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A Limited Survey of ColdWeather Flight Test Safety Mark Jones Jr

It’s winter in the Northern Hemisphere, and though Florida—where I am writing from—has very little “cold
weather” in which to conduct flight test, it is home to the world-renowned McKinley Climatic test facility, a large
hangar capable of creating some of the most harsh cold weather climatic conditions in the world. Many readers are
familiar with the facility, and many have flown airplanes to Eglin Air Force Base to use the facility. It has also been
around for a long time, which means many “classic” and iconic aircraft have been tested there. I learned a lot about
cold weather testing the first time I was ever part of a test team that took an airplane there. Cold weather testing
seems to be less familiar to many of us, if only because the meteorology and physics that shrouds the subject is less
familiar to many of us—at least, that’s how it seems to me, which leads me to two more observations.

Second, flight test is still mysterious, and that’s wonderful. I’ve been part of test programs and heard talks of
unexplained aerodynamic phenomena. Why does the right wing drop during high speed dives? After months of
diagnostic tests—using a laser to validate the aircraft symmetry and
rerigging flight controls and so on—we still didn’t know. Why did
the Super Hornet test pilot say something felt strange, and how long
did it take the test team to believe him and validate what he felt
(2022 FTSW)? These are just two examples of the mysteries of
nature and physics.

Flight Test exposes us to beauty and humor and many other emotions
and human experiences. I remember the mesmerizing but simple
beauty of the pristine, snow covered fields near International Falls
Airport and the beautiful way the anti-ice fluid flowed over the wing
during the takeoff roll. Humor also shows up all over the place, and
though the picture here is not strictly “flight test,” it made me laugh.

Finally, some of the mystery is simple ignorance and forgetfulness. I
think this principle applies to humans in general—we forget things
our fathers knew. We forget the lessons of history. We discover
someplace new only to discover that the people there already knew.
This applies specifically to our knowledge and experience in flight
test. As I surveyed the historical landscape of cold weather testing, I
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was surprised how little has changed. If that’s the case, then cold weather testing should not be so mysterious.
This is the classic flight test paradox—we keep forgetting to learn the lessons learnt—so in this edition of the Flight
Test Safety Fact, we will conduct a flyover of cold weather testing, digging into the annals of our history to share
various resources from SETP, SFTE, and FTSC. We also mark the fifth anniversary of the FTSF by reviewing
some of our summary data and reflecting on the purpose of the Flight Test Safety Committee and the FTSF. I hope
this slightly longer than usual edition warms your head and heart alike. I hope it rekindles a fire inside you. And I
hope you continue to share this resource with those around you and share with us the things you are doing, learning,
writing, and exploring.

Consistent with the stated intent above and in closing this first column, I share two reminders. The purpose of this
newsletter is to introduce readers to the many flight test safety resources of the FTSC, and in some cases to
introduce members of SETP and SFTE to the FTSC. There is also the benefit that we can introduce FTSC
members to resources available through the SETP and SFTE partnership. Thus, we begin by revisiting the purpose
of the Flight Test Safety Committee as published in its charter and on its website.

The Flight Test Safety Committee (FTSC) was formed jointly in November 1994 by members of the
Society of Experimental Test Pilots (SETP), the Society of Flight Test Engineers (SFTE) and the
American Institute of Aeronautics and Astronautics (AIAA). These and numerous additional
organizations presently comprise the FTSC.

The purpose of the FTSC is to initiate and sustain a flight test related safety organization intended to
promote flight safety, reduce the risk of mishap, promote risk reduction management and continually
improve the profession's communication and coordination. To facilitate these goals, the committee will
develop, implement and maintain a computerized data base, readily available to all members and member
organizations, containing flight test-related data collected from the industry.

Read the mission statement or download the charter here: https://flighttestsafety.org/about-ftsc.

Sample of ColdWeather Flight Test Safety Papers

Inside this edition of the FTSF are sundry examples of cold weather testing. The purpose of sharing these links and
papers is to point readers to the myriad resources provided by FTSC, SETP, and SFTE and to highlight the
historical trajectory of flight test. Starting with the most recent, and thence in no particular order...

In 2023, Bell presented its artificial icing test campaign, as pictured
here, which highlighted an artificial ice system.(access the report
here). The photo caught my eye because I’d seen it in paper almost
five decades older. In 1974, the Society of Flight Test Engineers
held its annual symposium in Anaheim, California. The Los
Angeles chapter hosted the event, and the final paper presented was
US ARMY HELICOPTER ICING TESTS, by LTC Warren E.
Griffith II and CPT Marvin L. Hanks of the US Army Aviation
Engineering Flight Activity, Edwards Air Force Base, California.
The paper included a schematic of the newly designed Helicopter
Icing Spray System deployed from a CH-47, depicted here, which is
still in use today—it has been upgraded but is very similar to its
original design. The paper has been shared by SFTE and is attached
to this pdf.
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Airworthiness Approval of Flight in Icing
Conditions for Transport Aircraft, J.C.T.
Martin (Flight Test Engineer), Transport
Canada (AARDC) - This technical paper comes
from SFTE’s 1994 symposium and is available for
members, but it highlights a new subject based user
interface for SFTE’s technical papers. The paper is
also included as an attachment inside this pdf,
shared by SFTE for those readers of FTSF who
may not be members of SETP or SFTE. I found
the paper using the new user interface on SFTE’s
website, pictured below. They have several quite
nice links to topical collections of technical papers.
SFTE has just recently republished all its technical
content to its new database, and it has a reciprocal
sharing agreement with SETP.

Access the paper here: https://www.sfte.org/technical_library_-_icing_prot.php.

Many readers are aware that in-flight icing is the cause of various aircraft accidents in-service, but a recently added
Flight Test Safety resource shows that Cold Weather Testing was also the context for a flight test safety mishap.
The Dave Houle collection of historical documentation includes this indexed entry: “File 5 - Page 22 - Concorde
Icing Trials - Article - Fixed Wing - MEL - Transport Jet - Icing Trials - Engine Stall - failed guide vanes - Unk -
1971”. (The entry is formatted this way because it’s part of a tabular index that points to the file with the details.)
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The user interface for the Houle Flight Test Accident Archive appears below. This particular accident is a useful
case study in capturing history before it’s too late. The Houle Flight Test Accident Archive needs a sequel,
someone who is willing to carry the baton into the next chapter for preservation of this historical information.

The screenshot shows the “Resources” webpage here: https://flighttestsafety.org/web-links. File 5 has the details of
the mishap: https://flighttestsafety.org/images/F.T._Accidents_5.pdf.

Flight Test Safety Committee - Calendar of Events

Flight Test Safety Workshop
When: 30 April -2 May 2024

Where: Hyatt at Olive 8
1635 8th Ave
Seattle, WA 98101

https://www.flighttestsafety.org/workshops

Lockheed F-117 ColdWeather Testing Al “Danger” Lawless

The McKinley Climatic Lab at Eglin AFB has been around for many decades and has somewhat recently been
recognized as a national asset. Its ability to cook, freeze, rain, and snow on vehicles of all sizes is as legendary as is
its ability to run turbine engines inside while replenishing the chamber with makeup air at the right temperature.
The permanent staff there is, of course, as dedicated and professional as anywhere else, but their challenges were
especially strong in the early 1990s before the lab’s major refurbishment. I suspect the F-117 provided the last
straw that justified McKinley’s rehab.

The F-117 deployed to the climatic chamber for roughly 6 months in the early 90’s. Between snow, freezing rain,
fog, heat, and just plain cold, we went through all the paces to understand limits and develop workaround
procedures for the ground crews and pilots who might have to deal with extreme weather operationally. Frankly,
some of us struggled with why this was even necessary for the F-117; fewer than 60 were built and their stealth
required high levels of maintenance in sheltered hangars. We knew of nobody who thought it would be a good idea
to plant this recently unveiled stealth fighter in an open field in Alaska or some unspoken desert. Anyway,
everyone saluted smartly and prepared all the equipment needed to tie down the airplane and to jack it up for gear
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retraction. They also hooked up all kinds of instrumentation wires to a ground booth and devised adapters to
connect our engine exhaust to giant steel exhaust pipes leading all the way to and through one hangar door. This
team was prepared for success, but it seems the flight test gods wanted to have a little fun with us first.

The facility staff had long been dealing with icicle accumulation during cold weather tests. Apparently the moist
Florida air always found its way into the chamber (go figure) and rapidly built stalactites hanging from everywhere
in the exposed truss work overhead. They had a crew regularly going out on cherry pickers to scrape off the ice
before it grew too big. They also had the foresight to lay
nasty old twin-size mattresses all over the top of the
airplane just in case a stalactite slipped by. With 95% of the
F-117’s upper surface snuggled nicely under those
mattresses and the big ice scraped away, the gods just
couldn’t resist the odds. What must have been the only
stalactite left hanging found its way to and through the
slightly uncovered right wing near the tip.

