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conditions, such as depressurization on a passenger aircraft or during a fire
fighting procedure on a freighter aircraft, continuous operation at pressures
equivalent to approximately 15 000 ft (4573 m) or 25 000 ft (7622 m) respectively,
may occur. Considering worst case transient conditions, such as explosive
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FOREWORD (Continued)

decompression, exposure may be to pressures approaching the maximum certified
altitude of the airplane. This latter condition is, of course, of low probability
and short duration such that thermal effects are not usually critical.

Considering ground operation, the equipment can be exposed to the maximum
certified altitude, which is frequently 14 000 ft (4268 m).

For aircraft designed in the 1960s, the predominant cooling system was classified
either "downward draw-through" or "area-cooling” for racked equipment. "Area-
cooling" does not force air through the equipment being cooled, but does provide a
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1.

1

SCOPE:

This document considers the cooling of equipment instalied in equipment
centers, which usually consist of rack-mounted equipment and panel mounted
equipment in the flight deck. In instances where these two locations result
in different requirements, these are identified. For purposes of this
document, the cooled equipment is referred to generally as E/E equipment,
denoting that both electrical and electronic equipment is considered, or as an
E/E equipment line-replaceable-unit (LRU). The majority of cooled equipment
takes the form of LRUs. This document pr1mar11y relates to E/E equipment
which is designed to use forced air coo]1ng in order to maintain ‘the equipment
within accep
operating performance (within acceptab]e tolerances), and to maintpi
reliability.| Cooling may be applied internally or externally (to the case of
the item of E/E equipment. There are also E/E equipment items whith are
cooled by natural convection, conduction, and radiation to<the surrounding
environment.

Specification requirements, system design considerations, component design,
and system testing are described. Also described are the analysis|and test
considerations for the thermal design of the aviomic equipment. The
discussion of supplementary cooling systems includes consideration|of a
refrigeratiop system.

Purpose:
The purpose|of this document is to-provide information and guideljines for the
analysis, design, installation, and testing of systems providing pooling for
E/E equipment on commercial transport aircraft.
REFERENCES:

1. Federal|Aviation Regulations, FAR 25, "Airworthiness Standards; Transport
Category Airplanes®™.

2. European Joint>Airworthiness Committee, Joint Airworthiness Rpquirements,
JAR 25,|"Large Airplanes".

3. Federal "AviationAdministrationAdvisory tircutar—25-1309-1—"System
Design Analysis", September 7, 1982.

4. Aeronautical Radio Incorporated, ARINC Specification 404A, "Air Transport
Equipment Cases and Racking", March 15, 1974.

5. Aeronautical Radio Incorporated, ARINC Specification 600, "Air Transport
Avionics Equipment Interfaces", February 15, 1980.
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2. (Continued):

6. Aeronautical Radio Incorporated, ARINC Specification 408A, "Air Transport
Indicator Cases and Mounting”, December 15, 1976.

7. Aeronautical Radio Incorporated, ARINC Specification 601,
"Control/Display Interfaces", February 10, 1981.

8. Society of Automotive Engineers, SAE AIR1812, "ECS Life Cycle Costs",
October, 1985.

9. oning Systems in
10. E STANDARD 52-76, "Method of Testing Air-Cleaning Devigg;GUsed in
11. of Excess

12. RTCA/DO-160C,

13. Aerpnautical Radio Incorporated, ARINC Specification 728, "Avionics
Refrigeration Cooling System", October, 1979.

2.1 Requirements Documents:

2.1.1 Goverpment Requirements: ' Primary requirements in FAR 25 (Reference 1) are
given| in FAR 25.1301and 25.1309. FAR 25.1301 states that [the system shall
accomplish its intended function. FAR 25.1309 requires that the system
shall| perform its.function under any foreseeable operating |condition,
withip the airplane operating envelope. Requirements for JAR 25
(Reference 2) Jare similar. An Advisory Circular (Reference 3) clarifies the
method of - applying FAR 25.1309.

Furthgr-discussion of government requirements, as related certification
issues, is provided in Section 8.
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2.1.2 ARINC Specifications:

2.1.2.1 Rack Mounted Equipment: Aeronautical Radio Inc. (ARINC) specifications
for rack mounted equipment are contained in ARINC 404A (Reference 4) and
ARINC 600 (Reference 5). Included in these specifications is a complete
design guide for the equipment manufacturer and for the airframe
manufacturer. ARINC 404A is not superseded by ARINC 600, but is
supplemented by it. In terms of cooling, a major difference is that
ARINC 600 specifies that forced air cooling, where required, should be

the cooled equipment in the upward direction. ARINC 404A

spec1f1es a downward flow. The ARINC 600 Phase 1 LRUs must also operate

‘l = U ’ VJ - - LRUS to be
a1rp1anes w1th ARINC 404A coo11ng

also a series of ARINC 700 specifications which defipe avionic
These systems then interface with ARINC 600<for coolling and

ations which interface with ARINC 404A cooling.

and Displays: ARINC cooling specifications for controls and
are contained in ARINC 408A (Reference 6) and ARINC 601
ce 7). Included in these specifications is a complete design

guide for the equipment manufacturer and for the airframe manufacturer.
ARINC 6p1 provides guidance for the .copling of panel mounted lcathode ray

plays (CRTs), controls and displays, and glareshield mounted
t.

