COOLING
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another problem for the electronics engineer

By B. I. McCAFFREY

Production Engineer, Canadian Aviation Electronies

Airborne cooling apparatus is rapidly
becoming a major item in wedpons
systems. [t is the electronic design en-
gineer’s responsibility to be constantly
aevare of his cooling requirements so
that redesign of his equipment to mect
tem perature conditions does not, at a
later date, hold wp an aircraft pro-
gram unnecessarily.

[TH THE INCREASE in the

wes of electronic equipment

at high altitudes in near sonic
or supersonic aircraft and in weapons
systems, the clectronic engineer finds
that he must expand his activities
into yet another field — that of
providing means for maintaining sale
operating temperagures for his circuits.
The lack of attention to the critical
problem of cooling has. in some in-
stances, led to the necessity for redesign
of otherwise finished products. Needless
to say. clectronics engineers have been
criticized for their apparent lack of
foresight.

Between the stages of development
and  packaging, normal  engineering
practice requires thorough assessment
of the circuitry for the purposes of
climinating  duplication, e ducing
weight, choosing the best components,
increasing serviceability, and in general,
achieving maximum efficiency of space,
cost and weight. Often the final design
‘s frozen before the problem of heat
climination is noticed. Recent experi-
ence amony aircraft and cuided missile
fabricators has revealed that the addi-
tion of a blower may no longer be the
salvation for the thermal inethciencies
of the electronics “black boxes™ which
have become so much a part of the
modern airplane.

Joint Responsibility: The prevalent
failure to foresce the cooling problem
might possibly be atrtibuted to engi-
neering  management who may have
failed to determine cooling as an air-
frame or as an electronic design prob-
lem. On the one hand the aircraft
design team may be required to specify

Inside and behind the big, black nose of
the CF-100 is the Hughes APG-10 inter-
ceptor fire control system. Occupying 15
cu. ft. of space and weighing 118 Ib., it
uses 211 tubes which produce a formid-
:ahl,: amount of heat when the equipment
is in operation. The cooling requirement
of airborne electronic devices has reached
such proportions that it now poses a eriti-
cal design problem,



the conditions under which electronics
apparatus must operate. On the other
hand, the electronies group might be
required to specify the cooling require-
ments to the aircraft designers. In either
case there is a joint responsibility which
must be stressed at the beginning ol the
design program. It can be quite em-
barassing to find at a later date, that a
very fine piece of electronic equipment
cannot operate in the aircraft for which

under widely varving  thermal condi-
tons. Taking advantage of the im-
provements. the electronics engineer has
volume

produced  packages of great

ethiciency. This. in turn. has made

feasible the utilization of even more
tvpes of electronic apparatus by the air-
craft industry,

Startling Facts: The round of im-
provement and increased utilization has
1

sween endless. However, suddenly  the

it was designed simply because ade- acronautical engineers and  scientists
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quate consideration for heat stressing
was not given.

Because under such circumstances the
likelihood of redesign of the aircraft is
slim, it can be expected that redesign of
the be

undertaken. it seems

electronics must
For

expedient that the equipment designer

cquipment
this reason

should consider the heat problem from
the outset and demand early information
concerning cooling media.

The manufacturers of basic compo-
nents, such as tubes, resistors, conden-
sers, cte., have put tremendous effort

into the desion of unie “:.:‘.:H_‘_' cabilit

have made known certain startling facts
heretofore unimportant. For example,
at sea level ram air temperature is 200°
F at Mach 1 and 340° T at Mach 1.5,
and even simpler, although often in-
advertently ignored, the cooling capac-
ity of air at 60,000 feet has, at the best,
one-fifteenth of the cooling capacity of
air at sea level.

Further, for those interested in the
statistics of the problem, it has been
demonstrated that if a modern aircraft
of given flight and speed specifications
is required to carry additional electronic

tor other) cquipment ('c[u.‘:l to 10

of the aircraft’s weight. the basic weight
of the aircrait must be doubled to
maintain the same flight performance.

The necessity for maintaining a low
weight figure in the cooling equipment
is, then, apparent. For this reason, the
electronics design responsibility should
include the detailed study of cooling
problems and methods. More thought
must be given to the placement of parts,
not merely to squeeze them into a
given space, but now also to provide
natural svphoning of the airflow. where
possible, within the units so that heat
generating components are washed con-
tinuously by heat absorbing air. When
small blowers are dictated. the largest
portions of the moving air should pass
over the sources of heat.

