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1. PURPOSE• 

1.1 The purpose o~' this ARP is to establish recommendatians for the design '  insta 
tion and testing of aireraft vapor cycle refrigeration systems< These recom- 
mendations are representative of the present state-of-the-art. 

le2 The recomm~ndations of this ARP are primarily intended to be applicable to civil 
aircraft whose prime function is the transporting of passengers or cargo. The 
recos~ndations will apply~ however~ to a much broader category of civil and 
milatary a.3.rcraft wher~ vapor cycle refrigeration systems are applicable. 

2. SCOPEs 

2.l Recom~nendations of this ARP refer specifically to the application of closed 
cycle vapor cycle refrigeration systems as a source of cooling in an aircraf't 
aix conditioning system. General recommendations for an air conditioning system 
whach ma.y include a vapor cycle system as a cooling source are included in 
ARP 85 '  Air Conditioning Equipment~ General Requirements for Subsonic Airplanes~ 
ARP 292~ Air Conditioning~ Helicopters~ General Requirements For~ and AIR 806~ 
Air Conditioning Design Information for Caxgo and High Density Passenger Trans- 
port Airplanes, and are not included herein. 

2.2 Vapor oycle refri~eration system design recoxn~nendations are presented in this 
ARP in the follow.i.ng  general areas: 

a. SYa"rEM Desi~n Recommendations: (See Section 3) 

b. COMPONENP Design Recommendat3ons: (See Section ~-) 

c. Desirable Design Features: (See Seetion 5) 

3. SYSTEM DESIGN RECONIMENDATIONS: 

3.1 S~stem Definition; 

3.1.1 The basic vapor cycle refrigeration system includes the followin~ necessary 
elements; 

a. Refrigerant Compressor 
b. Evaporator 
e. Condenser 
d. A cooling load 
e. A heat sink 
~. Refrigerant 
g. Refrigerant piping 
h. System perform~arice controls 
i. Refrigerant expansion device 
j. Power source 

~ 
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3.1.2 The system ma,y also include the following ele~nts: 

a. Protective devices 
b. Refrigerant quantity gauge 
c. Condenser cooling device (ground operat3on) 
d. A device for rem.~ving condensed mois~ture from the 

evaporator air 
~. I,iquid refrigera,nt receiver 
f. Refrigerant m~oisture removal deviee 
~. Trouble shooting a.nd system monitorin.g instrumentation 
h. Surge control device 
i. Lubrication system 
j. Cold start provisions 
k. Sub coolers 
l. Flash coolera 
m. Access hardware for system servicin~ 

3.2 Perfoxrnanc~ Cha.racteristies: 

3.2.1 Required Perform~.nce: The cooling capacity of the system should be sufficient ', 
to satisfy the aircrat't cooling requirements established in the latest revis3on 
of ARP 85 for both ground and flight operation over the entire aireraft opera~-I 
ing envelope. 	 I 

~ 	3.2.2 Performance Analysis: The cooling capacity of a specific configuration of 
vapor cyele system may be detex~n:i.ned analytically by the methods deseribed in 
the SAE Aerospace Applied Thermodynamics Manual. 

3• 2• 3 Off De sign Perfox'maxice : The system should be capable of opera.ting at cooling 
loads ran~ing from m~~~m capacity to zero without undesirable effeets sueh as 
refrigerant compressor surge or control oscillation. However~ operation at 
ligh~t load with so~ conventional thermostatic expansion valves at values below 
10 - 20 per cent capacity may be unstable and should be avoided if these con- 
tro].s are used. 

3.2.~+ Evapoxator Temperature: The evaporator should be controlled to a tempera-~ure 
suf~icient~.y high to prevent freezing of condensing moisture in the evaporator, 
or defros~ cycles should be provided. 

3.2.5 Op'timuzn ~à~rstem Design Considerations: Consideration should be given to seleet- 
ing the eombination of condenser, evaporator, and refri~erant compressor per- 
#'ormanee which no~ only provides the required cooling performance but will im: 
pose ~hc: ~.east performa,nce pena.lty on the aircrs.ft e Where considera.ble reduc- 
tion 3.rz cool.ing capacity and cooling power requix~ments ekists f'or a large por- 
tion o~ the flight~ as for example~ h3.gh al~itude sub4onic cruise~ consideratio: 
should be given to sink control and power control to minirnize aircra.f't per- 
forma.nce penalty. 
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3.2.6 Evaporator Water Carr~over: The evaporator a3r circizit should incorporate ade- 

qua.te water traps and drains to eliminate condensed water droplets from the 
cooled air stream. Water collected should be routed to the condenser f4r added 
cooling if the system design shaws sufficient performance ad.va.ntag~ is realized, 

3.2.7 Extreme Temperatures and Pressures; Whe~. returned to the nox3na,1. range of 
operating pressures and temperatures af`ter exposure to the extreme conditions 
outlined in paragraphs 3.2.7.1 through 3.2.7.5, the system should be capable 
of design cooling capacity. In addition, the system should not suffer dama~e9 
loss of charge or actua,tion of overpressure protective devices when. exposed to 
these conditions, during non-operating periods or when startix~,g the system. 

