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CHAPTER I

THE PROBLEM OF BROILER HOUSING

Those persons acquainted with agriculture realize that vast and
varied changes have occurred in this field during the last two or three
decades. Science and technology have moved from the drawing board and
laboratory to everyday use on the American farm., Production has more than
kept pace with the growth of population. This is especially true of grain
and fiber production which has created surpluses of these otaph cormodi-
ties. More emphasis has been placed on animal production, and the nature
of animal enterprises have experienced considerable change.

One of the most dramatic changes in animal production during this
period has occurred in the broiler enterprise. This segment of the
poultry industry has developed from a back-yard enterprise to a multi-
million dollar industry. During the past twenty-five years the national
production has increased fifty-four times from 18,700,000 to 1,002,000
dollars (k).* In thirteen Southeastern states, the percentage increase
was even more significant, Since 193k, the production has increased ap-
proximately 126 times to the figure of 593,200,000 dollars (L). With
the present rate of production, broilers will contimue to supply about
three-fourths of the United States chicken meat supply (12). The United
States broiler producers now have a new and important market for frozen,
ready to cook broiler meat. In 1958, 22.5 million pounds of United States

* Numbers in parenthesis refer to appended references.
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broilers went to Western Europe where shipments were virtually non-existent
five years ago (17).

The Southeast region leads the nation in broiler production and
has continued to increase production every year along with the rest of
the nation (7). This increase in broiler production is excellent from
the standpoint of farm income, but it has brought about housing problems.
Instead of having a small inexpensive broiler house in the backyard, it
is now necessary to invest several thousand dollars in a broiler house if
commercial production is desired. In the past the farmer has built the

type of house that was common in his community. This building was genere
ally a simple frame type structure. However, as the price per pound of
broilers began to decline, he needed a more efficient house if he were
to contimue his progress in the broiler industry. The producer desired

a house that would give the best lighting conditions, the most desirable
temperature and humidity, relatively dry litter, the least amount of dust,
and the proper amount of ventilation.
During the past several years, the type of house common on most
farms was the conventional type house previously mentioned. However, in
the last few years, solar houses and windowless houses have been used on |
a few farms., Broiler producers generally asked two questions: Which
house would give the optimum envirommental conditions; and which house

would be the most economical? When agricultural engineers were confronted
with these questions, it soon became apparent that there was a definite
need for basic information on the envirommental conditions in the re-
spective types of broiler houses. The agricultural engineers needed this
information before they could make specific and reliable recommendations



on which type of house would be the most efficient.

Statement of the Problem

The purpose of this study was to determine, for comparative
purposes, the respective temperature and humidity conditions of a Solar,
Windowless, and Conventional type broiler house. As previously mentioned,
there are many environmental factors, such as light, temperature, humidity,
and ventilation which probably could affect the growth of broilers; how-
ever, it is commonly thought by poultrymen that temperature and humidity
affect the growth of broilers more than the other factors stated, For
this reason, those concerned with this research project were of the
opinion that temperature and humidity conditions should be studied first.
Investigations and studies of the other factors will more than likely be
conducted at a later date.

So far as the author was able to determine, this experiment is the
initial attempt at determining the respective temperature and humidity con-
ditions of all three type houses - Solar, Windowless, and Conventional - on
a comparative basis. The information derived from this investigation
should be of considerable value to those concerned with designing broiler
houses, and also those concerned with the management of broiler houses.
This experiment was conducted under climatic conditions of Eastern
Tennessee. The conditions are somewhat parallel and typical of those
found in regions of intensive broiler production in the Southeast (k).

The magnitude of temperatures at various locations in the Southeast would
vary to some extent, but the daily and seasonal fluctustion would be quite



gimilar to those of this experiment (2).

Proposed Solution of the Problem

The proposed solution of this problem was; first, to investigate
literature related to solar, windowless, and conventional type houses;
second, to select a feasible method of approaching the problem; third, to
construct the respective houses according to recommended plans; fourth,
to secure, construct, or adapt equipment to be used in obtaining and
recording temperatures and humidities; fifth, to compile and analyze the
data in order to compare the temperature and humidity conditions of the

respective houses.

Review of Related Studies

To properly design a poultry house, it is important for one to
know what temperature and humidity is desired for the most efficient
production of broiler growth., Mitchell and Haines found that the average
eritical temperature for Rhode Island Red Hens was 62° Fahrenheit (10).
The eritical temperature is the environmental temperature at and below
which the heat production of the fasting-resting animal will increase to
prevent a lowering of body temperature. Recent unpublished tests by
Prince and others seem to support this theory (9). A study at the Uni-
versity of Connecticut was performed using four cabinets (four feet high
by four feet wide by eight feet long) of twenty birds each. Temperatures
of L5%, 55°, 65°, and 75° Fahrenheit were used in this experiment. There
was no significant difference in weight gain and mortality caused by the
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different temperatures. However, there was a significant difference in
feed consumption and feed efficiency. The results showed a decrease in
feed conswmption as the temperature was increased. More of the feed
consumed by the bird was needed for heat production in the bird for the
lower temperatures.

Low humidities were reported as having no adverse effects on
broilers but the same is not true for high humidities (16). This becomes
even more important when the high humidities are coupled with high temper-
atures. At high temperatures, chickens have to breathe rapidly to elimi-
nate water; but this panting in turn creates more energy that must be
dissipated, If the relative humidity becomes extremely high for a par-
ticular temperature, the bird will not be able to dissipate enough heat
by vaporization to prevent heat prostration and death,

Various studies have been made in regard to ventilation of poultry
houses (11). Promersberger and Bryant found that there is no significant
difference between natural or forced ventilation in regard to average
daily temperatures or daily fluctuation in temperature (13). However, in
the Comnecticut study previously cited, the ventilation effects of three-
fourths cubic feet per minute per bird on the feed conversion efficiency
by the bird was significantly greater than that of two cubic feet per
minute per bird (9).

A report on a pouliry house built to use the sun as a source of
heat was published in October 1958 by Walton and Bressler of the Pennsyl-
vania State Agricultural Experiment Station (20). In cold weather,
particularly in the Northeast, poultry houses are generally inadequately
supplied with heat. Heat is needed to make up for losses through walls,
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windows, doors, and ceilings. Heat is needed to warm the air exchanged by
ventilation., Heat is needed to evaporate excess moisture. By incorpo-
rating the heat gain from the sun and using thermostatically controlled
fans, the Pennsylvania State Experiment Station personnel were able to
maintain house temperatures above 50° Fahrenheit inside the Solar House
during the winter. To combat high temperatures during the summer months,
the house was initially operated with a large sliding door at each end
opened, with small doors in the back opened, and with ventilation fans
above the windows foreing air into the house. Then, to determine the
effect of summer temperatures on an enclosed house, the large doors at
each end of the house were kept closed, However, a large fan was installed
in each end door, and all small doors were closed except one to provide
an exhaust opening. This system moved about 10,000 cubic feet per minute
of air into the house in addition to the air supplied by the original
ventilating system. Temperature control during periods of hot weather
was no more effective with the building closed and all fans operating
than with the end doors open and only the original fans operating.

