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1. PURPOSE

1.1 The purpose of this ARP is to establish recomI'!~mdations for the design, installa
tion 0.11(1 testil'lg of aircraft vapor cycle l'efrigeration systems. These recom..
roonda.tions are representative of the present state-of..the..art.

1.2 The recommendations of this ARP are primarily intended to be applicable to civil
ail'Cl'8,ft; 1'7hose prime ftU1ction is the transporting of passengers or cargo. The
recommendations will apply, however, to a much broader category of civil and
military o,ircra.f't where vapor cycle refrigeration systems are applicable.

2. SCOPE

2.1 Recorranendations of this ARP refer specifically to the application of closed
cycle va:por cycle refl'igeration systems as a source of cooling in an aircraf't
ail' conditioning system. Genel'al reconnnendations for an air conditioning system
1'7hic11 f.laY include a vapor cycle system as a cooling source are included in
ARP 85, Ail' Conditioning Equipment, General Requirements for SUbsonic Airplanes,
ARP 292, Air Conditioning, Helicopters, General RequirelOOnts For, and AIR 806,
Air COl1clitioning Design Illfol'mation for Cargo and High Density Passenger Trans..
port Airplanes, and are not included herein.

2.2 Vapor cycle refl'igel'a.tion system design recommendations are presented in this
ARP in the follol7ing general areas:

a. SYSTEM Design RecOnJIlYandations: (see Section 3)

b. COMPOUENr Design Recotnl'l);!ndations: (See Section 4)

c. Desirable .Design Features: (see section 5)
I I

3. SYSTEM DESIGN RECOMMENDATIONS

3.1 ,system Definition:

3.1.1 The basic vapor cycle refrigeration system includes the following necessary
elel'l~l).ts:

a.. Refrigel'8Jlt Compressor
b. Evapol'ator
c. Condenser
d. A cooling load
e. A heat sink
f. Refrigerant
g. Refrigerant piping
h. System performance controls
i. Refrigerant expansion'device
j. Pouer source

PROBLEM HARD COpy
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3.1.2 The system may also include the follo'\-dng elements:

a. Protective devices
b. Refrigerant quantity gauge
c. Condenser cooling device (ground operation)
d. A device for removing condensed moisture from the

evaporator air
-;,e •.· Liquid refrigerant receiver
, f. - Refrigerant moisture removal device
g•. Trouble shooting and system monitoring instrumentation
h. Surge control device
i. Lubrication system
j • Cold start provisions
k. Sub coolers
1. Flash coolers
m. Access hardware for system servicing

3.2 Performance Characteristics:

3.2.1 Required Performance: The cooling capacity of the system should be sufficient
to satisfy the aircraft cooling requirements established in the latest revision
of ARP 85 for both ground and flight operation over the entire aircraft opera't­
ing envelope.

3.2.2 Performance Analysis: The cooling capacity of a specific configuration of
vapor cycle system may be determined analytically by the methods described in
the SAE Aerospace Applied Thermodynamics Manual.

3.2.3 Off Design Performance: The system should be capable of operating at cooling
loads ranging from maximum cap~city to zero without undesirable effects such as
refrigerant compressor surge or control oscillation. However, operation at
light load '\-1ith some conventional thermostatic expansion valves at Values below
10 - 20 per cent capacity may be unstable and should be aVoided if these con­
trols are used.

3.2.4 Evaporator Temperature: The evaporator should be controlled to a temperature
sufficiently high to prevent freezing of condensing moisture in the evaporator,
or defrost cycles should be provided.

3.2.5 optimum System Design Considerations: Consideration should be given to select­
ing the combination pf cond~nser, evaporator, and refrigerant compressor per­
formance which not only provides the required cooling performance but mll im­
pose the least performance penalty on the aircraft. Where considerable reduc­
tion in cooling capacity and cooling power requirements exists for a large por­
tion of the flight, as for example, high altitude subsonic cruise, consideratior
should be given to sink control and power control to minimize aircraft per­
forma":1ce penal:ty•

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p7

31
a

https://saenorm.com/api/?name=4172b5ad919781bd566278b9b13dee8b


                                                                                
                                                                                

                                                                                
                                                                                
                                                                                                                                                                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAE ARP*731A 73 II 8357340 0029058 6 II

AlP 731A
.. h ..

