

The value of U, given ty the abovs equaticn 1s then applicable to the
celling ares for purposes of estimating heat flow through ceiling and
roof combinad., This combinsd cosfficient of heat transfer to be ap-
plied to the celling was found to be .424. The rest of the surface be-
low the ceiling had a U value or coefficient of .826. To find the heat
transfer by conducticn and radlation, ench of the above values had to
be used separately in the formula H = AU (ti - to).

Pat transfer by radiation for the conventional electric bdrood-
or was calculated in the same manner 23 for the portable floor plate
brooder with eslectric heating elements. fleat transfer by convection
was taken into account by the surface conductance coefficient,

Due to the fzet that the infru-red heat lamp drocder did not
utilize a hover, aalculation of heat transfer in thiz area was unne~
cessary. To calculate heat transfer through tha tase, the formula
H= AU (t4 - to) wag used, The area of the base wans 2.25 square fest,
U walue was calculated as .827. The values of the average weekly temz-
peratures ti and t; are found in Mble 16.

The calculstion is ag follows.

A= A0 (%, - t)
= 2.25 x 927 (113.7 - 84.0)
2.25 x 827 x 29.7

= S5.25 BTU per hour
This vulue times the number of hourr in week one gives 9,260 BTU heat

transfer by conduction and radistion. Heamt transfer by convection
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Table 16+ iverage weekly temperatures for the
infra-red heat lamp brooder

Teek i r® &TC
- 3 ek

| 113.7 84.0 62.4

2 116.5 84 .4 62.5

3 117.8 91,2 73.2

4 106.7 92.2 752

®Lower surface and socket temperature of base.
b'lbp surface temperature of base.

CCombined air temperature inside dbrooder house wall and air
temperature near hover.

was again taken into account by the surface conductance coefficient.
To determine this coefficient the air velocity above and below the
hover was checked. This surface conductance coefficient was used in
the calculation of the U value in the heat transfer formula

H= AU (%) = tg).

A study of the ability of various muterials to reflect radiant
energy was made. These materials woere set perpendicular to the radia-
tion of a 250 watt infra-red bulb, All these materials were alter-
nately inserted in a holder one foot from the center of the bulb and
each had a surface area of one square foot.

The surface of each matsrial had = different characteristic.

Some were unpainted and some were coated with either white, black or
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al¥linum paint. &t the distance specified, a quantitative measurement
of the amount of radistion intensity reflected was taken by a DW6O
radiation meter, This meter was in a fixed position to give a compar-
ative re®ding of the various materials, Also a measurement of the
direct radiation intensity of the infra-red bulb was made at various
intervals,

To help in the selection of material for the construction of
the portable floor plate brooder with electric heating elements a
study of the ability of various materials to reflect rudiation was
made, [welve muterisls that could be used in the construction of
this portable brocder wers selected. These materials included alum-
inum, iron, masonite with sevaral different surfaces as well as
others, For a complets descriptive list of these materials see
Table 25. Some of the materials were the same except that the char-
acteristics of the surface were changed by painting. The source of
radiation was a 250 watt infra-red heat lamp bulb, The intensity of
the radiation that wias reflected was meisi:red by the radiation meter.

To keep the conditions of the test the same, each material had
a surface area of one square foot. The position of the meter, the ma-
terial, and the buldb were fixed. Radiation for each material tested
had to travel the sume distance ind be reflected back to the meter at

the same uaglee 1he only varilable that affected the intensity of the

reflected radiation was the surface characteristic of the materisl.
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RE4ULTS

Temperature readings, air velocity mesgurements, and rydignt
intensity mezsurements were taken daily, Daily temperature resdings
for the portable floor plate brocder with electric hegting elements,
convelitionsl electric brocder, and the infra-rasd hest lamp brooder
are shown in Tubles 8, 9, and 10 respectively. The daiily air velo-
city measuremsnts for these brooders are shown in Tables 17, 18, and
19 respectively. Daily radiation intensity could no: be measured di-
rectly for the portable floor plate brooder with electric heating el-
enents and conventional electric broocder. The dally radiant intensity
measureaents for the infra-red heat lamp brooder are shown in Table 11l.

The numercus dally temperature readings, daily air velocity
measurements, and daily radiant intensity measurements were condensed
into average weekly readings and measurements, The averuge weekly
temperatures for thes brooders are shown in Tables 13, 16, and 20.
Tables 15, 21, and 22 show the averiage weekly air velocity measurements
for the brooders.

