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ATR CONDITIONING EQUIPMENT, GENERAL REQUIREMENTS FOR lssued  1_-1-)3

SUBSONIC AIRPLANES | Revised §.15-31

1. PURPOSE:

1.1 M™ARP - This recommended practice is based on sound engineering principles and
intended as guides for future standard engineering practices for civil

aircraft industry.”

1.2 This

and necessarily subject to revision from~£iﬁe to time
ment|of the aircraft industry.

rently applicable
, dug to rapid develop-

1.3 The following recommendations are based on practical engineering requirements
for the design and testing of such types of air conditioning equipment

as i

mand|imposed in the field of service.

2. SCOPEEp

now used on airplanes and for such as mdy be develoged to meet the de-

2.1 Air )oﬁditioning System - General - Dealing with Design Features

2.2 Air Conditioning Equipment - Commercial Passenger - Dealing with features.

Applicable only to commercial passenger carrying aircraft

2.3 Desipable Design Features: .~ General information for use of those concerned in

meetfing requirements contained herein.

3. ATR CONDITIONING SYSTEM - GENERAL:

3.1 Defipition.

3.1.1 The

S a,
b,

basiclaircraft air conditioning system should consist of the following:

A-s86urce of fresh air (at least two sources indepengent of each other).
D' source of heat.

Ce

. d.
-
f.

A cooling unit (air or vapor cycle machine with associated heat
exchangers). . '

An air distribution system. ,

A waste and vitiated air exhaust system.

A temperature control system.

3.,1.2 Cabin Pressurization: See ARP 367, Airplane Cabin Pressurization.

Copyrignt 1961

by Soclety of Automotive Engineers. Inc. : Printed In U. 8. A.
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3.1.3 The system may also include one or more of the‘following:

a. Filters
b. Recirculation provisions
¢. Humidity control
d. Germicidal control '
e. Individual passenger cool air outlet system
f. System instrumentation, including
1. Cabin temperature indicators
2. Duct temperature indicators

3. Cabin humidity indicators

L. |Cabin airflow indicators

5. |Bleed air duct pressure indicators

6. |Other miscellaneous instrumentation as may be required
operation of the equipment involved,

ormendations:

3.2.1

3.202

3.2.3

3.2.14

3.2.5

30206

‘The duct

The design of the air conditioning system should be such as to i
possibililty of introduction of harmful concentrations of any to
or objectionable fluids or gases from the aircraft or
as exhaust gases, de-icer fluids, gasolineor the fumes therefro

bustible

The air conditioning system should provide adequate ventilation
objectionlable odor level and smoke concentration for all normal

ditions.

should be
movement

conditioned space.

Adequate
resulting

A temperature/control system should be provided which will provi
for regulpting’the temperature within the air conditioned space

of engine

distribution system inc¢luding the air inlets to the ocec

in accordance with.values hereinafter recommended, with

such as to provide for a minimum of temperature variat

from equipment malfunction or fire,

for proper

reclude the

g;c, com-
gine such

UN

to avoid an
flight con-

ppied space
ion and air
in the air

exhaust should be provided to remove smoke or other contaminants

le a means
independent

or airplane operation. The system should also provide

for §

independent cabin and cockpit temperature control.

Aircraft, air conditioning requirements should be met during all norhal‘.
regimes of engines and airplane speeds and airplane altitudes.

L. AIR CONDITIONING EQUIPMENT.

L.1 Cormponent Equipment Design:

L.1.1 Component parts of the air conditioning equipment should be constructed of

materials which are considered acceptable for the particular u#e, and
should be made and furnished with the degree, uniformity and grade of
workmanship generally accepted in the aircraft industry.

O
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4.1.2 Component equipment should be designed to start and operate satisfactorily
at design atmospheric temperatures of -65°F to +160°F local environmental
conditions and -65°F to +120°F ambient temperatures, Specific installations
may require consideration of a broader range of temperatures. This broader

range should be stipulated in the detailed specification.

4.1.3 Equipment should be designed fail-safe as may be required
of the component or system.

L.1l.h Higj—energy—equipment—must—be—capabte—vf—setf=cvntatnm€nt
catgstrophic failure. Protection from rotating machinery

compressors, should be provided for personnel during ‘grou
operlating checks.

4.2 Comporient Equipment Installation:

L.2. 1 Component equipment installation should be<{designed for r
‘accessibility for maintenance requirements, Time to remo
any |functional component should not excéed 20 minutes, or
assembled packages of functional compenents.

4.2.2 The following equipment temperatures should be maintained

atteries should be maintained between LO°F and 110°F
energy and high temperature equipment should be adeq
inst overload and ‘everheat with consideration for othe:
ructure in clese physical proximity, .

