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SUMMARY

Flight tests were performed in an artificial icing cloud on a Westland
Wessex helicopter equipped with an electro-thermal rotor blade de-icing system.
The results of the icing flights showed that icing protection will be required on this
helicopter for operation below -10°C, because of the effects of uncontrolled shedding
of ice from the rotor blades. The installed de-icing system operated adequately
during the tests, but a number of modifications were indicated to improve its
performance.
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ICING FLIGHT TESTS OF AN ELECTRO-THERMAL ROTOR BLADE
DE-ICING SYSTEM ON A WESTLAND WESSEX HELICOPTER

1.0 INTRODUCTION

During February and March, 1961, a Westland Wessex Mk. 1 helicopter
equipped with an electro-thermal rotor blade de-icing system was tested for icing
and de-icing performance at the National Research Council's Helicopter Spray
Rig. The tests were made on behalf of the British Ministry of Aviation who
supplied the aircraft, a pilot, and maintenance and test personnel. De-icing test
personnel were also provided by D. Napier and Son Limited, manufacturers of the
de-icing system. N.R.C. personnel were responsible for the operation of the
spray rig and the over-all supervision of the icing trials. Grateful acknowledgment
is made to the R.C.A. F. for making a second pilot available to assist in the test
programme,

The trials were made in accordance with the method and specifications
outlined in Reference 1. The meteorological test conditions laid down by this Test
Instruction conformed with the continuous maximum icing standard outlined in the
British Civil Airworthiness Requirements. Using these specifications, tests were
made with no icing protection to determine the effects of icing on the performance
and handling of the helicopter, and the de-icing system was tested to determine
the energy requirements for clean shedding. In addition, tests were made on an
experimental rate-of-icing meter installed on the helicopter. The results of all
these tests are presented in this report.

2.0 PURPOSE

2.1 To determine the effects of rotor blade icing on the performance and
handling of the helicopter.

2.2 To assess the efficiency of the de-icing system installed on the main
and tail rotor blades and to determine suitable heat-on times and heat-off times
for a range of icing conditions and ambient temperatures as outlined in Reference 1.

2.3 To determine limits of ice impingement areas on the rotor blades and
the effects of runback.

2.4 To obtain information on the effects of icing of unprotected portions of
the aircraft: engine inlet components, intake screens, controls, fuselage, and
windscreens.

2.5 To test the performance of the rate-of-icing meter installed on the
aircraft,

2.6 To test the windshield anti-icing.
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3.0 TEST EQUIPMENT

3.1 Aircraft

The aircraft used was a Westland Wessex H.A.S. Mk. 1 helicopter
(Fig. 1) powered by a Napier Gazelle (Mk. 160) free turbine engine. The maximum
. all-up weight of the helicopter was 12,600 1b.

The 4-bladed main rotor was 56 ft. in diameter with a constant blade
chord of 16.4 in. and an NACA 0012 aerofoil section. The 4-bladed tail rotor
was 9. 33 ft. in diameter and had a 7. 35-in. chord and an NACA 0012 aerofoil
section.

For the icing tests, the main rotor speed was held at 220 r.p.m. with
a corresponding speed of 2250 r.p.m. for the tail rotor.

3.2 De-Icing Equipment

3.2.1 Heater Mats

The Spraymat heater mat on the leading edge of the main and tail rotor
blades was made up as follows,

Material Thickness
Base insulation - 3 layers of glass cloth 0,020 in.
Heater element ~ sprayed Kumanel metal 0. 003 in,
Top insulation - 2 layers of glass cloth 0.012 in,

Abrasion and erosion shield 0.012 in.

The abrasion and erosion shield on the outer 38 percent radius of the
blades was an electro-formed nickel capping, and over the inboard section,
Stoneguard, an epoxy resin heavily filled with stainless steel powder, was used.

A more complete description of Spraymat heater elements can be found
in Reference 3.

3.2.1.1 Main Rotor Blades

The heated area of each main rotor blade was made up of six spanwise
strips, each approximately 1 in. wide (Fig. 2). The gaps between heated strips
were 0.030 in. wide. On two of the blades tested, the leading edge strip was split
in two sections because of manufacturing difficulties in forming the element around
the sharp leading edge. The gap between these strips was also 0. 030 in,
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The spanwise coverage on the blades was from 19 percent radius to the
tips, except for the tip caps (outer 10 in. ) which were unprotected. In chordwise
coverage, the heated area extended from 1.35 in. (8.2 percent) on the top surface
to 5.35 in. (32.5 percent) on the lower. The common return bus-bar was applied
to the top of the blade aft of the heater elements along with dummy heater elements
used to balance the weight distribution on the blade (see Fig. 2).

The main rotor heater elements were designed for a power dissipation
along the blade grading from 30 watts/in2 at the root end to 19 watts/in2 at the
tip in four steps as shown in Figure 3. The output of each strip was 6250 watts.
Because of metering difficulties during the tests, the de-icing system was
operated at only about 92 percent of design output (i.e. 5750 watts per element
instead of 6250 watts). The actual power densities used on the main rotor blades
are also shown in Figure 3.

For convenience, blade stations and identifying letters were marked on
the lower surface of each of the rotor blades at every 10 percent radius. The test
blades were marked 'B', 'C', 'H', and 'E', as shown in Figure 2, and as can
be seen in the photographs in later figures.

3.2.1.2 Tail Rotor Blades

The tail rotor heater mats were of similar construction to those on the
main rotor blades, with a nickel abrasion shield over the full length. The heated
area, which covered the outer 3 ft. of the blades, was divided into two spanwise
strips, each 1 in. wide, disposed symmetrically on either side of the blade and
connected at the tip by a common bus-bar.

