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1. PURPOSE:

-2 -

1.1 The purpose of this ARP is to esteblish recommendations for the design, installas

tion and tesbing of aireraft vepor cycle refrigeration systems.

mendations are representebive of the present state-of-the-art.

1.2

These recom=~

The recommendations of this ARP are primarily intended to be applicable to civil
aircreft vwhose prime function is the transporting of passengers or cargo.

The

recommendetions will apply, however, to a mmch broader category of civil and
military aircraft where vapor cycle refrigeration systems are applicable.

2. SCOPE:
2.1 Recommendatl
cycle vapor
air conditid
which may in
ARP 85, Adr
ARP 292, Aly
Adr Conditig

port Airplages, and are not included herein,

2.2 Vapor cycle

ARP in the f

a. SYSTEM

ons of this ARP refer specifically to the application
cycle refrigeration systems as a source of copling in
ning system. General recommendetions for anair condij
clude a vapor cycle system as a cooling source are inc
Conditioning Eguipment, General Requirements for Subso

ning Design Information for Cargo and High Density Pas
refrigeration system design recommendations are presen
ollowing general areas:

Design Recommendations: “(See Section 3)

b. COMPON

[ENT Design Recommendations: (See Section k)

c. Desirs

ble Design Features: (See Section 5)

3. SYSTEM DESIGI

| RECOMMENDATIONS:

3.1 System Defir

jition:

3.1.1 The basic
elenments:

vapot /cycle refrigeration system ineludes the followln

pf closed

bn aireraft
bioning system
luded in

nic Airplanes,

Conditioning, Helicopters, General Requirements For, and AIR 806,

sengey Trans-

ted in this

[

; necessary

8.,
b.
Ce
d.
€.
f.
g.
h.
i.
3.

Refrigerant Compressor
Eveporator

Condenser

A cooling load

A heat sink

Refrigerant

Refrigerant piping

System performance controls
Refrigerant expansion device
Power source
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The system may also include the following elements:

8. 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 removsal device

g. Trouble shooting and system monitoring instrumentation

h. Surge control device

i.
Je
k.

bion—systen

old start provisions

b coolers

ash coolers

ccess hardware for system servicing

ce Characteristics:

3.2.2

3.2.3

302.4

3.2.5

Requirld Performance: The cooling capaclity of the system shopld be sufficient

to satisfy the aircraft cooling requirements-established in 4

he latest revision

of ARP|85 for both ground and flight operation over the entirg aircraft operat-

ing enyelope.

Performance Analysis: The cooling capaclity of a specific configurstion of

vepor ¢ycle system may be determined analytically by the meth
the SAE Aerospace Applied Thermodynemics Manual.

Off Design Performence: The system should be capeble of ope
loads ranging from maximum capacity to zero without undesireb
refrigerant compressor-surge or control oscillation. However
light load with some™ ¢onventional thermostatic expansion valv
10 - 20 per cent cepacity may be unstable and should be avoid
trols qre used.

Evaporgtor Temperature: The evaporator should be conbrolled |
sufficlently high to prevent freezing of condensing moisture
or defyost cycles should be provided.

bds described in

rating at cooling
le effects such as
, operation at

es gt values below
bd 1if these con-

bo & temperature
in the evaporator,

Optimum System Design Considerations: Consideration should be given to select-

ing the combination of condenser, evaporator, and refrigerant

compre ssor per-

formance which not only provides the required cooling performence bub will ime

pose the least performance penalty on the aircraft. Where considerable reduc-
tion 1n cooling capecity and cooling power requirements exists for a large por-
tion of the Flight, as for exemple, high altitude subgonic cruise, consideration

should be given to sink control and power control ‘o minimize
formance penalty.

aireraft per-
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3.2.6 Eveporator Water Carryover: The evaporator air circuit should incorporate ade=
quate water traps and drains to eliminete condensed water droplets from the
cooled air stream. Water collected should be routed to the condenser for added
cooling if the system design shows sufficient performsnce advantage is realized

3.2.7 Extreme Temperatures and Pressures: When returned to the normal renge of
operating pressures and temperatures after exposure to the extreme conditions
outlined in paragraphs 3.2.7.1 through 3.2.7.5, the system should be capsble
of design cooling capacity. In addition, the system should not suffer demsge,
loss of charge or actustion of overpressure protective devices when exposed to
these conditions, during non-operating periods or when starting the system.

