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SUMMARY

A Sycamore helicopter fitted with an electro-thermal de-icing system
*.as tested u.rd"r different simulated conditions of icing severity over a wide

range of temperatures" The effect of icing on handling and performance was

asslssed *d po*". requirement for clean shedding was determined.

The de-icer pads had a low fatigue life due to the flexibility of the main

rotor biades. Flexingtaused creasing of the erosion shield and cracking of the

nichrome heater elements.
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1. O INTRODUCTION

During the winter season 1956-5?, at the request of the Ministry of
supply, a Bristol sycamore helicopter Type 1?1, Mk. 3 (Fig. 1), equi_pped with

" mbio rotor electro-thermal de-icing system was tested for ieing and de-icing
performance. The M. O. S. supplied the aircraft, pilot and maintenance crew,
ittit" the National Research Council was responsible for conducting the flight trials.
Grateful acknowledgement is made to the R. C. N. for making a second pilot available
to assist in the completion of the tests.

Tests were made to cover the meteorological conditions laid down by the
test schedule of Reference 1. T\vo sets of rotor blades were used, standard blades
not equipped for de-icing, and a second set having de-icing pads installed along
the leading edge (tr'ig. 2).

The effect of icing on handling and performanee was assessed,' and an
appropriate time decided upon during which ice could accurnulate to a thickness
sufficient to give efficient shedding. A series of de-icing tests determined the
power requirements for clean shedding. Other phenomena such as run-back and
impingemlnt extents, with their elfecti on performance and handling of the aircraft,
weie noted. Icing oJ other components was also observed.

Flights in the icing cloud up to t hour 40 minutes were made and the
system was tested for a totai of approximately 200 cycles. An airspeed of 30 m. p. h
was the maximum allowable due to the wind loading lirnitation on the spray rig
described in Reference 2.

2,0 PURPOSE OF TESTS

Z.L To obtain information on the performance and handling of the protected
and unprotected aircraft under icing conditions, including freezing rain.

Z.Z To test the efficiency of the installed de-icing system for the meteor-
ological conditions specified in Reference L and from the results to select a shedding
.y"I. consistent wittr an acceptable deterioration of flight performance.

Z.B To determine limits of impingement areas and the effect of run-back ice.

2.4 To assess the effects of ice accretions on secondary components - air
intakes, control linkages, and tail rotor, etc.

2.5 To test the windshield anti-icing systerns.

2.6 To check the effect of simulated system failures on aircraft handling

HELICOPTER ICING AND DE-ICING FLIGHT TRIALS ON A"
BRISTOL SYCAMORE TYPE 171, MK. 3
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3.0 TEST EQUIPMENT

3.1 Aircraft

The helicopter (details in Appendix A) was equipped to test a main rotor
electro-thermal de*icing system, Delicer pads were installed along the leading

edge of the protected blades, power being supplied via a stipring unit and controlled
by"a selector switch mounted bn the rotoi treaO (nig. g). A 3-phase 6O c/s a-c.
variable power suppiy installed in the test hut supplied power to the aircraft system

through a trailing-cable which was connected to the aircraft by means of a snatch
ptug ifig. +;. figure E shows details of the power installation. The variable
Llectronic timer controlled the shedding cycle.

3.2 Additional Aircraft Instrumentation

In addition to the standard instrumentation, an automatic obse;:}"trt' lvas

installed on the rear seat mounting and was controlled from a unit beside the

observerrs seat. The recorder photographed a duplicate set of fX.ight i.nstruments-
A shiel.ded resistance thermometer was installed on the top of the aireraft ca-bin

(Fig. 6) and a record of ambient temperature was kept by the auto ctrtse].'v'::.r"

3,3 Spray Ris Installation

The spray rig described in Reference 2 and shown in Figr-rre 'l willc L16r':tl

to produce the i;ing ctoirO. hrstrumentation at the test site recorded windsr:eed.

temperature, and humiditY.

The ice Profile
at four stations along the
described in Reference 3

3.4 De-Icer Pads

camera and moulds were used to obtain lCe pl';.rfi.!.e

blade These are shown IN Figure 8 a.nd their u.si)

The pads were of sandwich construction and were ceilI*nted tri 'ijle ier,di;ng

edge of the notor blades. Fippres I and 10 give fulI details of pad constrr.lctlosi an<J

rotor coverage.

