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1. SCOPE:

The purpose of this SAE Aerospace Recommended Practice (ARP) is to establish recommendations
for the design, installation and testing of air vehicle vapor cycle refrigeration systems. These
recommendations are representative of the refrigerant cycles.

2. REFERENCES:

2.1

2.1.1

Applicable Doduments:

The following publications form a part of this document to the extent specified-hergin. The latest
issue of SAE plblications shall apply. The applicable issue of other publications skall be the issue in
effect on the date of the purchase order. In the event of conflict between’the text pf this document
and referencegq cited herein the text of this document takes precedenee. Nothing Jn this document,
however, supefsedes applicable laws and regulations unless a specific exemption| has been

obtained.

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrrendale] PA 15096-0001.

ARP85 Air Conditioning Systems for Subsanic Airplanes
ARP292 Air Conditioning Systems for Helicopters
ARP987 Control of Excess Humidity in“Avionics

AIR1168/3 SAE Aerospace Applied Thermodynamic Manual, Section 3: Aerpthermodynamic

Systems Engineering and-Design

U.S. Government Publications: .Available from DODSSP, Subscription Services Pesk, Building 4D,

700 Robbins|Avenue, Philadelphia, PA 19111-5094.

A-A-58060

VV-L-825C

MIL-STD-461E

Fluofocarbons and Other Refrigerants, Department of Defepse, Washington,
DC, September 3, 1996
Lubricating Oil, Refrigerant Compressor, Uninhibited, Depaerent of Defense,

Washington, DC, March 18, 1997
Requirements fort the Control of Electromagnetic Interference Characteristics

MIL-STD-704E

MIL-STD-810F

MIL- HDBK -310

MIL-HDBK-454

of Subsystems and Equipment, Department of Defense, Washington, DC,
August 20, 1999

Aircraft Electric Power Characteristics, Department of Defense, Washington,
DC, November 15, 1991

Environmental Engineering Consideration and Laboratory Test, Department of
Defense, Washington, DC, January 1, 2000

Global Climatic Data for Developing Military Products, Department of Defense,
Washington, DC, June 23, 1997 (supersedes MIL-STD-210)

General Guidelines For Electronic Equipment, Department of Defense,
Washington, DC, April 28, 1995, Notice 1, May 28, 1997 (supersedes MIL-
STD-454M)
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2.1.3 ARI Publications: Available from Air-Conditioning & Refrigeration Institute (ARI), 4100 N. Fairfax
Drive, Suite 200, Arlington, VA 22203.

ARI 700
ARI 740

Specifications for Fluorocarbon Refrigerants
Standards for Refrigerant Recovery/Recycling Equipment

2.1.4 ASME Publications: Available from ASME, 22 Law Drive, Box 2900, Fairfield, NJ 07007-2900.

ASME Y14 1
2.2 Related Public

The following {
this SAE Aerog

ASHRAE Fundg
and Air-conditi

3. SYSTEM DESIG

3.1 Introduction:

OM— Engineering Drawing Practices
htions:
ublications are provided for information purposes only @and are not
pace Technical Report.
bning Engineers, Inc., 1791 Tullie Circle, N.E.jAtlanta, GA 30329

N RECOMMENDATIONS:

Vapor cycle re

rigeration system design reecommendations are presented in this d

following genefal areas:

a. SystemD

ign Recommendations: (See Section 3)

b. Component Design Recommendations: (See Section 4)
c. Desirable Design Features:(See Section 5)

3.2 System Definitjon:

3.2.1 Basic Syste

: Thesbasic vapor cycle refrigeration system, as shown in Figure 1

following nedessary elements:

a required part of

amentals and Application Handbooks, American,Society of Heating, Refrigeration

pcument in the

, includes the

Refrigera

Refrigera
Refrigera

Expansio

AT T SQ@ 000 T

nt compressor

Evaporator
Condenser
A heat sink for condensing refrigerant

nt
nt piping

System controls
Liquid refrigerant receiver
Filter drier

n device

Power source
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3.2.2 Additional El