‘3.2.7.1 After expgsure on the ground or in flight, while operating o¥ nolb operating,
to the mayimum attainsble evaporator inlet air tempersture simltaneously
with the meximum ettainable condenser heat sink temperature.

3.2.7.2 After expgsure to the meximm temperature, caused by normal operption of the
heating system coincident with minimum (-65°F) condenser temperatures with
the system not operating.

3.2.7.3 After expgsure to embient compartment temperatures from =65°F to| 160°F while
not operafing on the ground.

3.2.7.4 After expgsure, while not operating, tolambient temperatures as [Low as -65°F
in flight |from sea level to meximum airplane altitude.

3.2.7.5 After expgsure, while not operating, to anbient pressures as low as may exist
at the maximum airplane altitude.

3.2.8 Life: The gystem should be«designed to be capable of trouble~free| performence
while produging reted refrigeration for & minimum service period (;E 3000 system
operating hgurs without, overhaul of its components. During this service period
minor maintenance operations such as lubrication or cleaning should not be re=-
gqulred more |often than every 1000 hours of system operation.

3.3 Refrigerant S¢lection: Proper selection of the refrigerent for a specific vapor
’ cyele refrigerstion system applicatlon is essentla.l for safe relisble, efficient
operation of th il discuss c bo-be considered
and methods for eva.lua'b:v.ng possible refrlgera.rrbs as well as the physical proper-
ties of those currently available, refer to the SAE Aerospace Applied Thermo-
dynamics Manual.

3.4 Construction:

3.4.1 Pressure lLoads:

3.4.1.1 Maximum Design Pressure: A maximum design pressure should be determined for
each system component with due consideration given to the component internsl
and external temperatures and the pressure versus temperature strength charw
acteristics of the materisls involved. The maxipum design pressure in the
refrigeration circuit may be induced either by extreme limits of normel sy~
stem operation or by extreme high ambient temperatures with the system not
operating.
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3.4.1.2 Proof Pressure: All system components which are subjected to internal pres-

sureg, including the refrigerant piping, should be designed to be capable of
withstanding & minimum proof pressure of 1.5 times the maximm design pres-
sure which can occur in the component without permsnent deformstion.

3.4.1.3 Burst Pressure: All system components subjected to internal pressure should

3.h.2

3.k.3

344

3.4.5

3.5 Fallure |Protection-and Safety:

be designed to be capseble of withstanding s minimum pressure of 2.5 times the
meximim design pressure without bursting.

Externally Induced Loads: The system must be designed to withstend all exter-
nally induced loads incident to its installation in an aireraft. These ex~

te and sideways pcceleration loads,
vibretion, shock, and gyroscopic loads induced in components| with rotating
parts|caused by aircraft roll, yaw, or pitch. In addition, ponsideration must
be giyen to loads imposed by a.ircraf‘t structural and thermal| deflections.

Fatigye Strength: The fatigue strength of the system components should be suf-
Ticiemt to provide the system minimum life recommendation of|paragrsph 3.2.8 as
a minjmum. To provide minimum overheaul costs)y hHowever, the majority of the
systen components should have sufficient fatigue strength to|provide a 1irfe
several times this value. The expected life of the aircraft|is a more desir-
able objective.

Vacuum Loads: All system components,designed to contain refyigerant should be
capab]e of withstanding repeated collapsing pressure differentials of 30 inches
of merycury without permanent deformation or failure.

Refrigerant Ieakage: The system leskage rate should be essemtially zero. For
systens that incorporate.components with dynamic seals, that|cannot meet zero
leakage, & minimum of 1200 hours or four celendar months of hystem operation
withoyt requiring replenishing is recommended. These systems should incorpor-
ate spgecial provisions to allow rapid and accurate replenishing.

3.5.1

3.5.2

3.5.3

Ruptuye Protection: The system should incorporate s positiveé overpressure de=-
vice ce51gned to relleve w:n.th:.n 5% of the proof pressure. he overpresgsure de=-
vice g , 5 places sible when the
equlpmen'b is msta].led in the aircraft.