3.2.7.1 After exposure on the ground ox in flight, while operating or not operating~ 
to the maxiraum attainable evaporator inlet air temperature simultaneously 
with the maximum atta.i.nable condenser heat sink temperature. 

3.2.7.2 A~`ter exposure to the maximum temperature~ caused by normal opera.tion of the 
heating system coincident with minimum (-65°F) condenser tempera,tures with 
the system not operating. 

3• 2 • 7• 3 Af'~ex exposure to ambient compart~nt temperatures from -65° ~ to 160° F while 
no~ opera,ting on the ground. 

3.2.7.~+ After exposure~ while not operating~ to ambient temperatures as low as -65°F 
in flight from sea level to maxim~um airplane altitude. 

3 •2 •7•5 A.f`ter exposure, while not operating~ to ambient pressures as low as may exist 
at the maximum airplane altitude. 

3.2.8 Life: The system shou].d be designed to be capable of trouble-fx°ee performance 
while prod.ucing rated refrigeration for a minimum service period of 3000 syste 
operating hours without overhaul of its components. During this service perio 
minor maintenance operations such as lubrication or cleaning should not be re- 
quired more of`ten tha.n every 1000 hours of system operation. 

3•3 Refrigerant Selec~ion: Proper selection of the refrigerant for a speeific va.por 
cycle x~efrigeration system application is essential for safe, reliable, efficient 
operation of the system. For a detail discussion of the factors to be considered 
and methods for evaluating possible refrigerants as well as the physical proper- 
ties of -~.h.ose currently available, refer to the SAE Aerospace Applied Thermo- 
dynami.cs N~.riva.t. 

3.~+ Construction• 

3.~+.1 Pressure Loads• 

3.~-.l.l Maxirmam Design Pressure: A maximum design pressure should be determined for 
each aystem component with due consideration given to the component internal 
and e~ernal temperatures and the pressure versus teraperature strength char- 
aeteristies of the materials involved. The maximum design pressure in the 
refrigera.tion circuit may be induced e3ther by extreme lim3.ts of normal sy- 

, 	stem operation or by e~reme high ambient temper~tures with the system not 
operating. 
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3. ~+.1. 2 Proof Pre ssure : All system components which are sub jected to internal pres- 

sures~ including the refrigerant piping~ should be designed to be capable of 
withstanding a minimum proof pressure of 1.5 ti~s the maa~imum desigr~ pres- 
sure which can occur 3.n the component without perma.nent deformation. 

3•~+•1•3 Burst Pressure: All system components sub~ected to iirternal pressure should 
be designed to be capable of withstanding a minimum pressure of 2.5 tirnes the 
maximum design pressure without bursting. 

3.~+.2 Externall~r Induced Loads: The sys-tem must be designed to withstand aL1 exter- 
nally induced loads incident to 3ts installation in an aa.rcraf`to These ex- 
ternal loads include up and dawn, fore and aft and sideways accelerati on loa.ds, 
vibration, shock, and gyroscopic loads induced in components with rotating 
parts caused by aircra.f't ro11~ yaw~ or pitch. In addit3.on~ corisideration must 
be given to loads imposed by aircraf't structural and thermal deflections. 

3.~+03 F'atigue Strength: The fatigue strength of the system co~onents should be suf- 
ficient to provide the system mi.ni ~aum life xecomtn~ndation of paragraph 3.2.8 as 
a minimum. To provide minimum overha,ul costs, however, the majority of the 
system components should have sufficient fatigue strength to provide a life 
~everal t3mes this value. The expected life of the aircraft is a more desir- 
able ob3ective. 

3 • ~+ • ~+ Vacuum Loa.d.s: All system components designed to contain refrigerant should be 
capable of withstanding repeated callapsin,g pressux~e di~~erentials of 30 inches 
of inercury without permanent defoxsnation or failure. 

3~~+•5 Refrigerant Leakage: The system leakage ra.te should be essent3.e1].y zero. For 
systems that incorporate components with dynamic seals, that cannot m~et zero 
leakage~ a minimum of 1200 hours or four calendar months of system operation 
without requiring replenishing ia recommended. These systems should incorpor- 
ate special provisions to a11ow ra.pid and accurate replenishing. 

3•5 ~ilure Protection a.nd Safety: 

3•5•l Rupture Protection: The sys~tem 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 aceessible 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 taxic quantities of released refrigerant 
cannot accunn.il.ate in occupied areas. 