Finally, the mighty stealth fighter had only a couple days of
testing to go. We were running engines at a somewhat high
thrust and doing whatever cold test we had that day when
the spotter out back once again said something like, “What
was that?”. This time it wasn’t the exhaust that was
smoking. It was the hangar door. Apparently the extended
engine run heated the giant steel pipes that passed through
the door which heated the door skins which heated the
insulation between. The hangar insulation started smoldering. At this point in the program, we had a highly prized
operational airplane trapped in a smoking national asset (the lab) with no real understanding of what it might take
for the smolder to really ignite. Considering the testing was nearly done, the team leaders made the command
decision that the smart money was in separating these assets and declaring the campaign complete. This was the
final straw and it was time to get out. Instead of taking the planned three days to untie and de-instrument the
airplane, the guys brought in their cable cutters and axes and pulled the F-117 out front within about an hour.
Meanwhile, the fire department had a big show going on out back. Between it all was a cold hangar with open
doors that created a thick fog blanketing everything.

Al Lawless

Turbo Talk Art “Turbo” Tomassetti

Happy New Year all. I hope everyone had a safe and enjoyable holiday season. In keeping with this edition’s theme
of cold weather testing I will share some of my cold weather experience. The first has nothing to do with flying
and goes back to a college experience. I grew up in South Florida but decided to venture far from home to attend
college just North of Chicago. I had experienced winter a few times but gained some important lessons learned
after four Chicago Winters.

When the lakefill on campus freezes over you can in fact reduce travel time from the dorms to the student
union appreciably but just because the lake surface can now support snow accumulation, it doesn’t necessarily
mean it can support the weight of human beings. No I did not fall through, but the look of shock on some of the
locals’ faces when I told them about my shortcut inspired me not to try that again.

If 65 degrees below zero with wind chill sounds cold, there is a reason for that: IT IS COLD! Standing on
the outdoor train platform waiting to return from a night out in the city required some real consideration for the
appropriate personal protective equipment. Maybe if we had streaming services back then we would have stayed in
the apartment. And maybe when we found out later no one really wanted to go out, but everyone thought the group
did, we would have recognized a classic “Road to Abilene” groupthink scenario. Winter weather, snow, and icing
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can affect vehicle performance. Assuming you can dig your brand new 1986 Dodge Charger out of the snowdrift,
driving in those winter conditions is very different from cruising the strip in Ft. Lauderdale.

Moving on in life to my time as a Harrier pilot, I once supported a deployment to Norway in February.
Fortunately, I had all of those lessons I learned from my Chicago college experience to tap into. They made us
attend cold weather training in Wisconsin before the deployment where I learned additional cold weather skills. I
am a big fan of dedicated training specific to the mission, but I am not really sure where I would find snowshoes
that I could walk in if I had to eject over the Fjords from my airplane.

Finally in my post military career while working at Lockheed Martin I had the chance to visit the Climatic
Chamber at Eglin AFB in FL. This is an amazing facility that can support testing in extreme hot or extreme cold
for just about any type of air vehicle. I was there for the cold weather testing of the F-35B. Two things stood out to
me from that visit. The first was that given the Short Takeoff and Vertical Landing (STOVL) capability of the
F-35B they needed to test the aircraft in that configuration for vertical flight...

with the engine running...
at full power.

In order to do that a set of ducting had to be designed and built and installed that would move all that air out of the
chamber without affecting the temperature of the testing. This is what I have witnessed over and over again in my
time in the profession of flight test: Teams working together to develop solutions for incredible challenges.
Whether that be to gather data in test or find fixers for things found during testing.

The second takeaway from that experience was a lesson in leadership. I helped coordinate that visit and
arranged for several high-level F-35 program personnel to attend. I believe it is important for leaders to be engaged
with their teams, to understand not only the product (aircraft, in this case) but the process by which the product is
made, developed, tested and used. PowerPoint charts, conference room meetings, etc., are important but boots on
the ground, hands on, face-to-face time is important as well.

I looked for our group photo from that visit but could not find it. But I found this one which shows
basically the same thing, me in multiple layers of cold weather gear, still freezing, but smiling like this Floridian is

enjoying himself. This
is from my command
tour at VX-23 on a ski
trip with my pilots. I
actually learned to ski
on this trip, and this is
my third time down
the slope. No one
explained the slope
symbols to me but it
seemed a lot higher
than the first two.
There is another
lesson here about
knowing your own
limits, but we will
save that for another
time.

Until next time be
Safe, Be Smart and Be
Ready (even when its
65 below with the
windchill)!

Turbo
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Latest Podcast
In December, the Flight Test
Safety Channel turned FOUR.
Below is a tabular summary of
episodes from 2023, a tradition for
this month’s podcast column. You
can subscribe to the Flight Test
Safety Channel podcast in iTunes,
Spotify, Podbean, Google, and
Amazon Music’s FTSCChannel.
You can also share the link below
with colleagues and friends who
may not know about Turbo’s
monthly recording:

https://flighttestsafety.org/ftsc-news/flight-test-safety-podcast-channel.

2023 Podcast Episodes

January Test Teams Today

February What If?

March This is the Way: Applying Safety Every Day

April B-1 Flight Test Lessons Learned (Part 1)

May B-1 Flight Test Lessons Learned (Part 2)

June Signs of Danger

July Battle of the X Pilots - Part 1

August Are you Ready for the Bad Day - Part 1

September Are you Ready for the Bad Day - Part 2

October The Tale of Aircraft 163666

November Battle of the X Pilots - Part 2

December Battle of the X Pilots - Part 3
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Contact the Flight Test Safety Fact Mark Jones Jr, Editor
mark@flighttestfact.com

Art “Turbo” Tomassetti, Chairman chairman@flighttestsafety.org
Susan Bennett, FTSC Administrator susan@setp.org
Society of Flight Test Engineers edir@sfte.org
Society of Experimental Test Pilots setp@setp.org
AIAA Flight Test Group derek.spear@gmail.com
Connect with us by joining the LinkedIn Group: “Flight Test Safety Committee.”
Website: flighttestsafety.org

Report Editor

The FTSF turns five years old this month. The first edition went to press in
January 2019, and for the first two years attempted to maintain a monthly
schedule. Starting in 2021, the readers provided input that once every other
month was a better rhythm. It turns out that “bi-monthly” means two different
things: “twice a month” and “once every two months.” During that time,
we’ve changed the format, but we’ve never changed our commitment to Reach
Everyone, even if we mention it less frequently. In December 2019, we
reached 3539 people with email distribution of the newsletter, which was, at
the time, 103% of the membership of SETP and SFTE. As of November 2023,
distribution between SETP, SFTE, and FTSC has reached 4000 people, which
is an estimate based on the fact that there may be duplicate names in some of
these distribution contact lists. Susan reported that she adds people monthly by
special requests sent directly to her. The podcast also provided some
quantitative data: We have 39.9k all time downloads. Episode 18 (Interview with Justin Paines - Thoughts on
Commercial Electric Aircraft on May 13, 2021) tops the charts with 1,332 downloads. From the FTSC website,
there is some data we can also report. Issue 19-02 has 502 downloads, the most of any other issue, but the
newsletter webpage (which links to all the newsletters) has 17,060 hits. In closing, we’d like to ask you to share the
newsletter: forward your email copy to a coworker, print a copy for the lunch room counter, or post a link on social
media. We can add ANYONE to the FTSF email list! If there’s someone new in your office, just have them send
an email to susan@setp.org or mark@flighttestfact.com.
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Year Number of issues

2019 11

2020 9

2021 6

2022 5

2023 6
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ABSTRACT 


US ARMY HELICOPTER ICING TESTS 


LTC Warren E. Griffith II and CPT Marvin L. Hanks 
US Army Aviation Engineering Flight Activity 


Edwards Air Force Base, California 93523 


Limited testing of Army helicopters has been conducted in both artificial and natural icing 
environments. To provide for artificial icing tests, a helicopter icing spray system was developed 
which has the capability of providing a closely controlled in-flight artificial icing environment. 
Natural icing tests were conducted to verify that artificial icing characteristics are representative 
of natural icing characteristics. The test technique utilized was a build-up program in accretion, 
static temperature, and accretion rate. Of the helicopters tested (UH-1 H, AH-1 G, AH-1 Q, and 
CH-47C), general problem areas have been identified. Engine ice ingestion, rotor blade impact 
damage, degraded autorotational capability, high vibration levels due to asymmetric ice shedding, 
and restricted forward visibility are a few of these problem areas. A simple, low-cost solution 
to asymmetric ice shedding from rotor systems is urgently needed to give the helicopter an 
all-weather capability. 


INTRODUCTION 


In response to operational needs, the United States Army has procured a helicopter in-flight 
icing spray system. None of the helicopters tested to date possess the capability to safely operate 
in icing conditions. Throughout these icing tests, a need for initial design considerations for flight 
in icing conditions has been evidenced. Test techniques for in-flight artificial icing tests are being 
developed as the personnel now involved in this field gain experience and knowledge about the 
difficult problem of sustaining helicopter flight in known moderate icing conditions and cold 
temperatures. 