C 700 series specifications (discussed in 2.1.2.1) include
and displays.

irements: Other-requirements include aircraft imposed design,
performance, testing, and installation requirements. | The ambient
e and altitude (ground and flight) operating envelopes of the

are important items in these requirements. These are determined by

jon of (@ircraft model, airline, and special requirements by the
er of the cooled equipment. In order to ensure a clear
ip.between the equipment design and the installed envlironment,
me manufacturer should document testlng, envrronment

requ1rements re]ate to alrcraft operating characterist1cs and procedures
and to system reliability and maintainability.

With careful consideration of the installation environment, the
manufacturer of the equipment should use all available reliability data to
determine what minimum amount of cooling is required.

Cooling system capacity should include an allowance for probable future

in the amount of equipment requiring cooling.
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3.

3.2
3.2.1

3.2.2

SYSTEM DESIGN CONSIDERATIONS:

3.1 Cooling System Performance:

Cooling system performance is ultimately defined by the ability to

efficiently maintain an acceptable thermal environment for the E/E cooled
equipment for both normal conditions and abnormal conditions.
the performance is measured against the cooling airflow rate requirements at

an acceptable temperature.

The minimum acceptable cooling pe

be identified.

of pri

Specifically,

rformance must

mEry—%mﬁeF%anee—4ﬁ—%he—de%eFm4na%4eﬂ—e¥—a—rea4és%4e—heat load for the
cooled gquipment for both ground and flight operating conditipns. This is

further
In obta

fan power requirements.

and the

discussed in 3.7.

ining the required performance it should be an<objecti
Since airflow rate is established by
appropriate ARINC specification (Reference'4, 5, 6, o

be accogplished by minimizing fan air pressure requirements.

losses

velocit
desirab
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conside

Cooling

General:
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moist

The m
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then
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nd, therefore, velocities, are critical to sizing the
ies of 10.2 to 15.2 m/s (2000 to 3000.ft/min) are cons
le, especially in the equipment racking. However, whe
ies are exceeded (in long straight ducts, for instance
rations should be observed (see-3.10).

System Integration:

The system for providing cooling to E/E equipment
rated with other environmental control systems (such a
tioning) with regard to cooling air temperature, flow
ire management.

ximum allowable cooling air supply or environmental t
uipment are' usually higher than those for crew and pa
uently; the serial use of conditioned air, first for
or equipment cooling, should be considered to minimiz
ioned airflow requirements.

ve to minimize
the heat load

r 7), this must
System pressure
fan. Air
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), noise

must be
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rate, and

pmperatures for
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ion of the

aircraft cooling system with the equipment installation and internal

thermal design.

This is especially critical for rack mount

ed equipment

where the rack forms a critical element of the aircraft cooling system and
where numerous items of equipment designed by various manufacturers must be
compatible with a specific aircraft cooling design concept.

Rack Mounted Equipment:

Rack mounted equipment normally co

nsist of LRUs

installed on a system of shelves grouped in a centralized location in the

airplane.

Because of the compact arrangement, which is usu

ally employed,

it is common for a rack mounted LRU to have other LRUs above, below, and to
the left and right of it.
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3.2.2

(Continued):

There are normally interfaces between the cabin air conditioning system and
the rack mounted equipment cooling system at both rack air inlet and air

exhaust locations.

At the air inlet location, the operation of the cabin

air conditioning system may significantly affect the temperature of the

equipment cooling air.

At the air exhaust location, heat being removed

from the rack mounted equipment may impact the cabin air conditioning

system.

The descr1bed 1nterface arrangement would be different for a closed loop

cooling §

The air qonditioning system distributes conditioned air toithe
airplane [zones. There may be little benefit in using air.dire
air condi{tioning packs for the rack cooling system. This is n
recommended. However, it could be considered, provided specia
is given |to moisture control.

With the |heat produced from E/E equipment, there is the potent
the discharge air to heat areas such as cargo‘compartments. I
situation, care must be taken to evaluate heating capability.

available will be less than rated equipment heat load. A rang
70% of rated heat load is considered realistic, unless an over
duty cycle is defined (see 3.7). Aircraft test experience for
configurdtions should be used to define the value to be used.