The power intensity used on the tail rotor blades was a constant
20. 0 watts/in2 (92 percent of design output). The electrical loads of all the tail
rotor blades were connected in series to give a total load of 5750 watts.

3.2.2 Heating Cycle

On a de-icing cycle, the same two heater strips in diametrically opposite
main rotor blades were energized simultaneously, forming two legs of the three-
phase delta-connected load. The six heaters in one pair of blades were shed in the
order shown in Figure 2, and then the six heaters of the other pair of blades were
shed (see Fig. 4). The tail rotor blade heaters, which formed the third phase of
the electrical system, were shed three times during one main rotor cycle with the
power being absorbed by a large ballast resistor (Fig. 14) on the off times.

3.2.3 Power Supply

Power was supplied to the aircraft from the ground through a trailing
cable from a 0 to 550 volts, continuously variable, 60 c.p.s., 3-phase, 56 amp. ,
a-c transformer, mounted in the test hut. Normally, this power would be supplied
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by a 20 KVA, 400 c.p.s., 3-phase alternator installed in the aircraft and driven
by the main rotor gear box, but there was not one available for these tests.

The trailing cable, which was 200 ft. long, was connected to the aircraft
by means of a quick disconnect plug which could be jettisoned by the pilot in case
of emergency. From the trailing cable the power was fed through a d-c motor-
driven supply interrupter installed in the cabin, and then through the main rotor
sliprings to the cyclic distributor mounted on top of the rotor head (Fig. 5a).
This distributor then energized the main rotor heaters in order. The tail rotor
power was supplied from the interrupter through the tail rotor sliprings
(Fig. 5b) or alternatively the ballast resistor was energized directly from the
interrupter. The system was arranged so that all switching was done while
the supply interrupter was off. The power was metered both in the aircraft and
on the ground. All controls for the switching and timing of the system were
mounted in the helicopter cabin. :

A more complete description of the de-icing system is given in
Reference 2,

3.3 Windshield Anti-Icing Systems

The front windshields of the aircraft could be protected by means of
either the defroster, which used hot air from the cabin heater, or by a manually
operated alcohol spray anti-icing system. Both of these systems were used in
conjunction with the normal windshield wipers.

3.4 Rate-of-Icing Meter

The helicopter was fitted with an experimental rate-of-icing meter
(Fig. 6) mounted on the port side of the fuselage just aft of the main rotor gear
box. The ice collecting portion of this meter was a rotating arm made up of a
pair of blades, each of which was fitted with a heater. In operation, the arm was
rotated at 2540 r.p.m. with just one of the blades heated. Ice forming on the
unheated blade caused an out-of-balance of the arm which resulted in a diametrical
movement of the arm through the centre of rotation. This movement tripped a
micro-switch in the system to give an icing signal and, at the same time, turned
on the heater in the iced blade and turned off the previously heated blade so that
the unbalancing ice was shed and the cycle was started again. A complete descrip-
tion of the principle and construction of this meter is given in Reference 2,

3.5 Spray Rig

The spray rig described in Reference 4 and shown in Figure 1 was used
to produce the icing cloud. Instrumentation at the test site measured windspeed,
temperature and humidity.

3.6 Miscellaneous

The aircraft was completely instrumented with an auto observer panel
giving a record of all flight parameters, as well as voltage and current readings
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and cyclic distributor position indication from the de-icing system. In addition,

the helicopter was fitted with a number of vibration pick-ups which were

monitored by a continuous-trace recorder mounted in the helicopter cabin.

Contact was maintained between the aircraft and the ground by means of a cable
attached to the power cable and connected to the normal aircraft intercommunication
system,

4,0 TEST PROCEDURE

The tests were performed in accordance with the method outlined in
Section 4 of Reference 1. The icing severity conditions used conformed with the
continuous maximum rating specified by the British Civil Airworthiness Requirements
which is as follows:

Air Temperature Liquid Water Content
i & gm, /m3
0 0.8
-10 0.6
-20 0.3
-30 0.2

On most icing flights, the helicopter was hovered in the artificial cloud
about 100 ft. downwind of the spray rig for a prescribed length of time and then
landed to record data on ice thickness and extent. On low windspeed days, ground
runs were performed because the cloud was drawn down over the helicopter cockpit
making visibility very difficult. A few runs were made in simulated freezing rain
with the helicopter hovering just a few feet above the ground. Icing flights were
made at both maximum (12,500 1b. ) and low (11,000 1b. ) A, U.W. to investigate
the full range of conditions governing the extent of chordwise coverage of icing
on the rotor blades.

On a few occasions, ice was accreted on the helicopter in the cloud, and
then the aircraft was flown away from the rig for testing of the effects of the icing
on the forward flight and autorotative performance of the aircraft.

On de-icing flights, the helicopter was first hovered in the cloud for a
suitable time with the de-icing power off to accrete just enough ice on the rotor
blades for efficient shedding. The rate of build-up of the ice was determined from
previous icing runs or, on occasion, by landing the helicopter before de-icing to
inspect the ice accretions. When enough ice had been accreted, the helicopter was
hovered in clear air and a de-icing cycle at some pre-set on time was initiated.
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After de-icing, the aircraft was landed and the rotors stopped so that
the extent of icing could be inspected. If complete shedding had not been accom-
plished, the blades were cleaned and the run was repeated at longer on times until
a complete shedding point was found. Conversely, if the first cycle resulted in
complete shedding, the run was repeated at shorter on times until shedding was
incomplete. This method gives a number of good and bad shedding points such
that, when plotted, the mean line between them compensates for inconsistencies
in shedding energy caused by variations in accretion thickness and represents
the optimum operating conditions.

