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Wyndham et al. (1966) have demonstrated that sweat rate
decreases with time and Nadel and Stolwijk (1973) have
included wettedness 1in such a way that it decreases the
drive for sweating. The factors mentioned above have
never been combined into one equation. Furthermore, the
imp'ications of Stewart's (1981) discussion are that the
control of sweat rate should include a number of factors,
namely;

(i) a central drive depending on mean body tempera-
ture,

(ii) a local stimulating effect as a result of an

elevated skin temperature,

(i11) a local skin wettedness effect dependent upon the
time history of wettedness,

(iv) a sweat gland fatigue effect which is a conse-
quence of extensive periods of sweat secretion.

The overall function required to describe sweat rate can
be expressed mathematically as

Sy = £(Tpe:Tg /W(time),time) (2.40)

The way in which the variables in the above equation inter-
react to controi thermoregulatory sweating have been
neither mathematically stated nor gqualitatively described.

A control engineering approach was adopted in order to
piece together the components suggested above into an
overall model of thermoregulatory sweating. It was with
the specific aim that, by adopting a control engineering
approach, the dynamics of the sweat rate response shown in
Figure 5.1 could be quantified.
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CHAPTER 3

EXPERIMENTATION

All experimentation was carried out in the Calorimetric Wind
Tunnel of the Chamber of Mines of Jouth Africa Research Labora-
tories. Since the equipment and methods described below have been
reported 1in considerable detail elsewhere, the descriptions given
have been kept brief, details may however be obtained from the
references guoted.

3 The Calorimetric Wind Tunnel

The wind tunnel was designed by Grant (1954, 1955, 1956)
for the purpose of generating thermal environments which
could be accurately controlled. Experimentation on human
subjects exposed to these environmental conditions is
carried out in either of two 3 x 3 x 3 m test sections.
Air flow in the one is horizontal while in the cther it is
vertical. Transducers and instrumentation for measuring
the heat exchange between men and their thermai environ-
ment were designed and installed in the horizontal flow
chamber (Carroll and Visser 1966 and Hodgson 1974). The
calorimetric capabilities of the wind tunnel have been
used and described on a number of occasions (Vermeulen
1966, Mitchell 1972 and Atnins 1975).

The main features of the wind tunnel circuit are presented
in Figure 3.1. Air is circulated around the tunnel by a
large axial fan (item 14) driven by a variable speed motor
enabling wind speed to be varied. Steam is injected at a
controlled rate through a small and a large control valve.
Humidity control is achieved by automatically varying the
quantity of steam fiowing through the valves.
De-humidification is achieved by passing the air over a
set of dehumidifier coils (item 1) located in the bypass
circuit. The water temperature in the dehumidifier coils
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The experimental subject is required to work on a stepping
platform located in the centre of the test section. He
occupies less than 0,2 per cent of the total volume of the
chamb2r ensuring that blockage is minimal. Beneath the
stepring platform is a dripped sweat collecting pan.
During experimentation the pan is covered with oil, any
sweat which drips off the subject collects under the o0il

so that it cannot evaporate and disturb the heat transfer
measurements.,

The subject's weight is measured by means of a loadcell.
The loadcell is positioned under the floor and the column
protrudes through a hole in the floor. The subject is
required to stand still on two foot plates mounted on
either side of the stepping platform. Mass is displayed
with a resolution of 5 g in 200 kg.

Expired air samples are collected in a Douglas bag in an
adjacent room, through a plastic tube. The subject's
metabolic rate is determined from measurement of his
ventilation rate, oxygen concentration and carbon dioxide
concentration of the expired sample.

Heat Transfer Measurements

The test chamber 1is unigue in that it permits calorimetric
measurements of radiative, convective and evaporutive heat
exchange measurements on a working man.