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 sccumulate in occupied areas.

Rotor Failure: Failure of any high energy rotor incorporated in the system
should not result in fire or other hazardous conditions. The robtor case or
auxiliary 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 relasy should be
incorporated to prevent rotor case pene'bra'bion in the event of an elec‘br:.cal
fault.
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Compressor Protection:

3.5.4.1 Pneumatic Drive: The refrigerant compressor and drive should incorporete a

separate overspeed shut~off, in addition to any modulabting control that may
be required for normal system operation, where damage or permanent deforma-
tion can occur due to overspeed. The debecting element of an overspeed shub-
off device shall be located on the driver unit.

3.5.4.2 Electric Drive: The electric driven refrigerant compressor should incorpor-

ate mobor overload, phase differential, and phase open motor protection.

Loss of Conflenser Heat Sink: The system should be designed to 'prevent per-

3.6 Conbrol and Ihstrumentation:

menent damafe in the event single fallures or accumilation of nontcondensibles
allow the system to operate without a condenser heat sink.  Such ¢peration re-
sulbs in expessively high refrigerant temperatures and preSsures which may
represent &l hazardous condition to the aircraft and its ©ccupantsy Certain
commonly uspd halogenated hydrocarbon refrigerants expeérience a violent ex-
obhermic rebebion in the presence of sluminum and obher metals at|high super-
critical tepmperabures and may cause fire or explosion.

3.6.1

'3.6.2

Control Configuration: Selection of the system control elements|and arrange-

ments is dependent to a large extent on\the system configuration rtmd to the air
conditioning system in which the refrigeration system 1s incorporgted. Gener-
ally, the mpjor control elements required are:

a. Evaporator refrigerant temperature, pressure, or flow.

b. Compressor suction superhest, or evaporator discharge
supejrheat.

c. Compressor speed ((prneumatically driven cenbrifugel machine

d. Compressor inlet. pressure (electrically driven centrifugal
machiines).

e. Condenser heat sink control.

f. Comgressof. surge control (centrifugel machines).

[4]
S
.

For a detailled’ discussion of vapor cycle refrigeration system conprol see
WADC TR 53-330 dated October 1953 by Mason, Burriss and Connelly.

Control Performance: The system conbrol must be capable of smoothly and aubo-
matically varying system refrigeration capacity in accordance with the demands
of the alrcraft air conditioning system. This demend may range from 2Zero to
full cooling losd at & rate compatible with the specific aircraft transient
response.

Alternate or manual override facilities may be desirable to allow "In-flight"
by-passing of eutomatic conbtrols to allow system operation by direct control
of the expansion valve, compressor, temperature control velve, and cther
necessary components.

S
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3.6.3 Instrumentation:

3.6.3.1 Cockpit:

3.6.3.2

3.7 Packagin

the

aircrev.

system performance.

If manual override controls are installed adequate instrumentsation must be
installed to allow proper monitoring during manual. operation.

Sery

Sufficient instrumentation should be provided with corresponding

cockpit display to indicate normel operation of the refrigeration system to
This instrumentation should be held to a minimum to reduce the
aircraft installation complexity and to minimize aircrew misinterpretation of

ice Connections: Sufficient quick disconnect or "plug

tion
shog
cony
ture
air
cury

provisions should be incorporated in the system t6 €l
ting during ground meintenance.

, compressor speed, condenser refrigerant tenperature,
inlet and outlet temperatures.
ent and voltage may be preferred to compressor speed.

o and Installation:

3.7.1

3.7.2

3.7.3

3.7k

3.T5

3.7.6

37T

All ix
and s§

Direct

with markings which are visiblle when the equipment is installed in the aircraft

Direct
are vi
Similg
preven

Compor
facild

lective matching of system components should not be ne

ion of rotation of all unidirectional equipment should

t inadverteht mislocation or "packward" installation.

ents should be clearly identified as to manufacturer's
tate Yocation and replacement of faulty parts.