'nent 1nstrumentation should be employed to facilitatg

5. AIR CONDITIONING SYSTEM DESIGN REQUIREMENTS:

by the function

in the event of
b such as fans and
nd maintenance and

pasonable
ve and install
30 mimtes .for

during flight:

ir driven instruments shéiuld be maintained at a minimum of hOOF.

hately protected
+ vital equipment

e not only
th matching

] ,
5.1 Ventilating Requirements:

S.1.1 Air Quantities:

5.1.1.1 Ventilation requirements for odor control varies upward

from 1.0 #/min per

passenger, depending on the volume of cabin per occupant, and degree of

recirculation used. If the ventilation is accomplished

in part by

recirculation, the recirculated air should be purified by adequate filters

and/or air washers. In the absence of adequate filters

and/or air washers,

‘a2 minimum of 1.0 # min per passenger of outside air is required for odor

control.

Note: These ventilation requirements have been found satlsfactory with
volumes of cabins per occupant between 4O and 60 cubic feet.
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5elsl,2

5.1.1.3

5.1.1.5

5.1.1.6

5.1.1.7

5.1.2.1

Salo 262

5.1.2.3

S.l.l.h_

5.1.1.7.2 Air velopity during ground cooling "pull-down" through the use ¢f

5.1,2 Air Inlets:

- -

In addition to the minimum quantity of fresh air stipulated, an additional
quantity of cabin air may be recirculated in order to provide proper
temperature distribution and to allow cooling or heating load reduction.

During warm weather unpressurized opefatlon (when no mechanical cooling
is available) a minimum of LO CFM of fresh gir should be provided for
each occupant. '

Sources of outside air should be capable of supplying a minimum of 30 CFM
of fresh aje—¥ : GO : r—shoudd not be
recirculated, but when exhausted can be used for windshield heat, equipment
cooling, eftc,

If the air|{conditioning system is used for defogging and. defrosting cockpit
transparenft areas then the system should be capable of maintaining adequate
visibility| for all conditions of aircraft operation.

Toilets and galleys should be provided with an exhaust system, the capacity
of which will exceed the air supply in order to:preclude the possibility

of any air| supplied to such spaces moving into,any other occupied|portion
of the airplane, either through doors or recirculation systems., :

Air Velocity in Occupied Spaces:

5.1,1.7.1 During h=ating or mechanical cooling, velocity over occupant should

not excepd 4O FPM, except for individual seat air outlets.

bypass dpict systems should not exceed 200 FPM over the occupant|and
600 FPM glsewhere,

Se1.1.7.3 Individupl seat airvinlet flow velocities should be at least 600 FFM at

seated hpad level with all units open.

General a1:_supplx_iQ_ncnnpied_spaces_shonld_be_xhrough_inlets_uh;ch are
adjustable only for the purpose of balancing the system but are not to be
controllable by the occupants.

All crew stations or points of localized heating and cooling should have
inlets controllable as to quantity or temperature. Such adjustment should
not affect the overall balance of the distribution system.

Sleeper airplanes with enclosed berths should be provided with an inlet
to each berth partially controllable by the occupant.

5020101

5.2 Desfign Requirements for Heating, Cooling and Temperature Control:

5.2.1 General:

Ambient Conditions:
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5¢2.1.1,2

5.201.193

5.2.1-2 C
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For particularly localized operations, the average maximum humidity and
temperature values for the warmest month of the year, averaged over the
last 10 years, in that area should be used for design cooling
conditions; the average maximum humidity and minimum temperature

values for the coldest month of the year, averaged over the last

10 years, in that area should be used for design heating condtions.

For operation within continental United States and similar international
areas, humldlty and temperature conditions for design hot and cold
Iamd 23

System design considerations should also be taken(for|the environmental
factors of solar intensity, surface emissivity and aircraft airspeed.

abin Conditions:

5.2010201

5.2‘1.2.1I

5.2.1.2.2

5.2.2 Cog

Cabin design temperature should be expressed in terms|of effective
temperature, provided the relative humidity is w1thin the limits of
20 - 70%. _

1 Effective temperature is an experimentally determined index of the
degree of warmth experiencedion exposure to differemt combinations
of temperature, humidity and air movement. See Figgre 3 for effective
temperature versus humidity and wet and dry bulb temperatures.

At normal cruise altifude, except for full cooling copditions, cabin
temperature gradlents for uniform loading steady state conditionsg should
not exceed 3°F measured in a vertical plane from 2" above floor level

to seated head-height; centerline temperature gradlen 5 should not
exceed 5CF, :

ling Requirements:

5.2.2,1 1
g

K

C

he cooling load should, in addition to all normal existing loads, in the
ase 'of pressurized airplanes, include the heat of compression from the
nessure source in order to permit use of the pressurizing system to
during warm

weather operation.

5.2.2.2 The cold air discharge temperature should be not less than 35°F in order
to prevent icing in the discharge duct, except when auxiliary means are
provided to preclude the possibility of such ice formation.