De-icing was usually performed in clear air rather than in the cloud.
This presented the more severe case, since the ice temperature under clear air
conditions would have been close to ambient, whereas in the cloud it would have
been nearer to 0°C and dependent to a large extent on the value of liquid water
content; thus this variable was removed from the shedding performance, It is
desirable to design for this condition of clear air shedding to cope with the case
of shedding after emerging from an icing encounter.,

Once the power-on times for each particular temperature had been
established, a few extended flights, during which repetitive icing and de-icing
were performed, were made to investigate the effects of continuous de-icing
while in the cloud. On these runs, ice was accreted for the first few mimites
and then the de-icing system was turned on to cycle either continuously or at
timed intervals for the rest of the run. On two runs, 13-5 and 13-6, the effect
of short off times was investigated. On both runs, the helicopter was flown in
the cloud until an icing signal was given by the rate-of-icing meter (approximately
2% min. ) and then the de-icing system was turned on. On run 13-5, the system
was then allowed to run continuously at a 4-sec. on time with no pause between
de-icing cycles. The individual circuit off time for this run was 44 sec. On run
13-6, the system was cycled only once at the 4-sec. on time and then turned off
until the next icing meter signal. Approximately 3 min. between de-icing of each
circuit was used on this run. Each run was continued for about 15 min,

The rate-of-icing meter was operated on most flights in the cloud and
its response was recorded manually.

5.0 RESULTS
5.1 General

A total of 62 test flights was made between 1 February and 11 March,
1961, Of the 34 de-icing flights, 26 were single cycle de-icing runs and the
remaining 8 were extended runs on which several de-icing cycles were performed.
On the 28 icing flights, 25 were accretion runs only and 4 (13-3, 6M-3, 11M-5, 11M-7)
were forward flight runs with ice on the rotor blades (Run 11M-7 was comprised of
both icing and forward flight tests).
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The tests were conducted over a range of temperatures from -25,2°C
to -4.6°C and liquid water contents from 0.12 to 0.6 gm, /m3 Except on the
simulated freezing rain runs, the droplet size was kept constant at about
30 microns (median volume diameter). The test conditions and results of the
icing flights are shown in Table I and the de-icing test results are listed in
Table II.

5.2 Icing Flights
5.2.1 Rotor Blades

Ice was accreted to the tip of the main rotor blades below about -12°C
and to the tips of the tail rotor below about -18°C. At temperatures higher than
these, self-shedding occurred before the ice could build to any appreciable thick-
ness on the outer portions of the blades. Examples of rotor blade icing and self-
shedding can be seen in Figure 7. The maximum chordwise main rotor ice
coverage on most accretion runs was 1-1/4 in. (measured along the chord) on the
top of the blade, and 3% in. on the bottom. On some runs at low temperatures,
there was also a light frost formation behind the main ice accretion inboard of
about 50 percent radius on the lower blade surface. On high temperature and
freezing rain runs, there was also greater chordwise extent of icing on the blades
because of runback. The maximum chordwise coverage on the tail rotor blades
was about 1 in, The icing accretion results are shown in Table I.

There was little noticeable power loss caused by rotor blade icing
during any of the tests. Only slight torque increases were noticed on a few of
the hovering runs in the cloud. The forward flight and autorotative performance
of the aircraft were also apparently little affected by the ice.

Slight vibrations resulted from the asymmetric self-shedding of the ice
from the rotor blades on some of the accretion runs at higher liquid water contents.
Increases in lateral and fore-and-aft vibrations resulted from the main rotor
shedding, and high frequency vibrations were produced from tail rotor self-shedding
during the hovering tests. On runs 13-3 and 6M-3 when forward flights were made
with ice on the blades from previous accretion runs, no increase in vibration levels
was noticed. On run 11M-5, in an attempt to simulate the extreme case of self-
shedding, one blade was scraped clean of ice from 35 percent radius to the tip and
then a forward flight was made. Very heavy fore-and-aft vibrations resulted for
a few seconds on starting up the rotors, but at full rotor r.p.m. there was consider-
able self-shedding and the vibration ceased. During the forward flight part of the
run, no increase in vibrations was noticed, although it was found on landing after
this run that three of the blades had self-shed to 20 percent radius, while thick ice
remained to 48 percent on the other blade. On run 11M-7, ice was accreted on
the blades and then an immediate forward flight was made to prevent the self-
shedding on starting up that had occurred on previous runs of this sort. A slight
increase in vibrations was noticed at low speeds during this flight when some of the
ice self-shed, but above 60 knots the aircraft was again as smooth as when flying
without ice, On landing, it was found that the ice had shed evenly to about 63 per-
cent radius on all main rotor blades.
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Damage was caused to the tail rotor by chunks of ice thrown from the
main rotor on two of the runs, 3-5 and 10M-2. On run 3-5, only slight damage
resulted but, on run 10M-2, a dent greater than 1/16 in. deep by 2 in. long was
made near the tip of one of the rotor blades. During this run, chunks of ice of
up to 1-1/4 in. by 3/4 in. by 3 in. were noticed being shed from the main rotor
blades.

5.2.2 Engine Inlet

The engine intake duct and grille and the many exposed components
mounted on the front of the engine, including generator screens, outside air
temperature bulb, electrical cables and hydraulic piping, all readily picked up
ice (Fig. 8). Ice was also built up around the plenum chamber walls and on the
engine bellmouth, In addition, ice partially blocked the electrical cooling fan inlet
screen (Fig. 10) and the fire access screens. No apparent difficulties were caused
by any of this ice on runs up to 40-min. duration.