Consid

Variables to be easured may include
ressor suction and discharge pressure, evaporator refrjgerant tempera-

For electric driven coipressors, motor

jdividually removable components Of the system should be

ion of flow of all £fluids should be clearly indicated with markings that
sible when the components are installed in the aircraft.

lr or symmetricdal components should be indexed or otherwise located to

eration should be given to packaging of multiple compopents in a single

+in" instrumenta-
low rapid trouble

and evaporstor

interchangeable
ressary.

be clearly marked

part nunber to

compact easily removable package to eliminate detailed trouble shooting on the
aircraft and minimize aircraft dispstch delays.
sccomplished consideration should be given to making individual components

easily removable.

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.

If compact packaging cannot be
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3.7.8 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.

3.7.9 Vhen ram air is used as the heat sink, the air induction cireuit should be de-
signed to preclude damage to the heat exchange surfaces caused by rain, ice,
hail ingestion, or local high air velocities.

3.7.10 Vhen rem air is used, the inlets should be located to preclude ingestion of
hot engine exhaust gases during thrust reverser operation.

4, COMPONENT DESIGN RECOMMENDATIONS:

4,1 Refrigerant Compressor:

4.1.1 Configuratipn: Two basic types of refrigerant compressors are avgilable for
use in aircraft applications. These are positive displacement maghines or
centrifugal [machines. The proper type to be used for a given application de~
pends on an|optimization study of several factors.

h.1.1.1 The factors that will dictate the choice of yefrigerant compresgor include:

8. Suption and condensing temperature
b. Type of drive available

c. Refrigerant to be used '
d. Load variation _
e. Sipe and weight N /
f. Relligbility :

4,1.2 Positive Digplacement Compressors: Four types of positive displacement com~
pressors arg of interest. ' . These include:

a. Repiprocating
b- R

4,1.2.1 The recip ocating compressor finds ma.ximum applicat:.on for small capacity
systems Wi ~ meehine is not
severe.

4,1.2.1.1 The reciprocating compressor may be applied as an hermetic, semi-hermetic,
or open machine.

4.1.2.1.2 Maximum operating speed should not exceed that which results in rapid
decay of volumetric efficiency and/or reduction in operating life.

4.,1.2.1.3 High density refrigerants (R12 or R22) should be used. With Rl2, suction
temperatures to 35°F may normally be used with condensing temperature to
160°F. With R22, condensing temperature should not exceed 150°F.
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4.1.2.1.4 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-
mally required.

4.1.2.1.5 The reciprocating compressor is very sensitive to liquid ingestion and even

small smounts of liquid cen cause failure. In larger size commercial 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 Whelre operation of the vapor cycle equipment will be required at low am-

bignt conditions, a crankcase heater is necessary to ensure that oil foam=
ing does not reduce lubrication upon start up.

4,1.2.2 The yotary vane compressor is employed for aspplications simjlar to the re-

eciprdeating machine.

4,1.2.2.1 The maximum speed limitation is a function ©f life requirgments rather than

penformsnce. Applications to 6000 RPM hayve been reported,

4,1.2.2.2 Fon small capacity applications (as«food storage refrigergtion) rotary vane

madhines have been used with Rill.

4,1.2.3 The nyotary lobed compressor is & positive displacement machine that overcomes

4,1.2.3.1 Speeds to 30,000 RPM are practical.

sone [of the disadvantages associsted with the reciprocating|or vaned com-
presdor.

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 Lange quantifties of liquid can be ingested without mechanical damage.

4.1.2.3.4 Prefssure ratios of 8:1 with R12, 22, 11l and 11 can be acdomplished in a

singte( stage.

4.1.3 Centrifugal Compressors:

4.1.3.1

4,1.3.2

For moderate capacity (5-15 tons) the centrifugal compressor is used with low
density refrigerants (R114 and R11) at speeds to 30,000 RPM. For the same
capacity range, applications with R12 operate at speeds to 90,000 RPM.

System capacity control should recognize the surge phenomenon associated
with centrifugal compressors and low flow &t high pressure ratio must be
avoided.

4.,1.4 The suetion line to the refrigerant compressor should of sufficient size to
avoid excessive pressure drop, however, not oversized so that it will prevent
carrying entrained oil if lubrieating oil is in the refrigersnt.
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