3.2.6 Evapol'ator He,tel' CarrlYover: The evaporatol' air circuit should incorporate ade..
quate '\-utter tra!)s and dl"ains to eliTllinate condensed water droplets from the
cooleel air stream. Wa.tel' collected should be routed to the condenser for added
coolillg if the system design ShOvlS sufficient performance advantage is realized

3. 2.7 ]~c{)l'eme Tempel'atul'es and Pres SU1'eS : \'»1en returned to the normal range of
opel'v,ting pl'essures and teliwel'atures aftel' exposure to the extreme conditions
outlined in pal'e.{Sra,phs 3. 2. 7.1 through 3. 2. 7.5, the system should be capable
of desigll cooling capacity. In adclition, the system should not suffer da.ma.c.se,
loss of chal'ge or actuation of overpressure protective devices when exposed to
these conditions, during non..operating periods or when starting the system.

3.2.7.1 A::t"tel' exposure on the ground or in flight, while operating or not operating,
to the maXillmIll attainable evaporator inlet air tem,perature sinmltaneously
't-1ith the maximmn e,tttdne,ble oonc1enser heat sink temperature.

3.2.7.2 Aftel' expOSU1'e to the ftJaXimum tempel'ature, caused by normal operation of the
heating system ooinciclent v1ith minimura (..65°F) condenser temperatures with
the system not opel"ating.

3.2.7.3 A:Nier expOSU1'e to EUifuient conwal-rtment tefilperatures from ..65° F to 1600 F while
not opel"ating on the grm.md.

3.2.7.1.. A:rtel' exposure, ''I-1hi1e not opel"'ating, to ambient temperatures as low as ..65° F
in flight from sea level to liJaXimum airplane altitude.

3.2.7.5 After exposm.'e, "'lhile not opel"'ating, to ambient pl"'essures as low as may exist
a.t the maxillmItl ail-oplane altitude.

Life: The system should be designed to be capable of trouble..free performance
~~111e pr~lucing l~ted l~f~igeration for a nlininmm service period of 3000 system
operating ho1.u's without overha.ul of its components. During this service period
minol' ms,intenance opel'ations such as lubrication or cleaning should not be re..
quil'ed mOl'e often than evel<y 1000 hours of system operation.

3.3 Refrigel~lt selection: Proper selection of the refrigerant for a specific vapor
cycle refrigel'ation system applice,tion is essential for safe, reliable, efficient
opel'o,tion of' the system. For a detail discussion of the factors to be considered
aml Dlcrl.ihods fOl' evaluating possible refrigerants as well as the physical proper..
ties of those cUl'rently available, refer to the SAE Aerospace Applied Thermo..
dynamics 1~nu8~.

3.1.. Constl'uction:
1

3.1...1.1 l~im\.Un Design Pl'essul'e: A faaxinn.un design pl"'essure should be determined for
each system cODl'ponent v71th due consideration given to the component internal
Mel extel~1al tempel'atures and the pressure versus temperature strength char..
actel'istics of the materials involved. The maxinmm design pressure in the
l'efrigeration circuit may be induced either by extreme limits of normal sy­
stem opel'ation or by extreme high ambient temperatures llith the system not
opel"ating.

PROBLEM HARD COpy
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3.4.1.2 Proof Pressure: All system components which are subjected to internaJ. pres­

sures, 'inclUding the refrigerant piping, should be designed to be capable of
withstanding a minimum proof pressure of 1.5 times the maximum design pres­
sure 1'1hich can occur in the component without permanent deformation.

3.4.1.3 Burst Pressure: All system components SUbjected to internal pressure should
be designed to be capable of withstanding a minimum pressure of 2.5 times the
maximum design pressure without bursting.

3.4.2 Externally Induced Loads: The system must be designed to withstand all exter­
nally induced loads incident to its installation in an aircraft. These ex­
ternal loads include up and dmffi., fore and aft and side1vays accelerati on loads,
vibration, shock, and gyroscopic loads induced in components with rotating
parts caused by aircraft roll, yall, or pitch. In addition, consideration must
be given to loads imposed by aircraft structural and thermal deflections.