Since November of 1956, the West Virginia University Agricultural
Experiment Station has been conducting studies comparing windowless and
solar housing (3). Eaeh house has the same construction except the Solar
House which has "Thermopane™ windows. During the period of November 21,
1956 to January 31, 1957, the Solar House had a maximum temperature of
86° Fahrenheit and a minimum temperature of 50° Fahrenheit. During the
same period, the Windowless House had a maximmm temperature of 78° Fahren-

heit and a minimm of L9° Fahrenheit. There was no significant difference
in feed conversion efficiency by the birds,



Further reports of research pertaining to selar and windowless
housing could not be found. However, there has been several solar houses
installed at Duluth, Georgia by commercial poultry producers (8).

Organization of the Remainder of the Thesis

The remainder of this thesis includes an explanation of how the
experiment was planned and conducted; the location of the experiment; the

desceription of the houses; a description of the equipment used in obtaining |

and recording dataj the presentation and discussion of the dataj and the
summary and conclusions,



CHAPTER IX

METHOD OF APPROACH

Once the problem was defined, the next step was to determine the
method for obtaining data, As stated previously, the problem was limited
te the environmental conditions of temperature and humidity, since these
two factors are considered to be very pertinent to the efficiency of bird
growth, 8Since it is logiecal and convenient to do so, temperature and
humidity conditions were investigated together.

Before proceeding any further the following terms and definitions
are given since they are used frequently throughout this thesis. The 1555
edition of Heating, Ventilation, and Air Conditioning Guide defines the
following terms in this manner (5):

=Bulb T ture. The temperature indicated by any type
of mmh not affected by the water vapor
content of the air or by radiation,

W—EM Wet-bulb temperature is the temperature
at or solid water, by evaporating into air, cam bring
the air to saturation adiabatically at the same temperature, Wet-
bulb temperature (without qualification) is the temperature indi-

cated by a wet~-bulb psychrometer constructed and used according to
specifications,

Humidity. Water vapor within a given space.

Absolute Humidity. The weight of water per unit volume.
ive !uidig. Ratio of the mole fraction of water vapor
in e to the mole fraction of water vapor in

saturated air at the same dry-buld tempersture and barometric
pressure.

Relative humidity may also be thought of as the ratioc of the actual

moisture content of air to its saturation content at the same dry-buld
temperature. When air is heated its relative humidity decreases, because



the saturation content at the higher temperature is greater while the

actual quantity of moisture remains the same. For example, one cubic foot
of air at 20° F, and containing approximately 1.08 grains of moisture
would have a relative humidity of ninety per cent, If heated to 70° F.

it would have a relative humidity of 12.2 per cent, although its actual
moisture content, or absolute humidity, would be unchanged. This would
greatly increase the drying effects of the air,

Since the temperatures of each broiler house would not be the same,
the relative humidity would not give a specific comparison of the houses.
Also, the absolute humidity would not give a specific comparison, because
the moisture content of the air in each house could be affected by over-
filled watering cups, by different rates of air infiltration, and possibly
by other factors. Allen, Walker and Jones state that the total heat of
different mixtures of air and water vapor having the same wet-bulb temper-
ature will be equal. The term total heat refers to the heat in the air
plus the heat of vaporiszation of water vapor. Since the wet-bulb temper-
ature is a measure of total heat, this would give a specific comparison,
If relative mmidity and/or absolute humidity is desired, it would be a
simple matter to determine these from a psychrometic chart when the dry-
bulb and wet~bulb temperatures are known. Therefore, it was decided to
use dry-bnlh and wet-bulb readings for obtaining temperature and humidity
conditions of the solar, windowless and conventional type houses.

It was decided to collect continuous data for four nine-weeks
periods of broiler growth. These periods were Fall of 1958, Winter of
1958-1959, Spring of 1959, and Summer of 1959. The wet-bulb and dry-bulb
temperatures in the solar, windowless and comnventional type houses could



then be determined and compared.

Description of Test Set Up

Location and orientation of experimental houses. The three broiler
houses used for this experiment were located on the Cherckee Farm of the
Agricultural Experiment Station in Knoxville adjacent to the main agri-
cultural campus. The houses were located along the crest of a hill. The

houses used were existing structures which were remodeled for this experi-
ment. A discussion of the details of remodeling will be presented later
in this chapter.

The orientation of the three existing buildings were such that the
buildings faced South 38° Bast. The most desired orientation for a Solar
House is when the large glass area faces true South. However, under the
particular circumstances, it was impossible to orient the Solar House in
this direction. Nevertheless, all three buildings were facing the same
direction which gave a consistent and comparative orientation,

To determine the difference in the Sun pattern on the front of the
existing Solar House and a Solar House facing due South, two model houses
were constructed with one house oriented South 38° East and the other true
South. The models were constructed to scale from the existing Solar House.
Figure 1 shows a picture of one of the models used to determine the differ-
ence in the Sun pattern. Figure 2 shows the Sun patterns on the models
for the date of September 21, 1959, The lines drawn across the front of
the house indicate the bottom of the shade pattern projected by the over-

hang of the roof. On the model facing South 38° East the Sun's rays
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13
continued to pass through the entire window area until ten o'eclock in the
morning. After ten o'clock, the shade pattern began to move down the
front of the building. By three o'clock in the afternoon, the entire glass
area was shaded by the roof projection, On the model facing due South, the
Sun's rays passed through the bottom half of the window most of the day.
The shade pattern began to move down at a much slower rate than it did on
the model facing South 38° BEast. Relative hourly positions of the shade
patterns of the two orientations is shown by Figure 2. These relative
comparisons of the orientations of the Solar House were for the day of
September 21st.; these comparisons would also apply for the day of
March 21st.

To determine the relative comparison of the two orientations for
the day of June 21st. and the day of December 21st., a Sun angle calculator
(developed by Libby - Owens -~ Ford Glass Company) was used in conjunction
with a scale drawing of the Solsr House. For the day of June Z1st., the
window weuld be completely shaded for a house facing due South. For the
house facing South 38° East, the Sun's rays would pass through the window
until 9100 a.m. After 9100 a.m., the window would be completely shaded.
This is the day in the year that the window would receive the least amount
of solar radiation. Figure 3 shows a view of the Solar House taken at
10:00 a.m. the day of June 10, 1959. Notice the shade pattern on the
ground in front of the house.

For the day of December ?1lst., the Sun's rays would pass through
the window of a house facing south throughout the day. For a house facing
South 38° East, the shade pattern would begin to move down the front of
t!;o house at 12:00 p.m. At 4200 p.m., the window would be completely




Figure 3. Front view of Solar House used to indicate shade
pattern.
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shaded. However, the Sun usually sets about k330 p.m. in the southeastern
region of the United States,

The difference in a Solar House facing South and a house facing
toward the East is that the house oriented South receives the maximum solar
heat gain at 12:00 noon Sun time. But, the house facing toward the East
receives the maximum solar heat gain earlier in the morning (1), The time
of day is directly related to the degree of orientation toward the East.
The affects of the different orientations and construction of houses on
temperatures will be found in Chapter III.

