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L. PURPOSE

1.l The purpose of this ARP is Yo establish recommendations for the design, instellae:
tion and testing of aircraft vapor cycle refrigeration systems.

mendatlons are representabive of ‘the present state~of-the-art.

These recomn-

1.2 The recommendeblons of this ARP are primarily intended ‘to be applicable to eivil
alrcraft vhose prime function is the bransporxrting of passengers or cargo. The
reconmiendations will apply, however, to a much broader category of eivil and
nilitary airceraft where vapor cycle refrigeration systems are applicable.

2. Scopn

2.1 Recommendatij
cyele vapor
alr conditid
vhich may i

ARP 85, Alr (Conditioning Equipment, General Requirements for Subs
ARP 292, Aixr Conditioning, Helicopters, General Requirements For,
Aly Conditigning Design Information for Caxgo end High Density Pa

port Airpla

2.2 Vepor cycle
ARP in the f

a. SYSTEM Design Recommendations: ™ (See Section 3)

ons of ‘this ARP refer specifically to the applicabion
cycle refrigeration systems as a source of cooling in
ning system. QGeneral recommendations for an air cond]
clude & vapor cycle sysbtem as a cooling source are in

es, and are not included herein,

olloving general areas:

b. COMPOL

ND Design Recommendations: (See Section k)

¢, Desira

ble Design Featvxes: (See Section 5)

3. SYSTEM DESIGN RECOMMENDATIONS

3.1 System Defin

ition:

3.1l.l The basic

of c¢losed

an aircraft
L'tioning system
pluded in

pnic Airplanes,
and AIR 806,
genger Trans-

refrigexetion system design recommendations are presemted in this

vaportcycle refrigeration system includes the following necessary

elenents:

&« Refrigerant Compressor
b« Xveporator

¢. Condenser

d« A cooling load

e:. A he

ab sink

£+ Refrigerent

g« Refrigerant piping

h. System performance controls
i. Refrigerant expansion device

J« Pove

X source
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3.1.2 The system may also include the following elements:

3.2 Performence Characteristics:

8.
.b.
CO
d.

“Qa -

e,

8
h.
il
j.
k.
1.
m.

Protective devices

Refrigerant quantity gauge

Condenser cooling device (ground operation)

A device for removing condensed moisture from the
evaporetor air

Liguid refrigerent receiver

Refrigerant moisture removael device

* Trouble shooting and system monitoring instrumentation

ARP 731A

—Surgecontroldevice

Ivbricabion system

Cold start provisions

Sub coolers

Flash coolers

Access hardware for system servicing

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

Requl

red Performence:

to sd
of AR
ing €

Perfa

Gisfy the aireraft cooling requirements established in
nvelope.

rmsnce Analysis:

vapox
the §

Off T

AT Aerospace Applied .Thermodynamics Manual,

lesign Performance:

loads
refri
light
10 -
trols

Evapd

gerant compressor surge or conbrol oscillation.

are used.

rator Temperature: The evaporator should be conbrolls

suff]

clently high to prevent freezing of condensing moistuy

oY de

Opbimum System Design Considerations: Considerabion should be given to select~

frost—eyeles—ochoukdbe providedr——

ing the conbination of condenser, evaporstor, and refrigerant compressor per-
formance which not only provides the reguired cooling performence but will im-

pose

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 end power control to minimize aircraft per-

the least performsnce penalty on the aircraft. Vhere

formance penalty.

The cooling capaciby of the system ghould be sufficient

P 85 for both ground and flight.operation over the entire aircraft operat-

The cooling capacity of a specific donfiguration of
cycle system may be determined analytically by the mgthods described in

The system should be capable of qgperating at cooling
ranging from maximum capacity to zero without undesipeble effects such as
However, operation at
load with some conventional thermostatic expansion vdalves ab values below
20 per cent: capacity may be unstable and should be avgided if these con-

the latest revision

d to a temperature
fe in the evaporator,

considerable reduc=

X f_/ Distributed under license from the IHS Archive
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3.2.6 Bveporebor Weber Carryover: The evaporator eir circuit should incorporste ade=
quatte water traps and drains to eliminate condensed water droplets from the
cooled aly stream. Wabter collected should be roubed to the condenser for added
cooling if the system design shows sufficient performence advantege is realized

3.2.7 Dxbreme Temperatures and Pressures: When returned to the normel range of
operetbing pressures and temperatures after exposure to the extreme conditions
oubtlined in pavegraphs 3.2.7.L ‘through 3.2.7.5, the system should be capable
of desifn cooling capacity. In addition, the system should not suffer damsge,
loss of chaxge or actbuation of overpressure protective dev:.ces when exposed ‘to
these condi 7 ) : he system.

