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NOTATION

Aircraft cabin transparent area, ft2

Heat capacity, BTU/°F-ft2

Total external radiatioq, BTU/hr-t2

Solar radiation, BTU/hr-ft2

Conduction heat transfer coefficient, °F-hr-ft2/BTU
Radiation heat transfer coefficient, “F-hr-ftleTU
Ambient air temperature, ‘R

Transient aircraft cabin temperature, ‘R

Initial aircraft cabin temperature, ‘R
Steady-<tate aircraft cabin temperature, "R

Time, hr

Aircraft cabin volume, ft3

Stefan-Boltzman constant, BTU/hrft2-"R4
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INTRODUCTION

To property design aircraft instruments, avionics, and other equipment, which is
instalied in aircraft cabin areas, it is necessary to accurately know the cabin temperature
enviropmer:, Aircraft cabin temperatures vary widely depending on the aircraft operating

-condition, basic design parameters, and type of cnvironmental control system installed.

Previous tes:; at the United States Army Aviation Systems Test Activity (USAASTA)
have shown that the highest cabin temperatures frequently occur with the aircraft static
in zn environment with both high solar radiation and high ambient air temperatures
(refs 1 through 5). It is suspected that high aircraft cabin static temperatures may
increase aircraft component failure rates, cause equipment to temporarily malfunction,
and directly cause equipment failure. However, accusate temperature data for the static
environment are not available for many aircraft. To obtain this type of data, USAASTA,
with the assistance of the United States Army Air Mobility Research and Development
Laboratory, Eustis Directorate, has conducted comprehensive static temperature surveys
on five first-line United States Army helicopters.

Lack of readily available test chamber facilities, which would allow a closely
controlled environmental test, dictated the use of the avaiiable natural environment.
To increase the accuracy of performing static temperature testing under natural
conditions, a test method was developed which allowed the determination of combined
conduction, convection, and radiation heat transfer coefficients for an aircraft cabin.
Once these coefficients have been determined, the cabin static teriperatures can be
calculated for any natural conditions, allowing comparison of data gathered at differont
conditions and standardization of data to identical enviionmental conditions.
References 1 through 5 are the formal published USAASTA reports from which the
static temperature data in this paper are taken. It is anticipated that the test method
and data presented in this paper will play an important role in the conduct of future
static temperature testing, and increase the understandine and control of the aircraft
cabin static temperature environment.

AIRCRAFT CABIN STATIC TEMPERATURES

Table 1 lists the physical charactetistics of the helicopters tested pertinent to the
heat transfer properties of the cabin. The most significant characteristic applicable to
the static temperature environment is the ratio of cabin transparent area to cabin volume.
In general, the larger the area-tc-volume ratio, the higher the cabin static temperaiure
will be. Figures 1 a*d 2 show photographs of two Urited States Army kelicopters with
large amounts of transparent area which are present for maximum visibility. The
transparent area in all of the helicopters tested is plastic, with the approximate radiation
transmissibility characteristics shown in figui'> 3. These characteristics, together with
cabin closure, result in the so-called "greenhouse" effect, which allows solar radiation

to increase cabin tempcratures above the ambient air temperature. Figure 4 shows the
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solar radiation spectral distribution at the earth's surface. As shown in figure 3, the
plastic is transparent to the solar radiation, which, after it passes through the plastic,
is both absorbed, reemitted, and reflected by the cabin equipment and internal structure.
The reflected radiation exits the cabin through the plastic but the absorbed radiation
is reemitted at a lower temperature and longer wavelengths, to which the plastic is
not transparent. Thus the transparent areas in effect trap reemitted solar radiation in
the cabin and cause the cabin temperature to rise until the heat loss rate by means
of cabin skin conduction to the atmosphere and cabin surface radiation is equal to
the heat gain rate from solar radiation.

