Society of Automotive Engmeeny Inc. 7 AERON AUTICAL
PNewYorkCity | RECOMMENDED PRACTICE

ARP 217

lssued 3-15-51
Revised

: TESTING OF PROTOTYPE AIRPLANE AIR CONDITIONING SYSTEMS

'

1? PURPOSE:

1.1 This recommended practice is applicable to current design. It will therefore
be subject to revision from time to time, due to rapid development of aircraft

oo industry.
XE8% 1.2 The following recommendations are based on practical engineering requirements
885+ for the design and testing of such types of heating and ventilating equipment
§2§§. as are now used on airplanes and for such as may be developed to meet the demand
34 imposed in the field of service.
$5is . ,
;g‘g’; - 2. SCOPE: |These recommendations are written to cover the testing of air con-
Seo3z ditioning equipment as instelled im the prototype aireraft for the purpose of:
Eeo3=
ET gD
8 3‘3 A. DemInstrating safety of the installation.
g3 §-§ B. Dem¢gnstrating performance of the installation,
350° a. |Aircraft ducting and distribution system.
g 30 4 b. |Component parts (i.e., vendors equipment)
Se5E C. Obtaining data for future design.
£o8
§“§g‘ _ : : .
gi:'r'. 3. GENERAL|EQUIPMENT REQUIREMENTS FOR TESTING AIR CONDITIONING $YSTEMS
ngf.; |
3385 | 3.1 suitable instrumentation should be iristalled to determine the weight flow of
e , air, the temperature differential and the pressure drop through each of the
"};Z}}g major ¢omponents of the air conditioning system. The accurdcy of these
%ggg measur¢ments should be within * 5%. .
EE . .
;898 .
%3"5% - 3.2 Final scceptence tests should be conducted with a minimum of 75% of passenger
228s and crfw accommodationsioccupied during cooling tests and a|maximum of 10% of
BeY: the passenger accommodations occupied during heating tests.|.
t2os ’
%g'ﬁ 3.3 Provisjions should be mmde for determining the CO concentration in each
-ggg closed|compartment of the aircraft if occupied by passengers or crew.
E";:Ei% 3.4 Equipmegnt should Ye provided to determine the temperature distribution from
855 forward to-rear and top to bottom of all spaces occupied by|passenger or
_:.:_g'g:é crew personnel and all cargo and accessory compartments.
%E:;':f‘: 3.5 Equipment should be provided to determine the direction of flow and the air
SE9, velocities in all compartments of the aircraft under all conditions of
1805 flight. :
E.Eé'%. . )
3%;3 3.6 Equipment should be provided to indicate the position of: valves or actuators - -
gsgé which are remotely installed end not available for visual obsgrvation during \
*o;‘ . flight. ‘
RiES
;%‘;’ g% 3.7 Equipment should be located in each compartment of the aircraft or provisions

made for determining the presence in each compartment of CO, or any hazardous
concentrations of fire extinguishing agents carried aboard the airplane for
extingui shing engine, cargo compartment or cabin fires when the maximum allow-
able quantity is discharged to one or more points of discharge.

N
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3,8 Equipment should be provided to determine the moisture oontent of the ambient
air, the eir in crew, passenger, cargo and equipment compartments.

4, GENERAL OPERATIONAL REQUIREMENTS FOR TESTING AIR CONDITIONING SYSTEMS:

4,1 Tests should be conducted to demonstrate safe and proper operation of the system
and component parts under the following conditions:

4,1.1 Ground operation
4.1.2 Pressurized flight
4,1,3 Unpressurized flight

4,2 Smoke or gas |[removal procedures should be demonstrated to prove concllusively
that proposed methods of elimination are adequate to clear all areas occupied
by passengers and crew of hazardous concentrations of smoke or gas within a
safe period time. ‘

4.3 TFinal acceptance tests on refrigeration equipment should/ be conducted during
the daytime to determine the adequacy of the system with full sun efffect and
with maximum [daylight electrical load within the fuselage applied.

4,4 TFinel acceptence tests on heating equipment should -be conducted during night
time to elimimete sun effect. Tests should be.conducted with maximm end
minimum electirical load applied within the aircraft cabin to determime the
adequacy of the system under both conditions.

4.5 In the event [temperatures representing: the extreme heating emd cooling re-
quirements of] the aircraft cannot be‘encountered, sufficient data should be
obtained at g minimum of three conditions requiring heat and three donditions
requiring codling so that accurate/extrapolations can be made. The moisture
content of thHe ambient air should be determined and oorrections madg to de-
termine the firue cooling loddyencountered.