5.2.3 Icing of Controls and Airframe

Ice was picked up by the linkages and controls on both the main and tail
rotor hubs. The only adverse effect of this was a few occasions when the droop
stops and flapping restrainers did not engage.

On freezing rain runs 6M-5, 6M-6 and 6M-7 (Fig. 9), heavy glaze ice
was picked up on all exposed surfaces on the front of the aircraft, including
fuselage, windshields and landing gear. In normal icing runs, the only part of
the fuselage that picked up ice was the top surface of the horizontal stabilizer,
the screen on the tail rotor angle gear box and the tail boom (Fig. 10).

5.3 De-Icing Flights

5.3.1 Rotor Blades

The de-icing data are shown in Table II. The extent of shedding of the
main rotor blades was from the tip to the blade radius shown, Slight variations
in the extent of shedding among the four blades were evident. The shedding perform-
ance of blades 'C' and 'E' was used when plotting the results, because this pair of
blades had a uniform leading edge heater strip, while the other pair had split leading
edge heater elements. This then eliminated any slight variation that may have been
introduced by the cold strip on the leading edge of the other pair of blades. The
results are shown plotted in Figure 11. Different symbols are used to denote the
extent to which the shedding occurred. Shedding was considered successful if ice
was removed to 75 in. or better, although the heater elements extended as far
inboard as about 66 in. (19 percent radius). A straight line has been drawn between
the good and bad shedding points to indicate the approximate energy required for
successful shedding with the graded power density used.

The actual extent of shedding was often difficult to determine, because
additional ice was shed from the rotor blades when they were decelerated on shutting
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down for inspection. Also, on a few runs, de-icing was carried out after inspec-
tion of ice from an accretion run. In these cases, the ice on the blades had been
loosened by blade flexing on shutting down and also, on occasion, by melting from
standing in the sun. As a result, ice was self-shed from the blades on starting up
for the de-icing run. Runs on which considerable extraneous self-shedding was
noticed are marked with an asterisk in Table II and are marked as unreliable
points with flagged symbols in Figure 11.

On all de-icing runs at low temperatures (below about -10°C), the ice
did not shed cleanly off the heater mats inboard of about 60 percent radius. On
the top and bottom surfaces of the heater mat, the ice over the dividing strips
between the heated areas received insufficient heat to shed and remained on the
blade, sometimes anchoring larger sections of ice. In addition, on some runs,
ice was anchored right on the leading edge heater elements in patches a few feet
long. On blades 'B' and 'H', these patches usually extended from approximately
60 to 70 percent radius and, on 'C' and 'E', from 50 to 60 percent radius,
Examples of ice adhering to the rotor blades can be seen in Figure 12.

On successful de~icing runs above -10°C, there was usually no residual
ice adhering to the heated area of the blades, except for small sections anchored
at the inboard end of the heater mats. The one exception to this was on freezing
rain run 6 M-T7 at -5,4°C, when patches of ice were left on blades 'C' and 'E"
between 40 and 60 percent radius. In Figure 13b the unmelted areas (dark lines)
anchoring the section of ice along the cold strips can clearly be seen. Figures 13a
and 13c show examples of clean shedding at temperatures above -10°C, and
Figures 13d and 13e show residual ice left on the blades after de-icing runs at
slightly colder temperatures.

Ice was anchored on the unprotected tip cap and outer half inch of the
main rotor on the low temperature de-icing runs. This ice apparently did not
interfere with the shedding on the rest of the blade.

The tail rotor blade de-icing worked perfectly until run 13-6 when the
tail rotor slipring burned out (Fig. 14). When the slipring was removed, it was
found that a manufacturing error had caused a short circuit, but fortunately repair
was easily made. On run 20-1, the system was again working and the tail rotors
were successfully de-iced for the remainder of the tests.

5.3.2 Extended Runs

Extended run 3-4 was made before the appropriate on time for the
particular temperature had been established from single de-icing cycle runs.
The estimated on time of 9 sec. was not enough for clean shedding and, as a
result, ice was left on the leading edges to 70 percent radius, and some runback
was produced on the inboard section of the blade from the melting of the light ice
accretions on the aft heater strips.

On runs 13-5 and 13-6, it was demonstrated that suitable accretion times
must be allowed before de-icing to prevent runback on the blades. On run 13-5
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when a short power-off time was used, very heavy runback was produced on the
inboard section of the blades when the ice melted rather than shed. This runback
ice, which can be seen in Figure 15, was up to 1 in. thick on the bottom and

3/16 in. thick on the top surface of the blades, just aft of the heated area. On
run 13-6 when longer off times were allowed, the amount of runback was greatly
reduced (Fig. 15). Other extended runs verified the necessity of allowing the ice
to build to suitable thicknesses on the rotor blades before shedding was attempted.
On all runs when the off time was too short, runback ice was produced.

On the long extended runs of over 30-min. duration, it was indicated
that the efficiency of the de-icing system is more tolerant to excessive on times
than it is to slightly short off times. Only slight runback was produced on run
16-6 when adequate icing times (approx. 9 min. ) were allowed, but 50 percent
excessive on times were used; while on runs 20-9 and 8M-2, with approximately
correct on times but insufficient off times, fairly heavy runback had accumulated
at the end of the run (Fig. 15).