-
-

> o A~ W N =

7-

- Compressor

- Service Valve

- Condenser

- Condenser Fan
- Filter Dryer

- Sight Glass

Thermal Expansion

Valve

\

Protective devices
Sight glags
Refrigerant quantity gauge,or level sensor

Hot gas hypass_valve
Head pressuré control device
Trouble shooting and system monitoring instrumentation

8-

9-

Evaporator

Evaporator Fan

FIGURE 1 - Typical Vapor Cycle Refrigeration System Schematic

bments: The system may-also include the following elements:

Condenskr flow device'for ground or low airspeed operation (such as a fan)
A device [for removihg-condensed moisture from the evaporator air (demistef

Surge cohktrel-deviee
Compressor bearing lubrication system
Cold start provisions
Subcooler/superheater

. Quench valve
Economizer
Cooling capacity control device

O3 T AT TITQ@ 00T

3.3 Performance Characteristics:

3.3.1

~—

Required Performance: The cooling capacity of the system should be sufficient to satisfy the air
vehicle cooling requirements established by the required specifications.
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3.3.2

3.3.3

3.34

3.3.5

3.3.6

3.3.7

3.3.7.1

3.3.7.2

3.3.7.3

Performance Analysis: The cooling requirements of a specific configuration of vapor cycle system

may be determined analytically by the methods described in SAE AIR1168/3.

Off Design Performance: The system should be capable of operating at cooling

loads ranging

from zero to maximum capacity without undesirable effects such as refrigerant compressor surge
or system performance instability. Operation at light load and at values below 10 to 20% capacity

may require additional refrigeration system control such as a hot gas bypass val
pressure control valve.

ve and/or head

Evaporator Temperature: The evaporating temperature shall be sufficiently high
freezing of condensing moisture in the evaporator, or a method to prevent this's
incorporated|in the refrigeration system. An expansion valve shall be considered
superheat inlorder to ensure proper evaporator/compressor performance:

Optimum Sygtem Design Considerations: Considerations should be'given to se
combination pf condenser, evaporator and refrigerant compressor performance
provides the required cooling performance, but will impose.the least penalties (g
drag) on the pir vehicle. Where considerable reduction in gooling capacity and (
requirementg exists for a large portion of the flight, such as for example, high al
cruise, consifleration should be given to sink controland power control to mini
performance|impact.

Evaporator Water Carryover (Reference SAEYARP987): The evaporator air circ
incorporate gdequate water traps and drains to eliminate condensed water drop
cooled air-stream. Water traps such as:a-demister should be considered providg
is available gnd it does not affect the‘evaporator fan performance effectiveness.
drainage should be provided in the air vehicle to remove and transport any water|
evaporator tq a suitable location)within the air vehicle or overboard.

Extreme Tem
and tempera
system shall
suffer damag

peratures afid: Pressures: When returned to the normal range of oy
ures afterexposure to the extreme conditions outlined in 3.3.7.1 th
be capable of providing the design cooling capacity. In addition, th
e, less’of charge or actuation of overpressure protective devices w

to prevent
nall be
to maintain proper

lecting the
which not only
ower, weight,
ooling power
tude subsonic

m12e air vehicle

Lit should

ets from the

d adequate space
Proper water
condensed by the

erating pressures
rough 3.3.7.5, the
b system shall not
hen exposed to

these conditipas)'during non-operating periods or when starting the system.

Maximum Load and Sink Temperatures: Exposure on the ground or in flight, while operating or
not operating, to the maximum attainable evaporator inlet air temperature simultaneously with

the maximum attainable condenser heat sink temperature.

Heating: After exposure to the maximum temperature, caused by normal operation of the
heating system coincident with minimum condenser temperature of -54 °C (-65 °F) with the

system not operating.

