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ICING FLIGHT TESTS ON A WESTLAND SCOUT HELICOPTER 

1.0 INTRODUCTION 

During December 1962, a Westland Scout general- 
purpose helicopter was flight tested in simulated icing 
conditions in the National Research Council's helicopter spray 
rig. The aircraft was not equipped with any form of ice 
protection on the main and tail rotor blades, engine or engine 
inlet. 

A short series of tests was made over a range of 
“meteorological conditions to check the effect of ice on the 
rotor blades, engine and engine accessories. 

The trials were made on behalf of the British 
Ministry of Aviation who supplied the aircraft, pilot, 
maintenance and test personnel. N.R.C. personnel were 
responsible for the operation of the spray rig and the over- 
all supervision of the icing trials. The spray rig tests 
were made concurrently with other climatic tests being under- 
taken on this helicopter at the R.C.A.F. Central Experimental 
and Proving Establishment at Uplands. 

2.0 PURPOSE 

The purpose of the tests was to determine whether 
the unprotected Scout helicopter could be cleared for Service 
use in icing conditions or whether icing protection systems 
would be required. 

3.0 TEST EQUIPMENT 

3.4 Aircraft 

‘The aircraft (Fig. 1) was a Westland Scout (Registra- 
tion No. XP849) powered by a 1050 s.h.p. Bristol-Siddeley 
Nimbus Mk. 101 gas turbine engine, derated to 685 s.h.p. The 
gross weight of the helicopter was 5000 lb. 

The four-bladed main rotor of the helicopter was 
32.3 ft. in diameter. The chord of these blades was 13.7 in.



Page - 2 
LR-372 

at the root and tapered to 10.4 in. at the tip. The two-bladed 
tail rotor was 7.5 ft. in diameter. 

For hovering tests in the spray rig the main rotor 
speed was kept constant at 395 r.p.m. with a corresponding 
speed of 1896 r.p.m. for the tail rotor. 

3.2 Windshield Anti-Icing 

Alcohol supplied by an electrically driven pump 
through two nozzles situated about 3 in. forward of the bottom 
ceritre of the pilot's and co-pilot's front windows was used 
for windshield anti-icing. Because of a deficiency of alcohol 
through the nozzle in front of the pilot during the early 
icing runs, the valve feeding alcohol to the other windshield 
was closed, allowing the full flow to be diverted to the 
pilot's windshield. 

3.3 Instrumentation 

The helicopter carried no special instrumentation 
to measure quantitatively the effects of icing. The standard 
torquemeter was used as an indication of engine power demands 
and the severity of vibrations was judged by the pilot. 
Contact between the aircraft and ground was maintained by 
means of a trailing cable connecting an intercommunication 
system. 

3.4 Spray Rig 

The spray rig described in Reference 1 and shown in 
Figure 2 was used to produce the icing cloud. Instrumentation 
at the test site measured the necessary icing and meteorological 
parameters. 

4.0 TEST PROCEDURE 

On each of the icing flights the aircraft was flown 
in the simulated icing cloud about 100 ft. downwind from the 
spray rig for a few minutes and then landed and shut down for 
inspection. The thickness and extents of icing on the rotor 
blades were measured and the icing in the engine and on the 
rest of the aircraft was noted and photographed. The ice was 
then manually removed from the helicopter before the next 
flight.
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On one run (run 6) an attempt was made to simulate 
asymmetric shedding of ice from the main rotor blades. After 
the previous icing run the ice was removed from only one of the 
four main rotor blades and the aircraft was then started up to 
determine what vibrations this unbalance would produce. 

5.0 RESULTS 

5.1 General 

A total of 10 test flights was made in the spray rig, 
accounting for 35 min. icing test time. The tests were conducted 
over a range of temperatures from -17.5°C to -4.4°C. The liquid 
water contents used varied from 0.3 to 0.5 gm./m3 The droplet 
size was about 30 microns (median volume diameter) on all runs. 
The test conditions and results of the icing flights are shown 
in Table 1. 

No forward flight or autorotative tests were made 
with ice on the rotor blades. 

