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Summary of Icing Simulation Test Facilities 

RATIONALE 

This document, when written, created a very comprehensive document listing most of the facilities capable of simulating 
ice accretion. Tables provide detailed information regarding facility capabilities and details of the icing cloud 
characterization. When written in 1999 and as updated in 2004, it was current and up-to-date. All information presented 
therein, to the best of the Committee’s ability, was true and accurate. Nothing in this document, recognizing that it 
captured facility details at the snap-shot in time, is misleading or inaccurate. Therefore, upon discussion at the Spring 
2013 meeting, the Committee decided this document should be stabilized. The Committee further committed to draft a 
new document that would keep a list of current icing simulation facilities, but focus more on questions for a potential 
customer to ask regarding use of the facility. This new document is AIR6247 "Guidance for Selecting Ground-Based Icing 
Simulation Facilities". 

STABILIZED NOTICE 

 This document has been declared "Stabilized" by the SAE AC-9C Aircraft Icing Technology Committee and will no longer 
be subjected to periodic reviews for currency. Users are responsible for verifying references and continued suitability of 
technical requirements. Newer technology may exist. 
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INTRODUCTION

Icing simulation ground testing plays an important role in the overall safety of civil and military aviation.  
While improvements are continually being made to icing simulation facilities and test techniques, the 
overall quality of the data produced in these facilities is still lower than desired.  Much of this is due to 
the overall difficulty in producing a uniform cloud of known water droplet size and liquid water content.  
This is due in large part to the inherent uncertainty in the instruments available to make cloud 
measurements. However, by careful calibration and operation of icing simulation facilities, an 
improvement in data quality and repeatability may be achieved.

The quality of the data is determined by comparing ground test data with natural occurrences.  Ground 
icing cloud uniformity along with ground test ice accretions are compared with like natural phenomena in 
an effort to validate testing results.

The AC-9C Icing Subcommittee of the AC-9 Aircraft Environmental Systems Committee formed an Icing 
Facility Characterization Panel with the objective "to better understand and to improve the quality of 
ground ice accretion testing."  The panel assembled a list of the world’s icing facilities and contacts at 
each facility.  A special meeting for representatives of the known icing facilities and other interested 
individuals was held in Montreal on October 15, 1990 before the regular AC-9C meeting.  The goal of 
the meeting was to discuss the state of icing simulation testing and identify how the panel could make a 
contribution.  The over 20 attendees concluded the first step should be to "compile and document 
detailed information on how icing facilities flow/cloud property measurements are made."

This document attempts to respond to the icing simulation community’s desire for a detailed 
documentation of icing facilities.  The time and effort of those facility representatives who completed the 
lengthy initial and follow-up questionnaires is greatly appreciated.  The members of the Icing Facility 
Characterization Panel hope the report is useful and that it is the first step toward the ultimate goal of 
improving ground ice accretion testing.  This document is a summary of facilities and operational 
practices.  It is not intended to be a recommendation of any facility nor does it judge the merits of any 
facility or icing simulation approach.  It is intended to supplement the NASA survey, by William Olsen, 
entitled, “Survey of Aircraft Icing Simulation Test Facilities in North America,” NASA TM 81707, 1981.
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1. SCOPE:

This SAE Aerospace Information Report (AIR) contains information on most of the major icing 
simulation ground facilities.  An effort was made to obtain data from as many facilities as possible over 
a two year time period.  The data in this document represents the state of the facilities in calendar year 
1996.  Facilities are constantly changing and upgrading and, therefore, some facility specifications 
may change during the life of this report.

Of the 27 facilities described in this report, the primary use is split with approximately half for engine 
testing and half for wind tunnel testing.  The facilities are limited to ground facilities and, therefore, icing 
tankers have not been included.

1.1 Purpose:

The primary purpose of this document is to document the capabilities of the world’s major icing 
simulation ground facilities.  This report should be very useful for an organization interested in 
selecting a facility for a particular test.  The usual information on facility test section size, speed, 
cloud parameters, etc. are provided for this purpose, along with a contact person at each facility.  
However, it is the purpose of this report to go beyond the information found in a list of facilities.

The operation of an icing facility is more complex than that of a non-icing facility.  The instrumentation 
and methods used to calibrate the spray and tunnel, and that used to monitor test condition, should 
be very important to the facility user.  Droplet size and concentration measurements are very difficult 
to make and the uncertainty, even in state-of-the-art measurements, is high.  Therefore, data were 
collected and reported on the details of the calibration of the facility spray system.  Data are also 
presented on the facility instrumentation used to monitor and document the tunnel test condition.  
The purpose of including these kinds of data was to document the importance of proper calibration 
and careful cloud measurements to the success of a test program.

This report should find application for all disciplines which use ground icing simulation facilities.  This 
includes research, development, certification of ice protection systems, sensors, instruments, 
fundamental testing of aerodynamics, heat transfer, ice shedding, ice properties, and accretion 
physics.