The operational experience of United States Army aviation units in Europe has repeatedly 
pointed out an urgent requirement for the capability to operate Army helicopters in known or 
forecast icing conditions. A review of climatological data for central West Germany indicates over 
50 percent occurrence of low stratiform cloud cover and simultaneous freezing temperatures at 
moderate altitudes during the winter months. 


Since I 970, the United States Army Aviation Systems Command (AVSCOM) has been 
conducting studies to establish qualification requirements for instrument flight operations. In early 
197I, a study was conducted by the AVSCOM Directorate of Research, Development and 
Engineering to define a program for qualification of current Army helicopters for flight in icing 
conditions. This paper will report on the helicopter icing tests conducted to date by the 
United States Army Aviation Engineering Flight Activity (USAAEFA), formerly designated the 
United States Army Aviation Systems Test Activity (USAASTA). 


The I 971 AVSC0!\1 study concluded that none of the first-line Army helicopters had adequate 
deicing/anti-icing provisions for sustained flight in moderate icing conditions. At the time, neither 
of the light observation helicopters nor the AH-IG or CH-548 were even qualified for flight 
in instrument meteorological conditions (IMC). Since IMC capability is a prerequisite to icing 
capability, a series of qualification tests were undertaken which resulted in instrument flight 
authorization for the CH-548 in October 1972.1 Extensive test experience with the OH-SBA and 
OH-6A helicopters indicates that limited IMC capability can be had for the price of automatic 
stabilization equipment and improved pilot displays.2-.4 Tests are presently under way to provide 
IMC qualification data for the AH-IG.' 
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Concurrent with its direction of emphasis toward all-weather, mid-intensity warfare mission 
capability, the Department of the Army has expressed, via the Army Materiel Command, a 
requirement for AVSCOM to explore the adequacy of Army helicopters to fly in icing conditions. 
Accordingly, AVSCOM initiated a program for the development of a helicopter icing spray system 
which would have the capability of providing a closely controlled in-flight artificial icing 
environment.6 


The helicopter icing spray system configuration selected for procurement is shown in figure I. 
Figure 2 is a photograph of the spray system operating in flight. It employs a CH-47C helicopter 
to transport an 1800-gallon water tank, to supply hydraulic power and bleed air, and to serve 
as a mounting point for the spray boom assembly. The boom assembly consists of a cross tube 
through the cargo compartment, vertical members on either side of the aircraft, and a 75-foot-wide 
spray pipe. Separate supply lines within the spray pipe provide water and engine bleed air, which 
are mixed at specially designed atomizers to create the desired cloud of water droplets. The liquid 
water content (LWC) can be changed by varying the water flow rate using the boom operator 
control equipment mounted inside the helicopter. 


Figure I. Helicopter Icing Spray System. 


Spray cloud calibration was initially conducted by the contractor but only cloud depth 
information was obtained. 7 Prior to conducting icing tests, a comprehensive calibration effort 
was accomplished by Calspan Corporation using a Piper Aztec weather research aircraft to measure 
the microphysical properties of the water cloud generated by the spray system.• Figure 3 shows 
a typical droplet spectrum measured in the spray cloud and a cumulonimbus cloud droplet 
distribution superimposed as a dotted line. Typically, the spray system mean volume diameter 
is SO microns and the median volume diameter is 140 microns. It is believed that the condition 
simulated within the spray cloud is very similar to icing conditions found in nature in large 
cumulonimbus clouds. 
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Figure 2. Icing Spray System in Flight 
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Figure 3. Typical Water Droplet Spectmm. 
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Evaporation effects on droplet size distribution and LWC were also investigated by the Calspan 
Corporation test team. To compensate for evaporation effects on LWC, a small amount of 
additional water was atomized. The exact amount was computed using the following equation: 


Decay LWC (% per second) a 
10 G 


G 
0 


Where: 


(100 - RH) 
45 


G = Thermodynamic function for applicable temperature (fig. 4) 
G0 = 60 x 1o-8 cm2 sec 
PJI = Relative humidity 
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Figure 4. Variation of G with Temperature at 1000 !liB. 


Since the test aircraft was positioned approximately 100 to ISO feet behind the spray aircraft 
for approximately 1 second of flil:ht time, the computed percent of decay was added to the desired 
LWC to give a corrected LWC. Knowing the cloud dimensions and utilizing the conservation of mass 
principle, figure 5 was derived. From figure 5 the proper fluid flow rate can be read, knowing 
the corrected LWC and true airspeed. Before utilization of the above-stated method of spray 
cloud evaporation compensation, noticeable ice accretion differences were seen on days of vastly 
different relative humidity. Institution of this procedure has eliminated the problem. Although 
empirical in nature, this method of computing evaporation effects on the artificial icing 
environment has proved to be both practicable and accurate. 


The objectives of the helicopter icing tests are shown in figure 6. The fll'St objective is to 
establish the maximum icing severity conditions in which each tested aircraft can operate without 
any special modifications. Any deficiencies which may restrict icing flight will be identified, 
categorized with respect to the icing severity levels at which they require correction, and prioritied 
for correction. Flight envelope restrictions appropriate for flight in icing conditions will be 
established and incorporated in the operators' manuals. 
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Figure 5. Spray System Flow Rate Chart. 


eDE'ICRMINE CAPABIUlY OF ARMY HEUCOPTERS 
TO SAFELY OPERATE IN AN ICING ENVIRONMENT 


e DE'ICRMINE PROBLEMS REQUIRING RESOLtmON 
PRIOR TO REI.EASI! FOR FUGIIT IN ICING 


ePROVIDI! DATA FOR DE'ICRMINATION OF FUGIIT 
ENVELOPE RI!STRICTIONS 


Figure 6. Icing Test Objectives. 


Artificial icing tests were verified by conducting natural icing tests on a UH-IH helicopter 
in February 1974 at Fort Lewis, Washington. Although these tests were very limited, they showed 
close correlation with artificial icing test results. 
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Each helicopter was tested in a configuration which included deicing/anti-icing equipment 
as well as relevant test instrumentation. Windshield deice/anti-ice capability was utilized, ice 
detection and rate equipment was installed, and outside air temperature was closely monitored. 
A complete list of test instrumentation is shown in figure 7. Since these tests were generally 
conducted at remote test sites, automated data reduction facilities were not available; therefore, 
a photopanel was used to gather engine, flight control position, and flight condition data. Vibration 
and ice detector information were recorded on magnetic tape to be reduced upon return to home 
station. After experience was gained which indicated no undue hazards, each test configuration 
was regressed to "standard" Army winter configuration to provide data directly applicable to 
fleet aircraft. 


e SENSITIVE OursiDE AIR TOTAL TEidPERATURE 


e ROSEMOUNT ICE DETECfOR SYSlEM WJ1H ICING RAlE INDICATOR 


e CAioiBRIDGE INSTRUMENTS RElA 11VE HUMIDilY SYSYEK 


e VISUAL ICE ACCRETION PROBE 


•lV MONITOR OF ENGINE INLET 


e ENGINE PLENUM DIFFERENTIAL PRESSURE 


e PHOTOPANEL RECORDING FUGHT CONDITIONS ENGINE 
PARAMEtERS AND CONTROL POSITIONS 


e AIRBORNE TAPE OR OSCILLOGRAPH RECORDING VIBRATION 
LEVELS AND ICE DETECfOR SIGNALS 


e JDGH SPEED PHOTO COVERAGE FROM CHASE AIRCRAFT 


F.gure 7. Icing Test Instrumentation. 


The procedure used to accumulate ice on the airframe and rotor systems of the test aircraft 
was the same throughout the tests and was as follows: all normal and special deice/anti-ice systems 
were activated and the distance from the spray aircraft was established using a radar ranging 
system prior to entering the spray cloud. A typical icing flight formation is shown in figure 8. 
The test helicopter entered the spray cloud from below at a distance of 100 to ISO feet behind 
the spray aircraft. Aircraft separation was maintained during icing flight with the use of a radar 
system located in the spray aircraft. Separation was monitored by the spray aircraft copilot, who 
then relayed distance information to the test aircraft by radio. Icing was accomplished by 
positioning either rotor system or fuselage in the cloud for a predetermined time interval at a 
programmed LWC and test temperature (fig. 9). Upon completion of icing, the test aircraft was 
moved to a position clear of the spray cloud to conduct specific engineering tests. All test 
instrumentation was activated manually at specific times before, during, and after immersion in 
the cloud. Only conditions checked in the matrix of figure I 0 were investigated. Those not checked 
are not normally found in nature, so they were deleted from testing. It was felt that investigation 
of the matrix conditions would yield a representative data cross-section of all normal icing 
conditions found in nature. Freezing rain was not investigated because of the hazards, identified 
and documented by other agencies, that exist in this area. 
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Figure 8. Icing Test Fonnation. 
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Figure 9. Icing Test Approach. 
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Figure 10. Test Condition Matrix. 