The average weekly temperatures wers used in cslculation of heat
transfer by conduction. This is shown in the form of b#r graphs for
easy comparison. (Figures 17, 18, and 19) The average weekly tempera-
tures were also used in the calculation of hezt transfer through the
ventilztor. The graphs showing heat transfer through the v@ntilator for
the portable floor plate brooder with electric htiting el@lents ind the
conventiomal electrio brooder are shom.x in Figures 20 &nd 21.

Haat transfer by radiation for the portable floor plfite brooder

with electric heating elements, through the hover of the convention®l



electric drocder, %*nd thrcigh the basa of the infrs-red heet lamp
brooder cculd mot be messured directly. The average wmekly temper-
stured could agsin be used for this calculation of ngat trgnsfer,
The Fesults sre Sfown ia bar graphs. (Figures 22,23,and 24) Heat
transfer by radiation frok the tulbs of the infru-red heat lamp had
te be handled in u different manner. Fkadiant intensity was measured
in different arsas of the drooding zone. Frem this, & pattern of
radiant intensity wns made. These putterns are shown in Figures 25,
26, 27, 28, 29, 30, and 31 for the infra-red heat lamp brooder.

Electric input for sach brooder wns memsured throuzh separate
watt hour meters. This input was Calculated in BTU and the results
shown in Figures 32, 33, &nd 34, Cm the basls of two cents per kilo-
watt hour, the coast of Lrooding a chick fer a period of four weeks
was computed. Comparative operation costs are found in Tables 23
and 24,

This rate of twe cents per kilcwatt hoir wes chosen ng a fi-
gure with wiich to esalculate brooding costs. The basis for this
choice was that a farm in South Dakota not usimg sn electric hot
wntor heater but using over 300 kilowatt hours per month would be
charged at tha rate of two cente per kilowatt hour.

The diffgregnce Letmeen heat input and the total heat trans-
fer by conduction, convection, and rudlaticn was consldered 5§ un-
mCCountsble heat trynsfer. This unaccouatable heunt triisfer for the
porgable floor plate brooder with oliéztric heating ®#le®#nts and the
conventiomsl slectric brgoder is shcwn in Figures 35 and 36.

me investigaticn of the radiaticn reflective characteristics of



Table 17. Daily air velocity (FPML) measurements for the portable
floor plate brooder with eleciric heating elements
Date 1 2 3 L 5 6
April 20 (3:30pm) 55 25 25 2 25 20-23
21 (8:00am) 91 25 25 25 30-31
22 (6:30am) 100 33 28-33 31 19 28
(2:15pm) 75 32 32 26 22 25
23 (5:00pm) 118 37 31 28 22 25
24 (7:30am) 110 20 27 7 28 25
(3:30pm) 101 7 35 2y 21 33
25 (7:15em) 95 30-35 28 20 16 9
(2:00pm) 86 22 22 25 16 2h
26 (8:15am) 110 18 30 25 15 38
400pa) 71 15 22 25 25 26
27 §a:x5-.n) 105 31 23 21 25 27
(10:15am) 85 12 25 25 30 31
(1:30pm) 110 27 28 25 30 7
(3:45pm) 115 23 7 28 26 s
28 (8:00am) 118 21 ggf zg ;i 23
' ) 110 21 3
29 (‘3.33 110 26 32 30 20 30
30 (8:00am) 100 20 7 25 21 27
(4s15am) 83 25 32 25 27 26
May 1 (7:15em) 130 23 30 25 23 28
(4s15pm) 130 16 27 25 23 25
2 (8:15am) 145 23 3 25 23 28
(4:15pm) 100 23 27 27 16 30
3 (7:15am) 100 a2l 34 31 20 a7
(4:00pm) 62 22 7 25 21 31
4 (8:15am) 130 15 E 20 15 25
(4s25pm) 83 U 27 36 23 25