Minimum and Maximum Compartment Temperatures: After exposure to minimum and maximum

ambient required compartment temperatures from -54 to 71 °C (-65 to 160 °F)
operating on the ground.

while not
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3.3.7.4 Non-Operating to Minimum or Maximum Sink Temperatures: After exposure, while not
operating, to typical ambient temperatures as low as -54 to 95 °C (-65 to 203 °F) or higher

3.3.7.5

depending

on the application.

Non-Operating to Minimum Ambient Pressures: After exposure, while not operating, to ambient
pressures as low as may exist at the maximum aircraft altitude.

3.3.8 Service Period: The system should be designed to provide design-rated cooling performance for a
minimum service period consistent with system operating hours without overhaul of its

3.4 Refrigerant Se

Proper selectig
essential for s3

3.4.1

3.4.11

components,
cleaning of h
often than eV
depending o

Refrigerant §
characteristic

requirements.

Characterig
absorb heg
usually am
1). The deg
refrigerant.
heat sourct

During this Service period, minor maintenance operations such ag
pat exchanger surfaces (evaporator and condenser) should not'be
ery 1000 hours (or specified in equipment specification) of system
h environmental conditions during system operation.

ection:

n of the refrigerant for a specific vapor cycle refrigeration system a
fe, reliable, efficient operation of the system.

election Consideration: A refrigerant should be selected with perfq
s of air vehicle operational envelope.ambient temperature (ram air

tics: Refrigerants are the vital working fluids in vapor cycle cooling
t from one area, such as.an-air-conditioned space, and reject it intg
pient air, through evaporation and condensation processes, respec
ign of the refrigeration equipment depends strongly on the properti
Selection of the refrigerant depends strongly on the range of temp
b and the heat sink.

A refrigera

transfer hept. Chemical stability under conditions of use is the most important
Safety codes may’require a non-flammable refrigerant of low toxicity for some

toxicity is

t must satisfy many requirements, some of which do not directly re

lubrication or
required more
bperation,

bplication is

rmance
heat sink)

systems. They
another area,
ively (see Figure
s of the selected
eratures of the

ate to its ability to
characteristic.

applications. Low

sential if refrigerant can enter occupied compartments. Cost, availability, and

compatibility with compressor lubricants and materials with which the equipment is constructed
are other concerns.

Refrigerant selection also involves compromises between conflicting desirable thermodynamic
properties. To minimize compressor power requirements, a refrigeration system has to be
designed for an evaporator pressure as high as possible and, simultaneously, a condenser
pressure as low as possible. High evaporator pressures imply high vapor densities, and thus a
greater system capacity for a given compressor. However, the compressor's efficiency at higher
pressures is lower, especially as the condenser pressure approaches the refrigerant’s critical

pressure.
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3.4.1.1 (Continued):

3.4.2

3.4.21

3.4.2.2

Latent heat of vaporization is another important property. On a molar basis, fluids with similar
boiling points have almost the same latent heat. Since the compressor operates on volumes of
vapor, refrigerants with similar boiling points produce similar capacities in a given compressor.
Fluids with low vapor heat capacity achieve the maximum efficiency of a theoretical vapor
compression cycle. This property is associated with fluids having a simple molecular structure
and low molecular weight.

Transport
exchangers

Materials Co
it will contact
and lubricant

motor insulating materials, elastomers, plastics, desiccants, process fluids, and |

System relat
contaminants
of desiccant

manufacture

Metals: Hg

roperties of thermal conductivity and viscosity affect the performan
5 and piping. High thermal conductivity and low viscosity are desira

mpatibility: The refrigerant of choice must be compatible with the o
within the system. Numerous studies have been conducted to adg
properties. Compatibility of refrigerant-lubricant mixtures were test

bd issues include lubricant circulation, fractionation of blends, effec
, products of motor burn-outs, flushing and.clean-out methods, and
driers. Reports describing the results of these studies are available

common
halogenate
<nickel<co

This order
special us§g

Magnesiun, zincsand aluminum alloys containing more than 2% magnesium

recommen

”F

logenated refrigerants can be used'satisfactorily under normal con

d compounds is in the following order: (Least decomposition) Incor|
bper< steel<aluminums<bronze<brass<zinc<silver (most decompos

s only approximate and exceptions may be found for individual con
conditions~The effect of metals on hydrolysis is probably similar.

