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SUMMARY

A Sikorsky S-61 helicopter, equipped with either polyethylene or stainless
steel leading edges combined with the aerodynamic discontinuity on the main rotor
blades, was flight tested in the helicopter spray rig. The various configurations
and the materials tested did not restrict the formation of large amounts of ice on the
rotor blades, and in many instances tail rotor damage occurred when these large
formations of ice eventually were shed from the main rotor blades.
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SIKORSKY S-61 HELICOPTER ICING TESTS
CONDUCTED DURING THE SEASON 1963-64

1.0 INTRODUCTION

These tests are a continuation of the previously described series of
tests conducted with the S-55 and S-58 helicopters (Ref. 1). At the request of
Sikorsky Aircraft an S-61 helicopter (Fig. 1), equipped with either polyethylene
or stainless steel leading edges on the main rotor blades and utilizing the aero-
dynamic discontinuity principle (Fig. 2), was tested in the National Research
Council's helicopter spray rig for the period 25 November to 21 December 1963.

The aircraft, pilot, maintenance and test personnel were supplied by
Sikorsky Aircraft. N.R.C. personnel were responsible for the operation of the
spray rig and supervision of the icing trials.

The de-icing system was to be considered satisfactory if shedding
occurred when the ice accretion was thin, so that power changes would be
insignificant, vibrations from asymmetric shedding tolerable, and the fragments
of ice thrown by the blades would not cause impact damage to any other parts of
the helicopter.

2.0 PURPOSE

(1) To determine which configuration and tape thickness allowed the least
amount of ice to accumulate on the main rotor blades.

(2) To assess the de-icing effectiveness of the polyethylene or stainless steel
rotor blade leading edges when also utilizing the aerodynamic discontinuity.

3.0 TEST EQUIPMENT

3.1 General

The aircraft was a Sikorsky S-61 helicopter (Registration No. N3184)
powered by two G. E. T-58 turbine engines of 1250 h.p. each and driving five-
bladed main and tail rotors.

The main rotor diameter was 62.0 ft. and the tail rotor 10 ft. 4 in.
For the icing tests the main rotor speed was kept constant at 209 r.p.m.

3.2 Polyethylene Tape

e Polyethylene tape, both white and black, and having the same character-
istics except for colour, was bonded to the main rotor blade and conformed to one of

the configurations shown in Figure 3.



Page - 2
LR-397

The tape was supplied in three thicknesses: the white was 0. 012 in.
and the black was 0.012 in., 0.018 in. and 0. 024 in. Only the 0. 012-in. and
0.018-in. thicknesses and 2-in. widths were used during this test.

The polyethylene tape on the tail rotor was 2 in. wide and 0. 012 in.
thick and was bonded equidistant about the centre line of the blade chord.

3.3 Stainless Steel

A set of rotor blades, having 0. 010-in. thick stainless steel moulded
* and bonded to the leading edge to cover the same area as that of the polyethylene
tape, was also tested for its ice shedding properties.

4.0 TEST PROCEDURE

The helicopter was hovered in the artificial cloud about 100 ft. downwind
of the spray rig until such times as ice shed from the main rotor blade. The shed-
ding was indicated by a change in main rotor one-per-revolution vibration detected
by the pilot or by ground observers seeing ice falling away from the blades. After
ice had been shed from the main rotor blades, the helicopter usually was landed to
determine the extent of shedding and thickness of ice remaining on the blades. Ice
shedding was also induced by leaving the icing cloud and moving into forward flight
to take advantage of the much greater flexing of the rotor blades which occurs in
forward flight. On some occasions several sheddings were experienced before the
icing run was terminated.

5.0 TEST RESULTS AND DISCUSSION

The results of each of the runs is shown in Table I. The droplet size
for all runs varied from 25 to 35 microns (median volume diameter) and the cloud
liquid water content varied from 0.5 to 0. 12 gm. /m3 Because of poor cloud coverage
of the helicopter, the amount of ice built up was equivalent to that which would be
accreted if flying continuously at water contents of about half of the quoted figures.
Only light to, medium main and tail rotor vibrations were experienced during these
tests, and the indicated power changes owing to icing were tolerable.

On many of the runs it was difficult to determine the extent of the self-
shedding that had occurred in flight because of the large amounts of ice that were
thrown from the blades, due to reverse flexing on shutdown. The best indication
that shedding was occurring in the cloud was the light vibrations that were experi-
enced and by visual observation of ice being thrown from the main rotor blades.

The results of ice shedding induced by translation from hover to forward
flight are not valid. A helicopter encountering icing conditions is usually in forward
flight, and the flexing of the blades under these conditions does not prevent the ice
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from accreting; therefore, because ice is formed in the hover condition during tests
in the helicopter spray rig, and blade flexing is at a minimum, the ice accreted
‘under these conditions will, provided the mass is great enough, shed during transla-
tion from hover to forward flight. To rely on dramatic manoeuvres of the helicopter
to shed ice is an unsatisfactory method of icing protection.

The de-icing system allowed too great an ice thickness to build on the
rotor blades (Fig. 4) at temperatures below -10°C., and this, combined with the
hardness of the ice at these temperatures, resulted in a large number of dents in
the tail rotor blades (Fig. 5) requiring blade changes to maintain the rotor service-
able. Whilst the main rotor also received many hits from ice shedding from the
tail rotor, these were not severe enough to warrant immediate blade change.

At temperatures above -10°C. no damage resulted from thrown ice:
this was due to smaller amounts of ice being built on the rotor blades prior to
shedding and the slightly softer ice due to the higher temperatures. Although some
damage could occur at temperatures above -10°C., the results of this series of
tests indicate that the incidence is much less and the extent less severe.

If the risk of damage to tail rotor blades is acceptable to some operators,

then the flight characteristics of the S-61 helicopter in icing conditions is satis-
factory in the temperature range 0°C. to -10°C.

6.0 CONCLUSIONS

Of the different configurations and materials used, none appears to offer
a solution to the icing problem.

The high incidence and severity of damage to the tail rotor blades pre-

cludes flights in icing conditions at temperatures below -10°C. until the S-61
helicopter is fitted with an effective de-icing system.

7.0 REFERENCE

1, Price, R.D. De-Icing Tests on Two Sikorsky Helicopters.
N. R. C. Aeronautical Report LR-384, August 1963.
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FIG.1 S-61 IN ICING CLOUD

FIG.2 AERODYNAMIC DISCONTINUITY
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MAIN ROTOR BLADE ICING
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EXAMPLES OF TAIL ROTOR BLADE DAMAGE