“Refer to Figure

measurements

14 for locations of the air velocity
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"Table 17. *(Continued)"
Date 1 2 3 L 5 6
May 5 (7:30anm) 130 16 27 22 22 26
(4100pm) sl 16 27 21 21 28
6 (7:00am) 110 21 29 22 16 26
7 (8:30am) 108 20 26 20 15 26
(4:00pm) 51 27 25 35 23 25
8 (8:15am) 100 41 45 38 32 26
(4:30pm) 120 33 25 29 23 29
9  (8:30am) 109 21 24 28 12 25
(4:00pm) 47 i 23 21 21 21
10 (8:30am) 108 23 31 29 26 30
(4 :00pm) 102 28 26 27 20 23
11 (8:30am) 68 18 30 23 23 25
(3:30pm) 48 20 16 23 21 2y
12 (8:30am) 30 19 26 21 16 27
13 (6:45am) 101 22 24 26 31 27
14 (8:30am) 73 22 22 21 18 26
(145pm) L4 20 21 23 18 24
15 (2:30pm) 95 27 25 30 18 26
16 (8:30am) 100 17 21 22 23 23
17 (2:00pm) €0 22 27 27 16 25
18 (8:30am) 110 25 29 26 25 24
(4:00pm) 70 26 26 20 22 21
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Table 18, Daily air velocity (FPM) measurements for the conventional
electric brooder

Date 1 2 3 4 5 6 7 8

April
28 (4:00pm) 135 20 20-22 30 38 2L 2h 28
21 (8:00am) 80 26 33 21 31 19 32 30
22 (6:30am) 102 60 7 26 32 15 Ly 40
(2:15pm) 90 32 32 25 26 25 32 27
23 (5:00pm) 120 17 16 17 26 27 35 20
24 (7:30am) 100 35 30 21 3 18 26 17
(3:30pm) 95 26 38 40 30 15 21 40
25 (7:15am) 100 35 31 26 22 32 25
(2:00pm) 120 23 21 25 21 25 25 23
26 (8:15am) 100 34 20 27 22 25 38 24
(4:00m) 120 25 22 28 31 26 26 22
27 (8:15am) 90 38 25 30 38 29 Ly 15
(10:30am) 105 3 40 35 25 31 47 26
(1:30pm) 109 41 40 33 35 23 32 32
(3:45pm) 100 36 24 28 38 30 33 26

28 (8;00am) 100 40 20 33 33 51 (9N 22
(4:15pm) 90 50 25 29 33 56 60 31
29 (7:00am) 100 40 35 27 28 46 46 32
30 (8:00am) 80 25 19 27 31 21 47 24
(4:15pm) 112 30 19 29 26 34 43 27
May

1 (7:115am) 100 40 26 29 23 32 32 29
(4:15pm) 130 33 26 28 34 28 41 30
2 (8:15am) 101 21 22 27 33 19 30 27
(4:15pm) 160 25 20 35 25 11 27 27
3 (7:15am) 110 22 20 30 25 20 20 29
(4:00pm) 120 22 21 27 20 17 25 27
4 (8:15am) 145 20 24 27 33 10 3l 26
(4:15pm) 100 29 21 27 28 10 30 23

“Refer to Figure 15 for location of the air velocity
measurements



Table 18. *(Continued)*
Date 1 2 7
May
& (7:30am) 130 38 17 20 20 10 36 26
(4:00pm) 135 30 20 28 28 25 48 22
6 (7:00pm) 106 38 34 35 33 2y 38 21
7 (8:30am) 150 21 21 25 38 22 24 26
(4:00m) 140 20 23 31 27 22 23 4
8 (8:15am) 111 33 22 32 36 18 31 31
(4s130pm) 120 25 23 25 23 25 28 27
9 (8:30am) 125 33 22 26 25 30 35 28
(4:00pm) 138 7 20 28 32 22 21 32
10 (8:30am) 110 32 27 36 37 2 22 25
(4:00pm) 125 22 22 7 26 21 26 23
11 (8:30am) 120 32 24 28 42 17 29 28
(3:30pm) 150 15 16 30 50 26 25 29
12 (8:30am) 140 19 21 25 45 25 23 26
13 (6:45am) 140 47 27 33 30 2) =3 30
14 (8:30am) 115 23 33 34 27 17 25 30
(liy5pm) 120 20 22 27 30 22 25 26
15 (2:30m) 100 40 22 29 28 20 24 25
16 (8:30am) 110 27 30 36 30 2L 34 24
17 (2:00pm) 130 15 20 27 30 a5 25 36
18 (8:30am) 16C 20 23 29 38 15 26 30
(4:00pm) 105 46 22 35 32 22 22 28