The airflow rate, inlet temperature to the rack, and allowable
drop thrqugh the rack and E/E_equipment LRUs are key cooling i
parametens which must be coordinated with the rack and LRU des
ultimately specified in-an* interface control drawing. Figure

of the interface of the forced convection cooling air to an av
The air gnters the rack, is ducted between the walls of the ra
distributed by a shelf duct which supplies air to each individ
air exitg the LRU)through exit holes in the top of the unit an
subsequently, enters the exhaust air return duct.

various

ctly from the
bt

| attention

ial of using
h this

The heat

b of 50 to
811 heat load
similar

pressure
hterface
igners and

Il is a sketch
ionics rack.
tk, and is
hal LRU.
d,

The

system

pressure loss must be the minimum va]ue consistent with welght
noise, and air distribution considerations.

p rack

Sufficient pressure drop

must be allowed to distribute the air among the various shelves and

items of equipment and to effectively collect the spent air
exhausting from the units for ARINC 600 designs. Insufficient

pressure drop across the exhaust flow control orifices will result in
"short circuits" with no air being exhausted from portions of the

rack.
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3.2.2

3.2.3

(Continued):

The interdependence of E/E equipment pressure drop, air leakage, sealing
requirements, and cooling system flow must also be considered. The
tolerance structure of the rack required for interchangeability results in
a gap between each E/E unit and its mounting tray. To prevent leakage,
some installations incorporate a rubber seal in the tray. This seal is
subject to wear when the equipment is removed and inserted resulting in
maintenance activity. The seal also imposes loads on the connector during
insertion and removal. For initial cost, maintenance and design reasons,
it is desirable to eliminate the seal. The amount of leakage between the

tray and i unit. To
minimize Jleakage, it is desirable to keep this pressure drop low (e.g., 0.2
in of water). Conversely, it may be advantageous to permit-higher unit

pressure drop to achieve more effective cooling. Finally, both the high
pressure drop across the unit and the high leakage rate<have an| adverse
impact on|the aircraft cooling system. For each aircraft application, the
pertinent| factors must be weighed to achieve an integrated coolling system.

The E/E cpoling engineer must also monitor the rack design to assure

al and/or fluid "short circuits" are-avoided. Of

importance is the ARINC 600 plenum which may contain| both

g air and exhaust air separated by a thin barrier. Tesigns
0

the cooli
with pote
exhaust p
avoid pre

tial failure modes that would:-direct cooling air into the
enum must be avoided. A thermal evaluation is necessary to
eating of the cooling airCby the exhaust air.

nd Displays: Controls-and displays are mainly panel-mounted
Panel-mounted E/E ‘equipment is normally installed so that the
of the equipment is located on one side of the panell and the

of the equipment='is located on the back of the panel.| ARINC 408A
6) is the interface specification covering panel-mounted

Controls

equipment
front fac
main body
(Referenc
equipment

ration(of the controls-and-displays cooling system and the cabin
ioning system is possible. Since the controls and displays are
in the copkpity the airflow management of flight deck conditioned air and
exhaust afir-can be integrated with the controls and displays cogoling air
management: itiom, i i ttioning capacity
directly for the control and displays cooling system as a backup can be
considered.

Some inte
air condi

Figure 2 illustrates a cooling system for controls and displays located in
the flight deck. Cooling air is ducted into the flight deck where it is
distributed to the instrument panel and to other items to be cooled.
Exhaust air is ducted from the flight deck or enters the lower lobe below
the flight deck via holes in the flight deck floor. Alternate means of
cooling the flight instruments are to use flight deck exhaust air or in
some special cases to use air directly from the cabin air conditioning
system.

-11 -
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3.2.3 (Continued):

The use of flat panel displays in the future, to replace CRTs, is likely to
reduce the major source of heat dissipation in the controls and displays.
The estimated heat dissipation of some current CRTs is approximately 150
watts each compared with 50 watts for a comparable flat panel display.

This indicates a heat load reduction of 67%. With low heat dissipation,
there exists the possibility of using only a passive thermal control system
relying on natural convection cooling with no forced air cooling being
required. Of course, if the display-generating-electronics is moved to the
LRU containing the flat panel display, the heat load at this display

location might—increase-
3.3 Closed Loop [Design Concepts:

The increased use of cabin air recirculation in order to reduce engine bleed
airflow rates and thereby reduce fuel consumption, has reduced the amount of
air available for use as an avionic heat sink. When_avionic heat|must be
managed within the airplane, the use of closed loopltooling systems for the
avionics beqomes attractive. The use of the closed loop will minjmize
undesirable |effects of heat and smoke on the conditioning systems|for the
passenger and crew compartments. Closed loop.designs are also adyantageous
from the standpoint of minimizing E/E equipment contamination.

Heat sinks g¢r cooling techniques which can be used with closed lopp systems
include skin heat exchangers and supplementary cooling systems (see
Section 7).