5.4 Windshield Anti-Icing

The windshield anti-icing systems were tested only on the freezing rain
runs 6M-5, 6M-6 and 6M-7, In normal icing flights, very little ice was picked up
on the windscreens because of the low forward speed and large scale of the heli-
copter. On the runs on which they were tested, it was found that the protected
windshields were kept clean while the side windows were heavily iced (Fig. 9).
With the cabin heater defrost system, it was necessary to set the control to
'full heat' and to direct all the hot air at the windscreen for proper operation.
With the fluid system, used in conjunction with the wiper, careful pumping of the
fluid was required to prevent excessive fluid from impairing the pilot's vision,

5.5 Rate-of-Icing Meter

The performance of the rate-of-icing meter was recorded on most runs
in the icing cloud. However, it was failing to operate on some of the runs,
particularly near the end of the trials. The results of the rate meter tests are
shown in Table I, The rate of signalling listed is the average time between all
signals after the first. Because windspeed, gustiness and pilot technique affected
the degree to which the detector was enveloped in the cloud, no correlation of the
signalling rates can be made other than for the runs made on the same day. How-
ever, it was found that, as a general rule, a signal was given for a main rotor
blade ice thickness of between 1/8 and 1/4 in.

6.0 DISCUSSION

6.1 Icing Flights
6.1.1 Rotor Blades

The effects of rotor blade icing on the performance and handling of this
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helicopter were slight. No significant power losses or bad vibrations were
experienced even on long accretion runs, or on runs on which considerable self-
shedding occurred. However, very few flights were made on which the tail rotor
was fully enveloped in the cloud and consequently usually only light icing resulted.
Moderate tail rotor vibrations caused by the self-shedding of thicker ice accretions
may be a possibility, but apparently rotor blade icing will have no other perform-
ance effects on this helicopter,

The critical problem to the operation of this helicopter in icing condi-
tions was the consequence of ice being thrown from one rotor blade and causing
damage to other rotor blades or to the fuselage. This was of little importance at
temperatures down to about -10°C, because the ice self-shed very easily before
it built to appreciable thicknesses. However, at colder temperatures large chunks
of ice could build up before shedding, and severe damage could result. This could
be seen on run 10M-2 where a bad dent was made near the tip of a tail rotor blade.
A particular operational procedure that could result in bad rotor blade damage
would be if, at any time, the rotors were started up with ice still remaining on
the blades from a previous flight. While the rotor speed is slow, the coning
‘angle of the main rotor is low, and any ice shed from the main rotor blades could
be thrown directly into the tail rotor disc. At higher rotor speeds, the main rotor
coning angle would likely be high enough so that most of any shed ice would be
thrown right over the tail rotor blades. Therefore it would be recommended that
at no time should the rotors be started with any appreciable ice thickness remaining
on the blades.

These tests, in conjunction with icing work done in previous years on
several other helicopters, illustrate that the major effect of icing changes as the
size and power of helicopters increase. With small helicopters having about
200- or 300-hp. engines and 2500 lb. gross weight, the effect of rotor blade icing
is increased drag, which results in loss of power and the fairly rapid grounding of
the aircraft. With helicopters of about 7000 1b. gross weight and 500 to 700 hp. ,
particularly those with turbine engines, the power reserve of the aircraft is
greater and hence they can stay for much longer periods in icing conditions. Thus,
the ice builds to appreciable thicknesses on the rotor blades and the most serious
effect of icing then is the vibrations that result when asymmetric self-shedding of
the ice accretions occurs. As the helicopters further increase in weight and power
to 10,000 Ib. and 1000 hp. and greater, their larger scale makes them more tolerant
to vibrations and they still have sufficient power reserve so that they can stay in
icing even longer. As a result, the third major effect of icing, that of large chunks
of thrown ice causing damage, as was the case with the Wessex, then becomes the
most important. It would be expected that this might also be the problem with large
tandem rotor helicopters where the two rotor discs intermesh, making it very easy
for ice shed from one rotor to strike a blade of the other.

The extents of ice impingement on the rotor blades were mostly on the
areas covered by the heater mats. Only light frost formations or runback streaks
l}nder freezing rain conditions were picked up beyond 33 in. on the bottom surface,
indicating that the heater mat could be narrowed by eliminating the bottom aft strip
or by slightly narrowing each of the six heater strips.



Page — 12
LR-321

6.1.2 Secondary Icing Effects

Icing of components in the engine intake bay and of various intake screens,
and of the fuselage on the helicopter, produced no abnormalities during the tests,
and at no time was the engine affected by icing. However, it is possible that if
this icing was encountered at forward flight it could be of greater severity and
some difficulties could result. In particular, screen and grille icing could block
off cooling air and cause overheating of some components.

The droop stops and flapping restrainers failing to engage on occasion
after icing flights indicated that covers or baffles would probably be necessary
to prevent ice from forming on the critical surfaces.

6.2 Performance of De-Icing System

6.2.1 Heater Mats and Control Systems

No mechanical or electrical difficulties were experienced with the de-
icer mats during the tests (a total of approx. 90 heating cycles) other than a slight
variation of shedding efficiency of the main rotor mats. However, trouble was
caused when a number of other items in the de-icing system failed to function
correctly., In particular, the supply interrupter and its associated d-c¢c motor
timing control operated very erratically, so that it was impossible to set up a
specific on time for the system or to maintain a constant on time throughout a
de-icing cycle. Variations of 2 or 3 sec. on time from the first to the last element
in a cycle were not uncommon. Also, on occasion the switching system failed to
stop at the end of a de-icing cycle and continued on for one or two sections of the
next cycle, making it necessary to reset the switch position before further testing
could be done. The burnout of the tail rotor slipring was another major difficulty
in the system, because it was necessary to curtail the tests until the fault was
located and repaired.