3.4.3 Fatigue strength: The fatigue strength of the system components should be suf­
ficient to provide the system minimum life recommendation of paragraph 3.2.8 as
a rainimum. To provide minimum overhaul costs, however, the rrJajority of the
system oomponents should have suffioient fatigue strength to provide a life
several times this value. The expeoted life of the aircraft is a more desir­
able objeotive.

3.4.4 Vaouum Loads: All system cOn1ponents designed to contain refrigerant should be
capable of 'Hithstanding repeated collapsing pressure differentials of 30 inches
of mercury without permanent deformation or failure.

3.4.5 Refrigerant Leakage: The system leakage rate should be essentially zero. For
systems that incorporate components with dynandc seals, that cannot meet zero
leakage, a mininw.m of 1200 hours or four calendar months of system operation
without requiring replenishing is recommended. These systems should incorpor­
ate special provisions to allow rapid and accurate replenishing.

3.5 Failure Protection and Safety:

3.5.1 Rupture Protection: The system should incorporate a positive overpressure de­
vice designed to relieve within 5% of the proof pressure. The overpressure de­
vice should be readily replaceable or reset and easily accessible when the
equipment is installed in the aircraft.

3.5.2 Release of Refrigerant: The physical location of the components of the system
in the aircraft shall be such that toxic quantities of released refrigerant
cannot accumulate in occupied areas. Reference 1 contains a table showing the
National Fire Underwriters classification of relative .s~fety of refrigerants.
Refrigerants commonly used in aircraft (Rll, R12, R22, and Rl14) are classi­
fied as "harmless, except '-Then a high concentration (10 to 3010 by volume)
might dangerously exclude oxygen from the person exposed." Concentrations
which are lethal or may cause serious injury are presented. Typical aircraft
installations do not produce concentrations above 5% by volume upon release
of the full charge in the cabin.

3.5.3 Rotor Failure:' Failure of' any high energy rotor incorporated in the system
SllOl:0.d not result in fire or o~her hazarO.Ous conditions. The rotor case or
acu{iliar.v protective shield should be sufficiently strong to contain a three
segment rotor hub burst at the highest rotor speed expected either in normal
operation or as a result of any single control element failure. other ele­
ments of the refrigeration system may be arranged to provide this protection.
In addition, if an electric drive is used, a motor protector relay should be
incorporate~ to preveG.t rotor case penetration in the event of an_electrical

_---?-----~------.;::

__... _~ _._ ."'''"''1-
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PnetJus,tic Dl'ive: The l'ef'rigel'ant corqpressol' and drive should incorporate a
sepal"ate ove'l'speed shut-off, in addition to any rlooulating control tha.t may
be l'equil'e(l fOl' nOl,na1 system operation, 'Where drouuge or permanent deforma­
tion cell oeCU1' due to overspeecl. The detecting elen~nt of an overspeed shut..
off (leviee shall be locateil. ·on· .the dl'ivel' unit.

Electric Dl'ive: The electl'ic dl'iven refrigerant .corqpressor should incorpor..
ate' motol~ ovel'load, phe,se diffel"'ential, and phase. open rootor protection.

Loss of Condenser Heat SinIt: The system should be designed to prevent per..
rl18,nellt' <lronage in tIle event single failures or accu.mulation of non..condensibles
e~loll the system to operate 'Without a condenser heat sink. SUch operation ]:e­
sults in excessively high refrigerant tem,pel'atures and pressures 'Which may .
1"epl"EH3ent 8, he.Z8,rdouS condition to the aircraft and its occupants. Cerba.in
COliVdOnly used he~ogenated hydrocarbon refrigel~ts experience a violent ex..
othel-mic reaction in the presence of aluminum and other metals at high super­
critical temperatures and may cause fire or explosion.. The Underwriters Lab­
oratory states IIthat the products of decomposition of fluorinated refriger­
ants have a very acrid) irritating odor} and their presence is intolerable
in concentl"ations belo'lt the toxic level. Under practical conditions} the
amounts of decomposition products fonned are so small. that they do not create
a hazarcl in the use of these refrigerants."