Figure 5 presents solar radiation data for the continental United States for
maximum values during the winter and summer (ref 6). These data can be used to
determine the solar radiation environment to which aircraft are subjected and to
determine environmental test conditions and test geographical locations. Only a limited
amount of world-wide solar radiation data are available (refs 7 and 8); however, the
available data indicate that the maximum solar radiation values obtained in the
continental United States are as severe as those obtained anywhere else in the world.
The highest solar radiation values in the United States generally occur in the western
high desert areas. Current United States Army tactics consider operation in the
environments of Central Europe and Central Asia. As a matter of reference, the solar
radiation and temperature environments of the Federal Republic of Germany and of
Iran approximate the environments of the New England and western desert regions of
the United States, respectively.

Table 1. Ph&sical Characteristics.

Maximum gi::g Cabin |{Cabin Transparent
Designation Profile Weight Area Volume| Area to Cabin
2 (£t3) Volume Ratio

(1b)

OH-58A g‘;-q 3,000 {33.9 | 121 .28
OH-6A {2,700 {46.3 | 100 46

UH-1H %" 9,500 |68.2 | 516 3

AB-1G Saetpm | 9,500 |51.9 | 95.9 .54.
GH-54B =X | 47,000 |52.2 ] 421 12
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A typical seasonal variation of solar radiation is shown in figure 6. The data indicate
that test conditions at maximum solar radiation values may oniy be obtained during
the months of April to July in the western desert areas. In addition to high solar
radiation, a high ambient air temperature is also required for static temperature testing.
The combination of high static temperatures and high solar radiation does not
consistently occur. A test chamber may be used to artificially create the desired solar
radiation and temperature environment; and static testing of many material items has
veen conducted in test chambers. Howcover, tost chambers Jo not always accurately
reproduce the natural environment (ref 9) and are not easily available for static aircraft
testing.

g 8

8

§

SOLAR DADIATION~STU/MR-FT*

YT

Byi3iegagi

MONTH

Figure 6. Monthly Variation of Solar
Radiation - Phoenix, Arizons (Ref 6).

AIRCRAFT CABIN ELECTRICAL ANALOG

The clectrical analog shown in figure 7 represents an aircraft cabin under static
heating conditions. The voltage and current sources represent ambient sir temperature
and total external radiation, respectively. The capacitor represents the aircraft cabin
and the two resistors represent cabin heat transfer coefficients. Using the circuit shown
in figure 7, the equation describing the transient response of the aircraft cabin to an
ambient air temperature and a source of external radiation can be written as:

T [e.l;/l(e C] T Ta Ko * Egy Ko Ky + To K ¥ By Ko & M
c ol | K +K K+ K
e °r e x

KC Kt’
Where: Keq - ‘x'c + Kr‘
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ELECTRICAL QUANTITY HEAT TRANSFER QUANTITY UNIT
V -~ Voltage Tz - Ambient air temperature R
V¢ - Voltage across capacitor T - Transient temperature inside helicopter R
Tes - Steady-state temperature inside helicopter R
; Ty - Initial temperature inside helicopter R
Ry - Resistance Kc - Radiation heat transfer coefficient F-hr-ft2/BTU
R - Resistance K; - Radiation heat transfer coefficient F-hr-ft2/BTU
C ~ Capacitor C - Heat capacity BTU/F-ft2
: 1 - Current Eex - Total external radiation BTU/hr-ft2
Eg - Atmospheric radiation (total external
. radistion minus solar radiation) BTU/hr-ft2
i Es - Solar radiation BTU/hr-ft2
* t = Time t - Time Hr
&
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When t (time) » oo the steady-state helicopter temperature Ty is given by
Ta Kr + Eex Kc Kr
Tss = K +K 2
c b
4

Where: Eex = Es + 0 'I'é1

9

g=1.714 X 10 ° BTU/ft?-HR-°R"

Total external radiation is the sum of solar radiation and the radiation emitted by the
surrounding environment. The surrounding environment emits radiation in accordance
with the Stefan-Boltzman law shown in equation 3.