5.2.2,3 The system should have the capability of maintaining an effective cabin
temperature not in excess of 75°F below 20,000 ft. altitude and an
effective temperature not in excess of 70°F in normal cruise with a
normal full passenger load.



https://saenorm.com/api/?name=3e22e82605f901ba7c3318ddf59f5442

'ARP 85]) Issued 1-1-13 ATR CONDITIONING EQUIPMENT, GENERAL REQUIREMENTS

Revised 0-15-61 FOR SUBSONIC ATRPLANES

5.2.2.4

5¢2.2.5

5.2.2.6

5.2.3 Heating Req irements:
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Suspended water vapor should not normally appear in the passenger
compartments as a result of cooling system operation.

Ground "pull-down" time to reach 85% of design temperature differential

on a design hot day should not exceed 30 minutes for aircraft equipped with
self-sustaining equipment using an external power cart, aircraft closed
and 100% passenger loading.

All cold air ducting should be insulated to prevent "sweating" wherever
moisture cqllection from condensation would have a deteriorating dffect
on other cqmponents or aircraft structure.

50203'1v

5.2.3.2
5.20303

5.2.3.L

54243.5

5-2.3.6

The aircraft heating requirements should be met at all associated |aircraft
speeds from sea level to the aircraft maximum desigh cruise altityde with
a 20% passgnger load.

The heating system should be capable of produ¢ing a 75°F dry bulb [cabin,
Cargo compgrtments should be maintained:above freezing but do not

particularly require ventilation unless-otherwise stipulated in the
detailed specification.,

The ground |"pull-up" time to reach 60% of design temperature differential

on a design cold day should not“éxceed 30 mimtes for aircraft equipped
with a heafing system operable with an external power cart only,
aircraft closed up and 20% passenger loading.

The maximum supply steady state air témperature from the cabin inllets
should not |be in excess of 1LQ°F.

For systemd employing the use of radiant panels, panel temperatures should
not be in excess’of 105°F,

5.2, Temperature Control:

5.201‘.1

5.2.54.2

A sytem of automatic temperature control should be provided for all
commercial passenger transport airplanes. The system should be provided
with simple means for mamually overriding the automatic temperature
controls for emergency operation,

Emergency backup, such as electrical or manual override or bypass, should

be provided to prevent the failure of any one component from rendering
either the main cabin or cockpit air conditioning system uncontrollable from
a normal crew station,
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5.2.4.3 The temperature control system should be capable of controlling the

temperature with cyclic variation of not more than plus or minus
1°F at the cabin temperature sensor. If the system is of the proportioning
or modulating type, the proportioning range shall not exceed 10°F over the
entire range of heating and cooling.

5.2.4.4 An adjustable setting should be provided which will permlt selectlng a

cabin, temperature at any point within the range of 65°F to 85°F.

5.2.4.5 For aircraft utilizing mixed configuration passenger loading means should

6. DESIRABLE DESIGN FEATURES:

allow compartmental temperatures within allowable full-¢abin temperature

betincorporated for providing zone temperature control.sufficient to
gradients,

6.1 General:

6.1.1

6.1.2

6.2 Heating:

6.2.1
6.2.2

6.2.3

6.3 Coolin,

6.3.1

| iawl

Meang should be provided to minimize noiseoriginating frgm air conditioning
ducts, Main air inlets and individual egool air outlets. -

A graund air conditioning system coennection should be provided.

U

A1l purfaces should be kept)as close as practical to cabin air temperature.

Floor surface temperature should be maintained at a temperature approximately
the pame as the cabin\temperature; special attention should be given to
floor areas over wheel well and wing areas.

Suitpble duct-overheat protection should be provided..

LA

It should be a point of consideration to obtain the maximym practicable
cooltng—fitght—from—primary—air—to—air*heat—exehaﬂgers—snghat duty time

of the mechanical cooling equipment is minimized.

6.3.1. 1 Where air to air heat exchangers are used, it should alsoc be a point of

6.3.2

consideration that total system cooling capacity be sufficient to allow
50% of the mechanical cooling system to be inoperative and still maintain
a cabin temperature of 80°F effective temperature or less during normal

" cruise flight.

Special considefation for low altitude, slow speed flight should be given
to systems using ambient ram air as a heat sink.

6., Ventilation

6.4.1 Individual air inlets should be provided and they should be controllable by

the occupant for both direction and quantity of air only within the zone of

‘the controlling occupant.
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6.L4.2 Air intakes should be so located that:

a., The flow characteristics will not be materially affected by the

attitude of the airplane,
be Rain will not enter the opening. When such location is impractical,
then a water separator should be installed in the duct system

immediately after the ram inlet.

PREPARED BY SAE COMMITTEE A-9, AEROSPACE ENVIRONMENTAL SYSTEMS
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