3.6 Contl"ol and Instl~l(mtatioll:
I - J

3.6.1 Control, Configuration: selection of the system control eleroonts and arrange..
menta is dependent to a large extent on the system configuration and to the air
con<lition:Lng sytrlier,l in which the refrigeration system is incorporated. Gener..
ally, the major control elements required are:

a. Evapol'ator refrigerant tempel'8.ture, pressure, or flo'W.
b. COmpl<t3SS01' suction supel'heat, or evaporator discharge

supel'heat.
c. Cor,tpresso11 speed (pneurratically driven centrifugal machines).
<1. Corapl'essor inlet pressure (electrically driven centrifugal

ms,chines) •
e. Condense);1 heat sink control.
f. Compressor surge control (centrifugal machines).

For a detailed discussion of vapor cycle refrigeration system control see
l1ADC TR 53"338 dated OCtober 1953 by l.nson, Burriss and Connelly.

3.6.2 pont110l Performance: The system control must be capable of smoothly and auto..
matice~ly vary111g system refrigeration capacity in accordance 'With the demands
of the ai);1c1'aft air conditioning system. This demand 1llay range from zero to
full cooling load at a rate corqpatible 'With the specific aircraft transient
response.

Altc11natc 01" manual override facilities may be desirable to allo'W "m..flight"
by..passing of e.utonlatic controls to allo'W system operation by direct control
of the expa.nsion valve, cOllIpressor, temperature control valve" and other
necessary cOlll.Ponents.

PROBLEM HARD COpy
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3.603 Instrumentation:

3.6.3.1 Cockpit: Sufficient instrumentation should be provided -with corresponding
cQckpit display to indicate normal operation of the refrigeration system to
the aircrew. This instrLllOOntation should be· held to a minimum to reduce the
aircraft installation complexity and to minimize aircrew misinterpretation of
system performance.

If manual override controls are installed adequate instrumentation nnlst be
installed to allovT proper monitoring during manual operation.

3.6.3.2 Service Connections: Sufficient quick disconnect or "plug-in" instrumenta­
tion provisions should be incorporated in the system to allow rapid trouble
shooting during ground maintenance. Variables to be maasured may include
compressor suction and diocharge pressure, evaporator refrigerant tempera­
ture, compressor speed, condenser refrigerant temperature, -and evaporator
air inlet and outlet temperatures. For electric driven compressors, motor
current and voltage may be preferred to compressor _speed.

3.7 Packaging and Installation:

3.7.1- All individually removable components of the system should be interchangeable
and selective matching of system comppnents should not be necessary.

3.7.2 Direction of rotation of all unidirectional equipmant should be clearly marked
with markings which are visible when the equipment is installed in the aircraft

3.7.3 Direction of flow of all fluids should be clearly indicated with markings that
are visible 'when the' components are installed in the aircraft.

3.7.4 Sirdlar or synmretrical components should be indexed or otherwise located to
prevent inadvertent mislocation or 'backward" installation.

3.7.5 Components should be clearly identified as to manufacturer's part number to
facilitate location and replacement of faulty parts.

3.7.6 Consideration should be given to pacl~aging of multiple components in a single
compact easily removable package to elindnate detailed trouble shooting on the
aircraft and minimize aircraft dispatch delays. If compact packaging cannot be
accomplished consideration should be given to making individual components
easily removable.

3.7.7 Control valve position indicators, which are visible With the system installed
in the aircraft, should be incorporated on applicable valves, such as expan­
sion, surge, and temperature control valves.
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A device for checking refrigerant quantity in the system is highly desirable.
This device may be a sight glass on the receiver or in the liquid line between
the condenser and the expansion valve with the appearance of gas bubbles, with
the system operating, an indication of low charge of refrigerant.

"lhen ram air is used as the heat sink, the air induction circuit should be de­
signed to preclude da.mage to the mat exchange surfaces caused by rain, ice,
hail ingestion, or local high air velocities.

3.7.10 Uhen ram air is used, the inlets should be located to preclude ingestion of
hot engine exhaust gases during thrust reverser operation and runway debris
thrown up by aircraft tires and thrust reversers.

