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3-15-51 
~ 	I, 	TESTING OF PROTOTYPE AIRPLANE A~R CONDITIONING SYSTEMS 

1. PURPOSE: 

1.1 Thie recaaru~nded pracstice 3s appliQable to current design. I~ vrill therefore 
ba sub~ ect to revision from ti~s to time, due to rapid development of aircraft 
industry; 

-g5~~ 
C E 'c u. _ E g n 1.2 The follarv~ring rec~anmemda.tions are based on practioal en~ineerin6 requirementa 
~gs; Por the design ~ud testi.ng o£ such types of heatin~ and ventilating equipment 	. 
~~o~. as are now used on airplanes aud for swch as me.y be developed to meet the deme~nd 
°~=~ O p V ~ ia~osed in the field of servicse. 
Y 	> ` 
os<< • 
~;~'0  2. ~These SCOPEs 	reao~andations are written to cover t~he testing of air con- 
~°_` 
E ~ ; ,« 

d 	ioriirig equipme~.t as instal led in th~ prototype aircraft for the purpose of ; 
E~+a 
=EE~ A. 	Demonstrating safety of the instsZlation. 
~~;~P  B. 	Demonstrati.ng perform~nce of the installation. 

. 	~nox a. 	Aircraf't ducting and distribution systean. Y 
~o~~ b. 	Component parts (i.e., vendors.equipm~nt) 
`~`~ oao~ C. 	Obtaining data for future design. 	 ' 

~~~~ W O C 
, 

a~ ~~~ 3. GENERAL Ea(TIP'~TT REQUIRENIEI +TTS FOR TESTING AIR CONDITIONI1dG SYSTEI+HS ! 
~o£o 
a-~.° ~ $Y 3.1 Suite ►ble instrumentation ehould be installed to determine the weight flow of 

;-~ air, the temperature di.Pferential and the pressure drop through each of the 
~'o s~ major oomponents of t~lie air aonditioning system. 	The accuracy of theae 
~~ ~ v measurements should be within ,~. 5/. 
eEY` , 

~°''~ ~ g~:; 3.2 Fin~l aacept~nae tests should be conducted with a miniaaam of 75 f of passen~er 
=~a~ and crew acco~modations occupied during cooling tests and a~maximum of lOJ of 

~ 	'~~~~~ the passenger aacoYmnodations occ~ied during heating tests. 
reow 
~~~„ 
-~~ ~ <o°~ 3.3 Provi sions should be ~de for determining the CO concentration in each 
~.. ; E; closed co~art~ment of t he aircraft if occupied by paesengera or crew. 
«;~~~ 

~ t~ 3.4 Equipment shouid `~e provi ded to determi.ne t~he temperature distribution from 
" p6 a O Y V ̀   forward to rear and top to bottom of all 8pacee o~cupied by passenger or 
6 M ~ ~ 
;,~ g o crew personnel and all aargo and accesaory compartm~nt s. 	, ` o .~ E 

V ~~ V 
g a ;;  3.5 Equipmarit should be provi~led to determine the direction of flow and the air 
°~ ~ ~ velocities in all aompartments o£ the a3 raraft under all conditions of 
V~~w L.e~~ 

~ 

flight . 	, 
~ 	 ~ ucu u •-  a > 

3.6 

~ 	 - 	. 	 ~ 	 ~ 
. 

Equipment should be provided to indicate the position of;valves or actuators 

. 	~

"'°°'° 
~; E whicli are remotely 3.natalled and not available for visu~.l observation during ' o;~ ~ . flight. 

~:`E;. o~ ~ 

~~°° 3.? Equipment should be located in eaah oompartment of the aircraft or provisions 
~'~°° made for determining the presence in each cornpartment of CO Z  or any hazardous 

concentrations oF fire extinguishing agents,carried aboarc~ the airplane for 
---. extingui.shing engine, cargo compartment or cabin fires when the maximum a11a~R- 

~ able quantity i~s di scharged to one or raore points of di scharge. 