.) 5 Windscreen Anti-

bl addi tion to the Standar d winds creen alcohol anti icing systern an
An area of 156electro th.ermal sys tem was installed tn the port windscreen. 1n

was electrically heated by embedde d res tstance w1 res w1th a sens ing element pro-
viding
cable 

"

tempera ture contr ol Power for the system was provided through the

3.6 Communication

To ensure a safe and satisfactory test programme two-way eommunica

Svstem



:-::,\.een air and ground is essential. T\vo methods were available, VHF radio and a

".-=;,h,:ne cable *itntn the trailing cable. Radio communication with the aircraItinthe
: - - :tr r,,,'as only fair due to static and the telephone cable had to be abandoned because

-: -.lerference from the de*icing system electrical equipment.
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= : TEST PROCEDURES

I - trreliminary Flieht Tests

performance flights were made in clear air with both standard and pro*
:=:iei blades to obtain a dJtum for deterioration of performance due to icing. A11

:EsL. -!,,.ere made withthe main rotor speed constant at265 r.p.m., power require-
*:ats being controlled by variations of manifold pressure.

+ - Icing Fiights

The aircraft was flown in the icing cloud to investigate any change in
:;r-f ,lrmance and handting characteristics resulting from ice build-up. .Ice thick-
:=ss and extent of impingement data were recorded after the flights" Tests were
,-srl made in simulated freezing rain"

The purpose of the flights with standard blades was to obtain information
:: the effect of icing on an unprotected aircraft. With the protected-blades, iryPinBe-

-:,:nt data and deterlnination of suitable "power-offtt time under different conditions
: iiquid water content and temperature were the main objects. The maximum

-. ,-,, "i -off or accretion time allowable was dependent on three main factors :

(1) acceptable decrease in performanee,

(21 allowable vibration level because of asymmetrical self-shedding,

(3) possibility of damage due to pieces of thrown ice.

= 3 De-Icing Flights

Ice was allowed to build up on the main rotor for a suitable power-off
:--1e as determined by the icing flights. The aircraft was landed and the accretion
1;-.pected and recorded. The aircraft then hovered in clear air and a de-icing
-,...1" was initiated, at the completion of which the aircraft was again landed and

::= shedding inspected. The object was to find combinations of specific power
r=:rsity and power-on time which gave satisfactory shedding. Tests rvere also
:-.,:e io investigate the effects of run-back and simulated system failures.

= i \\tindscreen Anti-Icing

The aircraft was subjected to conditions of simulated freezing rain, and
::srs ivere made to find necessary power requirements in the case of the electro-
:::rmal system, and to test the effectiveness of the alcohol system.

a main rotor
the leading
and controlled
irl c/s a-c.
ircraft system
of a snatch
variable

bserver was
side the
! instruments.
rcraft cabin
server,

rc 7 was used
windspeed,

;ir'::e.; is

rd to ihe ieading
>nstri.rctic,n ancl

-r'ster:r a.n

:ea of 156 sq. in.
5 element Pro-
ough the

:r,- COffilTIt[IlC&

_ -. ! :.,
L ,,. r tti
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5, S Ii,EIiIJL'{'S

5.1 ici1gl_llghlq

.Fifty-three ttrights were made totalling 6 hours, 2$ hours flving time
usin.g standard biacles, and 3$ hours using protected blades. Temperatures
rangect frorn *2"C tr: *26"C and tests were made at light, medium" and hearly
i.r:ing eonditions. Tables I and II give fuli details.

5. 1-, 1 Si;a-ndard Blades

The standard blades had 4-iach brass nose eaps oVer the leading edge

of the blade (Fig. 2), and this plus the high flexibility of the blades used on the
Sycamore resulted in considerable self-shedding. With temperaturesdownto -20"C
tlie aircraft was able to fly without any drastic reduction in performance. The

shedding was not always symmetrical and this induced vibration, but not to an un-
accepta[le Xevel. Beltw -20" C the accretion did not bridge the gaps between the
a-inch nose caps and separate accretions were formed on each. Large accretions
could accurnulate with no self-shedding until maximum power was attained. Fig-
ure 11 shows typical aceretions collected during these tests.

5.L.2 Protected Blades

T'h.e protected hlades were not as flexible as the standa:,:d tiiaCers alcl
1:artr no ga.ps at **rict stress in the ice was concentrated, so that self-sh.edtling
was no1 so propcrlncecl. The maxi.mum chordurise impingement on" the top surface
of the l:lacie "was 1 1/B inches ancl on the lower surface 3$ inches. liour r-ninutes

i6 the icing cloud appeared to be an aeceptable over'-all power*off time to allow
accretion of a suita"trle formation for efficient shedding.

The actual extent of self-shedding was almost impossible to determine
trrc:cause, r,rrh.en ttre notor was slowing down, the pronounced drcop of the rotor
l:1::.rleE: cr:a.cked the ice accretion and more self-shedding took place ttrari rvould
occul: in nor:rnal flight. trxa.mples of self-shedding with the protected blades a.re

shown in Figure l-2.