Color
should be used to provide maximum
heat emissivity and  reflectuvity. For
example, black paint, black enamel or
some types of dark green are among the

Control:  Surface  finishes

better finishes for casting off heat and
should be employed on enclosures of
units in which heat is generated. White

aluminum
paint are examples of good heat reflec-

paint, white enamel and
tors useful in protecting components
which do not generate heat internally.
Dull copper 1s an example of a material
to be avoided. for such a finish often
has a dissipation factor of only 10
of that of a black body.

Having taken such primary consider-
ations there sull remains the problem
of sclecting a blower.

Two nomographs are supplied to
assist in calculating average temperature
rise and suitable blower capacities. The
basis for the temperature rise nomo-
graph, Figure (1), is an empirical
formula based on thermodynamics and
experimental observations:

LT* = 460, QH " A~
where
“T is mean temperature rise— "C
above ambient
"7 1¢ total heat — watts

iR

is height of box in inches
A" is horizontal area of box in
square inches
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height is  greater
inches, the constant term having been
determined for values less than that

than twenty-two

amount. However, very few airborne
applications tolerate height in excess of
two feet, so that the nomograph will be
for l\‘i(]g'

usciul design.

lems are solved alter the

range ol

Typical prob
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description of the second nomograph
(Figure 2) which permits rapid selec-
tion of the maximum blower capacity
required to meet the cooling needs. The
hasis for this chart 1s a constant pres-

sure formula CFM = 592 (T, + 273)
Q. & T which can be reduced 1o
CFM = 19 Q. & T cubic feet per

minute where svmbols have the same
meaning as in figure (1). Using this
chart. an adequate blower capacity may
he selected for given heat and tempera-
ture rise conditions.

Sample Calculations

Example (1) the

perature rise in a hox 57 wide x 107

Determine lem-
long x 67 high in which 21 watts of
heat are i:cin;; gcnur:ltctl.

Solution: Sce higure (1)

(a) Join 21 on the “Q7 linc to 6 on
the “H7 line producing an intersection
on the “X” line.

(b Join "X 1o 50 on the “A” line
vielding & T= 1007 C.

Example (2) Determine the size of

blower required 1o remove 40 wans of

heat in order to maintain a temperature
rise of 737 C.

Solution: Sec figure (2)

(a) Join 40 on the “Q7 line to 75 on
the & T line yielding 1.2 CFM for sea
level operation and 18 CFM at 60,000
teet.

Example (3) It is required to select
a4 blower to maintain a maximum heat
rise of 407 C above ambient in a piece
of electronic apparatus containing four
6SN7 tubes and two O6LO tubes having
a total D.C. drain of 300 volts, 100 ma
The the box are 107
wide, 15” long, and 9" high.

dimensions of

Solution
(a) Compute total watts inside the

i)()x
Total heater drain = 18.9 watts
Total plate power = 30.0 watts

Total heat (QQ) = 48.9 watts

(b) Horizontal area of box (A) =
150 square inches.

(¢) Height of box (17) = 9 inches.

{

From figure (1) the expected mean

temperature rise for the above condi-
tions will be 100° C. It is now obvious
that a

reduce the temperature rise to 40° C.

blower will be necessary to

In order to determine the smallest size
of blower which will be satisfactory it
is now necessary to determine how
much heat must be removed by the air
blast. the

above dimensions would produce a heat

Therefore, compute how

rise of only 407 C as follows:
(d) Enter the chart on the & T line
at 40°, join this point to A7 = 150
square inches giving an intersection on
the “X" line. Join “X" to “H” = 9
inches giving at an intersection on the
“(" line of 20 watts. Twenty watts is.
then. the amount of heat generated
107 x
would produce a heat rise of 40° C
28_‘..)
watts must be removed by a blower.
(¢) Enter figure (2) on the “Q" line
at 28.9 and join this point to 40° € on
the & T line. This will result in an
intersection on the CFM line of ap-

inside a box 9”7 x 157 which

above ambient. The remaining

proximately 2 CFM at sea level and 25
CFM for 60,000 feet operation.

In these calculations, the permissible
or safe temperature rise above ambient
depends on the maximum value of the
ambient. For military applications, oper-
ating ambient temperature ranges arc
normally specified. Such specifications
should be brought to the attention of
the aircraft designers during the early
stages of design for it is then that the
decision should be made concerning
the cooling method. It can be embarass-
ing to find at a late date that a husky
blower will solve the heat problem but
that adequate space has not been allot-
ted for its installation in the airframe.