4.6 The following SAE specifications should be complied with where applicable;

ARP 85B
ARP 367
AS 143
AIR 30

5. INSTRUMENTATION:

5.1 Air Flow lMeasurement:

5.1.1 Sections of duct in the normel ducting system, calibrated in place in
the aircraft, should be used to determine the air flow in each component
part of the air conditioning system wherever possible.

5.1.2 Calibrated orifices or venturis may be used in ducting syst-ms where added
pressure drop does not affect distribution or restrict ai. flow.
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S5¢le3 In the event calibrated sections of duct or orifices cennot be used, the use
of calibrated pitot-static tubes is permissible. Icing of the pitot heads
and resulting erroneous date may ocour if this type of instrumentation is
used downstream of refrigeration units, however.

Sele4 All pressures should be recorded simultaneously at regular intervals. 4
common reference pressure should be used for all pressures recorded.

5.2 Temperature Measurements:

56201 All true air temperatures should be measured by use of thermocoupleg. Cabin
and cargo compartment temperatures should be determined by use of unshielded
thermocouples in order to include the effect of radiationh Duct temperatures

should be determined by use of shielded thermocouples-to
of rpdiation.

inimize the effect

' 5e242 All femperatures should be recorded as near simultaneously as possible et

5.2+3 Thermocouples should be so located as to determine the folllowing air

Oe
Pe

Qe
Te

side free air,

[nlet to supercharger (s).
Dutlet from supercharger (s).
[nlet to refrigeration unit (s)e (Cabin eir and coolint)
putlet from refrigerationunit (s)es (Cabin air and cpolant)
[nlet to heater (s) and/or heat exchanger (s).
hutlet from heater (&) and/or heat exchanger (s).
nlet to recirculating far (s).

Qutlet from recirculating fan (s).

nlet to wall or window panels if used.

putlet from wall or window panels or air entry to cabin.

lead level “(standing), head level (sitting) and floor|level at
orward, Genter and rear of all passenger and crew compartments.
A\ir passing over thermostet sensing element.
orward, center and rear at top and bottom of a&ll cargo and
accessory compartmentse

e w - viw o

emperatures—at—severe g p 5 airplane.
Heated panel surface temperature at several points throughout the
airplane.

Inner surface temperature of cabin and cockpit windows.

Other pertinent and desirable locationse

5.3 Pressure Measurements:

5¢381 All pressure taps should be so located as to minimize to effect of turbulence
oaused by valves, elbows or orifices installed in the system.
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$e¢3+2 Pressure taps should be so loceted as to determine the following pressure
indications:

as Cabin rate of pressure change ft. per min.

be Cabin altitude.

oe Airplane rate of climb or descent.

ds Airplene altitude.

e. Airplane indicated air speed.

f. Inlet to supercharger (s).

ge Outlet from supercharger (s).

h. Inlet to refrigeration unit (s). (Cabin eir and coolant)

i. Outlet i v Cabi i

jo Inlet td heater (s) and/or heat exchanger (s).

ke Outlet flrom heater (s) and/or heat exchanger (s).

1. Inlet td recirculeting fan (s).

me Outlet flrom recirculating fan (s).

ne Duct prdssure drop through each separate branch system.

0e At other points that affect appreciable pressure drop in the
system.

5.4 Humidity Measyrement: Humidity measurements should.be taken within the csabin
at regular infervals using a reliable type of psychrometer. Equipment for
determining the humidity of the ambient air should be available for yse during
veriods of opdration of the refrigeration system.

545 Air Velocitieg:

5¢5e1 A suitable velometer should be used to determine air velocities in|passenger
and crew compartments during pressurized and unpressurized flight as specified
in SAE ARP §EB.

5e65+2 Air velocitiles aoross the-cabin thermostat sensing element and temperature
indicating imstrument should be determined by use of & suitaeble velometer
during pressurized and unpressurized flight.

6« TEST PROCEDURE:

6s1 Ground Testss

6els1l Safety Tests:

6eleslel Inspect the aircraft to determine that all air entries are so located that
no normal drain or vent of inflammable fluid cen enter the scoop during
flight or on the ground during cross wind conditions.

6elele2 With an adjustable extermal power source comnected to the airplane, adjust
the voltage to that normally supplled by the aircraft system.

6elele3 If the aircraft equipment does not' include blowers required for ground
operation, external equipment required to supply in-flight conditions
should be attached.
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With blowers in operation the aircraft system should he turned on and

ohecked for normal operation.

disconnected or deactivated, to determine that no unsafe
be created by loss of combustion air through failure of ¢
blower or iseing of combustion air scoop in flight.