Copyright ],;9~ ~ 	by Souefy oi Automotive Enqineers, Inc. 
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3.8 Equipment should be provided to determine ~he moiature oontent of tha ambient 
air, the ai.r in crew, passenger, cargo and equ3.pment cor~~artm~nts. 

4. GEKERAL OPERATIONAL REQiTIRE~~P1T5 FOR TESTING AIR CONDITIONING SYSTEMS: 

4.1 Tests should be conducted to demonstrats aafe Rnd proper operat3.an of the system 
and co~onent parts under the followi.ng conditions : 

4.1.1 Grour~d operati on 
4.1.2 Preasurized flight 
4.1.3 Unpressurized flight 

4.2 Smoke or gas removal procedures should be demonstrated to prove conclusively 
that proposed methods of eliruina.tion are adequ~.te to clear all areas occupiad 
by passengers and crew of hazardous concentratioas of smoke or gas within a 
safe period of time. 

4.3 Final e.coeptance teats on refriger~tion equipmemt should be aonducted during 
the de4Ytims to determine the adequacy of the system with flzll aun effeat and 
with maximum daylight elec~rical load witYt3.n the flxselage applied. 

4:4 Final acceptance tests on heating equipment should be conducted durin.g night 
time to eliminate sun effect. Tests should be conducted with msximwn and 
minimum electrical load applied within ii~e aircraft cabin to determine the 
adequacy of the system under both conditions. 

4.5 In the event teanperat ures rapresenting the axtreme heating end cooling re- 
quirements of the aircraft cannot be encountered, sufficient dats should be 
obt~.ined at a minimum of three conditions requiring heat and three conditions 
requiring cooling so that accurate extrapolations aan be made. The moiature 
content of the ambient air should be determined and corrections made to de- 
termine the true cooling loa.d•encountered. 

4.6 T'he . following S AE specifications should be complied with where appliaable: 

ARP 85B 
ARP 36? 
AS 143 
AIR 30 

5 . INSTRUI~dEP1TAT ION : 

5.1 Air Flow N:easurement: 

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

5.1. 2 Calibrated orifices or venturis may ~e used in ducting syst~ ms ~rhere added 
pressure drop does not affect distribution or restrict ai. flev~r. 
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5.1.3 In the event aalibrated sections of duat or orifiaes cannot be used, the use 
of aalibratad pitot-static tubes is permissible. Icing of the pitot heads 
and resulting erroneous data may ocaur if this type of instrumentation is 
used darv~m stream of refrigeration units, however. 

5.1.4 All pressures should be recorded simultaneously at regular intervals. A 
co~on reference pressure ahould be used for all pressures recorded. 

5.2 Te~tperature Measurenents= 

5.2.1 Al1 true air temperatures should be measured by use of thermoaouples. Cabin 
and cargo compartment temperatures should be determined by use of unshielded 
thermocouples in order to include the effeot of radiation. Daat temperatures 
should be determined by use of shielded thermocouples to minimize the effect 
of radiation. 

5.2.2 All tempera~ures should be recorded as near simultaneously as poasible at 
regular inte.rvals. 

5.2.3 Thermocouples should be so located as to determine the following air 
te~peratures: 

a. Outside free air. 
b. Inlet to supercharger (s). 
c. Outlet from supercharger (s). 
d. Inlet to refrigeration unit (s). (Cabin air and coolant) 
e. Outlet from refrigeration unit (s). (Cabin air and coolaut) 
f. Inlet to heater (s) and~or heat exahanger (s). 
ga Outlet from heater (s) and~or heat exchanger (s). 
h. Inlet to recirculating far. (s). 
io Outlet from recsirculating fe.n (s). 
j. Inlet to ~rall or window panels if used. 
ko Outlet from wall or windaw panels or air entry to cabin. 
1. Head level (standing), head level (sitting) and floor le~sl at 

forward, aenter and rear of all passenger and crew aompartments. 
m. gir passing over thermostat sensing element. 
n. Forwrard, center and rear at top and bottom of e.].~. oargo and 

accessory aompartments. 
o. Floor temQeratures at several points throughout the airplane. 
p. Heated panel surfaae temperature at several points throu~out the 

airplewe. 
q. Inner surface teMperature of csabin and cockpit windaws. 
r. Other pertinent and desirable locations. 

