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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 Applicable Documents:

The following publications form a part of this document to the extent specified herein.  The latest 
issue of SAE publications shall apply.  The applicable issue of other publications shall be the issue in 
effect on the date of the purchase order.  In the event of conflict between the text of this document 
and references cited herein the text of this document takes precedence.  Nothing in this document, 
however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained.

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

ARP85 Air Conditioning Systems for Subsonic Airplanes
ARP292 Air Conditioning Systems for Helicopters
ARP987 Control of Excess Humidity in Avionics
AIR1168/3 SAE Aerospace Applied Thermodynamic Manual, Section 3: Aerothermodynamic 

Systems Engineering and Design

2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk, Building 4D, 
700 Robbins Avenue, Philadelphia, PA 19111-5094.

A-A-58060 Fluorocarbons and Other Refrigerants, Department of Defense, Washington, 
DC, September 3, 1996

VV-L-825C Lubricating Oil, Refrigerant Compressor, Uninhibited, Department of Defense, 
Washington, DC, March 18, 1997

MIL-STD-461E Requirements fort the Control of Electromagnetic Interference Characteristics 
of Subsystems and Equipment, Department of Defense, Washington, DC, 
August 20, 1999

MIL-STD-704E Aircraft Electric Power Characteristics, Department of Defense, Washington, 
DC, November 15, 1991

MIL-STD-810F Environmental Engineering Consideration and Laboratory Test, Department of 
Defense, Washington, DC, January 1, 2000

MIL- HDBK -310 Global Climatic Data for Developing Military Products, Department of Defense, 
Washington, DC, June 23, 1997 (supersedes MIL-STD-210)

MIL-HDBK-454 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 Specifications for Fluorocarbon Refrigerants
ARI 740 Standards for Refrigerant Recovery/Recycling Equipment

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

ASME Y14.100M Engineering Drawing Practices

2.2 Related Publications:

The following publications are provided for information purposes only and are not a required part of 
this SAE Aerospace Technical Report.

ASHRAE Fundamentals and Application Handbooks, American Society of Heating, Refrigeration 
and Air-conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329

3. SYSTEM DESIGN RECOMMENDATIONS:

3.1 Introduction:

Vapor cycle refrigeration system design recommendations are presented in this document in the 
following general areas:

a. System Design Recommendations: (See Section 3)
b. Component Design Recommendations: (See Section 4)
c. Desirable Design Features: (See Section 5)

3.2 System Definition:

3.2.1 Basic System: The basic vapor cycle refrigeration system, as shown in Figure 1, includes the 
following necessary elements:

a. Refrigerant compressor
b. Evaporator
c. Condenser
d. A heat sink for condensing refrigerant
e. Refrigerant
f. Refrigerant piping
g. System controls
h. Liquid refrigerant receiver
i. Filter drier
j. Expansion device
k. Power source
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FIGURE 1 - Typical Vapor Cycle Refrigeration System Schematic

3.2.2 Additional Elements: The system may also include the following elements:

a. Protective devices
b. Sight glass
c. Refrigerant quantity gauge or level sensor
d. Condenser flow device for ground or low airspeed operation (such as a fan)
e. A device for removing condensed moisture from the evaporator air (demister)
f. Hot gas bypass valve
g. Head pressure control device
h. Trouble shooting and system monitoring instrumentation
i. Surge control device
j. Compressor bearing lubrication system
k. Cold start provisions
l. Subcooler/superheater
m. Quench valve
n. Economizer
o. Cooling capacity control device

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 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.

3.3.3 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 valve and/or head 
pressure control valve.

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

3.3.5 Optimum System Design Considerations: Considerations should be given to selecting the 
combination of condenser, evaporator and refrigerant compressor performance which not only 
provides the required cooling performance, but will impose the least penalties (power, weight, 
drag) on the air vehicle.  Where considerable reduction in cooling capacity and cooling power 
requirements exists for a large portion of the flight, such as for example, high altitude subsonic 
cruise, consideration should be given to sink control and power control to minimize air vehicle 
performance impact.

3.3.6 Evaporator Water Carryover (Reference SAE ARP987): The evaporator air circuit should 
incorporate adequate water traps and drains to eliminate condensed water droplets from the 
cooled air-stream.  Water traps such as a demister should be considered provided adequate space 
is available and it does not affect the evaporator fan performance effectiveness. Proper water 
drainage should be provided in the air vehicle to remove and transport any water condensed by the 
evaporator to a suitable location within the air vehicle or overboard.

3.3.7 Extreme Temperatures and Pressures: When returned to the normal range of operating pressures 
and temperatures after exposure to the extreme conditions outlined in 3.3.7.1 through 3.3.7.5, the 
system shall be capable of providing the design cooling capacity.  In addition, the system shall not 
suffer damage, loss of charge or actuation of overpressure protective devices when exposed to 
these conditions, during non-operating periods or when starting the system.

3.3.7.1 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.

3.3.7.2 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.

3.3.7.3 Minimum and Maximum Compartment Temperatures: After exposure to minimum and maximum 
ambient required compartment temperatures from -54 to 71 °C (-65 to 160 °F) while not 
operating on the ground.
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