jed.foruse with halogenated compounds where even trace amount

5, Air-conditioning & Refrigeration Institute (ARI), and other sources.

ce of heat
Dle.

| and all materials
ress refrigerant
ed with metals,
ibricant additives.
s of system

the effectiveness
from refrigerant

Hitions with most

tals, such as steel, cast iron, hrass, copper, tin, lead and aluminum. Under more
severe conditions, various metals affectisuch properties as hydrolysis and the
decomposition in varying degrees. The-tendency of metals to promote therma

mal
decomposition of
el<stainless steel
tion).

npounds or for

hre not
s of water may be

present.

Ammonia should never be used with copper, brass, or other alloys containing copper. When
water is present in sulfur dioxide systems, sulfurous acid is formed and can attack iron or steel

rapidly and

other metals at a slower rate.

Elastomers: Testing to assess the effects of long-term exposure of a refrigerant on candidate
elastomer materials should be conducted. Swelling data is used in comparing the effect of
refrigerants in elastomers. Additionally, other factors such as the amount of extraction, the
tensile strength and the degree of hardness of the exposed elastomer and fluid resistance must
be considered. When other fluids, such as oil, are present in addition to the refrigerant, the
combined effect on elastomers should be considered.
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3.4.2.3 Plastics: The effect of a refrigerant on plastic material in the system should be thoroughly

3.4.3

3.4.3.1

3.4.4

3.4.41

examined under the conditions of intended use. Plastics are often mixtures of two or more basic
types, and it is difficult to predict the effect of the refrigerant. Swelling data can be used as a
guide, but as with elastomers, the effect on the properties of the plastic should also be examined.

Regulations:

Clean Air Act and EPA Policies: There are federal, state, local, and DoD laws, which regulate
the sale anfd handling of refrigerants, used In the vapor cycle system indusiry, [Currently, the
industry is faced with the mandated phase out and eventual elimination of CFC/HFC-based
refrigerantg. New refrigerants have been developed, as well as lubricants thatjare compatible
with them. New service techniques are required and service technicians must |pe certified using
EPA guideljnes.

The Clean [Air Act and follow-on regulations prohibit the venting of CFC, HFC and HCFC-based
refrigerantg, requiring the recovery of all refrigerants from vapor cycle systemg prior to
disassembly, and the certification of personnel who use.recovery equipment (gffective January
1992). It regtricts the sale of refrigerant to certified service professionals only, effective November
1992. Recqgvery equipment certification is also required. A complete list of approved certification
programs (fechnician and equipment) may be obtained via the EPA's Stratospheric Hotline.
Additional $tate and local government regulatiens also exist which may be mofe stringent than
Federal stgndards.

Refrigerant Recovery: EPA requires therecovery of HFC-based refrigerants and has established a
certification grogram for recovery equipment. Under the program, EPA requires that equipment

manufactured on or after November 15, 1993, be tested by an EPA-approved testing organization
to ensure thdt it meets EPA requirements. A list of EPA-approved recovery equipment is available
from the Amgrican Refrigeratioh Institute (ARI). Since July 1, 1992 it has been illggal to release any
refrigerants into the atmoesphere.

Recovery BEquipment and Procedures: Recovery equipment intended for use
equipmentmustbe tested under ARI 740 test protocol. The EPA is requiring recovery efficiency
standards thatvary depending on the size and type of the vapor cycle equipmgnt being serviced.
Also, when acquiring recovery equipment, the rate of recovery, the size and weight of the
equipment, as well as its durability and cost should be considered. Recovery consists of
removing the refrigerant from a system and storing the refrigerant in an external container. The
external container may be part of a dedicated recovery machine or a freestanding storage
cylinder. The recovery equipment is usually also used to purge non-condensables, remove
moisture, acid, particles, and oil from the system.
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3.4.4.1 (Continued):