The location of the houses relating to one another is shown in
Figure L. The houses were located beside a farm road, and there were
several trees located near the houses as shown in Figures 5 and 6., The
shade patterns of the trees on the roofs would not affect the houses during
the spring, fall, and winter periods. However, the author was not sure if
the shade of the tree would affect the temperature pattern during the
summeyr period. Any difference in the temperature patterns of the summer
period from the other periods will be noted later in this thesis. For an
ideal experiment, the trees should be eliminated. However, as stated
previously, the three houses were existing structure; and it was not de-
sirable to remove the trees.

The instrument house for the potentiometers was located near the
west corner of the Windowless House (Figure 6). This was the central
location of the three houses, and also the most convenient.

Construction and Equipment of the Solar House. The Solar House
(Figure 7) is eighteen feet wide and forty feet long. The front of the
house is eight and one-half feet high, and the roof has a one-twelfth pitch.
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Figure 5.

Front view of the Solar, Windowless and
Conventional Houses (showing position and
alignment).

Figure 6.

Rear view of the Windowless and Conventional
Houses. Also shown is the instrument house.
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Figure 7. Front view of the Solar House (note ventilation fans).
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The inside of the house is divided with poultry mesh partitions into four
pens each designed to hold one hundred broilers. This was done by the
poultry department for the research relating to the broilers.

A partial cross-section of the house is shown in Figure 8. Note
the exterior surface is three-fourth inch tongued and grooved wood
sheathing, and the interior surface is three-sixteenths inch cement-asbestos
board, Imsulation was placed in the stud spacings between the interior
and exterior surfaces. The insulating material was commercial "Fiberglas"
blankets. The roof blankets were encased with aluminum foil, and the
sidewall blankets were encased with heavy brown paper. All blankets were
approximately three and one~half inches thick., The front of the Solar
House has eleven "Thermopane" windows which are thirty~six inches wide by
fifty-eight inches high. The term "Thermopane® applies to a type of window
manufactured commercially. It is made by mounting two plate glass panes
one-half inch apart with a "dead air" space between them. The funetion
of the air space is to act as an insulator, reduce heat loss, and provide
a better means for retaining the solar heat gain during the winter. The
floor of the Solar House was a concrete slab four inches thick. This was
covered with three to four inches of litter. The litter was wood shavings
except for the winter period when peat moss was used.

The roof projection extended fifty inches beyond the front of the
house. The design of this roof projection and insulation of the walls
was recommended by engineers of an industrial firm. This was done prior
to the time that the author or his advisor were concerned with this research
project. The design of the roof projection was based on the assumption
that the house faced true South, and the workmen constructed it to this
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design. However, at a later date, the orientation of this house was
questioned and found to be South 38° Bast. To keep seasonal comparisons
consistent, the projection was not altered. The data of this particular
study is presented on the basis of the fifty inch roof projection, The
author does nmot imply that this is necessarily the most desirable pro-
Jection for a Solar House with a South 38° East orientation.

The house was heated by four Oakes~hover-type 600 watt electric
brooders. The brooders were thermostatically controlled, and the thermo-
stat settings were regulated periodically. The first week the thermostats
were set at 95° F., and the thermostat setting was reduced 5° F, each
week until a setting of 70° F, was reached. The brooders were then operated
on this setting for the rest of the nine-week period.

The lighting system of the house provided fourteen hours of light
for the broilers. This light consisted of both artifieial and natural
sunlight. The artificial light was obtained by using eight LO-watt incan-
descent light bulbs controlled by a time clock. The time clock settings
were such that the incandescent lights came on at 6300 a.m. and off at
93100 a,m, and also came on at L:00 p.m. and off at 8:00 pem.

The ventilation system of the house consisted of two intake fans
and one exhaust louver. Each fan had a nominal capacity of 700 ecubie
feet-per-mimute. The location of the fans in the house may be seen in
Figure 7. One fan was operated by a thermostat set to start the fan when
the temperature in the house reached 75° Fahrenheit. This same thermostat
opened and closed the exhaust louver. When the temperature was below 75°
Fahrenheit, a time clock in this fan ecircuit operated the fan and exhaust
louver for two minutes of every ten mimute interval. This two minute
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interval of ventilation was provided to remove fumes and odors from the
building, When the temperature was above 80° Fahremheit, another thermo-
stat started the second fan., The nominal output of the fans was 1400
cubic feet per mimute of air movement., The same ventilation, lighting,
heating, and construction details apply to the Windowless and Conventional
Houses. Differences will be noted under the respective house deseriptions.

Construction and Equipment of the Windowless House. The Windowless
House (Figure 9) is eighteen feet wide by forty-six feet long. The fronmt
of the house is eight and one~half feet high, and the roof has a pitch of
one~twelfth., The inside of the house is like that of the Solar House.

The insulation of the Windowless House is the same as the insulation of
the Solar House. Also the outside and inside sheathing is similar to that
of the Solar House (Figure 8).

This house had no windows; therefore, no sunlight could enter the
building. Fourteem hours of artificial lighting was provided for the
broilers. The artificial lighting was provided by eight LO-watt incan-
descent bulbs which were turned on at 6:00 a.m. and off at 8:00 p.m. by
a time clock.

The heating system, like the Solar House, was four 600-watt Oakes
hover-type brooders. The brooders were thermostatically controlled like
those in the Solar House.

The ventilation system was the same as the Solar House. That is,
it had two 700 cubic feet-per-minute capacity fans and an exhaust louver.
The fans were controlled with two thermostats and a time clock with the
same temperature and time settings as those used in the Solar House.

Construction and equipment of the Conventional House. The Con-
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ventional type house (Figure 10) is similar to the type of houses commonly
in use by poultrymen throughout the Southeast., It is twenty feet wide
and forty feet long. The front height of the house is eight and one-half
feet, and the roof pitch is one-twelfth., The inside is divided similar
to the other two houses.

The Conventional House was not insulated with the "Fiberglas"
insulation. The partial cross-section of the house in Figure 8 shows
that the sidewall construction consists only of three-fourths inch wood
sheathing., The front of the house includes eight twenty-six inches by
forty-eight inches corrugated rigid plastic windows, and the back ineludes
four, twenty-six inch by thirty inch windows. The floor and litter is
similar to that in the other two houses.

The house was heated similar to the other houses. That is, four
600-watt Oakes hover-type brooders were used to supply heat to the building.
The brooders were thermostatically controlled like the other two houses.
During the winter period, supplemental heat was supplied to the building
with a small eil heater for one short period of about five days. This
was due to an extreme cold period which occurred when the birds were only
a few days old, However, only five-gallons of kerosene were used during
this peried.

The lighting system was the same as the Solar House. Fourteen
hours of light were supplied by a combination of sunlight and incandescent
lighting, The artificial lighting was controlled in the same manner as
that of the Solar House. That is, time clock settings were such that the
incandescent lights came on at 6:00 a.m, and off at 9300 a.m, and also
came on at Li00 p.m. and off at 8:00 p.m.
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Front view of the Conventional House.

