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heating and parked with the air conditioning inoperative. When the aircraft
engines are operative, ventilating air at lower than cockpit temperatures
may be provided to cool the aircrewman. In some cases (reputedly the
Navy A-5 attack bomber), the cabin conditioning air and the air supplied
for electronics cooling are interconnected. Through a combination of
circumstances, conditioning air introduced into the cockpit during idle

has a higher-than-ambient temperature.

After take-off, the higher-power operation of aircraft engines gen-
erally provides more effective air conditioning. Ambient air temperature
decreases with altitude during stable weather conditions as shown in Fig.
14. During abnormal weather conditions (e.g., storms) ground-level
air temperatures may vary widely from nominal. Most such local activity
is below 10, 000 feet. When ground temperatures are high, the initial slope

of the temperature-versus-altitude curve is steeper than usual.

Aircraft flight speeds approaching or exceeding sonic speeds pro-
duce intense air heating due to the compression effect. If the intake air
to the aircraft is from the aircraft boundary layer (e.g., through a hole
in the windscreen or canopy) the air will be heated as shown in Fig. 15.
The first curve (M = 0. 0) presents the maximum "hot day' air temperatures
as a function of altitude; succeeding curves show the air temperatures
produced for flight speeds from 0.25 to 1.5 times sonic speed. Air heating
is negligible at sea level for speeds of 160 knots (M = 0.25), but increases
rapidly with speed, and would produce temperatures intolerably high (160°F)
at speeds of 500 knots (M = 0. 75). Only jet or turbojet powered aircraft
are capable of attaining speeds much in excess of M = 0.5, and these air-
craft types can, and must, have both cabin insulation and air conditioning
(by air bled from the jet engine compressor and cooled through an "air-

cycle' refrigeration process).
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C. Analysis of the Thermal Environment of the Aircrewman

] The thermal exposure of the aircrewman begins when he leaves
e the ready room and i1t continues until he returns to the ground. There are

four principal phases of this exposure:

t1»  Travel to awrcraft from ready room.
(2 On -the-ground aircrafi pre-flight inspection.
(3) In-the-aircrafl pre-takeoff checkout,

(4) Post -takeoft flight,

In the first two phases, the aircrewman experiences the same
thermal environment as the ground personnel, but he is burdened by his
flight garmen's. In the third phase the thermal problem is twofold:

-d tirst, although the aircrewman 1s 1n the cockpit, the aircraft lacks the
in-flight operation of cl:ma'e conditioning : and secondly, the cockpit

. must be cooled down from previous solar exposure. During the post-

, takeoff flight phase, the crewman is in the controlled cabin environment

- provided by cabin venulation or air conditioning.

1. Analysis of the Effects of Solar Radiation and Thermal

Convection on a Man Standing on the Ground

d | a. Feat Transfer by Radiation Quiside Cockpit. While on

*he ground ourside the aircrat1, 'he aircrewman 1s exposed to the direct
o radiation of the sun, hea' reflection/re-radiation from the earth, and
heating through contact with the ambient air, The following analysis of
- *hese thermal inpu's uses the approach outlined in Ref. 33, which is a
compendivm of analytical methods and empirical data for use in the com-

o puration of thermal 1nputs 1o the aircrewman.

The intensity of incident radia‘ion upon a man 1s a function of the
percent cloud cover, geographic location, 11me of year and day, and

clothing coverage.

boe
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the total cocling requirement. It is not difficult to predict the effects of
solar radiation which are dependent upon location, season, time of day,
and wezather conditions.
1. Thermal Balance and Comfort

Before requirements for personnel cooling can be defined, it
is necessary to first review some facts related to the crewman's "private
climate.” The "private climate" is the environment inside the outer gar-
ment. The equation for a condition of thermal balance, i.e., that condition

in which there is no heat storage in the aircrewman's body, is:

Wy - (Qevap *Qocay * Ypd’ " ©
& is desirable that thermal balance be maint ined. In earlier sections of

this report, heat storage (Qs). thermal radiation (Qrad)' evaporation (Qevap)‘
conve xtion (Qconv)’ end metabolism (Qm), have been discussed individually.
Here, the effects of these factors and other factors related to the character-
istins of clothing will be considered together in order to provide an under-
standing of how much heat must be removed to maintain thermal balance.
Because of variations in cooling over the body surface and because of a

static level of body heat storage below maximum tolerance, achievement of

‘hermal balance does not assure thermal comfort.