5.2 Ice Accretions 

5.2.1 Main Rotor 

The maximum ice thicknesses measured on the rotor 
blades are shown in the Table along with the blade radius at 
which they were measured. The maximum chordwise extent of 
icing was generally found to be about 3/4 in. on the top and 
1% in. on the bottom surface of the blades (measured along the 
chord). This can be seen in Figure 3. On the low temperature 
runs ice was accumulated to the tips of the blades, while at 
the warm temperatures (runs 9 and 10) the ice was self-shed to 
about 55-percent span. 

One effect of the icing on the main rotor blades was 
to increase the drag coefficient of the blades and hence to 
increase the power required from the engine to maintain constant 
rotor speed. In run 5, in particular, at -9.7°C and with low 

all-up weight, the torquemeter reading increased from 78 to 
97 percent in 5 min. of icing and the pilot was forced to 
terminate the icing encounter. With a higher gross weight 
the helicopter's maximum hovering endurance in icing conditions 
would have been even less. The smoother ice accretions picked 
up at lower temperatures produced less of a drag increase but the 
power requirement still increased to 92 percent in 5 min. At 
warm temperatures the ice was readily self-shedding from the 
blades and only slight torque increases were noticed.
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Vibrations from the asymmetric shedding of ice from 
the main rotor blades were also found to affect seriously this 
aircraft. On the short icing runs there were only small amounts 
of self-shedding from the blades and the vibrations produced 
were slight. However, on run 6 where only one of the blades 
was cleaned to simulate asymmetric shedding, the vibrations 
produced on the subsequent run-up were severe and the pilot 
found it difficult to control the aircraft. No actual flight 
was made under these conditions, because ice shed from one of 
the other main rotor blades and struck the engine exhaust and 
the tail rotor. 

Be2.2 - Tall Botor 

On the tail rotor blades the ice was self-shedding 
to about 60-percent radius at the lower temperature and the 
blades were mostly clear at the warmer temperatures (see Fig. 
4). Some light vibrations were felt when the tail rotor ice 
was shed. 

On the run where asymmetric shedding of the main 
rotors was simulated, a section of ice from one of the main 
rotors was thrown into the tail rotor causing damage to one of 
the blades. This can be seen in Figure 5. The damage was 
severe enough to necessitate the changing of the blade. 

5.2.3 Engine and Fuselage Icing 

Ice up to about 1/4 in. thick was being formed on 
the front bearing support struts and the inlet guide vanes 
of the engine. The approximate thicknesses are shown in the 
Remarks column in Table I. Because the residual heat of the 
engine rapidly melted the ice immediately after shut down, 
it was difficult to obtain accurate icing data in this area. 

A careful inspection was made after each run to 
determine whether any ice was forming in the engine from 
droplets impinging on the warm surface of an oil tank which 
formed part of the engine inlet (Fig. 6) and running back to 
refreeze in the engine. No icing of this sort was ever 
noticed. 

The engine-oil cooler blower (Fig. 7) became 
severely iced on each run. The protective screen which was 
situated about 1 in. forward of the blower became iced very 
rapidly, and the air flowing around the screen caused the 
vanes of the blower itself to become severely iced. On the 
short test flights no detrimental effects were noticed from 
the blockage of the screen and there was no apparent damage 
to the blower.
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No appreciable icing was noticed on any other part of 
helicopter on the test runs. 

5.2.4 Windshield Anti-Icing 

Some icing of the pilot's windshield was noticed on 

the early runs because of a deficiency in the amount of alcohol 

being supplied to it. By diverting the full alcohol flow to 

this one windshield the performance was improved but the area 
of coverage was still not adequate. 

6.0 DISCUSSION 

6.1 Rotor Blades 

The results showed that the effects of rotor blade 
icing were very significant on this helicopter. Only a few 
minutes' accretion in light icing conditions were sufficient 
to expend the aircraft's power reserve and force the helicopter 
to land. At colder conditions where smoother ice accretions are 
picked up and lesser power increases result, uncontrolled shed- 
ding of the ice from the rotor blades can cause severe vibra- 
tions, and impact damage can be caused to the tail rotor or 
fuselage from ice chunks being thrown from the main rotor. 
It was obvious from these few tests that the Scout helicopter 
should not be deliberately flown in icing conditions without 
the provision of a rotor blade icing protection system. 

