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Growth rate studies of poultry by
Roberts (2) and environmental in
fluence on growth rates by Staley
et al (4) have demonstrated the need
for accurate control over ambient
conditions during the early periods
of growth. Longhouse et al (1), using
broilers, showed the influence of
temperature on heat production and
feed conversion. Skoglund (3) found
that broilers exhibited better weight
gains when the light intensity was re
duced. While the effects of air tem
perature, light intensity and relative
humidity have been studied, an over
all comfort index involving the ther
mal radiation exchange between the
bird and its surroundings have not
been evaluated. Suggs (5) derived
theoretical relationships and partially
verified experimentally the compen
sation rate between radiation tem
perature, air temperature and air
enthalpy.

It may be possible to take advan
tage of the directional properties of
thermal radiation to reduce the over
all heating requirement of broiler
houses. Utilizing the concept of mean
radiant temperature values appears
to indicate that air temperature could
be lowered if suitable levels of ther
mal radiation were provided. This
may be of economic importance to
the Canadian broiler producer in that
he is producing on a year round basis
under extremely varied conditions.

This paper deals with the design
and development of controlled en
vironment poultry brooders which
provide complete control of air temp
erature, relative humidity, thermal
radiation, air velocity and light in
tensity. The equipment presently in
use has been designed to maintain
preset, constant conditions through
out the period of test. However, a
programme controller can be added
to vary the air temperature and re
lative humidity through any desired
cycle within the limitations of the air
conditioning equipment. Accurate

control of the environment will per
mit evaluation of genotype by en
vironment interactions.

DESIGN CRITERIA

The brooding facilities that are re
quired must accommodate a group of
birds sufficiently large for statistical
investigation of environmental influ
ences on growth rate. The single unit
constructed houses up to 40 broilers
at three weeks of age. Additional
criteria were imposed. Wet and dry
bulb temperatures were to be con
trolled to ± 1°F from 45°F to 100°F.
The resulting range of relative humid-
ties would be from 20 to 100 percent
at 100°F, narrowing to 100 percent at
45°F. Radiant heat panels capable of
providing a mean radiant tempera
ture of up. to 95°F when the air temp
erature is 45°F are provided in the
ceiling. Air changes should be vari
able up to 6 cfm per bird with provi
sion made for removing carbon di
oxide, ammonia and other noxious
gases and admitting fresh air. Feed
and water would be premeasured and
introduced into the chamber, feces re
moved and the birds weighed at reg
ular intervals without significantly
altering the environmental conditions.
Provision for adapting the interior of
the chamber to accommodate grow
ing birds was required. Light intens
ity must be uniform throughout all
parts of the chamber and controlled
from V^ to 40 foot candles. It was ob
vious that commercially available con
trolled environment equipment was
not suitable to serve the needs of the
growing chick, therefore the unit was
constructed from component parts.

DESIGN

To accurately control relative hu
midity, air was circulated over chilled
water coils at a temperature corres
ponding to the dew point of the final
state condition. It was then passed
through a fine water spray at the
same temperature to ensure satura
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tion and then over a reheat coil to
raise the temperature to the desired
level. Conditioned air was conveyed
through flexible ducts, entering the
chamber near ceiling level. Exhaust
air was taken out below floor level,
and returned through a fibre glass
filter before passing over gas-filled
wet and dry bulbs of a temperature-
recorder controller. A pair of inter
connected dampers for exhaust and
make-up air were next in line before
the air entered the fan and returned
through the cycle again.

Maximum heat gain by conduction
through the chamber and body heat
from the birds was estimated to be
1120 BTU/hr for a 50°F temperature
difference between inside and out of
the chamber. At the same time, to
maintain an effective temperature of
90°F, when the air temperature was
held at 50°F, required a mean radiant
temperature of 130°F based on the
relationship that:

where te

ta

MRT

MRT + tc
.1

effective temperature

air temperature

mean radiant tempera
ture

Substituting the mean radiant tem
perature into the Stephan-Boltzmann
equation and using 0.95 as the emis-
sivity of the surface of the chicken,
gave an estimate of 3160 BTU/hr of
radiant heat required in the chamber.
Ultimately, it was planned to have
three chambers operated from one
air conditioning apparatus, therefore
refrigeration requirements of 12,800
BTU/hr were required.

A IV2 HP water chiller with con
stant suction pressure control was
used to supply cooling water at a
near uniform temperature. Continu
ous operation of the refrigeration
system is required by this method.
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An integrally mounted three speed
fan and six row heat exchanger, rated
at 9,600 BTU/hr at 280 cfm was
available to chill the air to the dew
point temperature. A one gallon per
hour water spray at 40 psi and at
the chilled water temperature, was
used to saturate the air to the dew
point temperature. The air was then
heated to the required dry bulb tem
perature, without change in water
vapor pressure, by passing the air
through a four row reheat coil.