3 • 5 • 3 Rotor Failure: Failure of any high energy rotor incorporated in the system 
should not result in fire or other hazardous conditions. The rotor case or 
auxiliary protective shield should be sufficiently strong to contain a three 
segment rotor hub burst at the hi~hest rotor speed expected either in no~.~ 
opera.tion or as a result of any sin~le control element failure. Other ele- 
ments of the refrigeration system may be axrar~ed to provide this protection. 
In addition, if an electric drive is used, a motor protector relay should be 
incorporated to prevent rotor case penetration in the event of an electrical 
fault . 
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3•5•~+ Com~ressor Protection: 

3•5 • ~- •1  Pneumatic Drive: The refrigerant compressor and drive should incorporate a 
separate overspeed shut-off~ in addition to any modulating control that may 
be required for norma.l system operation~ where da.mage or permanent deforma- 
~ion can occur due to overspeed. The ctetecting elem~nt of an overspeed shut- 
off device shall be located on the driver unit. 

3•5 • ~+ • 2 Electric Drive: The electric driven refrigerant compressor should incorpor- 
ate motor overload~ phase differentia.l~ and phase open m~otor protection. 

3 • 5 • 5 Loss of Condenser Heat Sink: The system should be designed to prevent per- 
manent damage in the event single failures or accusmal.ation of non-condensibles 
allow the system to opera.te without a condenser heat sink. S~zch operation re- 
sults in excessively high refrigerant temperatures and pressures which may 
represent a hazardous condit3on to the aireraf~t and its occupants. Certain 
co~nonly used ha,togenated hydrocarbon refrigerants eXper3.ence a violent ex- 
othermic reaction in the pr~sence of aluminura and other metals at high super- 
critical temperatures and ma,y cause fire or explosion. 

3.6 Control and Instrumentation: 

3.6.1 Control Confi~uration: Selection of the system control elements and arrange •  ' 
ments is dependent to a laxge extent on the system confi~u.ration an.d to the air, 
conditionin~ sys~em in which the refrigeration system is incorpora,ted. Gener- I, 
a11y~ the major control ele~nts required are: 	 j 

a. Evaporator refrigerant tempera~ture, pressure, or f1ow. 
b. Compressor suction superheat~ or evapora.tor discharge 

superheat. 
c. Compressor speed (pneumatically driven centrifugal machines). 
d. Compressor inlet pressure (electrically driven centrifugal 

machines). 
e. Condenser heat sink control. 
f. Compressor sur~e control (centriflzgal machines). 

For a detailed discussion of vapor cycle refrigeration system control see 
WADC TR 53-338 dated October 1953 by Mason, Burriss and Connelly. 

3.6. 2 Control Performax~.ce ; The system control must be capable of smoothly and auto- 
matically varying system refrigeration capacity i.n accordance with the demands 
of the aircraf`t air conditioning system. This demand ~ pa,y raa~e from zero to 
full cooling loa.d at a rate compatible with the specific aircra.f`t transient 
response. 

Alternate o~ manual override facilities may be desira.ble to a11ow "In-flight" 
by-passing of automatic controls to a11ow system operation by direct control 
o~' the expansion valv~e, co~cpressor, terapera,ture control valve, and other 
necessaxy co~onents. 

~ 

~ 
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3.6.3 Instrumentation: 

3.6.3.1 Coc it: Sufficient instrumentation should be provided with correspondin.~ 
cockpit display to indicate no~mal operation of the refrigeration system to 
th.e aircrew. This instrumentation should be held to a rninirnum to reduce the 
aircraft installation complexity and to minimize aircrew misinterpretation of 
system performance. 

If manual ov~rride controls are installed a.d.equate instrumentation must be 
installed to allow proper monitoring during manua~, operation. 

3.6.3.2 Service Connections: Sufficient quick disconnect or "plug-in" instrum~nta- 
tion provisions should be incorpora.ted in the system to a11ow rapid trouble 
shooting during ground maintenanee. Variables to be ~asured may include 
co~ttpressor suction and di~charge pressure~ evaporator refrigerant tempera- 
ture, compressor speed, condenser re~'rigerant teraperature, and evaporator 
air inlet and outlet temperatures. For electric driven compressors~ motor 
current and volta.ge may be preferred to cora~ressor speed. 

3.7 Packaging and Installation; 

3.7.1 Al1 individua.11y removable components of the system should be interchangeable 
and selective matching of system components should not be necessary. 

~ 	3.7.2 Direction of rotation of al1 ~unidirectional equipment should be clearly marked 
zaith markings which are visible when the equipment is installed in the aircraf` 

3.7.~3 Direction of f'low of all ~'luids should be clearly indicated with markin~s that 
are visible when the components are installed in the aircraft. 