Figure 3 shgws an example of a ¢losed loop avionic cooling system{ The
system provides upward-flow cooling to the rack-installed LRUs and to the
flight deck |equipment. A vapor cycle refrigeration unit could be|used on the
ground (as shown) or the "loop" could be opened, by the means of yalves, in
order to cinculate airplane on-board air, or outside ambient air,|through the
equipment rdacks. During flight the system circulates the cooling|air through
the avionicg and through the skin heat exchanger where the air is|cooled
before retunning to.the avionics. Only one of the two supply fan$ is
2orTa11y opgratéd. The second fan provides redundancy if the operating fan
ails.

Cool air is supplied to the avionics rack and flight deck. The return air is
then cooled by either the vapor cycle refrigeration unit or the skin heat
exchanger and the air is recirculated in a closed loop mode.

It may be difficult to produce a totally closed loop design. When, for
example, the design is not "closed loop" at the exhaust from the cooled
equipment, it is acceptable for the system to exhaust air from the vicinity
of the equipment, as well as to exhaust air which has passed through the
equipment. A combination of closed loop and open loop systems may be
considered. For instance, the closed loop system of Figure 3 could be used
inflight with skin heat exchanger cooling and valves could be added to use
ambient air cooling (in an open loop) on the ground.
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3.4 Ground Cooling Considerations:

3.4.1

3.4.2

3.4.3

Operating Conditions: As mentioned in 2.1.3, aircraft ambient
and altitude operating envelopes are important requirements.

requirements,
the cooling system design.

temperature

Of those
ground operation in hot weather conditions will often dictate
It should be noted, however, that in

unpressurized aircraft; critical electronic cooling considerations can
occur during operation at high altitude and should always be checked.

A1l E/E equipment is normally powered whenever an electrical external power

source is connected to the a1rcraft w1th or w1thout cab1n air
conditioning=—"DBurin be

no cabin jair cond1t1on1ng belng prov1ded Therefore operat1on

powered with

with and

without dabin air conditioning, as it relates to E/E cooling, must be

considered.

A signifijcant consideration during ground-cooling operation is

the initial

power application to E/E equipment after the airplane has soaked in a high

temperature environment.

It should be an objective that the cooling system configuratiom and E/E
e

equipment] thermal design provide an acceptable thermal environ
the use of aircraft or ground supplied refrigeration (but with
cooling slystem operating) in hot weather conditions. This has
importande relative to maintenance operations. When short dur:
maintenanice operations are concerned, this objective should be
requirement.

Equipment| Cooling System: The configuration of the cooling sy:

consider |the cooling available from the use of external ambient

outside the aircraft) and:the use of air from inside the airpl:

The cooling system should be capable of handling the transient
associated with electrical power application to the airplane, |
weather donditions, without exceeding any temperature limits.
can be agsociated with preserving E/E equipment reliability as
cooling system control limits.

nt without
the E/E
special
ition
considered a

ttem should
air (from
ine.

conditions

n hot

These limits
well as with

s 1y . o
00 . T T . L)

Generally;
satisfactorily on the ground

arform

However, as equ1pment therma] environments

on the ground are usually more severe than those observed in flight, the
system performance on the ground should be evaluated with regard to the

ARINC specifications discussed in 2.1.2.

Use of External Ambient Air:

When an aircraft is exposed to hot weather

conditions, without being air conditioned, the air temperatures inside the

aircraft may be higher than the external ambient air temperature.

In this

type of situation cooling available from external ambient air may be

considered.

- 15 -
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3.4.4 \Use of Airplane Internal Air: Aircraft internal ambient air temperatures

3.5

3.6

can be very high if an airplane remains in an unconditioned state during
hot weather conditions. These temperatures can be greatly reduced in most
airplane compartments by operating the cabin air conditioning systems and
may also vary from one compartment to another. These temperature
variations should be considered in defining a cooling system confiquration
as they may affect both the environment of the E/E equipment and the
temperature of the cooling air.

Normally, commercial aircraft allow for connection of the main cabin air
cond1t1on1ng dlstr1but1on system to a refrigeration ground cart for cabin
ation of the
airpljane on- board air cond1t10n1ng systems. Where necessany, there is
usuallly the possibility of using cabin air conditioning>to |reduce the
temperature environment of the E/E equipment.

For controls and displays on the flight deck where-the "grgenhouse effect"
can riesult in very high temperatures in hot weather conditions, the use of
cabinl air conditioning can be especially beneficial.

System Controls and Indication:

Controlis should be provided to allow both automatic and manudl operation of
the system. System operating statuscand indications of malfynctions such as
cooling| failure, smoke, and overheat should be displayed to the crew when
crew action or awareness is required. This includes status information so
that airplane dispatch capability can be determined. When redundant fans and
valves fare provided, automatic’/shutdown of the failed unit plus startup of
the backup units should be ‘initiated without crew action. Information on
failures should automatically be recorded so that the failed lunit can be
quickly| Tocated and replaced by the maintenance crew.

System Penalty Analysis:
System penalty(analysis should include the evaluation of 1ifd cycle costs.