to the maxiimm atteineble evaporator inlet air tempersture ‘similtaneously

3.2.7.1 After exppsure on the ground or in flight, while operating ©r npt operating,
a%i
with the i obteineble condenser heat sink tempersture.

heating system coincident with minimun (~65°F) condenser temperpbures with

3.2.7.2 After exp{sure to the maxinum temperature, caused by normal opeyation of the
the systep not operating.

3.2.7.3 Afber exposure to anbient compartment temperatures from =65°F tp L60°F wnile
not operating on the ground.

3.2.7.4 After expgsure, while not operating, to anbient temperstures as|low ag -65°F
in flight |[from see level ‘to meximum girplane altitude.

3.2.7.5 After exposure, while not operating, to anbient pressures as loy as may exist
et the naximum elrplane albitude.

3.2.8 Life: The ystem should bewdesigned to be capable of trouble~free performance
wiile produging rated refrigeration for a minimum service period ¢f 3000 system
opereting hgurs without overhaul of its components, During this gervice period
minoxy maintgnance operations such as lubricabtion or cleaning should not be re~
quired more |[often then every 1000 hours of system operation.

3.3 Refrigeront Sgqlection: Proper selection of the refrigersnt for a specific vapor
cycle refrigepation system applica'blon :Ls essential for safe s relieble, efficient
opexration of th For-—a ’ o'be considered
end methods fox evaluat:.ng possible refrlgerants as well as the physical proper=-
tles of those currently availeble, refer to the SAE Aerospace Applied Thermo~
dynamics Manual..

3.4 (Construction:

- 3.kl Pressure Yosds:

3o, 1.1 Maxinmum Design Pressure: A maximum design pressure should be determined for
each system component with due considerstion given to the component internal
and external tenperstures and ‘the pressure versus temperature strength cher-
acteristics of the materiels involved. The maxinum design pressure in the
refrigeration cireuit may be induced either by extreme limits of normal sy-
stem operation or by extreme high anmbient temperatures with the system not
operating.

—
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3.4.2

3.4.3

3.h.h

3.4.5

3.4.1.3

3.5 Failure

3.4.1.2 Proof Pressure:
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All system components which are subjected to internal 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 which can occur in the component without permsnent deformation.

Burst Pressure: All system components subjected to intermal pressure should

be designed to be capable of withstanding a minimum pressure of 2.5 times the
maxinmm design pressure without bursting.

Externally Induced Loads:

nally induced loads incident to its installation in an aircraft.

The system rust be designed to withstand all exter-~

These ex=

ternal loads include up and down, fore and aft and sideways acceleration loads,
“vibration, shock, and gyroscopic loads induced in components with rotating
caused bj alrcraft roll, yaw, or pltch.

parts
be giys

Tatig

In addltlon,

be Strength: The fatigue strength of the system compol

ficie
a rinj

system components should have sufficient fatigue strength t

sever
able

Vacuuj

't to provide the system minimum life recommendation o
fmum. To provide minimum overhaul costs, hoyever, the

b1 times this value,

The expected life of/the aircraf;
bbjective. ’

n Loads: All system components designed to conbtain re

capab
of me

Refri

e of withstanding repeated collapsing pressure differ
reury without permenent deformation or failure.

perant Leakage: The system léskage rate should be ess

systel
leaka,
witho
ate g

ms that incorporate components with dynamlc seals, the
be, & minimum of 1200 houys or four calendar months of
't requiring replenishing is recommended. These systes
pecial provisions t¢ allow rapid and accurate replenis]

Protection and Safety:

3.5.1

3.5.2

3.5.3

Ruptu

e Protection:” The system should incoxrporate a positi:

vice
vice
equip

Reles,

lesigned o relieve within 5% of the proof pressure.
should e readily replaceable or reset and easily acce
ment Isvinstalled in the aircraft.

e -0f Refrigerant: The physical location of the compo

consideration must

rma] deflections.

nents should be suf-
I paragraph 3.2.8 as
majority of the

b provide a life

b is a more desir-

Frigerant should be
entials of 30 inches

entially zero. For
L cannot meet zero
system operation
ns should incorpor=-

hing.

e overpressure de~
'he overpressure de-
ssible when the

nents of the system

in th

cannot accumulate in occupied areas.

caircraft—shell e such thet—toxivgquantitiesof released refrigerant
Reference 1 contains a table showing the

National Fire Underwriters classification of relative .safety of refrigerants.
Refrigerants commonly used in aircraft (R1l, R12, R22, and R11l4) are classi-
fied as "harmless, except when a high concentration (10 to 30% by volume)

might
which

dangerously exclude oxygen from the person exposed."”
are lethal or may cause serious injury are presented.