3.7.~+ Similar ox syrranetrical components should be indexed or otherwise located to 
prevent ina.dvertent mislocation or "backward" installation. 

3•7•5 Components should be clearly iden~ified as to manufacturer's part number to 
facilitate location and replacement of faulty parts. 

3.7.6 Consideration should be ~iven to packaging of multiple components in a single 
compact easily removable pacl~age to eliminate detailed trouble shootin~ on the 
aircra~ and minimize aircraf`t dispatch delays. If compact paeka,~ing 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 aircrai't, should be incorporated on applicable valves~ such as expan- 
sion~ surge, and teiuperature control valves. 

~ 
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3.7.8 A device for checking ref'rigerant 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 taith the appearance of gas bubbles~ with 
the system operating~ an indication of 1ow charge of refrigerant. 

3•7•9 jmen ram air is used as the heat sink~ the air induction circvi~ should be de- 
sig~.ed to preclude damage to the hea-t exchange surfaces caused by rain, ice, 
hail in;estion~ or local high air velocities. 

3.7.10 T~Then ram aa.r is used, the inlets should be located to preclude ingestion of 
hot engine exhaust gases dur3.ng thrust reverser operation. 

~+. COMPOl~'.I~FP DESIGN RECO~ATIONS: 

~+.1 Refrigerant Compressor: 

~+.l.l Configuration: Two basic types of refrigerant compressors are available for 
use in aircraf`t applications. These are positive displace~nt machines or 
eentrif'ugal machines. The proper type to be used for a given application de- 
pends on an optimization study of several factors. 

4.1.1.1 The factors that will dictate the choice of re~'rigerant compressor include: 

a. Suction and ~ondensing temperature 
b. Type of drive available 
c. Refrigerant to be used 
d. Load variation 
e. Size a.nd weight 
f. Reliability 

1+.1.2 Positive Displacement Compressors: Four types of positive displacement com- 
pressors axe of interest. These include; 

a. Reciprocating 
b. Rotary vane 
c. Rotary lobed 

~+.1.2.1 The reciprocating compressor finds maximum application for sms11 capacity 
systems when the wei~ht penalty associated with this type of machine is not 
severe . 

~+.1.2.1.1 The reciprocating ccmipressor may be applied as an hermetic~ semi-hermetic~ 
or open machine. 

~+.1.2.1.2 D~.xixmun operating speed should not exceed that which results in rapid 
decay of volumetric efficiency and~or reduction in operating life. 

~+.1.2.1.3 High density refrigera,nts (R12 or R22) should be usede With R12, suction 
temperatures to 35°F inay normally 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.~+ When 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- 
ma1.1y required. 

~+.1.2.1.5 The reciprocating compressor is very sensitive to liquid ingestion and even 
small amounts of liquid can cause failure. 7'n larger size commercial ma- 
chines, spring loaded cylinder heads are of`ten used to reduce the ehances o 
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. 

~+,1.2.1.6 Where operat3on of the vapor cycle equipment will be required at low am- 
bient conditions, a crankcase heater is necessary to ensure that oil foam- 
ing doea not reduce lubrication upon start up. 

~+.1.2.2 The rotary vane co7upressor is employed for applications similar to the re- 
ciprocating machine. 

~+.1.2.2.1 The maximum speed limitation is a function of life requirements rather than 
perforn~asice. Applications to 6000 RPM have been reported. 

~+.1.2.2.2 For small capacity applications (as food storage refrigeration) rotary vane 
machines have been used with R114. 

~.1.2.3 The rotary lobed compressor is a positive displacement machine that overcomes 
some of the disadvantages associated wi~h the reciprocating or vaned com- 
pressor. 

4.1.2.3.1 Speeds to 30~000 RPM are practical. 

~+.1.2.3.2 The compressor characteristic is such that volumetric efficiency inereases 
with increasing speed and overall efficiency is relatively constant. 

~+.1.2.3.3 Large quantities of liquid can be ingested without mechanical damage. 

~+.1.2.3.~ Pressure ratios of 8;1 with R12~ 22, 11 1+ and 11 can be accomplished in a 
single stage. 

~+.1.3 Centrifugal Compressors: 

~+.1.3.1 For moderate capacity (5-15 tons) the centrifu.gal compressor is used with low 
density refrigerants (R11 1+ and R11) at speeds to 30~000 RPM. For the same 
capacity range~ applications with R12 operate at speeds to 90~000 RPM. 

~+.1.3.2 System capacity control should recognize the surge phenomenon associated 
with centrif~zgal compressors and low flow at high pressure ratio must be 
avoided. 

~+.1.~+ The suction line to the refrigerant compressor should of sufficient size to 
avoid excessive pressure drop~ however, not oversized so that it will prevent 
carryin~ entrained oil ii' lubricating oil is in the refrigerant. 

~ 

~ 
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