Figure 10,
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The ventilation of the Conventional House was by natural ventilation
only, During the late spring, summer, and early fall, the windows in the
front and the smmall windows in the back were removed to provide natural
aire-movement through the houses. During the winter months, ammonia fumes
were somewhat bothersome due to inadequate ventilation of the closed
building.

The broilers and the management of the houses. The broilers for
this research were furnished by the University of Tennessee Poultry De-
partment, The growing period during each season for each group of broilers
in the three types of houses was nine weeks. The broilers were always
placed in each house on the same day, and after nine weeks removed on the
same day. The poultry department staff was responsible for the feeding
efthohoﬂmmdthomtotmhum. The birds in each house
were fed the same rations, and the water was supplied with automatic
watering cups. l'ho management of the broilers included such things as
debeaking chicks, setting brooder thermostats, supplying feed, cleaning
houses at the end of the nine-weeks period, supplying fresh litter, and
other routine matters, The suthor of this thesis was responsible only for-
the instrumentation involved in determining the temperature and hmidity
conditions of the respective houses.

Methods of Obtaining Data

The equipment used. For obtaining a continuous record of wet-bulb
and dry-bulb temperatures one needs a sensing element that would require
the least calibration and attention. After careful analysis of literature
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on various temperature and humidity sensing elements, it was decided to
use thermocouples for two reasons: First, the calibration of thermoe
couples remain fixed indefinitely; second, the wet~bulb thermocouple
requires less ventilation and uses less water than any other type of wet~
bulb sensing element of equal ruggedness (1k).

After deciding to use thermocouples, the next step was to secure a
recording potentiometer to be used in conjunction with the thermocouples
for obtaining temperature readings. A Leeds and Northrup six-point re-
cording potentiometer (Figure 11) and a Brown twelve-point recording
potentiometer (Figure 12) were available for use. By using these two
instruments, it was possible to have two drybulb and two wet-bulb thermo-
couples inside each house and one wet-bulb and one dry-bulb thermocouple
outside each house. These two potentiometers were placed in the instrue
ment house and lead wires run from there to the respective locations of
the thermocouples.

The Brown recorder was used to record the inside and outside
temperatures of the Solar and Conventional Houses. The thermocouples

for this instrument were made of size twenty-four copper wire and size

twenty-four constantan wire. Both wires were insulated with a thermo-
plastic cover. The lead wires from the thermocouples were sisze sixteen
copper wire and sigze sixteen constantan wire insulated with thermoplastic,
The lead wires were suspended from mounting poles which were placed at
selected locations. Figure 13 shows the terminal board for the Brown
recorder.

The Leeds and Northrup recorder was used to record the inside and
outside temperatures of the Windowless House. The thermoecouples for this



Figure 11, Front view of the Leeds and Northrup
recording potentiometer.

Figure 12. Front view of the Brown recording
potentiometer.
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Figure 13, Inside view of the Brown recording potentiometer.
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machine were made of enamel covered size sixteen iron and constantan wires.
The lead wires were made of the same type wire as the thermocouples. Since
the lead wires were not weatherproof, they were mounted on the wall and
ceiling surfaces of the Windowless House, and extended through a conduit
into the instrument house which was located nearby (Figure 6). The
terminal board of the Leeds and Northrup is similar to that of the Brown
recorder.

To obtain a correct wet-buldb temperature, it is necessary to have
air moving across the wet~buldb thermocouple. As the moisture from the
wet-bulb evaporates, the air surrounding the sensing element becomes more
humid, causing the rate of evaporation to decrease and the indicated wet~
bulb temperature to rise (6).

Normally during the evaporation process, the temperature decreases.
However, when the air in a small space is not removed, its mmidity rises
as the evaporation coutinues., This increase in umidity causes an inerease
in the wet~bulb tupgﬂture. Therefore, in order to measure the correct
wet-bulb temperature, a continuous movement of air must pass arcund the
webebulb thermocouple. Experimental tests prove that 1000 feet per mimute
air velocity is sufficient for accurate wetebulb temperature readings (6).
An electric fan with a rated capacity of eighty cubic feet per mimute
through a two inch diameter opening was used. When the intake opening
was reduced to one and one-half inches the air veloeity through the intake
was 3000 feet per mimute which is adequate for correct web-buldb readings.
The air veloeity of the intake was measured by a Hasting Alr-Meter.

The fan unit used to mount the thermocouples may be seen in Figure
14, The basie 1tatorthinmitmam squirrel cage type fan,



Figure 1. The fan unit used to obtain the air velocity
across the thermocouples (note how the plastic
pipe is fastened to the fan housing).
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To obtain a proper air velocity a one and one-half inch intake had to be
installed. An eight inch section of one and one~half inch diameter plastic
pipe was chosen for this intake, The piece of plastic pipe was fitted to
a five inch diameter brase plate which was fastened to the fan., Between
the fan and the brass plate was placed a one-fourth inch thick cork gasket
to limit conduction of heat from the fan motor. The pipe elbow was used
ummwmtmumtmmmtmmtum
couples. The thermocouples were mounted so that they would project inte
the intake airstream. The dry-bulb thermocouple (Figure 1k and 15) was
placed at the end of the intake pipe and the wet-bulb thermocouple was
inserted through a hole one inch from the end of the intake pipe. The
wick completely covered the end of the Mb thermocouple and extended
dmmmmutummu-pn-uemwuehmu
a water reservoir. The wicks were replaced whenever they became covered
with dust.

Due to dusty conditions inside the house, the air passing over the
thermocouples had to be filtered. To accomplish this, the author con-
structed a fourteen inch by twenty-one inch by ten and one-half inch
plywood box and placed the fan unit inside the box. The fan was bolted
to the side of the box with the intake opening located inside the box and
mmnmmmgutmmm(nmlhudm. This
wndouuoﬁvhwmthohutdtumhrrmnmnmm
thermocouples. The filtering system was obtained by placing "Fiberglas®
filters in one end and one side of the box instead of plywood panels.
wautmwhmmrmlmmw. A thin woven cotton
cloth with seventy-two meshes was placed on the outside of the "Fiberglas"




Figure 15. A view of the fan unit showing how the thermocouples
were mounted (note wet-bulb wick and container for
water).
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filters (Figure 16). This system was quite effective in filtering the
dust from the intake air, Comparison of temperatures as obtained simul-
taneously by thermocouple readings and psychrometer readings were made
at random, This was done to determine if the dust collected on the oute
gide of the cloth or other factors were affecting the thermocouple readings,
The comparison of thermocouple and peychrometer readings is given in
Table I, Thnﬁ“mhmmmmmwmmohbb
due to the inability to read the thermometer precisely.