1,.. COMPONENT DESIGN RECOMMENDATIONS

1,..1 ~e:t'rigel"'ant Compl'esso,r.:

4.1.1 Configul'e.tion: Two basic types of refrigerant corapressors are available for
use in airCl'8.ft a.pplications. These are positive displacelOOnt machines or
centrifugaJ.. machines. The propel~ ty.pe to be used for a given application de..
l?eu(ls on en optimization study of several factors.

4.1.1.1 The factol~S that '-7ill dictate the choice of refrigera.nt compressor include:

a. SUction e,nd con(lensin(5 terflPerature
b. TyJ}e of drive ave.ilable
c. RefdgerDJlt to be used
d. Load ve.l~ia.tion

e. Size e.nd vrcight
l' • Reliability

4.1.2 Positive Di/iWle,cement Compresso,rs: Three types of positive displacement com­
Pl'eSS01~S al'e of intel'est. These include:

a. Reoiprocating
b. Rotal"';y vane
o. Rotal"';y lobe(l

1h1.2.1 The l"eoil)l~ocating compressor finds ma.ximum application for small capacity
systems when the weight penalty associated with this type of Tliachine is not
sevel<e.

1,..1.2.1.1 The l"eoipl'ocating compl'essor rllaY be applied as an hermetic, semi..hermetic,
01' open lll8.chine.

"'.1.2.1.2 Maximum oJ)erating speed should not exceed that which results in rapid
deoay of volumetric efficiency and/or reduction in operating life.

1,..1.2.1.3 High (lensity l'efrlgerants (Rl2 or R22) should be used. Hith 1U2, suction
tempel'atul"es to 35° F may norma.lly be used with condensing temperature to
160°F. With R22" condensing temperature should not exceed 150°F•

. ---'-------..~---~

~""------~~........~~"""""--------_ ...
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4.1.2.1.4 ,{hen used as an open compressor (drive through a shaft seal) care should be
taken to compensate for vibration. A flywheel and shock mounts are nor­
mally required.

4.1.2.1.5 The reciprocating compressor is very sensitive to liquid ingestion and even
. small amounts of liquid can cause failure. In larger size conunercial ma­

chines, spring loaded cylinder heads are often used to reduce the chances of
mechanical failure due to liquid at the compressor suction. Also a liquid­
suction heat exchanger may be used to eliminate liquid at the compressor
inlet.

4.1.2.1.6 ,{here operation of the vapor cycle equipment will be required at low am­
bient conditi<;ms, a crankcase heater is ne"cessary to ensure that oil foam­
ing does not reduce lubrication upon start up.

4.1.2.2 The rotary vane compressor is employed for applications similar to the re­
ciprocating machine.

4.1.2.2.1 The maxinn.un speed limitation is a function of life requirements rather than
performance. Applications to 6000 RPM have been reported.

4.1.2.2.2 For small capacity applications (as food storage refrigeration) rota~J vane
machines have been used with Rl14.

tit 4.1.2.3 The rotary lobed compressor is a positive displacement machine that overcomes
some of the disadvantages associated with the reciprocating or vaned com­
pressor.

4.1.2.3.1 Speeds to 30,000 RPM are practical.

4.1.2.3.2 The compressor characteristic is such that volumetric efficiency increases
with increasing speed and overall efficiency is relatively constant.

4.1.2.3.3 Large quantities of liquid can be ingested without mechanical damage.

4.1.2.3.4 Pressure ratios of 8:1 with Rl2, 22, 114 and 11 can be accomplished in a
single stage.

4.1.3 Centrifugal COmpressorss

4.1.3.1 For moderate capacity (5-15 tons) the centrifugal compressor is used with low
density refrigerants (Rl14 and Rll) at speeds to 30,000 RPM. For the same
capacity range, applications with Rl2 operate at speeds to 90,000 RPM.

4.1.3.2 System capacity control should recognize the surge phenomenon associated
with centrifugal compressors and law flow at high pressure ratio must be
avoided.

4.1.4 The suction line to the refrigerant compressor should be of sufficient size to
avoid excessive pressure drop, however, not oversized so that it will prevent
carrying entrained oil if lubrica"ting oil is in the refrigerant.
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