6.2 Engine and Engine Inlet 

The icing of the engine front bearing support struts 
and the inlet guide vanes caused no apparent difficulties 
during the short test runs but could be a severe problem on 
longer duration icing runs. It is probable that some of the 
increased engine power required was caused by the partial 
blockage of the inlet by the ice on the inlet guide vanes 
and with thicker accretions this effect would become more 
prominent. There would also be the danger of thick ice chunks 
shedding from the guide vanes and bearing struts, and causing 
damage to the engine rotor blades. For these reasons ice 
protection will be required for these engine components. 

) The hot oil tank situated at the entry to the engine 
did not present any problems of runback during the small number 
of short duration icing runs made. However, on prolonged runs 
10 1cing conditions this may become a problem.



TABLE I 

TEST RESULTS 

Table 1 

LR-372 

L.W.C. 

(gm./m3) 

Time in 
Icing 
(min. 

M/R Ice 

Thickness 
in., % radius) 

T/R Ice 
Thickness 

(in., % radius) 

AUW, 

(1b.) 
Remarks 

-10.3 

=17.5 

-16.9 

Leg end: 

—_— 

Asymmetric Shedding Test 

trace 

1/16 @ 60% 

1/8 @ 80% 
3/16 @ 50% 

9/32 @ 50% 

3/8 @ 40% 

1/8 @ 90% 
19/64 @ 50% 

5/32 @ 90% 
3/8 @ 50% 

1/16 @ 55% 

trace 

trace 

1/32 @ 60% 

3/16 @ 60% 

self-shed 

self-shed 

3/32 @ 60% 

3/32 @ 60% 

self-shed 

self-shed 

4850 

4800 

4700 

4550 

4500 

470 

4800 

4900 

4800 

Light icing only. Trace 
of ice on I.G.V.'s. 

Light icing only. Engine 
1.6.V, ice 1/16 in., 
struts 1/16 in. 

Torque increased from 85% 
to 90%. I.G.V. ice 1/8 
in., struts 1/16 in. Heavy] 
0il cooler icing. 

Slight vibrations. Torque 
increased from 84 to 92%. 
Heavy oil cooler icing. 
I.G.V. ice 3/16 in., struts 
1/8 in. 

Moderate vibrations on 
self-shedding. Torque 
increased from 78% to 97%. 
Heavy oil cooler icing. 
1.G.V. ice 3/16 in., struts 
1/8 in. 

Severe vibrations on 
starting up with one blade 
clean. Ice shed from main 
rotor hit engine exhaust 
pipe and tail rotor. 

Torque increased from 85% 
to 92% with max. A.U.W. 
Heavy oil cooler icing. 
I.G.V. ice 1/4 in., struts 
1/8 in. 

Torque increased from 80% 
to 88%. Heavy oil cooler 
icing. 1.G.V. ice 1/4 in., 
struts 1/8 in, 

Slight torque change. 
Heavy oil cooler icing. 
I.G.V. ice 1/16 in., 
struts 1/16 in. 

Slight torque change. 
Heavy oil cooler icing. 
Trace of I.G.V. and strut 
icing; light fuselage 
icing. 

M/R - main rotor T/R - tail rotor A. U.W, - all-up weight I.G.V. - inlet guide vanes



FIG. I,2 
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FIG. | 

FIG. 2 HELICOPTER IN ICING SPRAY 



FIG. 3 
LR-372 

(a) RUN NO.7 TEMP. -17.5°C 

(b) RUN NO. 8 TEMP. -16.9°C 

(c) RUN NO. 9 TEMP. -4.5°C 

MAIN ROTOR BLADE ICING 



FIG. 4 

FIG. 5 

RUN NO. 8 TEMP. -16.9°C 

TAIL ROTOR ICING 

RUN NO.6 TEMP. -9.7°C 

TAIL ROTOR DAMAGE BY ICE IMPACT 

FIG. 4,5 
LR-372 



FIG. 6 
LR-372 

(a) RUN NO. 7 TEMP. -|7.5°C 

(b) RUN NO.8 TEMP. -16.9°C 

NOSE CAP AND I.G.V. ICING 



(a) 

(b) 

(c) 

RUN NO. 7 TEMP. -17.5°C 

RUN NO. 9 TEMP. -4.5°C 

ENGINE- OIL COOLER BLOWER 

FIG. 7 

LR-372 



FIG. 8 
LR-372 

(a) RUN NO. 5 TEMP. -9.7°C 

(b) RUN NO.7 TEMP. -17.5°C 

BLOWER VANE ICING 
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