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3.2 Design Concepts:

3.2,1 Materials:

3.2.1s1 New developments in electironic equipment materials and components
must be considered in raising allowable operating temperatures, and
a continual development effort must be maintained to keep pace with

3624142

3.20102-1 In

3.2o102-2

3¢2+1.3 When| new matefials and improved compcnents become available
important that they be utilized in new equipment in order t
as eprlyas possible improved high temperature designs capal
operpting-over a wide temperature range.

3.2.1.4

the envirommental temperatures associated with the increased flight speeds.

It iE‘iﬁﬁ6Tf5ﬁt‘f6‘EEV6‘EaEﬁﬁat6‘KﬁBwIEﬁgé‘ﬁf‘m§f§?iﬁt‘vf‘61mponent
life| versus temperature, such as shown for electrical equipment
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lation by Figure 2, in order to permit a more optimum o
of the known cooling problems can be alleviated.if the

eratures for electronic equipment materials and compone:
ncreased.,
ptable standard heat transfer liquids should be used., |

pe divided into those that are used in'(l) indirect conj
ing and (2) direct contact cooling.

lirect contact liquids must be considered from their ch
ermal and physical characteristics over the entire oper
well as compatibility with the metals and materials of
changers, piping and pumps(with which it comes in conta

rect contact liquids _require the same considerations as
ntact liquids in addition to the following properties:

wi
fa

anfl coolant life,

th electronic equipment and parts, dielectric constant,
tor, viscesity, \vaporization temperature, flash point,

rerall design.
operating
hts can

[hese liquids
tact

nge in
ting range
the heat
A7

indirect
compatibility
power
toxicity,

,b it is
p provide
ble of

Components should be designed to use the most efficient materials so
less electrical power ends up as dissipated heat which has to be

removed by the cooling system.

Use of a higher overall efficiency can

save weight not only by reducing the cooling loads, but by reducing the
size of the air vehicle's generators and wiring systems as well.
Designing electronic components to be compatible with less than ideal
conditions may be necessary. Moisture proofing of circuits
for protection against condensation and against entrained moisture in the
cooling air, should be given serious consideration,

and wiring,
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3.2.2 Heat Transfer:

3.2.2.1 Arrangement: Effective heat removal is of prime importance in

obtaining satisfactory life, reliability and electronic performance.
To obtain the maximum benefits of forced air or liquid cooling, it
is necessary to engineer the heat transfer paths carefully. Use of
a cold plate design or a tabular passage with the components mounted
directly on it are compact designs affording good heat transfer with
a minimum pressure drop. Figure 3 illustrates an air cooled metheod
utilizing potted construction with components finned to a cooling

S
provide the heat utilization of space and optimum heat)tr
Insulation, electrically and thermally, is provided between components
the potting material, and it provides heat lag ‘during transients
when low cooling airflow is available, The potting materfial can also
provide necessary hermetic sealing of the components with| good
bration free characteristics.

For the forced air cooling system, the air should be direfted within

the equipment to achieve maximum heat transfer coefficients from

heat generating parts to the cooling'air stream., Temperature

nsitive components should be located on the cooler portfions of

e equipment to minimize their bemperature rise and, inspfar as

ssible, should be arranged in-order of maximum operating temperature

th the lower temperature components closest to the incoming cooling air.
her heat dissipating pants should be thermally separatefl from the more
nsitive parts. Effective heat transfer design within the equipment itself
ould be given prime'consideration since it is so vital to the overall
oling requirements.- Leakage of cooling air from the eqpipment should
minimized in prder to obtain the best use of the coolipg air supplied.

o0unn O=g'Y ctn

H O H

pendix B describes a suggested method for measuring lea
r forced<air cooled equipment where specific supply and
mnections are provided, Knowledge of the leakage from
e internal heat transfer arrangement will enable an eva
ether the cooling air is being used efficiently.

kage characteristics
discharge

the equipment and
luation of

3.2.3 Cooling Method:

The selection of the optimum cooling method should be

integrated into the initial design and throughout the development of the

electronic circuit.