Concentrations
Typical aircraft

installations do not produce concentrations above 5% by volume upon release
of the full charge in the cabin.

Rotor

Failure:

siovld not result in fire or other hazardous conditions.

Failure of any high energy robor incorporated in the system
The rotor case or

suxiliaxry 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

_incorporated to preven:
23 _

rotor cgDbugdudeicenetomteisacive the event

"

of an_electrical

R e e Y s 2 Y 4
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i 3160

3.6 C(Contxol and

3.5.4 Compressor Protection:

35401 Pnewigbic Drlve: The refrigerant compressox and drive should incorporaste a

sepavate overspeed shut-off, in addition to any modulating control that mey
be required for normal system operstion, where damege or permanent deforma=
tion cen occur dve to overspeed. The detecting element of an overspeed shut-
off device shall be located on-.the driver unit.

3.5.k,2 Flectric Drive: The electric driven refrigerant compressor should incorpors-

ate mobLoxr overload, phese differential, and phase open motor protection.

3.5.5 Ioss of Condenser Heat Sink: The sysbem should be designed %o prevent per-

rionent damage in ‘the event single fellures or accwmlation of non-condensibles
en to opexate without a condenser heat sink. Such.gperablon yre-
gults in exepssively high refrigerant tempersbures and pressures ‘which may
represent o hazexdous condition to the aircraft and its occupants. Certain
conmonly usefl halogenated hydrocarbon refrigevants experience a violent ex-
othermic reaption in the presence of aluminum and other metals at high super-
critical temperatures and may cause fire or explosion, (The Underyriters Lab-
oratory statps "that the products of decomposition of fluorinated |refriger-
ants have a pery acrid, irritating odor, and their(presence is intjolerable

in concentrations helow the toxic level., Under practical conditigns, the
amounts of dpcomposition products formed are so small. that they dq not create
8 hazard in fthe use of these refrigerants.”

strumentabion:

2

3.6.1 Control Gon.fjiguration: Selection ofithe sysbtem control elements |and arrsnge-

ments 1s dependent to a large extent on ‘the sysbem configuration gnd to the air
conditioning system in which the refrigeration system is incorporgted. Gener-
ally, the major control elemenbs required ave:

a« Lvaporabor vefrigerent temperature, pressure, or flow.

b. Compressor suction superheat, or evaporator discharge
superheat.

¢. Conpressox spéed (pneumatically driven centrifugal machines

. Comprpssor_inlet pressure (electrically driven centrifugal
mochines)q

e. Condenger-heat sink control.

f. Compressor surge conbrol (centrifugal machines),

For o detaeiled discussion of vepor cycle refrigeration system control see
VADC TR 53-338 dated October 1953 by Mason, Burriss and Connelly.

S
L)

Control. Performance: The system control must be capable of smoothly and auto-
matically vaerying system refrigeration capacity in accordance with ‘the demends
of ‘the alreraft alr conditioning system. This demand way renge from Zero ‘to
full cooling loed at a rate compabible with the specific airveraft ‘trensient
response.

Alternate or manual override facilities may be desirsble to allow "In~flight"
by-passing of eutomatic controls to allow system operation by direct control
of the expansion velve, compressor, temperature control valve, and other
necessaxy conponents.,
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3.6.3 Instrumentation:

3.6.3.1 Coc

3.6.3.2 Servi

the aircrew.

ARF 73

it: Sufficient instrumentstion should be provided with corresponding
caockpit display to indicate normel operation of the refrigeration system to

This instrumentation should be- held to a minimum to reduce the

aireraft installation complexity and to minimize aircrew misinterpretation of
system performance.

If manual override conbrols are installed adequate instrumentation must be
installed to allow proper monitoring during manual, operation.

ce Connections: Sufficient quick disconnect or "plugH

tion
shootl
conpy
ture,
air i

y and Installation:

provisions should be incorporasted in the system to-all
ing during ground maintenance. Variables to belieasuy
essor suction and discharge pressure, evaporetor refri

compressor speed, condenser refrigerant tetiperature,

nt and voltage may be preferred to compressor .speed.

curre
3.7 Packagi
3.7.1- AlL dind
and sel
3.7.2 Directi
with mg
3.7«3 Directi
are vig
3.7.4 Similay
prevent
3.Te5