5. i. s :{ell SgtCIIjclgg_

Tail rotor cing occurred 1n a manner S imilar to that o11 the matn rotor
i:ut ra.te 0I cing and SUS ceptibility to Self-shedding were greater This ge if-
stredding vras
rotor aontrol
anci extent.,

often asymmetrical and caused vibration At no time was the tail
rn.e chanism affected See Table II for details of thiclgte sS of ac

5. 1. 4, Alrf,raine and Secondarv treing trffects

A.il-frarne icing had little effect although accretions did forrn on the
pr:ojeici"ir-.ri.s on Lhe a.i rcraft.

h
& i.qc-ma!
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blades and
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,rc rietermine
th; rotor

th:,;r r'.iould

'd blades a.re

he main rotor,
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some nodules of ice formed on the tail cone (Fig. 13), but were not
large enough to create a problem. This accretion was largely caused by rotor
downwash.

The engine intake crossbars collected-i_ce, and some ice formed within
the engine bay alI on the carburettor air intake filter; but these gave no trouble'
lgo carburettor icing was observed and the warm air shutter worked successfully.
Figure 14 shows Wpical accretions.

fce accumulated on the aerial (Fig. 15) and it vibrated considerably.
Pitot heating was sufficient although ice remained on the rear part of the tube.

Ice formed on the side windows and doors, especially at lower tempera-
tures (Fig. 16),. and restricted vision. Flights in freezing rain caused almost
comptete"icing of windows, and on one occJsion difficulty was experienced in opening

the diior from the inside.

Typical rotor head ice accreti.rns are shown in Figure 17,

The pilot noted little interference with the control mechanisms other than

a slight stiffening which was probably caused by-solidifying of the grease at lower
temp"eratures. ice collecting on the centrifugal bob weights,decreased their cut-in

". 
p. *. , and difficulty *rs eip"rienced in engaging all but the first step' At lower

temperatures they *Jru ,r"ry iluggish but a little stick stir usually was enough to
assist them to engage.

-.2 De- Fliehts

A total of gB flights were made to test the de-icing system and to deter-
mine the specific energy iequired to give clean sledding ovgl a full range of
temperatuies. DetailJaru forren in Tables III and IV. Shedding was attenopted at

1b, 
-20, 

25, and g0 watts/sq]in. and Figure 18 shows the power-on time required
to LUeci cleanly to Station 63. Figure L9 shows these points transposed to show

energ:f vs. ambient temPerature.

The zones were heated in different sequences to check the effect of
shedding performance and nm-back. variation from the numerical sequence

shown ii f igUre 9 showed an increase in power requirements' Zone 6 was

o-ittua as iI was outside the impingemeni area found during the icing flights.
O,rrl"g tfr" fater tests zones ? and 8 be"amu inoperative because of failure'

various accretion times were used; in general, 4 minutes was found to
give an adequate accretion for efficient shedding without serious deterioration in
fiigrt perfoimance over the complete temperature range. No airframe damage

due to ice shed from the rotor was noted.

5.2.L Simulated Failures

To investigate the effect of failure of either individual zones or a complete
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pad a number of failures were simulated. Such failures may be attributed to the

switch. gear or to the pads themselves.

A.s rnentioned 1n Section 5 , zone 6 had already Lreen iminated from
the he Lte r sequenc and towards the end of the programme zones and were
removed be CAUSE they became open clrcurted. S tnce these zones were nearly

th higher allouts ide the 1mpingemen t limit no eff,ect was noticed although WI up

wet ght clean shedding was not obtained because of Ice remaining on zor]e

F igure 1, 0 shows the se condary rce 1eft after hedding Failures of Zones and

we r"e also s1 mulate d because they were cons idered to be of speciai intere st with
zone Z inoperative little effect was noticed during continuous cycling, apart from
a slight inirease in vibration level. The ice on the outer section of zone 2:shed
if zone 1 was heated and the ridge left on the inner section of the blade (Fig. 20b)

caused no noticeable deterioration in performance.

In the case of zone 4, an increase in run-back was noted when that zone

was not energized"

In the case of one hlade failing to shed, the magnitude of vibration was

rlependent upon size of the accretion. A Z-minute accretion resulted in m,oderate

vibration but it was still acceptable. Unfortunately, as these tests were carried
out at higher temperatures, the accretion self-shed before the vibration reached
a level where the flight had to be discontinued.

ts in Sirnti-lated Fre

These tests were made in conjunction with the windscreen anti--i.cing
tests. 'ffue ice a.ccretions were similar but heavier and slightly more extensive
than those uncler normal icing conditions. Figure 21a shows the accretion
collected cluring a ground run with zero pitch, while Figure 21b sho..rrs ttre accre-
tion collected during Flight VIII-I. TWo sheddings were attempted with satis-
factorv resultlt. Table V gives details.