6.2.2 Shedding Performance of Rotor Blades

Because of the power grading along the blades and the generally low
power intensity used during the tests (8 percent less than design), the shedding
efficiency of the heater mats was generally poor. Although the power input would
have been suffici%nt to provide an average power density on the heater elements of
about 22 watts/in?, the on time vs. temperature relationship for good shedding was
generally worse than previously tested similar main rotor heater mats that used a
constant 20 watts/in2 along the length of the blade (Ref. 5 and 6).

The inadequacy of the power grading system was very evident on low
temperature runs, below about -13°C. On runs in which the on times were
adequate to shed the ice on the two inboard heating sections (27.6 and 24, 6 watts/
in2), patches of ice were anchored on the third section (19.5 watts/in2), sometimes
being quite thick and completely covering the leading edge. This was in spite of
the fact that the ice thickness was greatest in this region and hence the centrifugal
force was high. Ice was usually shed cleanly on all but the inboard end of the tip
heater section because of the high centrifugal forces.
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On some runs the effect of the power grading was particularly apparent,
On run 2-2, because of inadequate power-on time for the -24°C temperature, the
ice shed only on the outer heater section. However, upon investigation it was
found that the ice that remained on the blade had received sufficient heat and was
quite loose on the inboard sections of the blade but solidly anchored from in-
adequate heating on the third heating zone. On run 16-3, there was also consider-
able anchorage on the outboard heating sections on the blades. Large sections
of ice dropped off the blade when the rotor was stopped. The only low tempera-
ture runs on which the 19.5 watts/in2 section shed cleanly were when obviously
excessive on times were used. On these runs, ice was still adhering to the cold
areas on the pads out to 60 percent radius, and light runback was produced on the
inboard high heat intensity section from the melting of some of this ice anchored
on the cold strips.

These last observations indicate that for low temperature operation the
proposed power grading on the blades will not be suitable. From the results of
the test performed down to ~-24°C, it appears that the system could be improved
if the power density of the third section were increased and this section was
extended for an additional foot along the blade. If the design power densities
had been used, the test results might have been better, but at temperatures
below -24°C it is probable that other areas of insufficient power density to shed
the ice would have been found. For shedding for all temperatures down to the design
temperature of -30°C, the simplest system to manufacture, and likely the most
efficient method for shedding, would be one having constant power dissipation
along the blade. For the Wessex de-icing system, it is felt that even if the total
power input were not increased, the resultant constant 24 watts/in. over the entire
blade length that would result with the 6250-watt input would be more efficient than
the graded power system used.

The tail rotor de-icing system operated with no difficulty at 20 watts/in2
The only drawback to the system, other than the slipring burnout, was the massive
ballast resistor (Fig. 14) required for power dissipation on the off cycles. This
ballast will have to be greatly decreased in size and weight to be acceptable. The
best solution here would be to distribute this load over the dummy heater elements
used for balancing on the top surface of the main rotor blades.

6.2.3 Extended Runs

The extended runs illustrated the need for an ice detector or preferably
a rate-of-icing meter to control the off time of the heater mats. On runs on which
too short off times were used, excessive runback resulted. By control of the off
time and using correct on times, runback could be almost eliminated, This was
shown in runs 13-5 and 13-6. It was also found that sm%lll amounts of runback
were caused by droplet impingement when de-icing in the cloud during excessive
on time runs. Figure 11 shows that the control of on times for the system can
simply be made by using an ambient temperature sensing device. With the pro-
vision of suitable controllers for on times and off times, an electro-thermal de-
icing system for this helicopter would operate efficiently for long extended periods
without any adverse effects.
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6.3 Windscreen Anti-Icing

The windscreen anti-icing systems were tested only at low windspeed
(10 m. p. h.) and high temperatures (> -6°C). Because full cabin heat was required
to keep the windows clean on the tests using the defroster system, it is probable
that at high forward speeds and lower temperatures the heat dissipation would be
too great for this system, and it would no longer be effective. The fluid system
worked well in conjunction with the windshield wiper, but it is obvious that an
electrical driven pump is required in the system for more precise control of
the fluid flow.

6.4 Rate-of-Icing Meter

Even on runs on which it was well enveloped in the cloud, the response
of the rate-of-icing meter was slow. The fastest response was obtained at
0,6 gm. /m3 when it took about 2 min. to signal. However, comparisons made
on a few runs showed that it was signalling when the maximum ice thickness on
the blade was about 1/4 in., which indicates that with the electro-thermal de-icing
system on the Wessex, this instrument will likely be adequate for controlling the
off times. However, for helicopters less tolerant to thick ice accretions on the
rotor blades or ones having fluid de-icing systems which require much faster
icing indications, this meter would not be suitable unless improvements could be
made,

7.0 CONCLUSIONS

The effects of rotor blade icing on the performance and handling of the
Wessex helicopter were minor because of its large scale and engine power reserve,

The critical problem to the operation of the Wessex in icing conditions
without an ice protection system is the damage that can be caused when thick ice
accretions shed from one rotor are thrown into the other. Above about -10°C the
ice is self-shed from the rotor blades before it builds to appreciable thicknesses,
and hence little damage results. However, if the helicopter is required to operate
below this temperature, it will be necessary to provide a rotor blade de-icing
system controlled by an ice detector in order to limit the maximum thickness of
ice that can be shed from the blades.