Where the electronic performance would

be influenced

by the cooling method, the circuit of the prototype should be modified

during the breadboard tests.
designs should be compatible with each other,

The heat transfer and electrical circuit
An investment of effort on

the heat transfer design will return good interest in terms of improved
electrical reliability.


https://saenorm.com/api/?name=d99b608b8877f9bbe4841f177381a841

3¢2.3.1 Forced Air Cooling: There are many applications of forced air cooling
for supersonic aircraft electronic equipment designs. Limitations of
forced air cooling systems must be recognized and reflected in detail
design of the system and the components. One of the primary problems
encountered with forced air cooling is related to the density of air
with altitude., At high altitudes the presently designed forced air cooling
systems lose much of their cooling capability and electrical insulation
fails through corona formation. One apptoach is the utilization of a
heat exchanger case in which the electronic equipment is hermetically
sealed at s 3 ang arrangement

can ptilize a "cold plate," “1iqu1d to-air," or an “air-to-elr" method
of cpoling. Figure lpt shows typical modes of heat transfer |for both
internal and external configurations. Other transfer ‘modes |are possible

ation for example), but the modes presented are most ggnerally
applicable to normal problems encountered. For each mode the number

of watts per cubic inch of volume which can be supported is|shown. These
¢rs are very general and included only as<a) relative indicator of
performance. An additional method that is used is a pressuyized compartment
acceIsible in flight and cooled by recirculating air or oth¢r forced

ooling methods.

3.2.3.1.1 Airflow and Pressure Drop: The cooling airflow and pressyre drop
requirements shall be optimized for the electronic equipment and ;
the aircraft cooling system, .

Loy pressure recirculating air systems require that the alrflow through
the equipment be the minimum consistent with the maximum gllowable
digcharge temperature over the equipment and a minimum of |pressure

dr{p through the equipment and the cooling system., An injtial design

gopl for cooling @irflow should be set at 2 1bs/min/KW of |heat dissipation
for an inlet temperature of 80°F which results in an allo%able discharge

temperature of 200°F. The pressure drop goal, under thes¢ conditions,
should be ,amaximum o AP of 0.5 inch of water. Appendix B describes
a puggested method of measuring pressure drop and cooling|airflow
characteristics for forced air cooled equipment where spe¢ific supply
and .discharge connections are provided.

#Figure L - Reference: Design Manual, Electronic Equipment Environmental
Conditioning, L-5909-R July 15, 1960, AiResearch Manufacturing
Company, page 11 Figure 1.
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3.2.3.2

3.20303

-5 -

Figure 5 shows the airflow requirements per KW heat dissipation
from the equipment based on available supply cooling air temperatures
and allowable discharge air temperatures.

Figure 6 illustrates the need for additional airflow when heat
exchange effectiveness is decreased, based on an allowable temperature
differential between the equipment supply temperature and discharge
temperature.

Liquid or Vaporization Cooling: In many electrcnic equipment designs

for supersonic aircraft, liquid or vaporization cooling is required

because of high packaging densities which cannot be supported by forced

r cooling. The mechanical features shown by Figure 73] illustrate

e method of liquid cooling electronic equipment and (emphasizes

gregation of the equipment into cold, warm, and hotlzones. Figure 7

ows a cross-sectional view of a cylindrical container hiousing temperature-
nsitive and heat generating equipment. Cooling“liquid |enters the assembly
rough a large diameter common inlet at the lowest poinY in the front panel
d branches out into 1/ inch diameter copper tubing on |either side.

at is absorbed by intimate contact of the tube with thel chassis and
ructural members. The heat transferred to the cooling [tiquid in

e branches is carried along by the liquid to a common ocutlet at

e upper part of the assembly where it discharged from the container.

o

kUl TPt b O

roved. The temperature rating method (surface temperature,
thermal environment, heat rémoval rate, inlet air tempergture, etc.)
should be compatible withthe cooling method used for the particular
item of equipment. Tec¢hniques should be developed to obtiain an
analytical method of, determining the rating and limits of] each
huipment type undeér given envirommental conditions.

tings: Present methods of eguipment temperature ratings should be

[0

3.2.4 Transient Environmental Capabilities: Aircraft operation quite

frequently involves some form of peak transient envirommenty beyond

the|normal design requirements of the electronic equipment.