Flow of water through the cold and
reheat coils was controlled by a pro
portional temperature controller - re
corder. The dry bulb temperature,
through the pneumatic system of the
controller, regulated the flow of water
to the reheat coil. The wet bulb
temperature similarly controlled the
flow of water through the chilled
water coils.

Standard circulating pumps on the
chill water and reheat system ran
continuously so that water of a uni
form temperature was always avail
able at the water mix valves. A 5,000
watt, 50 gallon hot water tank was
used as a source of hot water. The
reheat water and chill water equip
ment was mounted on a cart and is
shown at the rear of figure 1.

Four radiant heat ceiling panels of
750 watts capacity each, supplied by
Canadian Armature Works Inc., pro
vided almost full coverage of the
ceiling area of the environmental
chamber. A magnetic contactor, acti
vated by a silicon controlled recti
fier (SCR) controller, acted as a
power switch to the radiation panels.
Figure 2 shows the radiation panels
on the chamber roof. Figure 1 also
shows the radiation panels on the
left and the SCR equipment mounted
to the right of centre.

Temperature regulation of the
thermal radiation panels was critical
because of the fourth power law of
radiation. Thermostatic control was
not considered sufficiently precise in
this application, so it was decided to
employ a silicon controlled rectifier
(SCR) supplied by Honeywell.

The SCR would conduct full cur
rent only when the control voltage
was increased to some level. It con
tinued to conduct as long as the
voltage was in the same direction. On
AC, this occurred every half cycle so
that a second SCR was employed to
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conduct when the voltage was in the
opposite direction.

By using a single rheostat, the con
trol voltage could be set to turn on
the SCR during any part of the cycle.
Thus variations from zero to full load
were accommodated by varying the
control voltage from the end to the
beginning of the AC cycle. It was
also possible to turn the SCR's on full

for several cycles and off for several
cycles in proportion to the power
requirements. This arrangement pro
vided a radiant panel temperature
with minor variations and hence uni
form emissive power.

RESULTS

All components of the system have
been checked and perform satisfac-

Figure 1. Control panel on air conditioning unit. Chamber on left showing biological
gloves for handling birds for weighing. Ceiling raised to show radiation panels.

Figure 2. Chamber interior, radiation panels on ceiling, air intake and air lock feeder
on left, fluorescent lights in corners, waterer on right and adjustable floor. Panel on
rear wall is removable to permit access to chamber interior with biological gloves.
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torily. Air temperatures of 50°F and
80 percent relative humidity have
been held for 3 days with ± 0.5°F
dry bulb and ± 1°F wet bulb varia
tion. Temperatures of 100°F and
relative humidities from 35 to 90 per
cent with ± 1°F dry bulb and
± 1.5°F wet bulb variation during a
3 day test have been obtained. Tests
with birds in the chamber and at
intermediate temperature and humid
ity values have been maintained for
up to 6 weeks of continuous opera
tion within the variation mentioned
previously.

Surface temperature variations on
the thermal radiation plates of ±-
2.5°F were encountered. This was
found to be the result of non uniform
air velocities from the air inlets. Re
designing the air inlets for a more
streamlined flow will alleviate this
problem.

The water spray in addition to
maintaining pre-selected humidities
also removes fine dust, ammonia and
excess carbon dioxide.

Temperatures of water entering
and leaving heating and chilling
coils, spray water, air entering and
leaving the chamber, air leaving the
fan and spray water zone were
monitored by iron-constantan thermo
couples connected to a 24 point po-
tentiometric recorder.

A computer programme was de
veloped to monitor the operation of
the equipment. Water volume re
corders for the heat exchange coils
are required before the computer
programme will be able to provide
its full potential.

CONCLUSIONS

Equipment was developed to con
trol the environment of a 16 square
foot chamber for poultry by provid
ing accurate control of thermal radia
tion, air temperature, wet bulb tem
perature, air velocity and light in
tensity. When all monitoring equip
ment for input and output factors is
added, a complete energy balance
can be determined. With accurate
environment control, genotype by
environment interactions can be
evaluated.
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ESTIMATING TRACTOR . . .

continued from page 65

soil strength is not in complete agree
ment with results obtained from di
rect shear tests on two Alberta soils.
Predicted tractor drawbar perfor
mance based on soil strength as de
termined by equation 2 or by the
direct shear apparatus may not cor
respond to values obtained in actual
field tests. However, comparisons of
tractor sizes, tire sizes and ballast may
be made provided the limitations of
laboratory or calculated shear values
are taken into consideration.

Better relationships of in situ soil
strength to soil parameters are re
quired to adequately describe tractor
field performance.
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