Cooling| is-required in order to maintain all the rack-mountedq equipment and
controlisCand displays within their specified operating limitg. In addition,
cooling is usually justifi P life and,
therefore, lower life cycle costs (see Reference 8). Any increase in cooling
system capacity beyond the minimum necessary must be justified by showing
that the cost saving due to reduced E/E equipment 1ife cycle costs more than
offsets the increased cooling system costs associated with the larger
capacity system. These include any increase in cooling system maintenance
cost, increase in initial hardware and development cost, and the cost of
additional fuel burned due to any increased weight and energy consumption of
the larger capacity system.

System penalty analysis promotes the concept of smaller (higher velocity)
ducting; however, this must be traded against increased fan power
requirements and system noise.

- 16 -
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3.7.1

3.7.2

3.6 (Continued):
When increased cooling system capacity is provided by increased system
complexity, a significant penalty may be the increased maintenance costs due
to reduced reliability.

3.7 Thermal Design:

General: The thermal design of the E/E cooling system seeks to maintain
electronic equipment temperature within acceptable limits. This is carried
out by manag1ng coo]1ng a1r temperature, a1rf10w rate compartment
temperatyre;—and—E/E—equipment—arrangemen i y usually
takes place after E/E equtpment spec1f1cat1ons have def1ned what cooling is
to be supplied to each LRU but before detailed thermal analysis of the LRU
itself has occurred (see Section 5).

There are several possible sources of cooling air ipcluding cabin exhaust
air, conditioned cabin supply air, and cooling air-from a dedi¢ated cooling
unit. Ambient air temperatures in an equipment Center can be as much as

11 to 17|°C (20 to 30 °F) higher than the cabin)exhaust air temperature
during hot-ground conditions. Therefore, with“hot-day-ground ¢onditions
there is|a distinct advantage in coupling.the rack cooling air|temperature
closely to cabin exhaust temperature.

If fans are used to move the air, the temperature rise due to the supply
air fan must be taken into account() It is important to have agcurate heat
load desjgn values for the E/E equipment, especially for the equipment
which is|supplied with cooling-air, in order to properly size the cooling
system and to configure the distribution system. The duty cyc]e for the
cooled equipment should be known and must be considered in the|design of
the cooljng system. If-the maximum heat dissipation is used wjthout a duty
cycle, the cooling system will be oversized.

The aircraft design-ambient temperatures should be those defined in
Section 6 of ARP8S5E (Reference 9). The equipment cooling air and ambient
design temperatures should be those defined in the appropriate|ARINC
specification{(Reference 4, 5, 6, or 7) for normal and abnorma] operating
conditions.-¢ The ARINC documents provide the corresponding coo)ing airflow
rates at ign—conditions

Thermal management of the E/E equipment bay must consider the effects of
high or low skin temperature on the E/E equipment environment and cooling
air temperatures. Heat infiltration into the E/E equipment bay should also
be factored into the thermal management process. This is important as
thermal insulation on the airplane skin in these locations may be minimized
for weight saving.

Heat Load Allocation: In the analysis of avionics rack cooling
requirements, the division of the equipment heat loads between that
transferred to the rack cooling airflow and the remaining heat load which
is rejected to the compartment must be considered. Approximate divisions
for the principal types of equipment installations are shown in Table 1.
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3.7.2

3.7.3

(Continued):

The heat rejection characteristic depends upon the type of rack
installation. An enclosed rack would be one where the rack is enclosed in
a cabinet, with cooling air directed into and out of the cabinet.
Installation type "open rack-draw through" refers to the installation where
local ambient air is drawn through the racked equipment, which is the
normal implementation of ARINC 404A (Reference 4). Installation type "open
racks - blow through" refers to the installation where cooling air is
ducted into the racked equipment and where the exhaust air is ducted away
from the local ambient; this being a method of implementing ARINC 600

(Refe i

The fqllowing allocation assumes that there is an exhaust system in each
case and that the exhaust system is installed just above the equipment for
the blow-through concept, with the exhaust and supply airflgw rates
essenffially the same. Even with this airflow equivalency there is an
airflgw exchange with the compartment and this s reflected [in the heat
load d1location. This allocation would also be/appropriate for flight deck
or cahin ?ounted equipment if the supply and exhaust airflow configurations
were gimilar.

TABLE 1 - Heat Load Allocation Guide

To the Compartment

To the Compartment Heat Loss
Spillage 'of Directly From To Cooling
Type of Cooling Air Equi[:mlentl Air
l|nstal lation (petcent) {percent) (percent)
Encloded Racks 0 0 100
Opan Racks-Oraw Through 0 15 85
Open Racks-Blow Through 252 15 602

1 conduction, radiation) and convection from outside surfaces of equipment case.
2 The [division between)these values is dependent upon how much of the cooling ain is
collected by the exhaust system and how much spills into the compartment.