Other Considerations: The decision
concerning the cooling method does not
eliminate the requirements for careful
component study and physical layout
having in mind circuit functions, heat
generation, air circulation and  prox-
imity to other circuit elements. Com-
ponents should be chosen to permit the
highest possible operating temperature
to minimize cooling requirements.
Thought should be given to the feasi-
bility of pressurization for maximum
cooling efficiency of internally circu-
lated air. Metallic vanes for conducting
heat to the walls of containers and
external vanes for airblast cooling are
features which must be considered
initially as a design requirement and

not later as an expedient.
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roduction
Copies trom Ferguson Machine & Tool Col
Roller Gear Div., PO, Box 191, St Louis 21,
Mo,

eDie  Stecl: information  on
“Otawa 607, a steel
developed 1o deep draw and form stainless
aeel, s available in a technical data sheet
obtainable on request from the Advertising
Department, Allegheny Ludlum Steel Corp,
2020 Oliver Bldg., Putsburgh 22, Pa.

eWer Blasting: “low to Cut Dic and
Mold Finishing Time 509, to 94707 s the
title of a new bulletin just published by Am-
erican . Wheelabrator & Equipment Corp.,
1005 S, Byrkit St., Mishawaka, Indiana, This
four-page folder shows the application of
wet  blasting  as  done in o the
Liquamatte machines to such cleaning and
finishing work as is met in the manufacture
and maintenance of forming dies and molds.

indexing ol aitom e hines

Detailed

new  die specifically

company’s

o Hardness Testei: Gries Industries Bulletin
No. A-12 desciibes new Wolpert-Gries ma-

chine tor smandard Rockwell Hardness  tests.
Copies  from  Gries Industries Inc., Testing
Div.. Beechwood Av. at Sceond St New

Rochelle 6, N.Y.

@ Brinell Tester: New four-page illustrated
folder describing King portable Brinell Hard-
ness Tester that makes standard Brinell tests
and can be used as a bench tester or taken
to the job and used in any position, any-
where, has recently been published by Andrew
King, 67 L. Ave,,

[ancaster Ardmore, Pa.

ELECTRONICS COOLING

(Continued from page 2+4)

The possibility of isolating tempera-
ture sensitive components from sources
of heat might also include the appli-
cation of thermal barriers such as plas-
tic foam or aluminum foil. Design of
circuit layouts to greup heat generators
together for simplicity of cooling and
to derive maximum etficiency from the
cooling air must be kept in mind. The
circuit engineer should be aware of
these factors at all times so that circuit
design may be kept less dependent on
the length of lead, or, that the length of
lead will permit some latitude in the
final layout and packaging phases. thus
allowing for advantageous component
locations.

By attending to some of the points
discussed here, the need for refrigerator
cooling of weapons systems and aircraft
electronics may. at least, be avoided for
some time to come, and with the re-
sponsibility for cooling perhaps ditheult
to allocate as either wholly electronic or
wholly acronautical, the fact that 957
of the energy supplied by the aircraft
power plant to clectronics apparatus s
wasted as heat, it might possibly be safe
to say that attention by electronics engi-
neers to their share of the cooling
problem 1s tmportant.

May, 1955

AIR POWER

(Continued from page 14)

attainment of the needed ranges, sensi-
tivities, or the like; and third, whether
the pertinent art of manufacture has
advanced sufficiently to allow a use-
ful embodiment to be built success-

fully.”

Time Variation: After a team has

used this approach to sift out the
proper avenues of research and develop-

§.T.C. Precision Ap-
proach Radar System in-
stalled for The Royal "
Canadian Navy. The &
British Ministry of Sup-
ply. The Royal Nether-
lands Air Force, The
International Airporl,
Zurich, Switzerland.

Aircraft Cables

In Aviation, os well as in the
broad field of tele-communication engineering, progress
has followed STANDARD in the development and produc-
tion of control and communication systems and equipment
anticipating the needs of Industry. Commerce and
Transport . . . ready to meet their great, and rapidly
multiplying demands.

Sllllllllll'd systems, equipment and components designed and pro-
duced for the aeronautical industry., include:

M.F.. H.F. and V.H.F. air and ground radic equipment
Instrument Landing System receivers

Ground Control approach Radar equipment (G.C.A.)
Direction Finding equipment

Birfield Lighting Remote Conirol Systems

Starter Trucks for Gas Turbine engines

Lightweight Selenium Rectifiers for Aircraft

Valves and Miniature Relays for Aircrait Equipment

Radio Interference Suppressors

Srandard Telephones & Cables
mfg. Co. (Canada) Lrd.

9600 ST. LAWRENCE BLVD., MONTREAL

nent  then lme  tactor st e

inserted  into the  deliberations, Un-
fortunately, the research and develop-
ment phasing, in such a broad and
complex  field as acronautical  equip-
ment, can be markedly variable,  For
example, the development of the ar-
mament and navigation systems for a
typical bomber must be started before
the development of the airframe and
engine, as illustrated in Figure 1.
And to make
time phasing or the ground elements
of an air defence or air offense sys-
tem, may be in a completely different

matters worse, the
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