S.3 Pressure Measurementss 

5.3s1 All pressure taps should be so located as ~o minimize to effeat of turbulence~ 
aaused by valves, elbows or orifices installed in the system. 

, 
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5•3.2 Presaure tapa should be so located as to determine the follawing pressure 
indioationss 

a. Cabin rate of preasura ohange ft. per min. 
b. Cabin altitude. 
c. Airplane rate of climb or descent. 
d. Airplane altitude. 
s. Airplane indicated air speed. 
P. Inlet to superoharger (s). 
g. Outlet from superch~rger (s). 
h. Inlet to refrigeration unit (s). (Cabin eir and coolant) 
i. Outlet from rePrigeration unit (s). ~Cabin air and coolant) 
3. Inlet to heater (s~_an~or heat exchanger._(s). 
k. Outlet fraQm heater (s) andlor heat exchanger {s)• 
l. Inlet to recirculating fan (s). 
m. Outlet Prom reciresulat3ng fa.n (s). 
n. Duat pressure dxop through each aeparate branch systems. 
o. At other pointa tha.t af'fect appreciable pressure dxop in the 

system. 

b.4 Hunaidity ~deasurementt Humidity measurements should be taken within the aabin 
at regul~r interval$ using e. reliable type oP psychrometer. Equipment for 
determining the htmiidity of the ambient air should be available for use during 
perioda of operation of the refrigeration aystem. 

5.5 Air Yelocitie$ s  

b.5.1 A euitable velameter should be usad ta datermine air ~elocities in passenger 
and cre~r aompartments during pressurized and unpressurised flight as speci£ied 
in SAE ARP 85B. 

5•5.2 Air velocities aarosa the cabin thermostat senaing element and tempersture 
indicating instrument should be determined by use of a suitable velometer 
during pres$urized and unpressurized flighto 

6. T~ST PROCEDOREi 

6.1 Ground Tests: 

6.1.1 Safety Teata: 	 . 

6.1.1.1 Inspect the ~ircraft to determi.ne that all air entries are so located that 
no normal dra.in or vant of ixlflamn~a.ble fluid can enter the scoop during 
Plight or on the graund during crose wind conditions. 

6.1.1.2 With an adjustable external power sourae connected to the airplane, ad~ust 
the voltage to that normally supplied by the aircraft system. 

6.1•1.3 IF the aircraft equipment does not`include blowers required for ground 
operation, external equipment required to supply in-flight aonditions 
should bo attaahed. 

. 
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6.1.1.4 With blawers in operation the aircraft system should be turned on and 
ahecked for noxznal operation. Sys~em 5hould be adjusted ae required. 

6.1.1.5 ~ith system operating norn~e.11y the combustion air source ahould be 
diaconnected or deaotiv~ated, to determine that no unsafe aondition wi11 
be created by loss of a arnbustion air through Pailure of aombustion air 
blow~er or iaing of combustion air acoop in Plight. 

6.1.1•6 ~Yith system operating normally the ventilating air source should be dis- 
oonnected or deactivated to determine that no unsafe condition will be 
areated by loss of ventilatin,g air through failure of equipment or icing 
of air inlet in flight. 

6.1.1•7 With system operating normally deactivate or bypass the normal temperature 
aontrol system to alla~v~ heater outlet air temperature to increase to over- 
heat switah setting. (Reduce ventilating air flow if required) Determine 
that no uusafe condition exists at the temperatures enaountered and that 
the overheat circuit functions properly. 

6.1.1.8 YYith the system operating nor.nally graduaZly dearease the voltage supplied 
to the aircraft until all of the components of the aystem oease to operate. 
Determine that no unsa,fe aondition is created due to low voltage operation. 

6e1.1.9 With the system ~urned on and all electrical power disconnected from the 
aircraft (external blower8 operating if used) reduce the voltage to 500 
of the normal aircraft systeu~ voltage and reconnect to the aircraf't. 
Gradually increase the voltage until all aomponents are onersting normally 
and determine that no unaafe condition is created by low voltage aondition. 