Ice accretion was measured in-flight using a visual ice accretion indicator probe. Predetennined 
maximum accretion levels for the visual probe were established for each flight in order to establish 
a build-up program. The visual probe (fig. I I) was monitored by the copilot during flight in 
the icing cloud to ensure that the desired accretion level was achieved. The copilot also monitored 
the Rosemount ice detection and rate system during flight in the spray cloud to obtain an 
indication of icing severity. Ice accretion was further documented in-flight with the use of 
high-speed motion picture photography. In-flight mm coverage was accomplished from either the 
chase aircraft or the spray aircraft at selected test conditions. When possible, ice remaining on 
the helicopter upon landing was measured at specific locations and was further documented with 
still photography. 


Figure II. Visual Ice Accretion Probe. 
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Sublimation and shedding of ice often occurred in flight and reicing was required in order 
to investigate the effects of specific amounts of ice accumulation. Ice shedding characteristics 
were observed by personnel in the test, spray, and chase aircraft and were documented in several 
instances with high-speed motion picture photography. 


Level flight performance was evaluated by relating the changes in engine torque observed 
to the estimated amounts and type of ice observed on the rotor systems. In order to record 
changes in torque due to ice accretion, data were recorded outside the cloud with no ice 
accumulation and thereafter at specified time intervals during ice accumulation, at the same 
airspeed. 


Autorotational descent performance was evaluated at the minimum rate-of-descent airspeed 
to determine autorotational rotor speed limitations with ice buildup on the rotor blades. 
Photopanel data were recorded during autorotations both before and after ice accumulation. 


The effects of ice accretion on handling qualities were evaluated by comparing control 
positions in trimmed forward flight with and without ice accumulations on the test aircraft rotor 
systems. These comparisons were made only at the airspeed used to accrete the ice. Control 
position comparisons were also made with various ice accretions for autorotational descents at 
the minimum rate-of-descent airspeed as specified by the operator's manual. 


Vibration levels were qualitatively assessed by the pilot of the test aircraft. Quantitative 
data were recorded on a magnetic tape data system. A Spectral Dynamics 301 real time spectral 
analyzer was utilized to perform the analysis, converting the data from the time domain 
(acceleration as a function of time) to the frequency domain (acceleration as a function of 
frequency). The output of thr spectral analysis was a plot of acceleration versus frequency 
composed of acceleration values at 500 discrete frequencies uniformly spaced over the selected 
frequency range. Figure 12 is an example of the vibration data presentation achieved by this 
process. Both base-line and asymmetric shed values are portrayed on the plot. 


The icing severity definitions used in these tests are shown in figures 13 and 14. Figure 15 
is a list of ice types. 


In the interest of brevity, only general test results will be presented here. Specific results 
can be obtained from references 9 through 16. The following general results are identified after 
the completion of initial tests on the UH-1 H, AH-1 G, AH-1 Q, and CH-4 7C helicopters in an 
artificial icing environment and limited natural icing tests with the UH-1 H helicopter. 


During artificial icing tests on the mi-IH, no significant quantities of ice accumulated on 
the engine inlet screens, despite over I inch of buildup on all forward-facing portions of the 
fuselage. In natural icing tests, a significant amount of ice was observed to accrete on the side 
screens (fig. 16); however, there was no indication of inlet pressure or turbine temperature rise 
due to this ice buildup. It is felt that this ice occurred due to the much larger population of 
very small drops (< 50 microns) existing naturally than can be created by the icing spray system. 
No apparent problem was encountered with inlet icing on the AH-1 G during artificial icing trials. 
The inlet anti-ice system on the CH-47C appears adequate, but these inlets must be afforded 
some form of foreign object damage protection to prevent ice shed from the rotor systems from 
being ingested into the transonic compressor section, which is susceptible to damage. CH-47C 
ice ingestion engine damage is shown in figure 17. 


Control activity on all aircraft tested to date failed to afford a reliable deice capability. 
Rapidly varying rotor speed yielded slightly better results. Deliberate control inputs on several 
occasions caused more severe conditions of asymmetric shedding than already existed; therefore, 
it is cautioned that this procedure not be employed in an attempt to remove ice from the rotor 
system in flight. 
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Figure 12. Typical Vibration Data. 
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Figure 13. Icing Severity Definitions. 


Icing Condition Liquid Water Content 1 


(gram/meter3) 


Trace Zero to 0.1 


Light 0.1 to 0.5 


Moderate 0.5 to 1.0 


Heavy Greater than 1.0 


1Based on a mean drop size of 25 microns. 


Figure 14. Liquid Water Content Table of Icing Severity. 


Rime Ice 


Clear Ice 


Glime Ice 


An opaque ice formed by the instantaneous 
freezing of small supercooled droplets 


A semitransparent ice formed by the slower 
freezing of larger supercooled droplets 


A mixture of clear ice and rime ice which 
is very common. 


Figure 15. Icing Type Definitions. 


· Inlet screen ice 


Figure 16. Engine Inlet Screen Ice Accumulation. 
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Figure 17. CH-4 7C Damaged Compressor Blades. 


No damage to main or tail rotor blades was experienced during testing in artificial or natural 
icing conditions with the UH-IH or AH-lG aircraft. Buildup and shedding of ice on the FM 
whip antenna of the UH-lH caused it to oscillate at its natural frequency and contact the tail 
rotor on several occasions, both in the artificial and natural icing environments. Although tip 
damage was sustained by the antenna, no tail rotor blade damage was observed. Ice shed from 
both rotor systems of the CH-47C helicopter caused damage in the form of dents to all rotor 
blades of the test aircraft during a test flight at 0.50 gram/meter3 LWC and -8.5"C static air 
temperature (fig. 18). 


FJgW"e 18. CH-4 7C Rotor Blade Damage. 


4-58 







Forward visibility in the UH-IH and AH-IG aircraft must be achieved by systems other 
than those standard to the aircraft. The heated glass windscreen tests on the UH-IH proved 
satisfactory (fig. 19). Without windscreen ice protection, forward visibility may be lost in a matter 
of seconds. 


.------


Rll· 


Figure 19. Electrically Heated Windscreen After Icing Test. 


Several instances of inadvertent asymmetrical ice shedding occurred during the tests. The 
worst condition was in a UH-1 H aircraft at -9.0°C following accumulation of an estimated 3/4 inch 
of ice on the main rotor blades. One blade suddenly shed ice from 90 percent rotor radius to 
42 percent radius, while the other blade retained all its ice. Severe vertical and lateral vibrations 
followed and the pilots nearly elected to bail out. The asymmetric condition persisted for a total 
of 7 minutes, and not until the aircraft had reached a lower altitude and -S"C temperature did 
the opposite blade shed a like amount of ice. 


Flying in the various icing severity conditions resulted in ice accretion on the fuselage which 
conformed to the FAA icing severity definitions. However, the ice accreted on the main rotor 
system did not conform to those definitions. For example, during a flight under programmed 
light icing conditions, 1/4 inch of ice was accumulated on the visual probe after 20 minutes 
in the spray cloud, conforming to the FAA icing definitions. After landing, 7/8 inch of ice was 
measured on the leading edge of both rotor blades 9 feet from the hub. The inability of the 
pilot to determine the ice accretion on the main rotor blades is quite critical, in that hazardous 
conditions may be encountered without the pilot's knowledge. 


Increased indicated torque accompanies ice accretion on the rotor blades and is a useful 
indication of ice accumulation. With an ice accumulation in excess of 5/8 inch on the inboard 
portions of the main rotor system of the UH-1 H and AH-1 G (which is indicated by a 6 to 8-psi 
increase in torque pressure), it was not possible to maintain autorotational rotor speed above 
the lower limit (294 rpm) at 60 knots indicated airspeed. The resulting low rotor speed would 
provide insufficient rotor kinetic energy to ensure safe autorotational landings. An example of 
this amount of ice on a UH-111 rotor blade is shown in figure I 0. At all conditions tested, the 
CH-47C helicopter maximum autorotational rotor speed was attainable. 
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Figure 20. Typical Ice Accretion on a UH-lll !\lain Rotor Blade. 


CONCLUSIONS 


The first year of Army-conducted helicopter artificial icing tests has shown that the icing 
spray system is a vital tool for evaluating the capability of current-day helicopters to fly in icing 
conditions. Test results should be interpreted realizing the limitations and shortcomings of this 
system. It is most desirable to follow artificial icing tests with natural icing tests to verify results 
of individual helicopters after correction of system deficiencies identified during artificial icing 
tests. 


None of the aircraft tested to date possess the capability to operate safely in an icing 
environment. Each aircraft evaluated separately requires correction of deficiencies which fall into 
the following categories: (I) reduced forward visibility, (2) autorotational performance 
degradation, (3) high vibration levels resulting from asymmetric shedding of ice from the rotor 
systems, ( 4) lack of reliable indication of rotor system ice accretion, (5) ice ingestion damage 
for some engine installation configurations, and (6) rotor blade damage due to impact with shed 
ice. Simple low-cost solutions to these icing problems are urgently needed if moderate icing flight 
capability is to be attained. 
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ABSTRACT 


Airworthiness approval of flight in icing 
conditions is a demanding challenge for 
aircraft manufacturers and the cenification 
authorities. Despite improvements in design, 
aircraft accidents, with icing as a significant 
cause, have continued to occur. This paper 
provides a review of the cenification process, 
including discussion of the airworthiness 
requirements and available guidance material, 
aircraft design features, and the necessary 
!light tests for airv•orthiness approval of flight 
in icing. The problems typically encountered 
during !light test and their effect on the design 
and operation of the aircraft, are described. 
The need to conduct a !light test program with 
Type II anti-icing tl uid is also discussed. 