Convection

Convective heat fransfer between the subject and the air
passing over him is determined by measuring the sensible
heat gain (or loss) of the air. Carroll and Visser (1966)
have developed an extremely sensitive differential thermo-
meter to measure the change in air temperature. The
differential thermometer comprises four resistance wire
grids, two located upstream and two downstream of the




subject. The grids are made from pure nickel wire of dia-
meter 0,1 mm. The four sections of the grid are connected
in the opposite arms of a wheatstone bridge circuit.
Changes in resistance caused by temperature change are
amplified by a strain gauge amplifier and integrated over
a selectable perici. Convective heat transfer can be
determined with an accuracy of better than 5 per cent. A
schematic representation of the differential thermometer

can be seen in Figure 3.2.
Radiation

Radiant heat exchange between the subject and the walls of
the test section is measured using a 4r radiometer. The
radiometer encircles the subject except for a small gap
above his head and below his feet caused by the drip tray.
It consists of an aluminium frame covered by a thin poly-
ethylene sheath. Fine nickel ribbon, 0,25 mm wide by

0,01 mm thick is used to sense infrared radiation. Radia-
tion changes the temperature of the nickel ribbon and con-
sequently its resistance. The ribbon is held in frames,
the tension being maintained by hair springs. All frames
on each side of the radiometer are connected in series.
The ribbon is sprayed with matt black paint after it has
been strung. The r-” ~meter revolves around the subject
once very minute, anically incegrating the radiation
travelling between the subject and the walls. The arms of
the radiometer are connected in a wheatstone bridge con-
figuration. Change in resistance is amplified approxi-
mately 10 000 times by a strain gauge amplifier, the
output 1s integrated over a selected period. Radiative
heat transfer can be determined with an accuracy of better
than 10 per cent. The schematic diagram of the layout of
the radiometer can be seen in Figure 3.3,
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sent the calibration curve. Voltage readings are con-
verted to temperatures with an accuracy of better than
+0,025°C. All reference junctions are maintained at 0°C
by an oil filled ice reference bath.

i

Dry-bulb temperature

¥

P

W

The dry-bulb temperature is measured in two ways. Nine 28

A

gauge thermocouple junctions situated 1 m upstream cf the

subject, covering the entire cross-sectional area, are

3 connected in parallel to give an average measure of the

| dry-bulb temperature. A second measurement of dry-bulb
temperature is made in a "sampling psychrometer” situated
3 m upstream of the subject. A 30 gauge thermocouple
junction has air, sampled across the approximate height of
an experimental subject, drawn over it by a fan. The two
independent measures of the dry-bulb temperature are
always within 0,025°C of one another. The feedback trans-
ducer (PT 100 platinum resistance element) used for the
automatic dry-bulb control is also situated inside the
psychrometer.

Wet-bulb temperature

A sinale 30 gauge thermocouple junction covered with a
tight fitting cotton wick is used to measure the wet-bulb
temperature. The thermocouple junccion is located inside
the sampling psychrometer where a high flow rate of air is
maintained. The wick is always kept wet through an auto-
matic water feed mechanism. The water is allowed to equi-
librate in a reservoir at tne dry-bulb temperature before
being supplied to the wick. The wet-bulb PT 100 feedback

P transducer used for humidity control is also located
inside the psychrometer.
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Wall, roof and floor temperatures

All four walls, roof an floor temperatures are measured

under 25 mm thick polystyrene insulation stuck to the &
relevent surface. At least two thermocouple junctions are |
attached to each surface to give the average temperature Eg

of that surface.

Mean skin temperature

Six 28 gauge (0,30 mm) thermocouples are used to provide a
continuous measurement of mean skin temperature. The
thermocouples are held against the skin surface by lightly
tensioned elastic threads. The six sites and the area
based weighting factors used to calculate mean skin tempe-
rature are: arm = 0,3; thigh = 0,2; calf = 0,2; chest
= 0,075; abdomen = 0,075 and back = 0,15. The weighting
system is similar to the weighting formula proposed by
Ramanathan (1964).

In addition to the six-point method of measuring mean skin
temperature, at various times during the exp: .iment, skin
temperature is measured at 15 sites using a 36 gauge

(0,15 mm) thermocouple mounted on a spring loaded probe
(Mitchell 1972). A simple averane of the 15 temepratures
is used to check the six-point determination of mean skin
temperature. The two methods were found to differ
negligibly.

In all instances lead conductiorn errors are minimized by
ensuring that the lead wires are in contact with the skin
for at least 10 mm on either side ¢f the junction. The
contact length for the attached thermocouples is usually
in excess of 25 mm on either side of the junction.
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