2. REFERENCES:

2.1 Applicable Documents:

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

ARD50066 Aircraft Icing Directory
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2.2 Symbols and Abbreviations:

A cross-section area
ASME American Society of Mechanical Engineers
ASSP Axial Scattering Spectrometer Probe1

°C degrees Celsius
cm centimeter
D diameter
°F degrees Fahrenheit
FSSP Forward Scattering Spectrometer Probe1

ft feet
g gram(s)
gr grain(s)
H height
kg kilograms
kPa kiloPascal
kt knots
L length
lb pound
LWC liquid water content
m meters
MVD median volumetric diameter
mph miles per hour
NA not available
OAP Optical Array Probe1

Patm pressure, atmospheric
PDPA Phase Doppler Particle Analyzer
PRB platinum Resistance Bridge
Ps pressure, static
psia pounds per inch absolute
Pt pressure, total
RTD Resistance Temperature Device
s seconds
T/C thermocouple
Ts temperature, static
Tt temperature, total
µS microsiemen
W width
Wa air mass flow rate

1. Trade name of Particle Measuring Systems, Inc., Boulder, Colorado.
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3. TERMINOLOGY:

CONDUCTANCE:  A measure of the ability of a material to conduct electrical current; the inverse of 
electrical resistance.  In water treatment application, conductance is a measure of the purity of the 
water.  Reduction of the amount of solids in the water will reduce the conductance.

LIQUID WATER CONTENT:  The amount of water in liquid form per unit volume of air, usually 
measured in grams of water per cubic meter of air, g/m3.

MEDIAN VOLUMETRIC DIAMETER:  The diameter which divides a droplet mass distribution into two 
equal parts, where one half of the total mass is contained in droplets smaller than this diameter and the 
other half is contained in droplets larger than this diameter.

4. SURVEY:

4.1 Survey Forms:

The survey forms were developed following the initial Icing Facility Characterization Panel meeting in 
Montreal on October 15, 1990.  The objective adopted in Montreal was to address ground icing test 
facilities, test methods and procedures, measurements, and standardization issues.  The approach 
used to reach the objective was to collect information by developing and distributing a survey form to 
panel members and all known icing facility representatives.  The final “Icing Facility Characterization 
Survey” form was made up of the general headings on Facility Identification and Facility Description.  
Facility Description was broken down into several sections concerning facility size, type, cloud size 
and characteristics, instrumentation, measurement and calibration methods, and schematics.  The 
survey forms were sent to the facilities in 1991.  A total of 16 organizations responded with 
information covering the following tables under the general topics of Participant, Capabilities, 
Instrumentation, and Cloud Calibration.  Schematics/sketches of each facility described in Tables 1 
through 4 are found in Figures 1 through 27.

5. DESCRIPTION OF SUMMARY TABLES:

The following subsections describe the facility characterization summary tables.  These tables were 
compiled using responses to an AC-9C survey sent to all known icing facility representatives.  
Information concerning facility location, icing environmental simulation capabilities, measurement 
instrumentation, and cloud calibration methods is provided.

5.1 Facility Locations:

Table 1 lists the organizations operating icing simulation facilities.  Names of facility contacts, their 
telephone/Fax numbers, and the locations of the facilities are included in the table.  The SAE AC-9C 
maintains an “Aircraft Icing Directory,” (ARD50066) as an alternate means to locate current points of 
contact for facilities.
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5.2 Icing Environmental Simulation Capabilities:

Table 2 provides information on icing tunnel test parameters including test section dimension, air 
speed ranges, liquid water contents, and available droplet sizes.  When two dimensions are given for 
the dimensions of the uniform icing cloud, these indicate height and width respectively.  All other 
dimensions refer to diameter.

5.3 Facility Instrumentation:

Table 3 describes the measurement instrumentation and techniques of each icing tunnel.  
Temperature, pressure, velocity, and water spray parameters are among the tunnel variables listed.

5.4 Cloud Calibration:

Table 4 describes the methods used to maintain icing cloud consistency, repeatability, and uniformity.  
Measurement instrumentation and techniques used to determine liquid water content and droplet 
sizing are listed.

6. SUMMARY:

The SAE AC-9C “Aircraft Icing Technology Subcommittee”  has compiled a listing of major ground 
based icing simulation test facilities.  Survey forms were sent to all known major icing simulation 
facilities.   The responses are summarized and tabulations of the facility locations, points of contact, 
icing simulation capabilities, instrumentation, and cloud calibration techniques are given.  The 
summary is intended to be a factual resource addressing  ground icing test facilities. This information 
report should be used in conjunction with the “Aircraft Icing Directory,” (ARD50066) to obtain  more 
information concerning any facility.
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TABLE 1 - Summary of Icing Simulation Test Facilities Participants Listing
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TABLE 1 (Continued)
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TABLE 2 - Summary of Icing Simulation Test Facilities Capabilities
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TABLE 2 (Continued)
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TABLE 2 (Continued)
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TABLE 3 - Summary of Icing Simulation Test Facilities
Facility Instrumentation
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TABLE 3 (Continued)
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TABLE 3 (Continued)
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TABLE 4 - Summary of Icing Simulation Test Facilities
Cloud Calibration
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TABLE 4 (Continued)
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TABLE 4 (Continued)
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FIGURE 1 - Artington Icing Wind Tunnel
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FIGURE 2 - AERAZUR Tunnel de Givrage
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FIGURE 3 - AIT Altitude Test Facility
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FIGURE 4 - AEDC Engine Test Facilities
T-1, T-2, T-4
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FIGURE 5 - AEDC Engine Test Facilities
J-1, J-2
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FIGURES 6 & 7 - AEDC Engine Test Cell
& Icing Tunnel
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FIGURE 8 - BFG Icing Tunnel
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FIGURE 9 - Boeing Research Aerodynamic Icing Tunnel
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FIGURE 10 - CEPr Altitude Test Cell S1
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FIGURE 11 - CEPr Altitude Test Cell R6
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FIGURE 12 - CEPr Petit Anneau Givrant
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FIGURE 13 - Fluidyne Icing Wind Tunnel
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FIGURE 14 - General Electric Site 4
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FIGURE 15 - NASA LeRC Icing Research Tunnel
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