Thermed  balance can be achieved over a range of environmental
cond’*ions by the body's thermoregulatory mechanisms. The exchange of
heat hetween the body and its environment must be accomplished at a rate

which will permit the body to maintain a constant core temperature.

If the environment is too hot for the body to lose sufficient heat
through convection and radiation alone, the thermoregulatory mechanism

resorts to the secretion of sweat to achieve thermal balance. Sweating

-81 -
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Fig. 22

NATICK AIR-COOLED SUIT, FRONT
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Fig. 23 NATICK AIR-COOLED SUIT, BACK
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Fig 24

APOLLO LIOUID-COOLED suiT
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Fig. 25 USAF LIQUID-COOLED VEST BY HAMILTON-ST ANDARD
(This gorment presently under test in Viet Nom)
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Fig. 28

VENT AIR
DUCTING

U.S. NAVY FULL PRESSURE SUIT, MARK IV
(Ventilotion Ducts) (From BuAer Bulletin 1-59)
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Fig. 29 DONNING MARK V INSULATION-VENTILATION LINER
(Passing Anti-G Air Inlet Through Liner)
(From BuWeps Bulletin 60-61)
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Fig. 30 USAF MA-2 DUCTING GARMENT, FRONT
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Fig. 31

USAF MA-2 DUCTING GARMENT BACK
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under retarded throttle conditions. The controller regulates the air tem-
perature. During transient conditions of airplane or system operation,

it is intended that vertilating air temperature at the suit inlet be main-
tained within :5°F of the control point setting. The temperature selector &J
panel Is graduated in degrees Fahrenheit for the full control range. Dur-

ing pressure suit operation, the temperature should remai: within the

range shown in Fig. 32. During anti-exposure suit operation, temperature

should remain within the range specified by Fig. 33.

(3) Air Pressure Conirol. The pressure drop through the
anti-exposure suif and the inlet tubing does not exceed 3.0 psig at the de-
sign tlow rate of 14.0 cfm. Pressure drop through the pressure suit and
its inlet tubing is nominally the same as that for the anti-exposure suit.
During normal use of the pressure suit (when the cabin is pressurized)
and when the cabin is unpressurized and the cabin pressure is below that
corresponding to an altitude below 35, 000 feet, the control system regu-
lates the inlet pressure to 3.0+0.2 psi above cabin pressure. During
emergencies above 35,000 feet, a suit air pressure of 6.510.2 psia is re-
quired at the suit inlet in order to maintain a pressure of 3.5 psia within

the pressure suit.

Aircraft that are not equipped with such conditioning systems
are generally equipped with a blower assembly. This blower is specified
in MS-17269 and MIL-M-8609. It delivers air at ambient cabin tempera-
ture, 15 cfm at pressures of 13 inHZO, and consumes 300 watts of power
a' 28 volis DC. The amount of ccoling that can be provided by ambient
air is a functicn of the dry- and wet-bulb temperatures and flow rate.

A complete discussicr of this type of cooling is included in Appendix E.
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temperature caused the subject’s core temperature to rise higher than
that of a subject who was not ventilated. When air that i~ at a tempera-
ture above mean skin temperature is blown over a subject's skin, the
man absorkts hea' from the air. For these tests, no attempt was made to
develop system components that were compatible with flight operation

conditions.

In the tests of liquid-cooled suits, the average ice consumption
per man 1s 13.3 lb /hr. For long flights, such a high consumption rate
would present a weigh and logistics problem. Even though the vest
neither mainta:ned thermal balance within the subject nor kept him com-
fortable, it is capable of reducing some of the strain associated with

operations in hot climates.
4. Tests A-7 through A-12

These tests were performed by the University of California
under contract to the USAF Wright-Patterson Air Development Center.
Subjects for these tests were dressed in the Mark IV anti-exposure suit

and the MA-2 vent.lating undergarment.

In tests A-7,A-8, and A-9 the temperature in the test chamber was
held constant and the temperature and flow rate of the conditioning air
was changed. The dava ndicate that ventilating air supplied at medium
rates and a' low *emperatures minimizes sweating and removes body
heat by warming the ventilating air. High flow rates of air that is at
temperatures near the mean skin temperature tend to induce sweating,
and the basic mcde of heat transfer 1s by evaporation of the sweat. At
low flow rates and comfortable cooling air temperatures, the subject

tends to lose heat through evaporative and convective heat transfer.
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