Thefe peak. modes (which may consist of a temperature increase,
altjtude pressure decrease, decrease of cooling, or a combination
of these) exist for relatively short time periods. The penalty

for
such transients is extreme, and consequently it is very important

designing the cooling system for steady state capabilitly of

for the cooling system designer to know the transient capabilities
of the equipment. The transient properties may be expressed in a
plot of temperature, pressure altitude, or cooling (outside the
steady state requirements) versus time. Knowledge of thermal

lag or percentage of degradation of the electronic equipment during
transient environmental conditions is necessary.

#¢Figure 7 - Reference: Liquid Cooling of Electronic Equipment by

E. N. Shaw, Royal Radar Establishment, Malvern, England.
Published in Product Engineering Design Digest Issue Mid-September
1959, page L66-L69.
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3.2.5 Reliability: The reliability of electronic equipment is of paramount

302.5.1

3.2.5.2

importance and the improvement of its reliability should be a continual
goal, Electrical circuit designs have been found to be excellent, but
optimization of the mechanical and heat transfer designs with the
electrical circuit design is required for maximum reliability.

Electronic equipment components have critical temperature limits
which must not be exceeded if maximum reliability is to be obtained.
The heat transfer design of electronic equipment is a relatively
newv sclence, and the mechanlcal complexlty plus the llmitations of

g : e f
adequ»te heat transfer designs. However, in order to prov1de adequate
ng for the components without penalizing the air vehicleg, it

The m¢chanical design of electronic equipment also contributgs to

of production. Recognition of the advantages of hermetic sedling
aturized electronic assemblies to eliminate the deleternious
effects of corrosion and moisture is a contribution to improved
reliahility. Protective films have been used to alleviate cgrrosion
pility. The intimate relation between failures caused Yy
should constantly be under consideration. Use of a hermetic |sealing
igh makes inclusion of provisions for cooling mandatory since the

ifi¢ations: The major-factor permitting inadequate equipment design

is the ¢quipment specification which does not require design cqnsistent

3.2.6.2

3e2.6.3

3.2.6.4

rent material 1imits, current aircraft performance or improved

Figur¢ 8 shows.one method of presentation to define the natunal external
envirgnmental -temperatures encountered by the aircraft at vaxnious

Figure sh h g emperatures
for a partlcular de51gn m1ssion.

Figure 10 is a method of presentation for the highest aircraft

skin temperatures and internal conditions to be used for the electronic
equipment and cooling system design.

Specifications should include operating environment encountered when
emergency conditions exist and the length of time that equipment is
expected to operate under these conditions,

PREPARED BY
SAE COMMITTEE A-9, AEROSPACE ENVIRONMENTAL SYSTEMS
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APPENDIX B
MEASUREMENT OF ELECTRONIC EQUIPMENT AIR PRESSURE DROP,

COOLING AIRFLOW, AND AIR LEAKAGE CHARACTERISTICS

1. INTRODUCTION: The following information outlines a suggested
method for obtaining the air pressure drop, cooling airflow, and air
leakage characteristics of forced air cooled electronic equipment that
has provisions for inlet and outlet air connections.

2. TEST SETUPB:

V2

2.1 Pressure Prop and Cooling Airflow: A suggested test setup:is shown

below for|obtaining air pressure drop and cooling airflow)characteristics.

i

Ttem 1:

Ttem 2:

Item 3:

Ttem L:

Ttem 5:

| /e

®

[3 4 31 10 «Jil 6

Supply air .source (blower, fan, etc.) of sufficient capacity|to
furnish maximum required airflow.

Calibrated s coRtrc
measuring devices are:
nozzle, or pitot-static.)

Supply air heat exchanger,

Supply air static pressure tap, located at least two inside duct
diameters upstream of the equipment air inlet adapter duct and four
inside duct diameters downstream of heat exchanger.

Manometer of proper range to measure pressure drop with acceptable
accuracy.
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Item 6: Discharge air static pressure tap, located at least seven inside
duct diameters downstream of the equipment air outlet adapter duct.

Item 7: Supply air temperature measuring device, such as a thermocouple,
located downstream of static tap (item k).

Item 8: Discharge air temperature measuring device located one inside duct
diameter downstream of the equipment air outlet adapter duct.

Item 9: Equipment air inlet adapter duct.

Item 10: Electronic equipment under test.
Item 11: Efuipment air outlet adapter duct.