With system operating normally the ventilating air source

System should be adjusted as required.

With system operating normally the combustion air source should be

condition will
ombustion air

should be dis-~

connected or deactivated to determine that no unsafe condition will be

oreated by losg of ventilating air through failure of equ

ipment or icing

of air inlet in flighte

With|system operating normelly deactivate or bypéss thé nprmel tempersture
oontrol system to allow heater outlet air temperature to [increase to over-
heat|switch settinge (Reduce ventilating air flow if required) Determine
that|no unsafe condition exists at the tempersdtures enco tered and that
the ¢pverheat circuit functions properlye.

With|the system operating normally gradually deorease the|l voltage supplied
to the aircraft until all of the ocomponents of the system cease to operate.
Determine that no unsafe oondition i8 created due to low voltage operation.
With|the system turned on and all<electrical power disconhected from the
aircraft (external blowers operating if used) reduce the [voltage to 50%

of the normal aircraft system voltage and reconnect to thie aircratte.

Gradyally increase the voltage until all components are
and determine that no unsafe ocondition is created by low

itions required:to ocause the aircraft heater to back
ted to determine that oombustion air and exhaust sys
adequate for-the heater.
ombustion air flow on disconnecting the ignition sys
od of time.
re considering the system adequate.
ge_after test.

Inspect ducting

persting normally
voltage ocondition.

f'ire should be
tems are secure

These conditions mey be created by reduction

tem for a brief

At least three substantial baockfires shiould be created

and heater for

6ele2.1 Ground tests should be oonduofed on aircraft equipped with ground condition-

€ele242

’6.1.2.3

. have been mete.

ing equipment to determine if specified temperatures and
have been met.

Pressurized aircraft should be pressurized to design diff
determine if air flow and leakage requirements ag specifi
Pressure controls, flow ocontrols and pres

air flow rates

erential to
ed in ARP 367
sure relief valves

should be checked to ascertain that the units are operating properly.

During unpressurized and pressurized condition the air di
be observed and flow rates measured to determine proper b
systeme

stribution should
alance of the .
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6ele2.4 All temperatures, pressures and air wvelocities and humldity specified in

6ele2eS

Seotion 5 should be recordedes

On pressurized aircraft ground operation should be tested or otherwise

-analyzed with or without pressurization and/br refrigeration equipment

functioning in order to determine the optimum configuration for comfort in
hot westher while the airplane is taxiing or waiting take off clearance

with full passenger load.

6.2 Flight Testst

6e2e1 Sa.fetz Test'_;I

6.2.101

€e2ele?

6e2eled

€e2eled

6e2eled

With thg cabin pressurized (on pressurized aircraft) to makimum differential

pressurg prepare the airplane and crew members for discharge of
tinguisiing agent to the cargo compartments if Carbon QDioxide ¢
fluid ig carried for that purposee. With the airplane(in the mg
flight gttitude discharge the meximum permissible qGantity of 4
tinguishing agent into each compartment or group)of compartment

oooupied by crew or passengerse. It is-recommended that all oco

undilutgd oxygen. Use of a demand-type regulator on each mask
recomernded.

Repeat tthe above test in the unpressurized condition.

With thg cabin unpressurized end wing flaps set for landingvapp

fire ex-

r a toxic

st critiocal
he ox-

8 and measure
all areas
ated that

on charac=
I areas
upants of the

-airplang be equipped with full face ¢overage type masks suppligd with

is also

roach

conditign, the flight-station clear vision panels should be opdned and

tests fdr carbon monoxide contamination made in the cabin and f
station |areas. The approach attitude should be maintained for
period qf fiftesn‘minutes. Contemination shouldnot exceed 004
(one panyt in 20,000) at eny location within the aircraft.

Pressurize the cabin to maximum dlfferential pressure. Protect

light
a minimum
per cent

members lané

memufacture sufflclent smoke to f111 the airplane cabln. Carry out smoke
removal procedures and record time required to remove smoke from crew and

passenger compartmentse

Unless depressurization of the cebin was required in 6.2.1le3 +the cabin
should be depressurized and the smoke removal procedure repeated under

these conditionse.

6.2.2 Porformance Tests:

6.2.261

Pressurized Flight Condition:

€e2e2elel The folléwing test should be conduoted in addition to any other tests
deemed necessary to demonstrate performance of the air conditioning

system,
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