Equation 2 is used to find K¢ and Ky by allowing the aircraft to reach its steady-state
temperature at two different constant ambient air temperatures (Tay and Ta9) and at
two different constant external radiation values (Eex) and Eexq). This results in two
equations with two unknowns, K¢ and Ky, which are solved for K¢ and Ky in equations 4
and 5. A different K¢ and Ky are calculated for each temperature sensor location. A

convection coefficient is not calculated, and any convection effects are combined with
the conduction and radiation coefficients.

Ta2 Tss1 - Ta} Tsaz
" T =% 71 (@)
ex‘ 882 ex2 981
TBB‘ KC
" T T ¥ -7 (5)

a‘ ex‘ [ 881

TEST METHODS

It was found that the helicopters tested required about 2 hours to reach steady-state
temperatures. This relatively long stabilization time meant that the test could only be
conducted at mid-day when solar radiation is nearly constant for a 2-hour period (fig. 8).
The second value of solar radiation was obtained by allowing the aircraft to set all
night and taking readings just before sunrise. At this time of day, measured solar radiation
is nogative and the alrcraft cabin is slightly cooler than the ambient air temperature,
since it is losing heat by nadiation.
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The test procedure consists of the following steps:

1. Aircraft cabin static temperatures are measured at mid-day and early-morning
test conditiors. The aircraft is parked so that it is directly facing the sun haifway through
the mid-day test.

2. K¢ and Ky are calcula‘ed using equatiors 4 and S.

3. Aircraft cabin tempera.ure is calculated from equation 2 at the desired valucs
of ambient air temperature and solar radiation.

Different Kc and Ky coefficients are determined for each cabin location where
the temperature is measured. A plot covering the full range of emnronmental conditions
cant be constructed as shown in figure 9.

Cabin temperature as a function of the daily cycle of solar radiation and ambient
air temperature could not be measured because of the long response time of the cabir.
Therefore, to check the accuracy of this test method, a small translucent plastic bottle
was usad to rspresent the aircraft cabin, The bottle had a volume of about 4 ounces
and reached a steady-state temperature in about 10 minutes. This short response time
allowed internal bottle ivmperatures to be reccorded duning the daly cycle of
environmental conditions, Qnly a limited amount of data have been recorded over a
temperature range of 45°F to S2°F and a solar radiation change of 63 to 162 BTU/hr-ft2,
The K¢ and Ky coefficients remained constant for the plastic bottle for the conditions
tested.

All presently available test data indicate that aircraft cabin static temperatures
can be measured at conditions different than those desired and calculated for the desired
conditions. To increase data validity, howsver, it is desirable to wcasure cabin static
temperatures at-environmental conditions as close to those desired as practical. For
this test solar radiation was measured with - thermal radiometer, shown in figure 10,
and cabir. temperatures were rcorded with a chermogouple system. For all calculations,
temaperaiures are absolute in units of degrees Rarkine, Tost temperaturas are measured
in units of degrees Fahrenheit and converted to dogrees Rankinm Final results are
converted to units of degress Falwenheit.

TEST RESULTS

Table 2 presents cabin static tempesatures at two upper cabin locations for each
of the helicopters tested. Those data were gathered at Edwards Air Foroe Base,
Califomia, which is located in the western Mojave high desert at an efevation of

2300 feat. Because of the altitude, the solar radiation at Edwaids is about

50 BTU/hrft2 higher and the ambient air temperature about 10°F lower than the
wmpundingvatmobmned amb\ﬁwmlemmnmmmhn tempe:atures
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Table 2. Helicopter Upper Cabin Static Temperatures.