The paper retlects the experience of the author 
in recent Transport Canada approvals of 
turbopwp and jet transpon aircrati. 


INTRODVCTIO~ 


General 


The design of aircraft for !light in icing 
conditions has long been a challenge for 
aircraft designers. Safe and reliable protection 
systems for critical components must he 
incorporated which are not unduly costly or 
diftlcult to manufacture, maintain and operate. 
Safe operation of aircraft in icing conditions 
also requires that limitations and procedures 
f,,r use of the protection systems he established 
and that !light crew adhere to the information 
in the Airplane Flight :'\lanual (AF:'\1) and 
Flight Crew Operating :'\lanual (FC0:'\1). 
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Transport Canada Experience 


It became evident to the Airwonhiness Flight 
Test Division of Transport Canada (TC) some 
time ago that current certification practices 
were not well defined. Building on experience 
gained from domestic cenification programs 
on the de Havilland DHC-7, the Canadair CL-
600 and known problems with a previously 
approved aircraft, new guidance material for 
approval of !light in icing conditions was 
developed. This material, which was initially 
used for the DHC-8 program, was not well 
received by some members of the industry nor 
indeed was it wholeheanedly supponed by 
Transport Canada Airworthiness management. 


Unfortunately, a series of fatal accidents has 
occurred in recent years. Several of these 
accidents have involved new turboprop 
aircraft. This prompted re-evaluation of 
certification practices worldwide. As a result. 
the Transport Canada material formed the 
basis for the development of new guidance for 
cenification. 


Type II Anti-icing Fluid 


Due to recent accidents involving attempted 
takeoffs with the aircraft contaminated hy 
freezing precipitation. there has been 
considerable emphasis placed on new 
operational procedures and the use of Type II 
anti-icing fluid. Type II tluids provide 
significantly improved holdover time (i.e. time 
from application for which anti-icing remains 
effective) and are designed to !low off the 
aircraft prior to wtation. However the thick 
tluid tllm can result in a changed aerodynamic 
profile of the wing at lower speeds and may 
not have completely departed the wing prior to 







rotation. It is prudent to consider the possible 
adverse effect of this fluid on takeoff flight 
characteristics and performance. To date, 
there is no consistent policy by the 
airworthiness authorities on the airworthiness 
requirements for such tests. 


Content of Paper 


There is a wealth of theoretical and practical 
knowledge on atmospheric icing conditions, 
ice accretion characteristics, anti-icing and 
deicing systems, and the adverse effects of ice 
accretion on aerodynamic characteristics. 
Many universities and institutions provide 
courses on these subjects. However, there 
appears to be very little published or cou_rse 
material on the certification process and m 
particular, the flight testing required to obtain 
approval of flight in icing conditions. Even 
with established aircraft manufacturers, there 
has been an underestimation of the scope and 
nature of the required tests for approval. 


This paper contains a description of the 
airworthiness requirements, aircraft design 
features and the flight testing required for 
airworthiness approval of flight in icing. The 
new advisory material is described as well as 
typical problems with aircraft performance, 
flight characteristics and systems performance. 
The paper also discusses recent Transport 
Canada experience with the aerodynamic 
acceptance of Type II anti-icing fluids. 


ICING ACCIDENTS 


There has been a significant number of recent 
incidents and accidents associated with icing. 
These occurrences can be grouped as follows: 


a) Inflight icing causing loss of performance 
leading to a stall. The aircraft was usually 
being flown with autopilot engaged in 
Pitch or Vertical Speed mode and the 
flight crew were unaware of the icing (or 
underestimated it) and did not detect the 
deceleration to the stall. 
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b) Inflight icing causing loss of longitudinal 
control (tailplane stall). This has usually 
occurred after selecting full landing flap 
and/or aggressive manoeuvring at close to 
the flap limiting speed. The crew were 
usually not aware of ice accumulation on 
the horizontal stabilizer. 


c) Inflight icing causing stall or loss of 
longitudinal control due to failure of the 
flight crew to properly operate the 
protection systems or failure of the 
systems. Either of these factors could 
have contributed to the occurrences noted 
in a) and b) above. 


d) Aircraft attempting to take off with ice 
accretion. As a result of major accidents 
in Canada and the USA, this flight 
condition has been the subject of intense 
review. New regulatory operational 
procedures have been established to verify 
that the aircraft is free of freezing 
precipitation prior to takeoff. Takeoff 
with ice accretion is not considered by the 
airworthiness design requirements and does 
not forrn any part of airworthiness 
approval of flight in icing conditions. 


Advanced aerodynamic designs may be more 
susceptible to the adverse effects of ice 
accretion. Past design practices and 
certification procedures, although considered 
satisfactory at the time, have not been adequate 
for the new aircraft designs. 


Compounding the problem has been a 
perceived lack of awareness on the part of 
some flight crew of the adverse effects of 
icing. The economic need to maintain 
schedules in adverse atmospheric operating 
conditions together with reduced flexibility in 
avoiding such conditions due to a congested air 
traffic environment, has also been a factor. 







REVIEW OF AIRWORTHINESS 
REQUIREMENTS AND ADVISORY 


MATERIAL 


Applicable FAR 25 Requirements 


Transport aircraft approval is governed by 
FAR 25 in the USA, JAR 25 in Europe and 
AWM 525 in Canada. In general all three 
codes are similar and for approval of flight in 
icing conditions, there are no significant 
differences. The pertinent FAR 25 paragraphs 
relating to ice protection are as follows: 


25.773 
25.875 
25.929 
25.975 


25.1093 
25.1301 
25.1305 
25.1309 


25.1323 
25.1325 
25.1403 
25.1419 


Pilot Compartment View 
Reinforcement Near Propellers 
Propeller Deicing 
Fuel Tank Vents and Carhurettor 
Vapor Vents 
Induction System Icing Protection 
Function and Installation 
Powerplant Instruments 
Equipment, Systems and 
Installation 
Airspeed Indicating System 
Static Pressure Systems 
Wing Icing Detection Lights 
Ice Protect ion 


25. 1525 Kinds of Operation 
25.1585 Operating Procedures 
Appendix C 


It is interesting to note that the majority of 
these requirements are applicable whether or 
not approval is requested for flight in icing. 
FAR 25.773 (icing aspects), 25.1403 and 
25.1419 are optional, that is. they are only 
applicable if approval for !light in icing is 
requested. The most important requirements 
from a !light testing a'pect are 25.1419 and 
Appendix C which are further discussed 
below. 


FAR 25.1419 lee Protection 


It is worthwhile to repeat the requirement (at 
Amendment 72) in full: 
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"25.1419lce protection. 


If certification with ice protection provisions is 
desired, the airplane must be able to safely 
operate in the continuous maximum and 
intermittent maximum icing conditions of 
Appendix C. To establish that the airplane can 
operate within the continuous maximum and 
intermittent maximum conditions of Appendix 
C: 


a) An analysis must be performed to establish 
that the ice protection for the various 
components of the airplane is adequate, 
taking into account the various airplane 
operational configurations; and 


h) To verify the ice protection analysis, to 
check for icing anomalies, and to 
demonstrate that the ice protection system 
and its components are effective. the 
airplane or its components must he !light 
tested in the various operational 
configurations. in measured natural 
atmospheric icing wnditions and. as found 
necessary. hy one or more of the following 
means: 


I) Laboratory dry air or simulated icing 
tests, or a combination of hoth, of the 
components or models of the 
components. 


2) Flight dry air tests of the ke protection 
system as a whole. or of its individual 
components. 


3) Flight tests of the airplane or its 
components in measured simulated 
icing conditions. 


c) Caution information, such as an amber 
caution light or equivalent, must he 
provided to alert the !light crew when the 
anti-ice or de-ice system is not functioning 
normally. 


d) For turbine engine powered airplanes, the 
ice protection provisions of this section are 
considered to be applicable primarily to the 
airframe. For the powerplant installation, 
certain additional provisions of the Subpart 







E of this part may be found applicable. • 


One of the most significant points contained in 
the requirement is that although a complete 
and thorough analysis is the main mechanism 
to demonstrate the adequacy of the ice 
protection systems, the analysis must be 
verified in natural icing tests. 


FAR 25 Appendix C 


This Appendix defines continuous maximum 
and intermittent maximum icing conditions in 
terms of: 


a) Cloud liquid water content 


b) Mean effective diameter of cloud droplets 


c) Cloud horizontal extent 


d) Ambient air temperature 


e) Altitude 


The Appendix is used to define the critical 
icing environment for aircraft climb, cruise, 
holding, approach and goaround. This must 
be defined for each aircraft because the critical 
icing environment depends on such factors as 
leading edge shape, operational speeds and 
angle of attack (ADA). Both the ice protection 
system performance and the accumulation of 
ice on unprotected surfaces must be considered 
in deriving critical icing cases. 