Cooling Classification for Equipment: The class of cooling |for the E/E LRU
is ?n important parameter in the thermal design. The four ¢lasses of
coolin :

Forced-air-cooled
Case-cooled
Perforated or no-case
Miscellaneous

anow

The type of cooling is usually specified in the specification issued by the
airframe manufacturer to the E/E equipment designers.
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3.7.3.1 Forced-Air Cooled Equipment: This class applies to all actively-cooled
equipment for which the primary cooling mode is forced-air applied
directly to the interior of the equipment. Air movement through the
equipment may be produced by the application of draw-through or blow-
through cooling supplied by the aircraft environmental control system.
This equipment class is commonly installed in equipment racks and also
may apply to flight deck panel mounted displays. The design goals for
this class of equipment include optimization of coolant paths and
expenditure of available pressure drop in a way that will maximize
cooling of temperature sensitive parts. The use of internal fans is not
usually allowed.

3.7.3.2 Case-Cgoled Equipment: This class applies to all passively=cooled
nt cooled primarily by heat transfer from the externall case (by
jon, conduction, and radiation). This class applies [to panel or
unted equipment and also to individually mounted equipment not
ing to ARINC standard case sizes but having an enclosed case. The
1 cooling design for the class of equipment should be| predicated
sfer of the internally generated heat to the case of the equipment
case temperature specified while minimizing the compopent
ng temperature.
3.7.3.3 Perforated or No-Case Equipment: This c¢lass is a special case of
ive-cooling and applies to all panel, rack or individuallly mounted
nt without a cover or with screen-type or perforated cases. The
cooling mode for this class of equipment is by naturjal
ion. For panel installations, natural convection currents may be
sed and the ambient aiy temperature may be stratified because of
sence of adjacent equipment. This stratification should be

if at all possible. A printed circuit card designed for a card
considered to-be in this class.

3.7.3.4 Miscel]aneous Equipment: This class applies to E/E equipment primarily
by convection where temperature qualification in an ambient

ment is satisfactory. This class is intended to incljude such
mechanical equipment as switches, relays, motors, servovalves,

rs;.and other miscellaneous equipment.

3.8 Particulat atiom
If particulate contamination in the cooling air is not controlled, it can
degrade the performance of the E/E cooling system.

A low-cost, throw-away filter that is readily accessible or a centrifugal
separator type air cleaner are common methods of controlling contamination
(4.5). As a filter builds up contamination, the device will become more
effective in separating smaller sized particles. However, pressure drop
across the filter will increase correspondingly, thereby reducing overall
cooling airflow. The cooling air fan should have sufficient capacity to
maintain flow with this increased pressure drop. The major purpose of air
filters or cleaners is to maintain the as-designed thermal characteristics of
component heat transfer and therefore to maintain the required E/t equipment
reliability. There may also be a performance benefit to fans and

- 19 -
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3.8

3.9

3.10 Noise:

(Continued):

Sensors.

The system filter or cleaner must remove contaminants which would

otherwise block critical internal airflow or heat paths within the cooled

equipment.

An indicator showing when a filter is clogged, or a regular fi
maintenance interval, is normally required.

Tter

The requirement for particulate contamination removal can be more easily met

with a closed-loop cooling system (3.3).

Moisture:

Moisture considerations are important where avionics are dired
air.
including the effects of humidity. However, the cooling syst
designed to prevent the presence of free water. When considen
interface with the cabin air conditioning system; the generati
water within the air conditioning system should be considered.
systems

(3.3) have an advantage in minimizing moisture buildup.

tly cooled by

Normally, airplane E/E equipment has to pass qua]ificatﬂ;n testing

should be
ing any
on of free
Closed loop

The coolrd equipment should be protected from moisture generatied or collected

aft compartments located overhead and from rain, etc.
environment, whether or not\this moisture is transpor
system.

in airc
external
cooling

The presence of free moisture.in the avionics may cause corros
LRUs and electrical connectors. Avoidance of water generation
and some| reheating of thevair, or selection of a warmer air sd

in the airplane
ted by the

ion within the
, Water traps,
urce, should be

consideried in order tominimize the possibility of entrained moisture

entering the avionic (LRUs.

Cooling system noise may impact the passenger cabin and/or th

noise epvironment. At a high level this will interfere with
the crew‘to communicate. At lower levels it may be distracti
particular,

probably the only noise present in the flight deck.

e flight deck
the ability of
ng. In
n it is

To ﬁinimize impact the

noise should have a broadband character; whistles or pure tones should not

be present.

Most of the flight deck equipment cooling noise is generated

inside or

around the instruments when turbulent air impinges on the various

components.

The noise penetrates into the flight deck through gaps in and

around the instrument panels or, after being structurally borne through the

components, by radiation of the panel into the flight deck.