The two filter boxes containing the fan units were placed in the
houses ten feet from each end. The boxes were fastened to the studding
of the dividing partitions of the pens, approximastely three feet above
the floor level (Figure 16). They were placed at this height mainly to
prevent the birds from damaging the filters. However, this location also
gave a good representative temperature of the houses. The asuthor occasione
ally checked temperatures near the floor, three feet above the floor, and
near the roof to see if a temperature gradient existed. There was never
any detectable difference in either wet-bulb or dry-buld temperature at
‘the three levels. The fan units and filter boxes were fastened to the
outside of the houses as shown in Figures 17 and 18, The boxes were made
as shown to prevent water from entering, Note in Figure 18 the opening
in the bottom of the shelter allowing the air to be drawn up and through
the "Fiberglas® filters. When in operation, the 1id of the filter box
is closed leaving only the "Piberglas® filter as an air intake. The
previocusly described method of filtering the air of dust was very effective
for this experiment.

During the winter, the outside wet-bulb reservoirs and wicks were




Figure 16, A view of the fan unit filter box mounted
inside the house (note the cloth used for
filtering purposes).
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Figure 17. View of outside installation of filter
box with cover closed.

Figure 18, View of outside installation of filter
box with cover open.
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frozen frequently. To check the wet-buld readings, a Friez Hygro-
Thermograph (Figure 19) was installed in the filter box outside the Window-
less House. This hygro-thermograph was ealibrated for low temperatures.
Thom-mmwnmthadﬁmimbyuuotlpmm
chart, This method of determining the wet-bulb temperature was relatively
accurate (19). There was no difference in wet bulb temperatures determined
by the thermoccuples or the hygro-thermograph and paychrometic charts.

Method of recording and data obtained. The temperature readings
were recorded by the potentiometer on strips of chart paper designed for
the particular machine. Samples of the chart paper used may be found in
appendix A. The thermocouples were identified by the numbers printed on
the chart. Fach number referred to a thermocouple at the respective
locations, -

The length of the charts for the two potentiometers totaled over
6,000 feet for the four periods, Therefore, for convenience of analysis
the author extracted from the charts the data that was necessary.  This
data was tabulated on forms designed for this experiment. Samples of
these forms are shown in appendix B. Explanations will be given in the
next chapter as to wly the data was tabulated in this manner.



Figure 19. View of Friez Hygro-Thermograph.
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CHAPTER III
PRESENTATION AND DISCUSSION OF DATA

The maximum and minimum temperatures of the houses were recorded
on forms similar to those found in appendix B. The temperature readings
were then plotted on graphs to give a visual comparison of the temper-
atures inside and outside the houses., These graphs of maximum and minimum
temperatures would not only show the comparison among the houses; but,
also the seasonal fluctuation of temperatures during the nine-week period.
Generally speaking, the outside and inside maximum dry-bulb temperature
occurs at 6300 p.m., and the minimm temperature occurred at 6:00 a.m.
during the day. Also, the wet~bulb maximum and minimum temperatures gener-
ally occurred at the same respective time as the maximum and minimum dry-
bulb temperatures. Of course, there are a few exceptions to this statement.
The author found no difference in the temperature pattern of the Solar
House and the temperature pattern outside except that the Solar House
ninimum temperature did not drop as low as the outside minimum temperature.
However, due to the different construction of the houses, there was a time
lag of the temperature peak in the Windowless House. This is because of
the lower rate of solar heat transmission through the insulated wall of
the Windowless House (2). This time lag may be clearly seen on the weekly
graphs of each experiment. However as stated previously, the maximum and
minimum temperatures will be plotted at the same time for all three houses.

To clearly show the daily fluctuations of dry-bulb and wet«bulb
temperatures, a one weck period of temperatures were plotted by the hour,
The week chosen for these temperature readings was the fifth week of broiler
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growth, The reason for choosing this week was because it was the middle
week of the nine-week period and perhaps would give the most representative
sample. During the one week period, a bright sunny day and a relatively
cloudy day appeared at least once. These graphs then gave some indiecation
of what kind of temperature one could expeet to find in similar houses on
a cloudy day or a sunny day, Generally speaking, the temperatures on a
¢loudy day did not fluctuete in magnitude as much as the temperatures on
a sunny day.

The discussion of the data is presented according to the pericds
of broiler growth. The discussions and graphs of wet-bulb and drybulb
temperatures of each experiment will be found later in this chapter. Both
the discussions and comparisons of the four experiments are given.

Since these experiments were very much alike, the discussions, graphs,
and comparisons of each experiment will be somewhat repetitious.

Experiment I - Fall 1958

This period of broiler growth was for the dates of September 3,
1958 to November k, 1958. Daily records of dry-bulb and wet-bulb temper-
atures were kept for this period.

The maximum and minimum temperatures of each house was plotted along
with the outside maximum and minimum dry-bulb and wet-bulb temperatures.
The maximum or minimum temperature for a particular day can be determined
from the graphs very easily. However, intermediate temperatures during the
day cannot be determined. If all the temperature curves were plotted on
one graph, it would be rather confusing and difficult to interpret. There-
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fore, the data of each house was placed on separate graphs, The outside
maximum and minimum dryebuldb and wetebuldb temperatures were the same for
all three houses; therefore, each graph has & common comparison neamely
the cutside temperatures. This, in turn, gives a comparison smong the
houses.

Conventional House. Figure 20 shows the meximum and minimum dry-
bulb and wet-buldb temperatures of the inside and outside the Conventional
House. Note that the difference between the maximum and minimum curves
is the daily fluctuation of temperatures. The fluctuation of the curves
gives the seasonal change of the temperatures. As would be expected the
inside temperatures of the Conventional House followed the same general
pattern as the outside temperature. However, the inside temperatures were
generally 60 to 10° higher than the outside temperatures.

The wet-buldb maximum and minimum curves were closer together than
the dry-bulb curves., As the dry-bulb temperatures increase the relative
‘humidity decreasesj therefore, the wet-buldb temperatures do not increase
similtaneously with the dry-bulb temperatures. The humidity of the inside
of the house tends to follow the same gemeral pattern as the outside. Also,
as the difference between the maximum and minimum wet-buld temperature
decreases, the total heat content of the house tends to become constant.
Throughout the rest of this thesis the term total heat refers to the heat
in the air plus the heat of vaporisation of water vapor (1).

Solar House. Figure 21 shows the maximum and minimum dry~bulb and
wet-bulb temperatures of the inside and outside the Solar House. The
inside maximm curve follows the same general patteyrn as the outside; but
it is 6° to 10° F, greater in magnitude than the outside maximum curve.
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The inside minimum curve tends to "flatten out™ showing a more constant
minimum temperature, The daily fluctuation of temperatures were somewhat
less than that of the Conventional House. The reason for this is the heat
gain during the day and the small amount of heat loss during the night
through the "Thermopane" windows. Also in the Solar House, the total heat
content tends to be more constant than in the Conventional House. The
humidity of the Solar House is less than that of the Conventional House.