Table 19. Daily air velocity (FPM) measurements for the infra-red
heat lamp brooder

April 20 éu.oo;n) 20 21 20 21
21 (8:00am) 15 32 25 30

22 (6:30am) 21 62 22-25 35
(2:15pm) 11 13 21 21

23 (5:00pm) 21 19 23 17

24 (7:30am) 26 37 28 $1
(3130pm) 55 75 2y 20

25 (7:15am) 32 29 24 24
(2:00m) 31 50 25 23

26 (8:15em) 21 23 18 25
(4:00pm) 18 38 26 20

27 (8:15am) 29 70 53 L8
(10:30am) 43 55-85 55 50

(1:30pm) 13 36 34 35

(3:45pm) 42 b4 46 34

28 (8;00am) 32 ‘28 30 27
(4115pm) 37 46 41 41
29 (7:00am) 33 38 36 37

30 (8:00am) 13 21 20 26
(4sl5pm) 26 20 24 49

May 1 (7:15am) 34 33 20 24
(4115pm) 33 25 48 45

2 (8:l5am) 27 23 28 30
(4:15pm) 23 20 20 £9

3 (7:15am) 25 23 23 32
(4:00pm) 18 13 24 31

4 28:15&1:13 1 20 24 15
4:15m 19 20 23 25

®Refer to Figure 16 for location of the air velocity
measurements
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Table 19 *(Continued)®

Date 1 2 3 4

May 5 (7:30am) 26 22 30 48
(4100pm) 17 26 33 33
6 (7:00am) 52 1 35 58
7 (8:30am) 20 25 17 27
(4:00pm) 21 21 22 25
8 (8:15am) 25 26 16 21
(4330pm) 26 31 26 20
9 (8:30am) 27 42 2l 22
(4100pm) 16 18 29 20
10 (8:30am) 28 23 33 49
(4:00pm) 25 20 25 20
11 (8:30am) 25 27 22 26
(3:30pm) 30 26 22 21

12 (8:30am) 19 22 15
13 (6:45am) 22 25 30 25
14 (8:30am) 15 127 40 37
(1145pm) 22 ‘23 15 20
15 (2:30pm) 24 25 20 20
16 (8:30am) 21 25 20 21
17 (2:00m) 20 26 29 25
18 (8:30am) 25 26 30 29
(4:00pm) 23 28 23 21

64
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Figure 17, Heat transfer (BTU) by conduction through the hover and
plate for the portable floor plate brooder with electric
heating elements (includes heat transfer by radiation
through the plate)
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Figure 18, Heat transfer (BTU) by conduction through the hover for
the conventional electric broeder
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Figure 19. Heat transfer (BTU) by ccnduction through the base of the
‘infra-red heat lamp trooder (week 4 includes heat trans-

fer by radiation)
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Figure 20. Heat transfer (BTU) thrcugh the ventilator of the portable
floor plate brooder with eleciric heating elements
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Figure 21. Heat transfer (BTU) through the ventilator of the
convantional electric brcoder
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Figure 22, Heat transfer (BTU) by radiation for the portable floor

plate brooder with electric heating elements
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Figure 23 Heat transfer (BTU) by radiation for the conventional
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.
Heat transfer (BTU) by radiation from the top surface
of the infra-red heat lamp brooder
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SCALE 1/16"=1"

Figure 25 Radiant heat pattern for the infra-red heat lamp
brooder (All lamps burning for week onse)
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Figure 26 Radiant heat pattern for the infra-red heat lamp
brooder (Two lamps burning for week one)
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Pigure 27 Radiant heat pattern for the infra-red heat lamp
brooder (A1l lamps burning for week two)
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SCALE 1716"=1"

Pigure 28 Radiant heat pattern for the infra-red heat lamp
brooder (Two lamps burning for week two)
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Figure 29 Radiant heat pattern for the infra-red heat lamp
brooder (Two lemps burning for Week three)
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Figure 30 Radient heat pattern for the infea-red heat lamp
brooder (All lamps burning for week three)
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Pigure 31 Radiant heat pattern for the infra-red heat lamp
brooder (Two lamps burning for week four)
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Heat input by weeks for the pcrtable floor plate

with electric heating elements
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Heat input by weeks for the cangentional electric brooder
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Figure 34 Heat input by weeks for the infra-red heat lamp

brooder
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“Heat transfer exceeded heat input

Figure 35. Unaccountable heat transfer (BTU) fcr the portable floor
plate brooder with electric heating elements
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Figure 36. Unaccountable heat transfser (BTU) and heat transfer through
the floor for the ccnventional electric brooder
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various materials found aluminum to have the highest value. Second on
the list was galvanized sheet iron which had a 13 reflection of the
direct radiation. Aluminum had =n 18% reflective value of direct
radistion. These value and the values of the other materiuls are

found in Teble 25.