6.1.1.10 Conditions required to cause the aircraft heater to backfire should be 
created to de~ermi.ne that combustion air and exhaust sys-~ems are secure 
and adequate Por the heater. These conditions may be created by reduation 
of cambustion air Plow on disconnacting the ignition system for a brieF 
period of time. At lee.st three substantial backfires should be created 
before consideri.ng the system adequate. Inspeat ducting and heater for 
da.mage after test. 

6.1.2 Performance Teste: 

6.1•2.1 Ground tests should be conduated on~ aircraf't equipped v~ith ground condition- 
ing equipment to determine if' specified temperatures and air flow rates 
have been met. 

6.1.2.2 Pressurised aircraf't should be p~easuri$ed to design differentiel to 
, determine if air flo~w and leakage requirements as speaified in ARP 36? 
hav~e been m~t. Pressure coatrols, flow Qontrols and pressure relief valves 
ahoul~el be ohecked to ascertain thst the units are operating properly. 

- 6.1.2.3 During unpressurized and pressurized oondition the air distribution should 
be observed and Plow ratee measured to determine proper balance of the . 
system. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p2

17

https://saenorm.com/api/?name=fa71ad02889e9ee1d92453add0a87bf1


~ pp ~~~ lasued 3-15-51 	 TESTING OF PROTOTYPE AIRPLANE AIR 
~il~ 	 Revised 	 CONDITIONING SYSTEMS 

- 6 - 

6.1.2.4 A].1 temperatures, pressures and air velocities and humidity speaified in 
Seation 5 should be recorded. 	 ~ 

6•1.2.5 On pressurized aircraft ground operation should be tested or otherwise 
analyzed vrith or without pressurisation arsd~or refrigeration equipment 
functioning in order to determine the optimum configuration for comfort in 
hot weQ+her while the airplane is taxiing or waiting take off clearanoe 
with full passenger load. 

6.2 Flight Tests: 

6.2.1 Saf'ety Testa t 

6.2.1.1 With the cabin pressurized (on pressurized sircraft) to m~.ximwn differential 
pressure prepare the airplane a.nd crevr members for discharge of fire ex- 
tinguishing agent to the cargo compartments if Carbon Dioxide or a toxic 
fluid is carried for that purpose. ~Pith the airplane in the most critiaal 
flight at~;itude discharge the maximum permissible quantity of the ea- 
tinguishing agent into ee~ch compartment or group of compartments and measure 
the concentration in the compartment and the aontaimination in all areas 
occupied by passAngers and crew members. It should be demonstrated that 
the air con~itioning system does not interfere with the retention charac- 
teristias of the cargo oompartment and prevents ctontami.nation of areas 
oaaupied by crew or passengers. It is rec.ommended that ~.11 occupants of the 
airplane be equipped with full face coverage type masks supplied with 
undiluted oxygen. IIse of a demand type regulator on each mask is also 
reao~nended. 

6.2.1.2 Repeat the e~bove test in the unpressurized condition. 

6.2.1.3 With the cabin unpressurized and wing f1Qps set for landing approaah 
condition, the flight station clear vision panels should be opened and 
teate for carbon monoaide contamination made in the cabin and flight 
station areas. The approaah attitude should be maintained for a minimum 
period of fifteen minutes. Contamination shouldriat exceed .005 per cent 
(one part in 20,000) at c~ny location witllin the aircrafto 

6.2.1.4 Preasurize the cabin to maximum differential pressure. Protect all arew 
• 	members and observers with suitable protective masks and discharge or 

ma.raufacture suf'ficient smoke to fill the airplane cabin. Carry out smoke 
removal procedures and record ti.me required to remove smoke from crew and 
pasaenger compartments. 

6.2.1•5 Unless depressurization of the cabin was required in 6.2.1.3 the cabin 
should be depressurized and the smoke removal procedure repeated under 
those conditions. 

6.2.2 Performence Tests: 

6.2.2.1 Pressurized Flight Condition: 

6.2.2.1.1 The following test should be conduoted in addition to any other tests 
deemed necessary to demonstrate performsnce of the air conditioning 
syatamo 
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