Windowless House. Figure 22 shows the maximum and minimum dry-bulb
and wet-bulb temperatures inside and outside the Windowless House. The
temperatures inside the Windowless House did not follow the gemeral pattern
of the outside conditions but formed a pattern of its own. The maximum

and minimum temperatures, of course, occurred at (approximately) the same
time as the other houses. However, the difference between the maximum and
minimum temperatures was much less than that of the other houses; and the
daily fluctuation of temperatures was the least. The temperatures in the
Windowless House were more constant throughout the nine-week period. Also,
the total heat content of the house varied less than the heat content of
the other two houses. The humidity inside the Windowless House was
relatively constant,

Comparison of Solar, Windowless, and Conventional Houses. Figure 23
clearly shows the daily fluctuatioms of dry-bulb amd wet-bulb temperatures
inside all three houses and outside the houses. Notice the Conventional
House temperature pattern tends to follow the outside temperature pattemn.
The Solar House temperatures follow the outside pattern somewhat, but they
do not reach as low a minimum temperature as the outside. The Windowless
House temperatures are practically constant throughout the day. Note the
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difference in the pattern of the second and third days from that of the
fifty and sixth days, The second and third days were relatively cloudy
days; but the fifty and sixth days were bright sunny days (18). The
temperatures on the cloudy days did not fluctuate as much as the temper-
atures on the sunny days.,

The dry-buld temperatures of the inside and outside the three houses
during the Fall period are shown in Table II. The mean temperatures of
the three houses are approximately equal. But the difference between the
maximum and minimum temperatures of the Windowless House was considerably
less than that of the other two houses.

The humidity pattern of the Conventional House was like that of the
outsides but the humidity inside the Solar House was generally less than
the outside, The Windowless House hmidity tended to be the most constant
throughout this period as indicated by Figure 23.

During this nine-week period, there was no significant difference
in the average bird gain in the Conventional or Windowless House (15).
However, the Solar House bird gain was significantly less than the bird
gain of the other two houses. This significance is based on the 95 per
cent level unless indicated otherwise.

Experiment II - Winter 1958-59

This period of broiler growth was for the dates of December 3, 1958
to February 3, 1958. Daily records of wet-bulb and dry-buldb temperatures
were kept similar to that of the fall period 1958,

Conventional House. Figure 2 shows the maximum and minimum dry-




TABLE II

DRY~-BULB TEMPERATURES DURING EXPERIMENT I

Temperature Readings®

Conventional Windowless Solar

Outside House House House
Maximum 89 92 85 23
Minimum L2 L6 73 66
Mean 70 75 75 78

w
®r'he temperature readings are in degrees Fahrenheit.
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bulb and wet-bulb temperatures of the inside and outside conditions of the
Conventional House, The inside temperatures of the Conventlonal House
fluctuate like that of the cutside; however, the temperatures are of a
higher magnitude., Observe the rapid changes in the daily maximum and
minimum temperatures, During this period of growth the outside temper-
ature dropped 35° F, in an eight hour interval on the seventeenth day.

The humidity conditions inside the house were very much like those outside.
Solar House. Figure 25 shows the maximum and ninimum dry-bulb and
wet-bulb temperatures of the inside and outside conditions of the Solar
House, During this peried of breiler growth, the inside temperatures of
the Solar House tended to be more constant than the Conventional House
from day to day, However, the daily fluctuatiens were still somewhat
noticeable. The inside temperatures of the Solar House were affected by
the outside temperatures, but not nearly as much as the Conventional House.
The humidity inside the Seclar House tended to be more constant and of a
smaller magnitude than the humidity inside the Convoatioual House.
¥indouless House. Figure 26 shows the maximom and minimm dry~bulb
and wet-bulb temperature of the inside and outside conditions of the Window-
less House. As can be seen, the temperatures of the Windowless House were
relatively constant throughout this periocd., There was less fluctuation in
both seasonal and daily temperatures in the Windowless House than inside
the Solar House and Conventional House, The inside temperatures of the
Windowless House tended to be the least affected by the ocutside temperatures.
The humidity of the house was relatively constant.

Comparison of Solar, Windowless and Conventional Houses. Figure 27
shows the daily fluctuation of the dry-bulb and wet-bulb temperatures inside
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and cutside the houses. The Conventional House and Solar House temper-
atures tend to follow the outside pattern of the temperatures, but they
are of 2 higher magnitude. The temperatures of the Windowless House are
practicelly constant; that is, they do not fluctuate like the outside
temperatures. Notice how the temperatures are different on the £ifth and
sixth daye. These twe daye are an exception to the general statement that
the maximum temperature occurred sbout £6:00 p.m. and the minimum temper
ature sbout 6:00 a.m. This cccurred during the extreme cold wave in this
region.

The first day during this weekly period had no sunshine; whereas,
the seventh day had 100 per cent of the possible sunshine (18), lNetice
that the first day temperatures are more constant than the sixth day
temperatures.

The inside and cuteside dry-bulb temperatures of the houses during
the winter pericd are shown in Table III. During this period, the mean
temperatures of the Windowless House and the Solar House were approximately
egual, But the mean temperature of the Conventionsl House was much less
than that of the other twe houses.

The mmidity conditions of the Conventional House were very similar
to the outside conditions; but the humidity of the Solar House was con-
siderably less than the Conventional House. The humidity of the Window-
less House for this period was relatively constant.

During this nine-week period, there was no significant difference
between the bird gain of the Windowless House and the Conventionel House
(15). However, ase in Experiment I, the Solar House bird gain was signifi-
cantly lesc than the bird gain of the other two houses.
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TABLE III

DRY-BULB TEMPERATURES DURING EXPERIMENT II

R e

Temperature Readings®

Outside Conventional Windowless Solar

House House House
Maxinmmum 71 80 82 88
Minimum 5 27 58 52

Mean 36 52 72 70

*rhe temperature readings are in degrees Fahrenheit.
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Experiment III - Spring 1959

This period of broiler growth was for the dates of March 10, 1959
to May 12, 1959. Daily records of temperatures were kept similar to the
other two experiments.

| 1 House. Figure 28 shows the maximum and minimum dry-
bulb and wet-bulb temperatures of the inside and outside conditions of the
Conventional House. The inside temperatures of the Conventional House
followed a pattern similar to outside temperatures. The daily and seasonal
fluctuations of the temperatures were the same magnitude inside as they
were outside the house. The inside temperatures were on the average 60
to 100 F, higher than that outside. As in the previous experiments, the
humidity conditions inside the Conventional House were similar to the
outside conditions,

Solar House. Figure 29 shows the maximum and minimmm dry-bulb and
wet-bulb temperatures of the inside and outside conditions of the Solar
House, The maximum temperatures of the inside followed the same pattern
as the outside conditioms, but at a higher magnitude. However the minimum
temperatures of the inside did not fluctuate like that of the outside.

The daily fluctuation of the Solar House during this period was less than
the fluctuation of the Conventional House. This apparently was due to the
insulation and "Thermopane® window effects. The lumidity of the Solar
House tended to be more constant but somewhat less than the humidity of
the Conventional House.