Table 20. Average waekly temperatures for the
conventional electric brooder

a b c d
1 99.2 954 73.0 57.4
2 101.8 97.1 71.5 5745
3 96.8 95.3 76.7 68.2
4 90.8 91.8 78.9 739

“Alr temperature at the fan inlet.
blnido surface temperature of the hover.
CCutside surfuce temperature of the hover.

dcombined air mpo;'atun inside brooder house wall and air
teaperature near hover.



Table 21, Average weekly air velocity (FPM) measurements for
the conventional electric brooder

Week 3" gf%f£%7° 455,82
1 104.2 29.1 28.4
2 111.4 29.6 28.2
* 127.7 2546 29.4
L* 124. 4 25.2 30.4

“¥indows were open the third and fourth weeks.
bur velocity through the ventilator opening,
Catr velocity by natural convection near top of aover.

dur velocity under hover edge.

Table 22, Average weekly air velocity (FPK) measurement for
the infra-red heat lamp brocder

felnly

Tesk b P ——L
| 31.5
2 27.4
3* 26.6
4* 23.9

“¥indows were open the third and fourth weeks.

bnlr velocity at the base edge, a central lociution near the top
surface, and a location midway between base center and edge.



Tadle 23. Ceomparative cost {igures f
used in this researoch

gr brooder units

Cost Kllowatts

Brooder units Per Bird Consumed
1. Infra-red heat lamp brooder 4.36 cents 429 .0
2. Coaveational electric brooder 2.565 ceats 26445
3. Partadle floor plate brooder 1.43 ceats 142.0

with electric heating eleaents

®Test run for a four week period.

Table 2. Per caent power cost of the {nfra-rad heat lamp brooder"

—— Brocder unitg Per cest Cost

l. Infra-red heat lamp brooder 100,C £
2. Conventionzl electric broodar 61.6 %
33.1 %

3. Portable floar plate broodsr
with electric heating elements

‘Pur cent powsr costs.



Table 25. Rudiation reflection characteriatic of materials in
per cent of direct radiation from a 250 watt infra-
red heat lamp buld at a distunce of one foot

Materials Per cen ction
Direct radiation 100.0 %
Polished aluainums 18.0 £
Galvanised sheet iron 13.0 g
Masonite, aluminum painted surface 11.2 £
Celotex, smooth side 9.3 %
Cardbeard, glosay white . 8.7 %
Masonite, whits painted surface 6.8 £
Plywood 6.8%
Masonite, plain 6.2 %
Ma soni te, rough back 6.2 &
Asbestos-ceament flexible wall board 6.2 &
Asphalt, black 1.2 2

Musonite, black painted surface 6%
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ANALYSIS CF T[E FESULTS

Heat input for the infra-red lamp brooder and the conventional
brooder was considerably higher than the input for the portable floor
plate brooder with electric heating slecents. 411 three units had e
higher input in the second week due tc the ccld weather, Warmer wea-
ther in the third end fourth weeks caused the input to drop consider-
ably. When the chick is young, the brooding tsmpersture has to be
high to keep metabolist at & minimum. The chick has little covering
to preveat heat from eacaping from its body surface. The high surface
weight ratic and an incelipletely developed homeothermic mechanism in
the chick give a high heat production characteristic to the young
chick.13 is the chick mntures the temperaturs at which metabolism is
at & minlmum is lower. E

Heat transfer by conduction through tho hover was greater for
the portable floor plate brooder with electric heating elements. This
could be moccounted for by the mdded insulation of the conventional
electric brooder. The added insulution was formed by the loft or air
spice 1n the hover. Heat transfer by conduction dropped in the third
and fourth weeks of the brooding period. Thils was true in all cases
except in the fourth week of the infra-red heat lamp brooder. an
ascourats calculation was not made for the heat transfer by radia-
tion 80 1t was not sepurated from the amount of heat transferred by
conduction. This should account for grouter heat transfer by conduc-

tion through the base of the infra-red heut lamp in the fourth week

lahrro. e Joy Sammet, L. L. PFarm Structures, Haw York, John
'110’ & Sons. P 193. 19500
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than in the preceding weeks. (Figure 19) _