- 20 -
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3.10

3.11

3.12

(Continued):

The most effective way to control cooling airflow noise is to limit air
velocities to 15.2 m/s (3000 ft/min) in the system since noise generation
due to turbulence inside ducts is proportional to the sixth power of the air
velocity. Air velocity may be acceptable at 20.3 m/s (4000 ft/min) in areas
remote from occupants. With reference to flight deck noise, orifices to
control airflow should be installed in the system as far away as possible.
The pressure drop across any orifice communicating directly with the
compartment should be less than 0.5 in of water. Orifice design should also
be selected for low noise generation. Locally in flight deck areas, a
velocity : i ing to
Reference| 9. Note that 3.1 also discusses duct velocities.

Fans shoulld be properly isolated from the structure to prevent |[fan noise
being trapsmitted through the structure and penetrating into the passenger
cabin and| flight deck. Also isolation between fans_and ducting is important
since the| 1ightweight ducts used in aircraft are very effectivg noise
radiators| Case radiated noise should be controlled by fan specification.

ion must be given to noise relative“to ground maintenance
, especially from the standpoint..af fan noise and overboard

Considera
operation
exhausts.
Failure Mpdes:
The desig
including

cooling s
backup ca

of the system should be investigated by failure analysis methods
"fault trees". Any cooled equipment which is critical from a
andpoint should have’a cooling backup system provided. This

be initiated automatically or manually by the flight crew.

is should be carried out to determine the effect of a|failure,
Y, indication, and recommended crew response. Analygis which
on}y the failure mode but possible cause of the failure can also
jal.

An analys
criticali
shows not
be benefi

nent.to be cooled should be analyzed to determine how critical it

Each comp
lane safety and how susceptible it is to failure if dooling fails.

is to air

Reliability and Maintainability:

System reliability has an impact on airline economics and can also impact
airplane safety. The considerations of 3.11 may be the basis for
determining cooling system reliability requirements. Maintainability of
components such as fans, filters, valves, etc. should be simplified by easy
access for either an empty or a fully loaded airplane.
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4.
4.1

4.2

COMPONENT DESIGN CONSIDERATIONS:

Fans:

In addition to complying with the normal operating performance and with
certification requirements, the fan design should consider the following:

a. Ability to provide acceptable performance under conditions of system
degradation and fan contamination prior to failure indications

b. Ability to operate without damage in the stall or surge conditions

c. Thermal protection for motors (including locked rotors)
d. For three-phase motor-driven fans: the ability to lose orle phase without
damage to the motor

t on cabin and ground (maintenance) noise,"including |structurally
or case radiated noise

y provisions such as inlet or exhaust screens

margins should provide for system degradation (filter
mination, etc.) during normal in-service operation

erformance should allow for any predicted growth in dooling

nts and for E/E equipment options required by different airlines.
s can provide high performance at relatively lTow weight; however,
characteristics are’/better with mixed flow or centrifugal fans.

angers:
angers are‘used for closed-loop systems as discussed |in 3.3. Except
ith supplementary cooling systems (see Section 7), h
ormally used for ground maintenance conditions. If applied to
nditions, heat exchangers can provide adequate cooling for a
nt-part of the airplane operating envelope. Since the cooling
an airflow and heat management system, heat exchanger leakage

for use
are not
flight
signific
system i
should be kep ,
the fan to the E/E equipment. The use of a heat exchanger, because of the
widely varying temperature of available heat sinks, may require the use of a
temperature control system.

Since cooling system pressures are normally quite low, heat exchangers often
can be designed for low weight.
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4.3

4.4

4.5

Ducting:

Duct detail design is determined by pressure drop, weight, and handling (or

other maintenance) criteria.
and could limit duct velocities (3.1). Noise may also determine
(3.10). Abrupt line size changes, sharp bends, mitered corners,

Pressure drop may be critical for fan sizing

duct size
flow

obstructions, and interior wall roughness should be avoided to reduce

pressure drop and minimize noise. Duct interior walls should be

smooth to

minimize pressure loss and care should be taken to insure that the material

is not moisture absorbent. With the normal low pressure used in

the cooling

system, duct wa]] strength require@ents are.determined by collapsing loads,

including h
Duct Connecftors:

Duct connectors should be of a standard and readily available des
size. Since this is a low pressure system, connectors de not car
loads so they can be very light. Elastomer boots and band clamps
used.

Where requijred for system reliability, duct connectors (and suppc
be designed such that ducting integrity is preserved when one con
support) ig failed.

Filters and Air Cleaners:

Filters and air cleaners can be of\the particulate type arranged
quality of [the entire cooling air supply, or could be smaller dey
controlling smaller sections of_the system. Some avionic equipmen
individual |filters at the LRU level.