Stang::gized Test Data
Designation -
Foxward] Aft [Forward| Aft Solar Ambient Air
Cabin |Cabin] Cabin {Cabin | Radiation | Temperature
(~°F) | (~°P)| -°F) | (-°F) [nTu/be-£e2)]  (-°F)
OH-58A 160 145 145 131 367 ' 100
oun-~6A 182 168 145 130 369 7.9
Uk-1H 167 Rk} 147 10 382 91.4
a1 | 203 98| 1y | 2 278 52.3
CH-54B 158 133 142 114 a5 . 93
Jgolar radiastion: 350 BTU/he-frd,
Axbient air tesperature: 113°F,
189
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are standardized to a solar radiation of 350 BTU/hr-ft2 and an ambjent air temperature
of 113°F. Data were standardized to 350 BTU/trft2 and 113°F, since military
specification MIL-STD-810B (ref 10) specifies these valucs for the conduct of test
chamber solar radiation testing. The average of the forward and aft upper cabin
temperatures is plotted versus the transparent area to cabin volume ratio in figure 11.
The strong dependence of cabin static temperature on the area-to-volume ratio is clearly
shown. The curve in figure 11 is empirically described by equation 6. This equation
may be used to predict the approximate maximum static temperatures for aircraft and
provide tempesature environment design information for equipment located in the cabin
area.

A/V .
Tge = 1722777 + 143.5, for A/V £ 0.6 (6)

All testing was conducted with an average wind speed of 5 knots or less. Wind
caused lower cabin temperatures due to increased heat conduction from the cabin surface
to the atmospheze with increasing wind speed. Aircraft were tested with all cabin vents,
windows, and doors closed and with those cabin vents, windows, and doors open which
o could be left open with the aircraft parked unattended. Test results with the cabin
K open were strongly dependent on the wind speed. There was little or no difference

S in cabin temperatures between open and closed conditions with nc wind and an
increasing difference in temperatures with increasing wind speed. ror an average wind
speed of 5 kiots, the only aircraft which showed a significant drep in cabin temperature
with the cabin open was the UH-1H. A temperature drop of 7°F was recorded with
the vents and windows open and 32°F with the vents, windows, and doors open. On
al! other aircraft tested, doors and windows could not be secured in a sufficiently open
position to provide enough ventilation to reduce cabin temperatures. Opening of cabin
vents was ineffective. Aircraft cabin heat transfer coefficients should be calculated only
for clused cabin conditions.

The majonty of United States Army avionics equipment is qualified to a continuous
" operating teraperature range of -65°F to 131°F, an intermittent operating temperature v
S range to 160°F, and a nonoperating temperature range of -80°F to 185°F (ref 11). No :
T Gualification is required for the transient condition which occurs when an aircraft cabin
ST - . terarserature is stadically above the intermittcnt operating temperature limit, the aircraft
"~ cabin is open, and the aircraft immediately flown. This transient condition may cause
-aviordes and equipment. failures during the time required for cabin and equipment
“temperatures to cool te operating limits. Equipment should be tested for operation
" at the trunsient tempevctures encountered when an aircraft goes from static to operating
- conditions, The data for the AH-1G helicopter indicate that the maximum nonoperating
- squipment temperature should be extended from 185°F to 203°F.

This test method has aiso been used for othar enclosed areas of the aircraft where
no transparent area is present and found to be valid. Although it has not been used
for the measurement of surface temperatures, it should produce valid results. Static
temperature information for many locations in each of the aircraft tested is presented
in references ! through 5.

e ot it = h eme
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CONCLUSIONS

This paper has described a new test method for the measurement of aircraft cabin
static temperatures and has presented static temperature measurement data for the
current generation of Army heliconters. It has been shown that:

1. Extreme values of solar radiation and ambient air temperature are not
necessary to determine an aircraft static temperature environment. The test methed
presented in this paper allows measurement of static temperatures at the prevailing
conditions and calculation of the aircraft static temperatures at the desired conditions.

2. The ratic of zircraft cabin transparcent area to cabin volume can be used to
predict approximate aircraft cabin static temperatures.

3.  Aircraft equipmer . should be tested for operation at the transient temperatures
encountered when an aircr+t ;..2s from static to operating conditions.

4, Maximum nonoperating equipment temperatures should be extended from
185°F to 203°F.
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