3.7.6

3747

Components should be clearly identified as to manufacturer's

facilit

Conside

ividually removable components of the system should be
ective matching of system components should not be ned

on of rotation of all unidirectional equipment should
rkings which are visible when the equipment is install

on of flow of all fluids should be cleaxly indicabted y
ible when the-components are installed in the aircraf

or symetrical’ components should be indexed or othery
inadvertent mislocetion or "backward" installation.
ate locebion and replacement of faulty parbts.

rebion should be given to packaging of mulbiple compon

in" instrumenta-
low rapid trouble
led may include
gerant tempera-
and eveporetor

nlet and outlet temperatures. For electric driven compressors, motor

interchangeable
essary.

be cleaxly marked
led in the aircrafi

ith merkings that
rise located to

part nunber to

ents in a single

conmpact easily removable package to eliminate detailed Trouble shooting on the

alrcralft and minimize aircraft dispabch delays.

If compact packaging cannot be

accomplished consideration should be given to meking individual components

easily

removable.

Combrol velve position indicators, which are visible with the system installed
in the airerait, should be incorporated on appliceble valves, such as expan-
sion, surge, and temperature control valves.
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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 circuilt 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 VWhen 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.

i, COMPONENT DESIGN RECOMMENDATIONS

b1 Refrigerant Compressor:

k1.1 Configuretlon: Two baslic types of refrigerant compresgors are ayailable for
uge in ai;iraft applications. These are positive displacement mbchines or
)

cenbrifugal maschines. The proper type to be used For a given application de-
pends on optimization study of seversl factors

k.l.l.l The foctors that will dictate the choice of refrigerant comprepsor include:

Bie chbilon snd condensing temperature
D e of drive available

¢ Refrigerent to be used

d. ad variabtion

e, Hize and weight
£« Reliebility

h,1.2 Positive Displeocement Conpressors: Three types of positive displacement com-
pressoxrs are of intexest. These include:

k,1.2.). The reciprocabing compressor finds meximum spplicebion for small capacity
systems whe e—welght—penaltyessceistedwith—-this—type—ofwochine is not
severe.

h.1.2.1.1 The reciprocatbing compressor may be applied as an hermetic, semi~hermetic,
or open machine,

h,1l.2.1.2 Maxinum operating speed should not exceed ‘thabt which resulbs in rapid
] decay of volunetric efficiency and/or reduction in operating life.

h.1.2.1.3 High density refrigerants (RL2 or R22) should be used. With R12, sucbion
temperatures to 35°F may normally be used with condensing temperature to
160°F. With R22, condensing terperature should not exceed 150°F.
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taken to compensate for vibration. A flywheel and shock
mally required.

k,1.2.1.5 The reciprocating compressor is very sensitive to liquid

inlets

h,1.2,1.4 When used as an open compressor (drive through a shaft seal) care should be

small amounts of liquid can cause failure. In larger sizZe 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 liguid-
suction heat exchangexr may be used to eliminate liquid at the compressor

ARP 731

mounts are nor-

ingestion and even

4.1.2.1.6 Whdre operation of the vapor cycle equipment will berequ
bignt conditions, a crankecase heater is necessary to'ensy
ing does not reduce lubrication upon start up.

4,1.2.2 The gotary vane compressor is employed for epplications sin
ciprgeating machine.

k,1.2.2.1 Thd meximum speed limitetion is a function of life requix
penformance. Applications to 6000 RPM‘have been reported

4,1.2.2.2 Foy small capacity applications (as food storage refrigex
madhines have been used with RLL4.

4.,1.2.3 The potary lobed compressor is-a positive displacement mach
some [of the disadvantages.associated with the reciprocating
presgor.

k.1.2.3.1 Spgeds to 30,000 RPM-are practical.

4.1.2.3.2 Thd compressoxr characteristic is such that volumetric eff
with increasing speed and overall efficiency is relativel

4.,1.2.3.3 Lange quantities of liquid can be ingested without mechsn

L.1.2.3.4 Prgssure ratios of 8:1 with R12, 22, 11k and 1l can be ac

ired at low am-
re that oil foam~-

iilar to the re-

lements rather than

ation) rotary vane

line that overcomes
or vaned com~

iciency increases
vy constant.

lical damage.

complished in a

single—stase
4.1.3 Centrifugal Compressorss

capacity range, applications with R12 operate at speeds to

4,1.3.2 System capacity control should recognize the surge phenomen
with centrifugal compressors and low flow at high pressure
avoided.

4,1.4 The suction line to the refrigerant compressor should be of s
avold excessive pressure drop, however, not oversized so that

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

carrying entrained oil if lubricabing oll is in the refrigerant.

90,000 RPM.
on associated

ratio must be

ufficient size to
it will prevent
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