Heat transfer by radiation was the least for the portable
floor plete brccder with electric heating elements., This was due to
the fact thut the hover was made of polished aluminum whioch has a low
vilue for emissivity,

Heat transfer through the ventilator of the conventionil elec-
tric brooder was higher than the portadle floor plate brooder with
electric heating elements. This could be accounted for by the fact
that the portable brooder depended on ventllation by natural convec-
tion while the conventional elactric brooder had i fcrced draft system.
The forced draft systex had a greater air veloclity und also the gquan-
tity of air was greater due to the larger ventllator cpening,

Toe transfer of heat from the infra-red bulbs was handled by
direct meusurament. i radiation metsr wis used to plot = radiant heat
pattern in the chick zone. When the patterns were suparimposed upon
each other, the arecas representing radiant intensity had the same pat-
tern and very little difference in area. The factor that changed the
patterns was the number of btulbs burning at the time the measurement
was taken., The difference in the radiant intensity pattern for the
fourth week was due to the warmer weather. C(nly the two buldbs con=
trolled by the thermostat were used for thils measurement,

Unaccountable heat transfer for the conventional electric brood-
or was considerably highar thun for the portablé floor plate brooder with
electric heating elements. The conventional electric brooder had 1ittle

insulation below the heating element. The only resistance to heat flow
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downward was the litter, the floor, and the chick. The portable broocder
had added insulation of celctex to prevent downward heat flow. These
fuctors contributed to the difference in unacccuntadle heet transfer

for tha two brocderse



SUMMARY 4ND CCNCLUSICNS

The portable floor plate brooder with slectric he=ting ele-
ments porformed satisfr.ctorily om this tast in late spring under
fouth Dmkcta conditions. Tmmperaturss at this tims of yeur in South
Dakots range above 25 degrees Fahrenheit. For sarly spring when
sub=zero weathar 1a encountered more heat will be needed than was
prcduced by the hesting source in the portible floor plate brocder,

The following conclusions are presented,

l. Te portable floor plate bdrooder with electric heating
elements is Eore economical than the conventionsl elec-
tric brecder and the infra-red haat lamp dbrooder. Less
heiat is required when the floor plate broocder with
electric heating elemants is used to maintain a comfor-
table brocdimg temperature for the chicks. #Hssults show
tha amount of heat needed for the floor plate brooder 1is
approxisately ens half the ascunt of heat mseded for the
conventional electric dbrooder and approximstely one third
as much as would b= needed if the infra-rad heat lamp
brooder were used.

2. The o-{hrutinr costs of the pertable floor plate brood-
or with elecfric henting elements can Le further reduc-

ad by adding insulation in the hover to reducs heat
tranafer by comductionm in thet mrua,

3. Kesulta show high umaoccuntable heat transfer for the con-
vantional brooder. This is believed dus to the high heat
transfer through an uninsulated floore.

4 Results for the portable floor plate brooder with elec-
tric heating elaments shcw low heant transfer by radiation.
Polighed eluminum which has a low smissivity value was
used in the construction aof the hover. This lew emisaivity
value is oonfirmed in the radiation reflection study ef
various materials. 1In this atudy pelished aluminum had an
188 reflection of direct radimtion. Galwanized shoet
iron with & 13¢ raflecticn also shews low enissivity.

5. The radistion intensity nattern for the bulds of the infra-
red heat lamp brooder warted to a small degree. Then the
patterns were superimmosed upon eseh cther, the areas re-
presenting radiant intensity had the sams psttern and very
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little difference in area. The factor that changed the pat-
tern was the number of bulbs burning at the time. Sunlight
accounted for a slight pattern difference.

6. The floor plate brooder with electric heating elements was
portable., Its weight could easily be lifted by one man,
However, dus to the size and shape of the hover it was
somewhat awkward to handle alone.

The above conclusions are based on this test. They are represen-

tative of only one condition and one location. More tests should be made

before recommendation of the under heat brooder for commercial use.
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