Windowless House, Figure 30 shows the maximum and minimum dry-bulb
and wet-~bulb temperatures of the inside and outside conditions of the
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Windowless House. The temperatures in the Windowless House were practically
constant for this period of broiler growth, Both the daily and seasonal
fluctuations of temperatures in the Windowless House were considerably
less than those in the other two houses. The outside temperature seemed
to have less effect on the inside temperatures of the Windowless House
than the Solar House and Conventional House. The humidity was relatively
constant for this nine-week period.

Comparison of Solar, Windowless and Conventional houses. Figure 31
shows the daily fluctuations of dry-bulb and wetebuldb temperatures inside
and outside the houses plotted on am hourly basis. The temperature of the
Conventional House follow the same pattern as the outside temperature.

Also, the Solar House temperatures follow the outside pattern to some
extent; but the temperatures do not range as low in magnitude as those of
the Conventional House. Notice that the Windowless House temperatures
fluctuate some but considerably less than the other two houses.

The first three days during this week's period were relatively sunny,
but the last four days were mostly cloudy (18)., The difference in the
temperature pattern due to this is easily seen on the graph.

The dry-bulb temperatures of the inside and outside of the three
houses during the Spring period are shown in Table IV. The mean tempera-
ture of the Windowless House was greater than the Conventional House and
less than the Solar House. Also, the difference between the maximum and
minimum temperatures of the Windowless House was less than the other two
houses.,

As in the previous experiments, the humidity of the Conventional
House was similar to the outside umidity. The humidity of the Solar
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TABLE IV

DRY~BULB TEMPERATURES DURING EXPERIMENT III

T e ————— e e e i et it e e
Temperature Readings®
Conventional Windowless Solar
Outside House House House
Maximum 95 96 88 99
Minimom 27 38 6h 61
Mean 60 68 75 80
= e st e e et e e e ——

*rhe temperature readings are in degrees Fahrenheit.
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House in most cases was less then the Conventional House humidity. However,
the humidity inside the Windowless House was nearly constant throughout
this nine-week period.

During this nine-week period, there was no significant difference
between the bird gain of the Solar House and the Windowless House (15).
However, the Conventional House bird gain was significantly greater than
the bird gain of the other two houses,

~ Experiment IV - Summer 1958-59

Thﬂpwiodofbmﬂwgmthmtorthodltolotlv26,195%0
July 26, 1959. Daily records were kept for this period like those of the
other three experiments. '

Conventional House. Figure 32 shows the maximum and minimum dry-
bulb and wet-bulb temperature for the mﬁ- and outside conditions of the
Conventional House. This experiment was conducted during the summer when
the house had all the windows removed. As one would expect, and the graph
shows, the temperatures inside the Conventional House were 2° to L® F. above
the temperature outside the house. The temperature patterns inside and
outside the house were identical. The humidity inside the house was very
mach like the humidity outside the house.

Solar House. Figure 33 shows the maximum and minimum dry-bulb and
wet-bulb temperatures for the inside and outside conditions of the Solar
House. The maximm temperatures inside the house were 2° to L® F. above
the outside of the house, but the temperature patterns were identical.
However, as shown in previous graphs of the Solar House, the minimum inside
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temperature tended to be higher than the minimum outside temperature.
This means that there is less daily fluctuation inside the Solar House
than inside the Conventional House. ILikewise, the humidity did not
fluctuate as much as the Conventional House.

Windowless House. Figure 3k shows the maximum and minimum dry-
bulb and wet-bulb temperatures of the Windowless House. As the previous
experiments have shown, the temperatures inside the Windowless House have

shown less fluctuation than the Solar and Conventionsl houses. The
temperatures inside the house for this nine-week period were practically
constant. Even though the outside temperatures ranged rather high during
the day and comparatively low at night, the inside temperatures showed
little variation throughout this experiment.

Comparison of Seolar, Windowless and Conventional houses. Figure 35
shows the daily fluctuation of dry-bulb and wet-bulb temperatures of all
houses for a one-week period. Notice that the Conventional House and Solar
House temperatures follow the same general pattern as the outside temper-
atures. But the Windowlese House temperatures stay relatively constant,

Notice the difference in the temperature patterns of the first,
fourth, fifth, sixth, and seventh days from the second and third days.
The second and third days received practically no sun whereas the other
days received nearly all sunshine possible throughout the day (18).

The dry-bulb temperatures during the summer perdod of the inside
and outside of the three houses are shown in Table V. During this period,
the mean temperatures of the Solar House and the Windowless House were
approximately equal. But the mean temperature of the Conventional House
was less than the other two houses.
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TABLE V

DRY-BULB TEMPERATURES DURING EXPERIMENT IV

w
Temperature Readings®

; Conventional Windowless Solar

Outside House House House
Maxlmum 98 99 88 100
Minimom Sk 58 7h 68

Mean 73 75 81 82
M

'Tho temperature readings are in degrees Fahrenheit.
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Throughout the four experiments, the humidity of the Conventional
House was very much like the outside humidity. The humidity of the Solay
House was generally less in magnitude and more constant than the Con-
ventional House humidity. The humidity of the Windowless House had the
least variation of the three houses.

During this period the bird weight gain of the Windowless House
was significantly higher than the other two houses (15). As in the
previous experiments, the bird weight gain of the Solar House was signifi-
cantly less than the other twe houses.

Results and Discussions of Four Seasonal Experiments

Generally speaking, there was very little difference in the weight
gain of the birds of the Windowless House and the Conventional House for
these four experiments. However there was a significant difference in
the bird weight gain of the Solar and the other two houses. Throughout
this study, the weight gain of the birds in the Solar House was less
than the other two houses. The difference of weight gain may be due to
the following characteristics of the Solar House environment: the Solar
House gave more pronounced temperature peaks, and it gave a wide range of
temperature fluctuations contimmally. Of course, there may be other
factors and variables which could have produced this recult. To definitely
determine why the Solar House gave the poorest weight gains, would require
additional investigation.

The author noticed that the relative cloudiness of the sky affects
the temperature patterns of the houses very much. As the cloudiness of
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the sky increases the temperature curves tend to "flatten out." This means
there is less daily fluctuation in temperatures on a cloudy day than there
is on a sunny day., This is because there is less radiant energy received
from the sun on a cloudy day.

From this study definite patterns of the temperature and humidity
conditions inside the three houses were determined. Throughout all four
experiments, the inside temperatures of the Conventional House followed
the same general pattern as the outside temperatures, During the Fall and
Spring experiments the inside temperatures on the average were 6° to 10° F.
higher than the outside temperatures. During the winter period the temper-
atures ranged as much as 15° to 20° P, above the outside temperatures.,
However during the Summer period, the temperatures were practically identical
to the outside temperatures. Ganerally speaking, one may expect the dry-
bulb temperature, relative humidity, and the total heat of the Conventional
House to be similar to the conditions outside the house.

The temperatures inside the Solar House followed the outside temper-
ature pattern to some extent. The temperatures inside the Solar House
tended to peak slightly above the outside temperatures; however, they did
not range as low as the outside dry-bulb temperatures. This was noticed
quite readily during the winter period. Generally spesking the dry<bulb
temperatures, relative humidity, and total heat tended to be more constant
for the Solar House and were on an average much higher than the outside
or the Conventional House. The relative humidity was generally lower
than the Comnventional House.