There are a number of comments to be made 
with respect to Appendix C. The Appendix is 
not specific in defining the amount of time in 
the continuous maximum and/or intermittent 
maximum icing conditions. The Appendix 
does not include the droplet size and liquid 
water content appropriate to freezing drizzle, 
freezing rain, or warm, moist icing conditions 
associated with temperature inversions. 


In response to some accident/incident 
investigations, it appears like! y that a critical 
review of Appendix C will be carried out. It 
is accepted that Appendix C does not include 
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all expected icing conditions. What is not 
clear is whether aircraft need to be designed 
for continuous operation in more extreme 
conditions. 


Guidance Material on Ice Protection 
Systems 


Guidance material can be found in the 
following documents: 


AC 20-73, Aircraft Ice Protection 


DOT/FAA/CT-88/8, Aircraft Icing Handbook 


JAA ACJ 25.1419, Ice Protection 
(Interpretative Material and Acceptable Means 
of Compliance) 


The material concentrates on the design and 
design substantiation of deicing and anti-icing 
systems. 


Transport Canada Guidance Material 


Until recently there has been very little 
guidance material on compliance with the 
statement in FAR 25.1419 • ... must be able to 
safe! y operate ... •. The basic premise of the 
following TC material is that the performance 
and flight characteristics requirements are 
applicable with the accumulated ice expected 
from normal system operation, i.e. there is no 
relief to the basic FAR 25 requirements due to 
the probability of an icing encounter. 


a) Transport Canada AMA 525.2-X, Flight in 
Icing Conditions - Performance. In 
general, this states that the effect on 
performance of normally expected ice 
accretion and ice protection system 
operation must be taken into account. This 
includes: 


I) Increase in Drag 
2) Decrease in Thrust 
3) Increase in Operating Speeds 


b) Transport Canada AMA 525.5-X, Flight in 
Icing Conditions - Flight Characteristics. 
This states that the aircraft must have safe 







flight characteristics with: 


I) Ice on the unprotected surfaces 
2) Ice on the protected surfaces with 


normal system operation 
3) No more than minor effect following 


probable failures (i.e. effects of 
failures must be compatible with FAR 
25.1309) 


4) No more than minor effect following 
likely crew delays in operating the 
protection systems 


The TC material also requires that adequate 
normal procedures and procedures following 
system failures must he specified in the 
Aircraft Flight Manual (AFM). 


Propost'll JAA Guidance 1\!aterial 


The J AA have proposed guidance material in: 


JAA AMJ 25.1419, Flight in Icing Conditions 
-Acceptable Handling Characteristics and 
Performance Effects (recently published as a 
NPA) 


The proposed J AA guidance material is similar 
to, but more comprehensive than, TC A MAs 
525.2-X and 525.5-X. Significant additions 
are: 


a) "Sandpaper" ice must he considered (TC 
material does not discuss). 


b) Specification of roughness of artificial ice 
(TC does not specify). 


c) Need to demonstrate longitudinal 
controllability in zero 'g' pushover 
manoeuvre (TC requires 0.5 'g' with an 
appreciable pitch rate). 


d) Need to consider ice accretion during 
takeoff (TC does not consider). 


The JAA material was developed in response 
to problems with European turboprop aircraft 
and is the most comprehensive developed to 
date. It appears likely that most of the 
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proposed J AA material will he adopted, 
although there are disagreements with some 
aspects from both manufacturers and other 
authorities. 


Definition or Icing Conditions 


For correct operation of the aircraft and its ice 
protection systems, it is necessary to define 
icing conditions in the AFM. The following 
definition (or equivalent) is generally required 
by TC: 


"Icing conditions exist when the OAT on the 
ground and for takeoff is IO"C or below, or 
TAT in flight is I O"C or below, and visible 
moisture in any form is present (such as 
clouds, fog with visibility of one mile or less, 
rain, snow, sleet or ice crystals). 


Icing conditions also exist when the OAT on 
the ground and for takeoff is I O"C or below, 
when operating on ramps, taxiways or 
runways where surface snow, ice, standing 
water, or slush may he ingested by the engines 
or freeze on engines, nacelles or engine sensor 
probes.· 


For aircraft with SAT indication systems, the 
intlight value of SAT is S"C or below. This 
definition of icing conditions was developed 
partly as a result of a major accident involving 
icing of engine sensors. The definition has 
been argued by some manufacturers as being 
unduly conservative for their designs, 
especially for operation of airframe anti-icing 
systems. However, unless manufacturers are 
prepared to substantiate an alternative 
definition, TC has insisted on the above for 
engine protection. The definition and 
procedures for operation of airframe anti-icing 
systems on the ground and for takeoff are 
currently under review. 







AffiCRAFf DESIGN FOR FLIGHT IN 
ICING 


Design Features to be Considered 


Clearly the aircraft designer wants to develop 
a design which meets the applicable 
requirements and is cost effective to produce, 
maintain and operate. In general each forward 
facing window, airfoil surface, air inlet, probe 
and component must be considered. 


The design analysis should consider the 
following: -


a) Is ice likely to accumulate? 


b) Is there an unsafe condition associated with 
ice accretion? 


c) What is the performance impact of not 
protecting the component? 


d) Should the component be deiced or anti­
iced? 


e) Which method should be used for deicing 
or anti-icing? 


An anti-icing system must be shown to prevent 
il;e accretion and is normally activated when 
icing conditions are expected and remains 
activated until the aircraft is no longer in icing 
conditions. Except under failure conditions, 
the protected component is assumed to be free 
of ice. 


A deicing system must be shown to remove 
accumulated ice once it has built up to a 
specific minimum thickness. The system is 
normally activated periodically while in icing 
and after leaving icing conditions, until ice is 
removed. For airworthiness approval 
purposes, the protected component is assumed 
to have a minimum amount of ice accretion. 
This minimum may be greater than the 
minimum specified for system operation due to 
crew delays in activating the system. 
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Anti-ice Protection 


Although the design analysis must be 
completed for each aircraft, the following 
components are normally anti-iced on a typical 
transport aircraft: 


a) Nacelle air inlet (turbojet engines) 


b) Engine air inlet (turboprop engines) 


c) Engine components and control sensors 
(the anti-icing is normally integral with the 
engine) 


d) Outboard portion of wing leading edge 
(large jet transport) 


e) Complete wing leading edge (small jet 
transport) 


f) Horizontal Stabilizer (small jet transport) 


g) Pitot, Static, Temperature and AOA 
Probes 


h) Windshield 


i) Control Surface Balancing Horns 


Deice Protection 


The following components are normally 
de ked: 


a) Pitot type nacelle air inlet (turboprop 
engines) 


b) Propeller blades (although the protection 
may be activated as an anti-icing system, 
the timing cycle normally results in a 
deicing function) 


c) Wing leading edge (turboprop aircraft) 


d) Horizontal stabilizer (turboprop aircraft) 


e) Vertical stabilizer (turboprop aircraft) 







Components "ithout Protection 


The following components are not, or may 
not, he protected and the adverse effects of ice 
accretion must be considered: 


a) Radome 


b) Inner wing leading edge (large jet transport 
aircraft) 


c) Winglets 


d) Wing trailing edge devices 


e) Engine pylons 


f) Horizontal Stabilizer (large jet transport 
aircrati) 


g) Vertical Stabilizer (jet transport aircraft) 


h) ~liscellanoous air inlets, vents and drains 


i) Landing gear 


Types of Anti-icin~: Systems 


Anti-ice systems in common use are: 


a) Thermal anti-icing using hot air from 
engine compressor bleed 


h) Electric heating mats 


c) Freezing point depressant 


By far the most common system is the use of 
hut air from the engine compressor to heat the 
surface. However with the growth in engine 
bypass ratios and relatively smaller and more 
efficient compressor sections, the effect of 
hleeding compressor air has hecome much 
more significant in terms of operating 
efficiency. This has Jed designers to critically 
review the extent of hot air thermal anti-icing. 
For some large components, the anti-icing 
mechanism in the most severe conditions may 
he melting ("running wet") rather than 
evaporative. 
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Types of Deicing Systems 


Deicing systems commonly used are: 


a) Pneumatic hoots 


h) Freezing point depressant 


Pneumatic hoots, especially on turboprop 
aircraft, are the standard method of deicing. 
Usually the pneumatic system uses engine 
compressor bleed air but the bleed demand is 
much Jess than for thermal anti-ice systems. 
Boot technology has steadily improved over 
the years but there are still concerns over 
reliability and maintainability as well as 
efficiency in removing ice. 