The focus of recovery is refrigerant removal only. When the condition of the refrigerant becomes
a concern (for example a burnout occurs), then the refrigerant must be recycled or reclaimed
before it is returned to the system. The terms recover, recycle, and reclaim refer to the level of
purity of the refrigerant has been filtered by the recovery unit. The term recover refers to merely
removing the refrigerant. The recycled refrigerant has been filtered, but not to levels dictated by
ARI 700. Generally, reclaimed refrigerant is safe to re-use directly in a new or repaired system,
whereas recovered or recycled refrigerant may contain some impurities that may impair system
performande or reliability.

Refrigeran{ can be recovered in either vapor or liquid form. In vapor recavery, refrigerant in the
system's eyaporator is drawn off by means of a compressor in the recovery machine. The
recovered yapor will be condensed in the recovery machine and stored in a stprage container.
Liquid recojery can be as simple as drawing a vacuum on a storage cylinder, opening valves and
allowing the system's refrigerant to flow into the storage cylinder. However thefe is a good
chance that not all of the refrigerant will be removed from the system using this method. Any
refrigerant femaining in the system cannot legally be vented, so all remaining fefrigerant must
somehow be removed.

3.4.4.2 Vapor Verspus Liquid Rrecovery: Vapor recoveryiis slower than liquid recovery| Liquid recovery
should be the method of choice; however, theré’are many factors to consider. [Some of these
factors are] equipment availability, system operation and quantity and boiling goint of refrigerant.
Many timeg it is possible to recover liquid.first and then finish the recovery progess in vapor form.
By employing liquid recovery first, recavery will take a shorter time. After the mpaximum quantity
of liquid is fecovered, vapor recovery will complete the process.

3.4.5 Lubricants: $ince HFC-based(refrigerants are not miscible with the traditional mjneral oils used as
lubricants in CFC systems, new lubricants were developed to ensure the efficiernicy and long-term
reliability of HFC systems::-To meet this need, lubricant suppliers developed Polyolester-based oil
(POE) and Pply Alkylenée Glycol (PAG). POE and PAG lubricants are compatiblg with most
materials usgd in refrigeration systems and inhibit wear on the various parts inside the compressor.
Because of ifs various desirable characteristics POE-based oil is the current lubficant of choice in
HFC (R-134a imparticular) vapor cycle applications in both retrofitted and new equipment.

3.4.6 Refrigerant Properties: Table 1 shows the critical properties of refrigerants available for
consideration for use in various Vapor Cycle refrigeration systems.
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3.5 Pressure Load

3.5.1

3.5.2

3.5.3

3.54

TABLE 1 - Properties of Commonly Used Refrigerants

Number | Chemical Ozone Boiling Point Critical Critical Pressure,
Formula Depletion at 1 Temperature’C, kPa (psia)
Potential Atmosphere (°F)
°C(CP)
22 CHCIF, 0.05 -41 (-41) 96 (205) 4979 (722)
*12 | CCLE, 1.0 30 (-22) 112.(234) 4117 (597)
134a | CF{CHyF 0 -26 (-15) 101 (214) 1069 (590)
124 | CHFCICF; 0.02 -13 (8) 123 (253) 3662 (531)
*114 | CCIF,CCIF 0.7 4 (39) 146 (294) 3262 (473)
2
236fa | CF{CH,CF 0 -1 (30) 1314267) 3172 (460)
3

Note: *Refrig

Maximum Dg
component W
the pressure
design press

(storage).
Proof Pressu

refrigerant pi
1.5 times (or

5.

prants are out of production due to US EPA gegulations.

sign Pressure: A maximum design pressure should be determined for each system
ith due consideration given to'the component internal and external
versus temperature strength,characteristics of the materials involvgd. The maximum
ure in the refrigeration circuit may be induced either by extreme limjts of normal

system operation or by extreme high ambient temperatures with the system not

temperatures and

operating

re: All system components which are subjected to internal pressurgs, including the
bing, should be designed to be capable of withstanding a minimum
factor aceeptable to the regulatory agency) the maximum design pressure taking in to

proof pressure of

effect the opgrating femperatures on material properties which can occur in the qomponent without

permanent d

bformation.