Ttem 12: Efuipment air outlet total pressure measuring device.
Item 13: Static air pressure lines between static pressure taps and manometer.

Ttem 1h: Sppply air ducting of adequate size to limit the duct Mach number to
0Ll or less at the maximum airflow.

Item 15: Dlischarge air ducting, the samersize as the supply air dycting.
Item 16: Cpitical component temperature measuring device.

2.2 Equipment Leakage: The following sketch shows a suggested tegt setup
for mehsuring cooling air external leakage from the elecironid equipment.

\S

Item 1: Pressure source.
Item 2: Direct reading flowmeter,
Ttem 3: Supply air inlet adapter.

Ttem L4: Electronic equipment under test,
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Item 5

Item 6:

-10 -

: Discharge air outlet seal plate,

Equipment internal air pressure measuring device,

Item 7: Equipment intermal air temperature measuring device,

3. TEST PROCEDURES:

3.1 Pressure Drop and Airflow Characteristics:

3.1.1 Calibration of the test setup should be made by substituting an

301.2

3.1.3

3.2 Electronjc Equipment\lLeakage:

empty

Measure the

pressure drop over a range of airflows expected to be used in later testing
of the|equipment. The pressure drop obtained represents/the gressure drop
existing in the test setup and must be subtracted from the value obtained

during|actual testing of the equipment.

Pressure drop data should be obtained over a rangel of inlet air temperatures
and a range of cooling airflows expected during) actual operation of the
equipment, Standard room pressure inlet conditions should be |used.

Caution must be exercised in selecting combinations of temperature and

airfloy so that the equipment "hot-spot" é&ritical temperatures

are not

exceed¢d. A temperature measuring device, item 16, should be jused to
monitor the "hot-spot" temperature during testing so the equipment is not
damaged. It is suggested that the initial airflow setting, for each supply

tempergture, be a maximum value, CReduction of the airflow can
made until the critical "hot-spot" temperature is approached.

then be

The coqling airflow Mach number should be limited to approximgtely

0.1 inforder to reduce compressibility effects on the accuracy
o and airflow.

3.2.1

The eqyipment (should have the discharge opening sealed, and

of determining

essurized

through the supply opening over a range of pressures expected during

actual |operation of the equipment. Leakage should be measure
at the [various pressures.

4. TEST DATA REDUCTION:

4.1 Pressure Drop and Airflow Characteristics:

in 1bs./min.

L.1.1 The final test data should result in two graphs as shown in Paragraph l.1.2.
The first graph should show ¢ A P (along the "Y" axis) versus W

(along the "X" axis), where c A P is the average density ratio ¢ times

the pressure drop A P and W is the cooling air mass flow rate. GA P
should be in inches of water and W in lbs./min. The average density ratio

o can be determined by using the following relationship: o =
where Z is equal to Pg . P
To T
——=

35‘2Z,
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h.1.2

- 11 -

d
[

Supply air pressure - psia

Supply air temperature - °R (460 + °F)

3
n

P, . Discharge air pressure - psia

= Discharge air temperature - °R (460 + °F)

=3
o
!

The second graph should show T, (along the "Y" axis) versus W (along the

"X" axis), where To is the supply air temperature and W is the cooling air
mass flow rate, A curve should be drawn with these parameters indicating the
minimum airflow that can be used for a particular supply temperature

without exceeding the critical "hot-spot'" temperature.

The folllowing graphs show the final data desired for pressure diop and
airflow| characteristics. w
o
O 4
o £] v
=X
o F
° Ry
—;5 & Critical
2
a D Cpmponent
< 3
5 o Temp. Limit
W~ I/ min. W~ Ib./min.
Electronik Equipment Leakage: Plot a curve of P, (along the "Y"|axis)

versus Wi (along the "X" axis) as shown below. P, is supply air|pressure in
psia or inches of water and Wj“is leakage in lbs./min.

Pa~Supply Press.

\ﬁJL"|tx/Tn|n.
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Figure 1
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Figure 2
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Low Pressure Drop Design
With Good Heat Transfer

Critical
Component

Figure 3

Critical
Component

of i’o‘tted Construction

Heat Transfer Fins
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Figures 5 and 6
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