Ice was readily picked up on all intake screens, on the top surface of the
horizontal stabilizer, and on components in the engine intake. This ice caused no
abnormalities during the tests,

The operation of the droop stops and flapping restrainers will be affected
by icing conditions, and some protection such as baffles or shrouds might be
required.
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The de-icing tests indicate that the electro-thermal system could be an
efficient method of preventing thick ice accretions on the rotor blades. However,
during the tests, the performance of the system was only adequate, and a number
of modifications were indicated to improve its operation. In particular, improve-
ments could be made in the power interrupter switch apparatus and in the distribu-
tion of power of the heater mats on the main rotor blades.

The areas of ice impingement on the rotor blades were adequately
protected by the heater mats. In fact, the tests showed that on the main rotor
blades the coverage of the heated area on the lower surface could be reduced.

Runback will result on the main rotor blades if too short off times or
too long on times are used with the de-icing system. This indicates the need for
suitable control instrumentation, including a rate-of-icing meter, for correct
operation.

The windshield anti~icing systems operated adequately during the trials,
but further tests would be required to determine their effectiveness at higher
windspeeds and lower temperatures. It was indicated that the fluid system
equipped with a variable speed electric motor-driven pump would be a practical
system for this helicopter,

The signalling response of the rate-of-icing meter is slow, but with

modifications to improve its reliability it would likely be adequate for controlling
the electro-thermal de-icing system on the Wessex.
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Table I

LABLE I LR-32
ICING DATA
- Main Rotor Blade Icing Rate-of-Icing Meter Results
15:;? ﬂgem;.nt e T%rcnfn;n Ice Maximum | Maximum Chordwise Time To No. of Rate of
Thickness SE?::;? ?:::?t First Signel | Signals | Signalling
(*¢) | (gm/md) | (min.) (in.) {1n.) | tep bottom |  (min.) (min./sig.)
1-1 -25.2 0.2 3 5/64 @ 20' tip 1/2 2% none
1-2 -24.3 0.15 5 15/6L4 @ 17' tip 5/8 3 none
2-1 -24.7 0.12 11 3/16 @ 20" tip 3/4 3 none
2-3 -21,6 0.15 20 17/32 @ 17" tip 5/8 3 20 1
2-5 | -18,6 0.35 5 15/64 @ 15" tip | 5/8 3% 3 1
2-7 -18.4 0.35 5% 7/32 @ 17" tip L.5 1
31 -18.3 0.3 10 7/16 @ 17" tip 7/8 3% L.9 2 5
3-3 -16.6 0.3 10 3 2 4.2
3=l -13.2 0.3 19 5.7 1
3-5 -12.9 0.3 6% 13/64 @ 17" 6.5 1
6-1 - L6 0.5 30 3.3 8 3.7
8-1 ~ B.4 0.5 30 3 T 4.5
8-2 ~ 6.0 0.6 5 5/6h @ &' none
B-3 - 5.2 0.6 5 5/64 @ 6 none
13-1 | -13.0 | 0.5 30 e 7 4 1o 2,8
13-2 - 9.1 0.5 5 3/8 @ 14! 296 3/ 3 2,7 2 2,3
133 -~ 8.1 | forward flight
13-4 - 6.2 0.5 5 265 2.5 2 2
13-5 - 6.1 0.5 15 2.3 6 2.
13-6 - B.1 0.k 144 3/8 @ 5% 2.5 5 2,6
1 =1 -15,1 0.45 5 9/32 @ 18" tip 3/4 23 none
16-3 -4, 6 0.45 5 9/64 @ 12" none
16-4 -12.3 0.45 5 none
16-5 AT 0.45 104 3 2 6
16-6 | - 9,2 0.4 363 9.3 L 8.7
16-7 - 8.8 0.5 5 3/32 @ 14" none
16=8 - 8.5 0.5 5 Ve T none
17-1 11,2 0.6 5 17/64 @ 17" 328 1/2 3 £ 1
20-1 -10.3 0.45 5 17/64 @ 14" 310 5/8 3 3.1 1
20-3 - 9.8 0.55 5 3/32 @ 5%' 1.9 2 3.1
20-4 - 9.7 0.45 5 1/8 & &' -
20-5 - Te7 0.45 5 1.9 2 3
20-6 | = 7.4 0.55 5 3/32 @ 5%' 2,2 2 2,5
20-7 = Tl 0.6 5 2,2 1
20-8 - 7.4 0.3 5 none
20-9 - 7.2 0.5 30 10 L 5.9
-1 - 6.7 0.45 15 none
aM=-2 - 6.5 0.4 5 7/32 @ 17" 290 1/2 2 none
-3 - 6,3 | forward flight
G-l - 6.4 0.3 10 i5/64h @ 7' 3.3 1
&M-5 - 5.8 F.R. 10 250 1% 2 none
-6 - 5.7 F.R. 10 7/64 @ 14" 11 2 none
-7 - 5.4 F.R. 15 none
-1 - 6.4 0.3 5 13/64 @ 14" 3/L 13 none
BM~2 - 6.4 a.3 30 5/8 @ 6 none
BM~3 - 6.2 0,25 30 250 L.2 L 6
10M=-1 -15.1 0.25 5 11/64 @ 17" 325 1/2 2% none
10M-2 -12.3 0.25 Lo 1 @15 320 nons
11M=1 -19.4 0.5 5 /4 @ 17" tip | 3/4 2% 2,8 1
11M=3 -18.4 0.5 5 5 1
1M=L -16.2 0.5 20 13/16 @ 19" tip 1/2 2% 5.2 5 3.7
114-5 | -15.2 | forward flight
11M-6 -2 0.6 5 none
T1M-7 -13.5 0.5 15 /2 @ 13' L L 3.7
11M-8 | -12.5 0.5 5 L.25 1
P.R: Freezing Rain



Table II

TABLE II LR-32I
DE-ICING DATA
Extent of Shedding
ambient | L.W.C. Time In |Power On Main Rotor
g‘;“ Termp. Teing Time (in.) Remarks
(°c) |(@m/md) | (min.) | (sec.) |Blade B| 3lade 0| Blade H |Blade &

1 :

52 2.0 (0.12) (11) =11 2Ll 226 260 232 De-icing of ice from run 2-1 - Blight runback on bledes,

ol 24,2 (0.15) (20) 12-15 68 * 8z » Gape 68 * | De-iecing of ice from run 2-3 - slight runbeck - cold aress,

5 6 18,5 (0.35) ( 5) 15 6B 68 a8 68 De-icing of ice from run 2-5 - cold areas to 60%.