Burst Pressure: All system components subjected to internal pressure should be designed to be
capable of withstanding a minimum pressure of 3.0 times (or factor acceptable to the regulatory

agency) the maximum design pressure taking in to effect the operating temperatures on material
properties. Permanent deformation is allowed.

Externally Induced Loads: The system must be designed to withstand all externally induced loads
incident to its installation in an air vehicle. These external loads include up and down, fore and aft
and sideways acceleration loads, vibration, shock and gyroscopic loads induced in components
with rotating parts caused by air vehicle roll, yaw, or pitch. The design shall consider
superimposition of internal pressure loads with external loads. In addition, consideration must be
given to loads imposed by air vehicle structural and thermal deflections both during flight to

withstand crash landing.
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3.5.5 Fatigue Strength: The fatigue strength of the system components should be sufficient to provide

3.5.6

3.5.7

3.6 Failure Protect

3.6.1

3.6.2

3.6.3

3.6.3.1

3.6.3.2

operation for

the design life of the air vehicle.

Vacuum Loads: All system components designed to contain refrigerant should be capable of
withstanding repeated collapsing pressure differentials of 102 kPa (30 in Hg) without deformation

or failure.

Refrigerant Leakage: The system leakage rate should be essentially zero. For systems that
incorporate components with dynamic external seals that cannot meet zero leakage, a minimum of

1200 hours (
without requi
provisions to
14 glyear (0.

Overpressure
to relieve pre
(overpressur
The overpreg
vehicle.

Rotor Failure
other hazard

to contain a three segment rotor hub burst at the highest rotor speed expected ¢

operation or
system may
case or hous
incorporated

Compressor

Pneumatic

br specified In procurement specification) or four calendar montns O
Fing replenishing is recommended. These systems should incorpol
allow rapid and accurate replenishing. A criteria of establishing-a le
b 0z/year) can also be considered.

on:
b Protection: The system shall incorporate a positive overpressure
ssure within an acceptable margin below proof pressure. A rupturg

b rupturing device) or a relief valve (automatic resetting device) sha
sure device shall be easily accessible when the equipment is insta

. Failure of any high-energy rotor incorporated in the system shall
bus conditions. The rotor case. or auxiliary protective shield shall be
As a result of any single‘eontrol element failure. Other elements of

ng will be required. 'In addition, if an electric drive is used, a motor]
to prevent rotor.case penetration in the event of an electrical fault.

Protection:

Drivei~The refrigerant compressor and drive shall incorporate a se

system operation
ate special
pkage of less than

device designed
disc
Il be considered.

lled in the air

not result in fire or
sufficiently strong
ither in normal
the refrigeration

be arranged to provide this protection in military applications contajnment within the

protector shall be

parate overspeed

shut-off de

ice, in addition to any modulating control that may be required for

normal system

operation, where damage or permanent deformation can occur due to overspeed The detecting
element of an over speed shut-off device shall be located on the driver unit. Requirements for
rotating equipment containment must be considered.

Electric Drive: The electric driven refrigerant compressor shall incorporate motor overload,
phase differential and phase open motor protection. Phase order protection should be added, to
prevent running in wrong sense.
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3.6.4 Loss of Condenser Heat Sink: In the event of a condenser failure, the system shall be designed to
prevent permanent damage or accumulation of un-condensable refrigerant allowing the system to
operate without a condenser heat sink. The design of the emergency shutdown system shall be
included in the aircraft hazard analysis. Such operation results in excessively high refrigerant
temperatures and pressures that may represent a hazardous condition to the air vehicle and its
occupants. A refrigerant pressure switch should be considered to activate system shut down
under these conditions. Certain commonly used halogenated hydrocarbon refrigerants experience

a violent exothermic reaction in the presence of aluminum and other metals at h

igh super critical

temperature§and may cause fire or explosion. The Underwriters Laboratory sia
products of decomposition of fluorinated refrigerants have a very acrid, irritating
presence is iptolerable in concentrations below the toxic level. Under practical ¢
amounts of decomposition products formed are so small that they do not ereate 4
of these refrigerants.”