New Ice Protection Systems 


A significant amount of work is being done on 
new systems which include: 


a) Pneumatic impulse 


h) Electro expulsive 


Claimed advantages for the new systems are 
higher efficiency (lower power requirements) 
and reliability, as well a~ effective deicing with 
only a very small ice thickness. None of these 
systems have yet heen approved on a transport 
aircraft in Canada. It is believed that some 
Russian aircraft use electro expulsive systems. 


Icin~: Dct('Ctors and Ice Accumulation 
Dl'lectors 


Ice detection systems (perhaps more accurately 
referred to a~ icing detectors) have hecome an 
important design feature on new transport 
aircraft. Traditionally, icing detectors were 
usc>d as a hackup system to sense the existence 
of icing conditions and provided an alert to the 
crew. The crew was then responsible for 
ensuring that anti-icing systems were activated. 
On more recent applications, the nature of the 
alert to the crew (e.g. Caution or Advisory) 
ha' heen dependent on whether the necessary 
protection systems had already been activated 
and were functioning. A further development 







has been to use icing detectors to directly 
activate the anti-icing systems. This has the 
obvious benefit of operating economy (i.e. 
anti-icing is only activated when required). 


Although becoming more common on transport 
aircraft, icing detectors may still not be 
required in order to obtain approval of flight 
in icing conditions. It is the author's opinion 
that the provision of such a system 
significantly enhances flight safety by 
decreasing the reliance on the crew to identify 
icing conditions. 


There has been significant recent research and 
development of ice accumulation detectors 
which sense the existence and depth of ice 
which has accreted on a surface. These 
devices have the potential to provide automatic 
activation of deicing systems and to detect 
deicing and/or anti-icing systems failures. 
Flight tests with some of these devices are 
presently being conducted but it may be some 
time before they are incorporated on transport 
aircraft. 


AIRWORTHINESS APPROVAL 


Compliance Program 


In Canada, aircraft certification to the 
standards of FAR 25 (or equivalent) and 
associated advisory material is normally 
documented and controlled using a Compliance 
Program. The Compliance Program must 
encompass many technical disciplines including 
structural design, mechanical systems design, 
thermodynamic design, cockpit controls and 
instrument design, performance, flight 
characteristics and flight testing. For approval 
of flight in icing conditions, the major 
functional objectives to be satisfied are: 


a) Demonstrate that the anti-icing and/or 
deicing systems perform correctly by an 
appropriate combination of the following 
means: 


I) Analysis 
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2) Ground tests using icing rigs 
3) Tanker flight test 
4) Dry air flight tests 
5) Natural icing flight tests 


b) Demonstrate that the aircraft can operate 
safely with ice on the unprotected surfaces 
and/or ice on protected surfaces 
appropriate to deicing system operation, 
using an appropriate combination of the 
following means: 


I) Analysis (to determine the critical 
shape for artificial ice) 


2) Wind tunnel test of aircraft model with 
simulated ice 


3) Artificial ice shape flight tests 
4) Natural icing flight tests 


c) Demonstrate that the aircraft can continue 
to operate safely following system failures, 
using an appropriate combination of the 
following means: 


I) System failure analysis 
2) Wind tunnel test 
3) Dry air flight tests 
4) Artificial ice shape flight tests 
5) Natural icing flight tests 


Flight Test Program 


A flight test program is always required to 
complement analysis and ground tests. The 
major elements of a typical flight test program 
are: 


a) Dry air tests 


b) Artificial ice shape tests 


c) Natural icing tests 


Dry Air Tests 


Dry air tests are conducted to verify design 
assumptions and calculations with respect to 
anti-icing and/or deicing system operating 
conditions and performance. Normally the 
following are considered: 







a) Effect of engine bleed air extraction on 
installed thrust. Engine power settings 
may have to be reduced to maintain 
turbine or exhaust temperature margins. 
In addition, engine acceleration is usually 
adversely affected by compressor bleed 
and the power used to show compliance 
with the balked landing climb requirements 
of FAR 25.119 (i.e. the thrust obtained 8 
s~c after moving the power control levers 
from flight idle) can become limiting. 


b) For pn~umatic boot systems, freedom from 
vibration and buffeting must be 
demonstrated, with the boots operating, 
through,Jut the normal flight envelope. 


c) Systems performance tests are performed 
to determine: 


I) Adequacy of pneumatic pressure for 
boot operation at all engine power 
settings and opaating altitudes. 


2) Skin and duct temperature surveys for 
hllt air systems at all engine settings 
and operating altitudes (many anti-ice 
systems require a minimum engine N2 
to remain effective). 


3) System performance following 
probable failures. 


Artificial Ice Shape FliJ:hl Te\ts 


Artificial ice shape tests are conducted to 
determine the aerodynamic effects of accreted 
ice in a controlled flight test environment. 
Tests can he done with specified accretions in 
good atmospheric conditions. 


A great deal of research has been done, and 
continues to be done, on accurate prediction of 
the critical ice shapes and their aerodynamic 
effects. A number of computer programs 
based on theoretical and empirical data are in 
widespread use. These codes have only had 
limited success in accurately defining the 
adverse aerodynamic effects hut are commonly 
used to develop the location, size and contour 
of the critical ice shapes. These shapes are 
then manufactured and attached to the 
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applicable surfaces. Suitable flight test 
precautions, including progressive work up 
with partial shapes, must be taken (e.g. for 
takeoff). 


There has been some controversy about the 
nature of and/or maximum size and shape of 
the ice shape to be tested. Differences of 
interpretation have arisen due to the somewhat 
imprecise definition of the encounter to he 
considered using the FAR 25 Appendix C 
criteria. Ice shapes developed using icing 
wind tunnel results have not heen 
representative of real life experience in some 
cases. Some computer codes and ground icing 
test rigs have produced excessive shapes 
depending on assumptions made on the icing 
environment. 


With this background, Transport Canada has 
accepted a relatively simple criteria for 
artiticial ice shape tests. A full flight test 
program for flight characteristics and 
performance is carried out with 3 inch double 
horned ice shapes on all significant unprotected 
surfaces and/or a I inch double horned ice 
shape on all deiced (e.g. pneumatic hoot 
protected) surfaces. In TC's experience such a 
size and shape has been the most critical. 


In addition, if required hy the failure analysis 
and/or hazard assessment, a limited tl ight test 
program is carried out to demonstrate 
continued safe flight and landing with 3 inch 
double horned ice shapes on all significant 
unprotected surfaces together with up to 1.5 
inch double horned ice shapes on those 
surfaces associated with the most critical 
system failure. Some manufacturers have also 
heen ahle to demonstrate that the effect on 
flight characteristics can he adequately 
determined hy using carefully located full span 
stall trips. 


Natural Icing Flij!,ht Tt-sts 


The natural icing flight test program has a 
number of a.<pects. Normally the aircraft is 
specially instrumented to record the icing 
conditions encountered (e.g. droplet mean 







effective diameter, liquid water content, 
altitude, temperature, speed, duration of 
encounter, etc). These conditions can be 
related to Appendix C and the expected 
theoretical performance of the ice protection 
systems. In general the following are 
accomplished: 


a) Confirmation of satisfactory operation of 
anti-ice/ deicing systems in representative 
icing conditions. 


b) Evaluation of systems performance with 
probable failure conditions (e.g. engine 
failure). 


c) Confirmation of analysis with respect to 
ice accretion (e.g. ice shapes on 
unprotected surfaces, run back ice, ice in 
flap vane gaps, etc). 


d) Demonstration and/or confirmation of 
satisfactory flight characteristics and 
performance effects. 


e) Demonstration of freedom from hazard 
due to ice shedding. 


f) Confirmation of the AFM Normal and 
Abnormal Operating Procedures. 


Reference I contains an excellent description 
of the scope of a typical natural icing test 
program. 


TYPICAL PROBLEMS 
ENCOUNTERED 


Performance 


The effect on takeoff, climb and landing 
performance in icing conditions and following 
an icing encounter must be determined. This 
includes: 


a) Increment in drag for aircraft having 
significant unprotected surfaces. 


b) Increment in stall speeds and associated 
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reference speeds due to ice on unprotected 
surfaces (e.g. jet transports with 
unprotected inner wing). 


c) Increment in stall speeds and/or stall 
warning speeds, and associated reference 
speeds, due to ice on surfaces protected by 
deicing systems (e.g. turboprop transports 
which require resetting of stall warning 
and/or stick pusher AOA values). 


d) Decrease in _installed thrust due to bleed 
air demand. 


e) Decrease in installed thrust due to loss in 
propeller efficiency. 


f) Decrease in engine acceleration resulting in 
reduced thrust for balked landing climb. 


The resulting performance loss can be 
significant and seriously reduce aircraft 
operating capability. This can result in 
redesign to protect additional components and 
hence reduce the performance loss. 


Flight Characteristics 


The most common adverse effects on aircraft 
flight characteristics are: 


a) Unsatisfactory stall characteristics (e.g. 
unacceptable stall characteristics occur 
before pusher). 


b) Unsatisfactory stall warning (e.g. late or 
no stall warning prior to stall). 


c) Unsatisfactory longitudinal control (e.g. 
abrupt pitch down when landing flap 
selected, pitch down and elevator 
overbalance in pushover manoeuvers). 


d) Unsatisfactory longitudinal stability (e.g. 
neutral or unstable with all moving 
stabilizers). 


e) Unsatisfactory directional control and/or 
directional stability (e.g. vertical stabilizer 
loss of effectiveness, rudder overbalance). 