Care should be taken to mot specify a filter of too fine a collec
characteristic (3.8)._tIn general, as is required by ARINC 600 (K
a 400 um fi[lter is adequate for E/E cooling systems. Maintainal
is also a major criterion and may determine size due to space cof
maintenance filter  change period of 2000 to 3000 operating hours
target. Filters should be capable of being easily replaced, incl

airplane.

ign and
ry large
are commonly

rts) should
nector (or

to control
ices
)t may have

tion
teference 5),
pility (3.12)
straints. A
should be a
uding during

airplane in-Service conditions. New filters should hgve a low po

ressure drop

Air cleaners may be of the centrifuging type requiring a purge airflow to

carry away the particulate contamination.

When designing the air cleaner

purge system the type of contamination and the location of its discharge must

be considered.
no clear indication that this is occurring.

Air cleaners may be subject to performance degradation with

The filters and air cleaners should be capable of high removal efficiency (90

to 95% by weight) for lint and other low-density contaminants.

In some

designs, high efficiency for higher density dust or sand particles may be

appropriate.
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4.5

4.6

4.7

4.8

5.
5.1

(Continued):

The weight arrestance test described in Reference 10 can be used as a basis
for contamination testing, with appropriate modification of the contamination

mix.
Water Separators:

Water separators should be considered wherever free water can

enter the

system or be produced by condensation in the system. These devices, where

A design capab]é of dealing with water running alo
uffice, such as a scupper with a positive purgingcdra
e made to ARP 987 (Reference 11).

Sensors/Detectors:

Design ¢of sensors and detectors should take inte account faul
methods

The sys
Tempera
of flow
the ins
charact
results

em requires a method of detecting-inadequate performa
ure and/or flow or cooling effect detectors can be ut
and cooling effect detectors xrequires tailoring of th
alled location in order to adequately measure perform
The detection system should be directly rel

Compressor:

Compressors used in aircraft vapor cycle systems are either c
positivI displacement.,~Centrifugal compressors are typically
n

conditigning systems -for very large capacities. A positive d
compressor is well suited for avionics cooling systems becaus
weight, |small size, and low power draw.

THERMAL DESIGN“OF COOLED EQUIPMENT:

Due to pqtentia] probiems with

0 minimize
ng duct walls
in. Reference

t verification

and in-service degradation due to contamination and mpisture.

hce.
i1ized. The use
b detector to
Ance

ated to the

pntrifugal or
used in air
splacement

p of its low

General:

The purpose of thermal design is to obtain the required E/E equipment
reliability with a minimum cost and weight and without putting any

unnecessary reliance on the cooling system.
to use state-of-the-art thermal design concepts and component
data to minimize cooling requirements.

It should be a major objective

reliability

The internal thermal design of E/E equipment is an important factor in

efficient cooling.

are ultimately the indication of the success of the thermal design.

The junction temperatures of the electronic components

Often

the cooling air temperature is fixed so that the greatest reduction in
through

electronic component junction temperature may be accomplished
efficient thermal design of the equipment.
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5.1 (Continued):

The design should be approached with the attitude that the thermal analysis
must be of sufficient quality and depth to ensure acceptable junction
temperatures.

As discussed in 5.3, testing should be carried out on both prototype and
production components. However, temperature data from prototype components
may not be totally representative (critical when temperatures are marginally
acceptable) and the testing of production components may occur too late to
readily incorporate any necessary design changes. Due to the high costs of
modificatignss i i £ ! pgram, tend
to be accepted without change or improvement and become a source| of high
failure rates in service.

An overall |program of analysis and test is necessary during the fesign and
qualificat{on of the equipment if a successful thermal design is|to be
accomplished.

5.2 Thermal Analysis:

Thermal an3lyses of the avionics system must.be conducted in parpllel with
the electrical design and packaging. As the initial packaging cpncept is
developed, |the thermal design concept must'also be formulated. psing power
dissipation estimates, the packaging must be designed to assure that high
power dissipation parts are not concentrated or located where ingfficient
thermal paths will not allow efficient transfer of the heat to the cooling
medium. The overall packaging and_power dissipation will allow the thermal
designer to determine if the unit should be passively or actively cooled. As
the packagijng concept develops and the circuit design is defined, the thermal
design engjneer can initiate 'a preliminary thermal analysis. The circuit
designer at this time must /provide preliminary heat dissipation values and
identify the electrical devices finally selected. The temperature limits for
each electronic part,are then determined. Both the maximum temperature limit
for the severe environment and a "derated" temperature limit are used to
assure that the-avionic unit will provide the required reliability for
long-term gperation. An early preliminary analysis is important| to identify
for the degigners part changes (higher temperature electronic parts and/or
r‘educed pa yower—di Hoation—andlorhicher powe apabi Y'tS) and
potential packaging changes to improve the internal heat transfer.

As the electrical design is refined, the thermal analysis must also be
updated. The analysis techniques also become more refined. The preliminary
analysis may require only hand calculation. As the design progresses, CAD
techniques will become necessary to analyze the complex heat transfer paths.
Computer programs are available to assist in the design of printed circuit
goargs to optimize both electrical and thermal component locations on the
oard.
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