3.7 System Contrq|:

3.7.1

3.7.11

3.7.1.2

Control Confl|guration: Selection of the system control eleménts and arrangeme
to a large ex{ent on the system configuration and the cooling system in which th
system is ingorporated. Generally, the major controkelements that may be requ

r refrigerant temperature, pressure-or airflow
r subcooling, or evaporator superheat
or speed (pneumatically /electrically driven centrifugal machines)
or inlet pressure (electrically driven centrifugal machines)
r heat sink control and 'discharge pressure
or surge control (centrifugal machines)
or lubrication cofitnol (positive displacement machines)
er
Temperafure Controlfor the heat transfer media

mTa@mooooT
(@)
o
>
Q.
(0]
>
[72)

Cockpit: Spfficient-sensor input from the cooling system interface should be p,
corresponding:cockpit display to indicate normal operation of the refrigeration
aircrew and provide for fault detection and isolation for the various component

tes "that the
odor, and their
onditions, the
hazard in the use

nts is dependent
e refrigeration
red are:

rovided with
system to the
5. A duplicate of

this display on the cooling machine itsels can also be provided. Adequate ins
be installed to allow the required system operation.

rumentation shall

Service Connections: For maintenance sufficient ports should be incorporated in the system to
allow rapid troubleshooting during ground maintenance. Variables to be measured may include
compressor suction and discharge pressure, evaporator refrigerant temperature, compressor
speed, and condenser refrigerant temperature and evaporator air inlet and outlet temperatures.
For electric driven compressors, motor current and voltage may be preferred to compressor

speed.
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3.8 Packaging and Installation:

3.8.1

3.8.2

3.8.3

3.8.4

3.8.5

3.8.6

3.8.7

3.8.8

3.8.9

3.8.10

3.8.11

All individually removable components of the system should be interchangeable with each other
and selective matching of system components should not be necessary.

Direction of rotation of all unidirectional equipment should be clearly marked with permanent
markings, which are visible, when the equipment is installed in the air vehicle.

Direction of f
components

Similar or symmetrical components should be indexed or otherwise located to p

mislocation @

Components
replacement

Consideratio

removable package to eliminate detailed troubleshooting on the air vehicle and n

dispatch delg
making indiv

Control valvs
should be ing
valves.

A device for
sight glass o

The appearahce of gas bubbles during the system operation is an indication of |

refrigerant.

When ram aif isused as the heat sink, the air induction circuit should be design

damage to th

ow of all fluids should be clearly indicated with markings that are Vi
are installed in the air vehicle.
r "backward” installation.

should be clearly identified as to manufacturer’s part number to fac
of parts.

n should be given to packaging of multiple-components in a single (
ys. If compact packaging cannot be.accomplished, consideration
dual components easily removable:

orporated on applicable valves, such as expansion, surge and tem

checking refrigerant quantity in the system is highly desirable. This
n the receiver orin the liquid line between the condenser and the e

sible when the

revent inadvertent

litate location and

fompact easily
inimize air vehicle
should be given to

position indicators, which arge.visible with the system installed in thie air vehicle,

perature control

device may be a
Kpansion valve.
pw charge of

bd to preclude

e-heat exchange surfaces caused by rain, ice, hail ingestion, foreig

n object or local

high air velocities/pressures.

When ram air is used, the inlets should be located to preclude ingestion of hot engine exhaust
gases and runway debris thrown up by air vehicle tires and thrust reversers.