Unsatisfactory characteristics can result in 
flight limitations such as a reduction in 
maximum allowable landing flap setting and/or 
reduction in VFE. A reduction in VFE must 
be very carefully assessed and is normally only 
acceptable to compensate for a mild 
degradation in flight characteristics. 


In some turboprop aircraft with deicing 
systems, the stall protection system (SPS) must 
he modified so that the stall warning and stick 
pusher AOA values can he reset when in icing 
conditions. This may he achieved hy pilot 
selection when icing conditions are identified. 
lf failure to identify icing conditions results in 
hazardous characteristics due to not resetting 
the AOA values. then an icing detection 
system is required. Similarly, some small j~t 
transport aircraft are extremely sensitive to 
very small ice accumulations (e.g. less than 
1/8 inch). Although the wing may he 
completely anti-iced, failure of the flight crew 
Ill rrnperly identify icing conditions and/m 
delaFd activatiun of the anti-icing system can 
result in hazardous low speed characteristics. 
In this case an icing detection system is 
requir~d. 


An impPrtant aspect of the tl ight 
characteristics program is to dc,·eJpp the 
limitations and procedures a'sociated with anti­
icing or deicing systems failure. Normally a 
reducti<ln in maximum landing flap and 
increa'e in landing reference speed are 
required. 


Finally, unacceptable flight characteristics can 
result in redesign to protect additional 
components. 


S)·stems Perrormance 


The most common systems problems are as 
follows: 


a) System does not anti-ice or deice properly 
at all power settings. 


h) Significant run back ice caused by 
insufficient evaporative heating (i.e. ice 
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melts, runs back and refreezes). 


c) Ice bloclcage of inlets and vents which are 
unprotected. 


d) Airspeed, altitude and/or AOA errors due 
to radome ice. 


e) lee shedding into engines. 


f) lee shedding from propellers onto fuselage. 


g) Excessive electrical power demand. 


h) Electromagnetic interference due to large 
cyclic electrical power changes. 


Each of these items must he satisfactorily 
resolved by incorporating de,ign changes Ill 
imprPve system performance. adding 
additi,,m[ systems Pr adding airframe 
structural protection. The effect cf run hack 
ke on perfnrmance and tlight characteristics 
may have to he rea"essed in aniticial ice 
shape and/or natural icing tests. 


AIRWORTIII1'i'ESS APPROVAL 
CO~SIDERA no;-.;s FOR TYPE II 


A~TI-ICI~G FLUIDS 


Ground Icing Prohlem 


The problem of aircraft taking off with ice 
accretion has received considerable attention 
due to recent fatal accidents in Canada and the 
USA. The airworthiness requirements fllf 
design arproval assume a "clean" aircraft prior 
to takeoff, i.e. the aircraft is free from ice, 
snow and frost. Since the above noted 
accidents have been caused by attempting to 
takeoff with contamination, new operational 
requirements have been introduced which 
should ensure that aircraft do not attempt to 
take off when contaminated. 


One of the most difficult of the problems 
associated with the new operational procedures 
is how to safely operate the aircraft when in 
continuous ground icing conditions. 







Traditionally aircraft have been de-iced in 
North America by using heated water or 
deicing fluid (fype 1). Although Type I fluid 
contains Freezing Point Depressant (FPD), this 
fluid provides very linle anti-icing protection 
and the aircraft can quickly become 
recontaminated in freezing precipitation 
conditions. The protection time interval may 
not be sufficient for a taxi to the runway, 
especially if there is a queue for takeoff. 


In Europe an anti-icing fluid (fype II) has 
been successfully used for a number of years 
which provides a significantly longer 
protection time. Typically the aircraft is first 
ddced and then unheated Type II anti-icing 
fluid is applied. The Type II fluid is a 
thickened FPD fluid which adheres to the 
airframe surface and prevents contamination. 
During takeoff, the fluid flows off the aircraft 
due to aerodynamic shear and acceleration 
forces. Type II fluids are sometimes described 
as "pseudoplastic" or "non Newtonian" due to 
their characteristic of reduced viscosity with 
increasing shear stress. The fluid 
manufacturers have attempted to develop fluids 
which are effective in providing anti-icing but 
which will tlow off the aircraft prior to 
rotation. 


Possible Adverse Erfects from Use or 
Type II Fluids 


The use of Type II fluids has raised the issue 
of whether the aerodynamic characteristics of 
the aircraft are affected by the fluid, especially 
if the fluid does not completely flow off prior 
to rotation. An aerodynamic acceptance test 
for aircraft ground deicing/anti-icing fluids has 
been developed by AlA/ AECMA and is 
considered as a minimal requirement for 
aerodynamically acceptable fluids (Reference 
2). However there is no guarantee that a fluid 
passing this test will be suitable for every 
aircraft. To date most of the major aircraft 
manufacturers have done some sort of tests to 
develop operational procedures and if 
necessary, speed increments to be used for 
takeoff (with associated takeoff weight 
penalties). In general, the airworthiness 
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authorities have monitored these activities 
without making such tests conditions of type 
approval. Any applicable speed increases and 
takeoff weight penalties have been contained in 
the FCOM and not in the mandatory 
Performance section of the AFM. 


Transport Canada has been satisfied with this 
approach with two exceptions. The first is for 
aircraft with very low rotation speeds and 
short time to rotation (e.g. small turboprops) 
when it is clear that there may be a significant 
amount of fluid left on the aircraft at rotation. 
For such aircraft, it is likely that a test 
program will be required to show satisfactory 
takeoff flight characteristics and performance 
with Type II fluids. It should be noted that 
there have been considerable recent efforts to 
develop fluids which are suitable for turboprop 
aircraft. 


The second exception is for aircraft which 
have a stick pusher system to identify the stall 
due to unacceptable natural stalling 
characteristics. In this case Transport Canada 
has required a test program to demonstrate 
satisfactory takeoff flight characteristics and 
performance. 


SUMMARY 


Design for flight in icing encompasses 
interrelated airframe design, systems 
performance, engine performance, aircraft 
flight characteristics and aircraft performance 
aspects. It is not possible to consider these 
aspects in isolation. Reaching a cost effective 
and safe solution continues to be a design 
challenge. 


As indicated by a number of recent accidents, 
there are valuable lessons to be learned or 
perhaps more importantly, re-learned on the 
hazards of in flight icing. These accidents 
have resulted in new guidance and advisory 
material for flight testing. 


Approval of flight in icing requires a 







significant flight test program in terms of 
calendar time, flight test hours, detailed 
planning and safe conduct. Such a program 
normally consists of dry air tests, artificial ice 
tests and natural icing tests. 


The test program will indicate any aircraft 
performance, flight characteristics or systems 
performance shortcomings. In addition, 
operating limitations, procedures and 
performance decrements will he determined 
and presented in the AFJ\1. 


The incorporation of icing detectors although 
not spedtically required hy current 
regulations, is considered hy this author to he 
a valuable safety enhancement. 


The development of ice accretion detectors 
and/or improved deicer systems should result 
in increased safety without unduly affecting 
np~rating cn~ts. 


It is expected that the use of Type II anti-icing 
tluid to improve protection during grnund 
i..:ing conditions will he.:ome .:ommnn. For 
aircrati with low tah·otT speeds and/or short 
time to f(ltation. anJ ain:raft with sensitive low 
Sp~eJ characteristiCS, flight teSt prPgrams to 
en.~-ure nn aJverse effects frnm u>:.e of the tluiJ 
nuy he required. 


finally it should he stated that the 
airW11rthint!ss apprdval is nlH hy it:..df 
suffi...:ient. Flight Cft!\\'S must he 
knllwkJge:.thle nn tht: :JJverse dfe..:ts pf i..:t! 
:.mJ thl! ..:orre..:t nper Jti1ln nf the i..:e prutedilm 
sv~t~ms llf their air...:raft. AF~f IimitJtinns 
mus.t he respected anJ re..:<1mmenJeJ npt:rating 
prP~t.:'Jurt!s aJh~rt!J to. Hnpt!fully \\ ith 
imprnvl'J ~LJuipmt!nt. (atiti...:atinn pra..:ti~t!s 
anJ pil<>t training. the frcqucn~y ,,f aircrati 
i(ing: in..:iJcnts/a(ciJt.:'nts wili he rt.:'JU(t.:'J. 


I )Aircrati H anJI ing and Pcrformanc~ with Ice 
A.:cretitm, J. Ct•nchc. Aernspatialc Document 
Reference DEY ~o 10.02~/90. presented at 
1990 CAS! Flight Test Symposium. 
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2)Aerodynamic Acceptance Test for Aircraft 
Ground Deicing/Anti-icing Fluids, Boeing 
Document No. D6-55573 Rev D, 9/25/92. 