The temperatures in the Windowless House were by far the most
constant temperatures. The daily fluctuations were very much less than
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the other two houses, Also, the seasonal fluctnations were considersbly

smaller, as may be seen in Figure 36, Only the maximum temperatures for

the four experiments were plotted. The minimum temperatures would follow
the same pattern but they would be 8° to 10° lower than the maxiwmum. Notice
that the temperatures were around 750 F. throughout the four experiments,
Generally speaking, one may expect the dry-buld temperatures, the relative
bumidity, and the total heat content of the Windowless House to be relatively
constant from day to day during w season in the Southeast. However,

the magnitude of these three factors will vary somewhat from season to

Limitations of this Study and
Suggestions for Future Research
As stated previously, this study was limited to temperature and
humidity condition of the three respective houses. Since these are the
only factors determined, a recommendation of the most practical house
could not be made at this time. However, the economical analysis of the
three houses will prebably be presented in a thesis by another author.
Once this cost analysis is determined, a recormendation of the most
practical house could probably be given.
There is need for future research on the following related aspects
of this studys
1. A more extensive study on the present research houses in regard to
weight gain of the bird and profit per bird is needed,
2, More basic information on the effects of light on broiler production
is desirable.
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More basic information on the effects of ventilation on broiler

production is needed.

A study to determine if a Windowless House could be built at a
cheaper cost is desirable.

A study to determine if a Solar House could be improved for use in
the Southeast would be desirable.

A study of different solar heat collectors for use in furnishing heat
for broiler houses is desirable.



CHAPTER IV
SUMMARY AND CONCLUSIONS

The purpose of this study was to determine the temperature and
hunidity conditions of a solar, windowless, and conventional type broiler
house. Recently, there has been a demand for more efficient broiler
houses since the broiler enterprise has developed into a mass production
industry with a narrow margin of profit. For the average producer, this
requires an investment of several thousand dollars of which the largest
amount is for housing., However, when Agricultural Engineers were
confronted with the problem of designing efficient broiler houses, they
soon become aware of the need for basic information on the envirommental
conditions of different types of houses.

In this study the temperature and mmidity conditions of a solar,
a windowless, and a conventional type house were determined. These
enviromnmental undium of the three houses were determined for the Fall
1958, Winter 1958-59, Spring 1959, and the Summer 1959 periods. Every
effort was made to collect and record accurate and contimuous data. The
data inecluded the dry-bulb and wet-bulb temperatures for the inside and
the outside conditions of each house. Sensing units were selected and
installed to obtain the dry-bulb and wet-buld temperatures. This data
was obtained by recording potentiometers, and then tabulated for the
respective houses. Graphs were then drawn to represent the temperature
and humidity conditions inside and outside each house for the four nine-
week periods,

These experiments showed the followings



1. The temperature and humidity conditions inside the Con-
ventional House are quite similar to those outside the
house. The inside conditions follow the same general
pattern as the outside conditions but at a larger
magni tude. |

2. The temperature and humidity conditions inside the Solar
House were more constant than the Conventional House. The
dry~bulb temperatures peaked with the outeide dry-bulb
temperatures, but they did not drop as low as the outside
temperatures during the night. The humidity inside the Solar
House was slightly less than that of the Conventional House.

3. The temperature and lmidity conditions inside the Window-
less House were relatively constant throughout the four
experiments., The dry-bulb temperatures inside the Windowe
less House were around 759 F, at all times. ILikewise, the
humidity was relatively constant. It was generally higher
than the humidity inside the Solar House and less than the
humidity inside the Conventional House or the humidity
outside.

This information derived from the study should be of considerable
value to those concerned with designing broiler houses; those concerned
with the management of broiler houses; and, also, the broiler industry
in general.



BIBLIOGRAPHY




1.

2,

3.

79
Allen, J, R,, Walker, J, H,, and James, J. WM Alr
Conditi + BSixth Edition. New York and ont aw-Hill,
ra ’ 19Lk6,

Barre, H, J, and Sammet, L. L. Farm Structures. New Yorks John
Wiley and Sons, Incorporated, 1950.

Emerson, R. E, and Longhouse, A. D, "Poultry House Design for Vest
YMM;'&V% Fgcnltunl
m‘ﬂo Y .

"Handbook of Poultry Statistics for the South," Southern Regional
Poultry Marketing Research Technical Committee, 1959,

Hea Ventilating Air Donditi Guide (published by the
TerTon S T e it dontay Gulde -

Jordan, Richard C. and Priester, Oayle B, eration and Air
Conditioning. New York: Prentice-Hall, Incorpora M .

Laurent, C, K. "In the Southeast the Past is but a Porecast,®
Poultry Procecsing, 6ls10, Jamary 1958.

Letter from Drayton T. Kinard, Head, Department of Agricultural
Engineering, University of Florida, to William R, Fox, dated
September 2&, 1959. P

Letter from R. P. Prince, Professor, Department of Agricultural
Ingineering, University of Comnecticut, to William R. Pox, dated
October 7; 1959.

Mitchell, H. H, and Haines, W. T. "T'he Critical Tempersture of the
Chicken,® Journal of Agricultural Research, 3L (June 1927), 5L9-SS,

Oliver, J. H, "Poultry House Ventilation,® Agricultural Engineering,
31:1191122, March 1950. :

"Outlook Issue for 1959," The Poultry and Egg Situastion, November 1958.
er, W. J., and Bryant, R, L. "Forced vs, Natural Draft

Promersberg
Ventilation in Poultry Houses,” Agricultural Engineering, 33:782-
783, December 1952. i

"Review of Evaporation Theory and Development of Instrumentation,”
U. 8. Navy Report, N. E. 12125, No, 159, February 1, 1950.

Shirley, H. V. "Study of Three Types of Broiler House,™ Unpublished
Jgppessee Agricultural Bxperiment Station Progress Report, October

Stewart, R, E, and Hinkle, Charles N, "Environmental Requirements




17.

80

for Poultry Shelter Design,® Agricultural Engineering, h0:532-535
September 1959, y ;

U. 8. Department of Agriculture. U. S. Sells More to West
_ Pleture Story No. 119, Washington: Gov ing
“l “M 1959;

U. 5. Department of Commerce, Weather Bureau. Local cal

Data for %1&, Tennessee, Washingtons Covernmen
m«. m 9;

U. 8. Department of Commerce, Weather Bureau. Psychrometric Tables.
Washingtons Government Printing Office, 1941, :

Walton, H. V. and Bressler, G. O, "Invironmental Performance in the

Penn State Solar Poultry House," 2 State Universi
Agrieultural Experiment Station Progress ﬁw 1958,




APPRNDIX A
Samples of the Chart Paper
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APPEIDIX B
Samples of Tabulation Sheets
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Wet & Dry Bulb Temperature °F
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TEMPERATURE
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