2.7 | 184 0.35 5% 13 68 P 68 68 P &8 4coretion asnd de-icing,

5.2 -17.5 (0.3) (10) 20 68 68 68 (3] De-ieing of ice from run 3-1 -~ cold aress betwsen mets.

5.3 ~16.4 0.3 10 10 6a%P 66 * 68 = 68 * | Accretion and de-ieing.

Con -13.2 0.3 19 ] 164 P &8 p 136 P 68 P | Accretion snd continuous de=icing for 5 cycles.

5-5 -12.9 0.3 &l 7 2L 192 221 68 ¢ | Aceretion and de-ice - T/R dents.

82 - 5.9 0.6 5 5 &8 6B 68 88 Accretion and de-ice.

f-3 - 1.9 0.6 5 33 68 68 P 66 68 P | Aceretion snd de-ice - slight runbselk,

13-5 = B.1 0.5 15 L &8 68 &8 68 Aceretion and continuous de-—icing (1L eyeles) - very hesvy
runbeck to 210",

13-6 - 6.1 0.k 1Li n 68 68 68 68 Accretion dnd de-icing every E/M signal (approx. 3 mim.).

16-2 =14 (0.45) ( 5) 8% 68 = GB=p 68 * 68 * | De-icing of run 16-1.

16-3 -4 6 0.45 5 8% 238 68 = &g = 170 Aceretion snd de-ieing - 1ight runback - cold strips.

164 -12.0 0.45 5 113 78 G » 78 68 * | pcerstion snd de-ieing - light runback = cold strips.

16-5 1.7 0.45 10% 11 &8 (1) [-1:] &8 Acorstion and de-icing in cloud,

16-6 =g, 0.4 3631 10 7k 74 Th Th Aceretion snd de-icing every R/M signsl (spprox., 9 min,)

16-7 - 8,8 0.5 5 53 78 185 160 185 sccretion and de-icing.

16-8 - 8.5 0.5 5 7 78 80 a0 B5 Aceretion snd de-icing.

in-2 -10.0 (0.45) { 5) ay 68 &8 68 68 De-icing of ice from 20-1,

0-3 -10.0 0.55 5 53 68 &8 68 68 Aceretion asnd de-icing - slight runback.

20y - 9,0 0.45 5 6% 78 78 78 78 Apcretion snd de-icing.

20-5 - 7.6 0.45 5 6% 68 68 68 68 Aeeretion and de-icing ~ slight runback,

0-6 | - 7.4 0.55 5 L3 68 8 68 &8 Aceretion and de-ieing - slight runback,

2a-7 = 7.1 0.6 5 n 78 78 78 78 Aceretion snd de-ieing -~ slight runback.

20-8 - 7.5 0.3 5 33 78 68 68 B8 Aceretion end de-icing - slight runback.

20~3 - 7.2 0.5 30 32 68 68 B8 68 Accretion and continuous de-icing every 2 min, - medium
runbsek,

-1 - 6.7 0.45 15 3 68 &8 68 B8 Aceretion snd contimious de-ieing every 5 min. - light
runback,

-7 = 5.4 F.R. 15 3 68 68 P 68 68 P | Aceretion and continuous de-icing svery 5 min, in freezing
rain = medium runback.

Su-2 - Bl 0.3 30 3 &8 68 ) 68 Aceretion and contimuous de-icing every 5 min, - medium
runback,

-2 | -19.¢ | (0.5) () 22 68 | 68p 68 68 | De-ieing of run 1iM-1.

-3 =18.3 0.5 5 16 &8ps Bape E8p* 68P® | Acoretion and de-icing.

=6 ~13.9 G.6 5 104 68 &8 P 68 [:] Accretion end de-icing - cold areas.

u-a -

2.4 0.5 5 B-10 68 68 (1] 68 fAccretion and de-icing - cold aress,
Legend: BM - Rete-of-icing meter
®* - Bome ice shed on landing
P - Patches of ice left on blade

() = Indicates conditions for previous telng run
/R = Tail rotor
F.R. - Freezing rain
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THE WESSEX HELICOPTER AT THE SPRAY RIG
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FIG. 12
LR-32I

RUN 2-2 INSUFFICIENT ON TIME T=-24°%
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T=-175° T=-13.2°% T=-18.3°%

LOW TEMPERATURE DE -ICING
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FIG. I3
LR-321

(b) RUN 6M 7 T=-5.4°C

(a) RUN 8-3 T=-4.9°C

(c) RUN 20-8 T:=-7.5°C
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(d) RUN I6-5 T=-11.7°C (e} RUN20-3 T=-10°C

SUCCESSFUL DE-ICING RUNS AT HIGH TEMPERATURES




(o) BURN-OUT OF TAIL ROTOR SLIPRINGS

(b) TAIL ROTOR BALLAST RESISTOR

DRAWBACKS IN TAIL ROTOR DE-ICING SYSTEM

FIG. 144a,b
LR-32]
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