Scoop designed for ambient air intake should be efficient, and be designed for high-pressure
recovery at most angles of attack but should not cause excessive drag to the air vehicle and create
frequency resonance.
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4. COMPONENTD

ESIGN RECOMMENDATIONS:

4.1 Refrigerant Compressor:

4.1.1 Configuration: Two basic types of refrigerant compressors are available for use in air vehicle
applications. These are positive displacement machines and centrifugal machines. The proper
type to be used for a given application depends on an optimization study of several factors. A
positive displacement type with a constant refrigerant flow and consistent performance

characteristid
compressor
electrical, hy

41.1.1 The factors

Volums

a. Reliabi
b. System
c. Refrige
d. Type of
e. Suction
f.

g.

4.1.2 Positive Disp
interest. The

Reciproc
Rotary va
Rotary lo
Scroll

aoow

4.1.2.1 The reciprq
weight imp

Load variation

S should be Tavored Tor system optimization for [ow capacity syster
can be considered for larger capacity systems. The compressor'dri
jraulic, or pneumatic.

that will dictate the choice of refrigerant compressor inclide:

ity

capacity and weight

rant to be used

drive available

and condensing temperature

tric efficiency

lacement Compressors: Four types of positive displacement comp
se include:

hting
ne/rolling piston
bed (screw machines)

catingseempressor finds maximum application for small capacity sy
hct associated with this type of machine is not severe.

hs. A centrifugal
e may be

ressors are of

stems when the

4.1.2.1.1 The reciprocating compressor may be applied as a 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 When used as an open compressor (driven through a shaft) seal care should be taken to
compensate for vibration. Shock mounts are normally required. Refrigerant leakage through
the seal shall be limited to 14 g/year (0.5 oz/year) at a differential pressure of 689 kPa (100

psig). Op

en shaft seal design should be avoided.
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4.1.2.1.4 The reciprocating compressor is very sensitive to liquid ingestion, and even small amounts of
liquid can cause failure. Spring-loaded cylinder heads are often used to reduce the chances of
mechanical failure due to liquid at the compressor suction in larger size commercial machines.
Also a liquid-suction heat exchanger may be used to eliminate liquid at the compressor inlet. A
system refrigerant pump down cycle should be considered after each shut down period to
eliminate any liquid collection in the compressor.

4.1.2.1.5 Where operation of vapor cycle equipment will be required at low ambient conditions, a heater
is necesdary To warm up the oil and o ensure the oil foaming does not redude lubrication upon
start up.

4.1.2.2 The rotary yane/rolling piston compressor is employed for applicationSimilar t¢ the reciprocating
machine. The maximum speed limitation is a function of life requirements rather than
performange. Applications to 11,000 rpm have been reported.

4.1.2.2.1 For small capacity applications, rotary vane machines have been used with R-236fa and R-
134a.

4.1.2.3 The rotary |obed screw compressor is a positive displacement machine that oyercomes some of
the disadvdntages associated with the reciprocating or vaned rolling piston compressor.

4.1.2.3.1 Speeds tp 30,000 rpm are practical with rotary lobed screw compressors. The compressor
characteffistic is such that volumetric effiCiency increases with increasing spged and overall
efficiency| is relatively constant. Large’quantities of liquid can be ingested wifhout mechanical
damage.

4.1.2.3.2 Pressurejratios of 8:1 withthe new low ozone depleting refrigerants can be accomplished in a
single stgge. The refrigeration system can easily be managed in terms of thermal stability and
power management.~Variable speed operation of the compressor will enhange system start up,
surge cufrent management and may reduce the refrigeration control valve ugage. The rotary
compressor exhibits desirable low induced vibration to air vehicle structure ffom pulse free
compressgion-cycles.

4.1.2.4 Scroll compressors are orbital motion, positive-displacement machines that compress with two
interlocking (or meshing), spiral-shaped scroll members. To function effectively, the scroll
compressor requires close tolerance machining of the scroll members. The positive-
displacement, rotary motion compressor includes performance features, such as high efficiency
and low noise. Scroll compression embodies a fixed, built- in volume ratio that is defined by
geometry of the scrolls and by discharge port location. This feature provides the scroll
compressor with different performance characteristics than those of conventional reciprocating or
rotary compressors.
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