Little effeet was noted on control linkages and centrifugal weights of
tiee droop stops. A Ii3z-.inch accretion formed on the tail cone.

5. 4 Winctrscreen Anti-Ic tem

and de fcing trials little windscreen icing was noticedDuring the icing
This WAS pantia.lly due to the practi ce f flying just below the cioud o that the
rotor was envetroped while the windscreen remaine
relative speed and the large scale of the fuselage.

d clear but was also due to ow

Vriindscreen tests therefore were made under S imulated condi tions of
freezing
differeilil
sye tr:m.

1: :rin at 1 (o C Both ystems wo rked D atis factor ilv and the re Sul ts of the
foe ts are given 1n Table VI Figure 22 Shows details of the electro -the

&ilpa

H

Rain
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: ; Handling an4 igr&rnq?qee

The handling of the aircraft showed little change with icing and the air-
craft behaved satisfactorily.

The major effect was the increase in profile drag of the main rotor
blades and the neeessary increase in power to overcome it. After effective shed-
ding the power setting reverted close to its original value.

During the shedding process a slight increase in vibration was noted,
and this was more pronounced if the shedding was asymmetric. These vibrations
yere not fed back into the pilotts cyclic control.

. O DISCUSSION

. 1 Icing Flights

a. 1. 1 General

Tests were carried out over a range of temperatures from -2"C tn -26.5"C.
-{s nature tletermines the test temperafiire, 36 of the 53 flights made were in the
ranges -5"C to -l-5"C. Table Ishows the distribution of flights over the temperature
range. It will be noted that no tests at low liquid water eontent were possible below
-20" C, Low values of, water content can be obtained only at high windspeed and this
usually does not occur at very low temperatures.

The true time in the icing cloud is affected by such factors as turbulence
and the ability of the pilot to keep the rotor enveloped in the cloud. Therefore, a
corrected time is shown in column 8 of Table II. At low windspeeds the cloud was
sucked down through the main rotor and little or no tail rotor icing took place
(Fis. 7b).

Although self-shedding did occur, it was usually possible to define the
point of maximum extent of the ice as it had oflen begun to reform along the blade.
The accretion at this point was usually quite thin, and it was unaffected by the self-
shedding which took place as the main rotor slowed down and the blades took on
the pronounced droop which is a feature of the Sycamore.

t3 , 7.2 Standard Blades

Flights with the standard blades were made to investigate the effect of
icing on the unprotected aircraft. The aircraft was flown for periods of up to
30 minutes in icing without exceeding the maximum power. This was possible
because self*shedding occurred readily with the highly flexible standard blades.
Concentration of stress in the ice over the gaps between the 4*inch Rose caps
caused it to crack at these points and facilitated shedding.

Self-shedding gave the Sycamore good perforrnance in icing conditions;
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but the shedding was uncontrolled, and if asymmetric, caused airframe vibration
which coul.d r"arh a serious level at lower temperatures when accretions are larger,
It is therefore not considered a satisfactory means of protection below temperatures

of about -3'C.

6.1.3 Protected Blades

The protected blades were not as flexible as the standard blades and did

not self-shed as 
"u*Oity. 

The fact that the metal cover presented a continuous sur-
face to ice and so had no tendency to concentrate stress in it may also have been

a factor.

T'he main obieets of these tests, however,, were to collect impingement-

data, to determine the chordwise 
"orr"rug" 

requiredon the main rotor bladeS'.and

to determine, also, a suitable accretion-ti*e *ttich would give efficient shedding'

This accretion time necessarily was a compromise between increase in engine

p*"" required to overcome the increased btade profile drag and obtaining a

suitable accretion with resulting higher cent-rifugal forces to assist shedding'- A

4-minute accretion time seemel to-satisfy this iequirement over the range of

temperafures and liquid water contents tested'

Tail rotor icing occurred in a manner similar to that on the main rotor

The fact that it has a higlier collection efficiency and centrifugal forces five times

g;rt", than the main r[to, caused the tait rotoi to shed more frequently' This

ihedding was often u"y***ttic and could result in severe airframe vibration'

The unbalance does rrot rpp"r, to be fedback into the pilotrs control'- Examples

of self-shedcling are shoril in Figure 28. The observed extent of self-shedding

"o*prr"a 
withlhe calculated values is shown in Figure 29'

The impingement data collected show that the installed pr.d;.l a:'e wicler

than neeessary. Zones 6 and I could be removed without affecting shedding perform-

ance. Extent of imPinge ment for the various temPe rature ranges is s.haiarrr .Lr Figure

For a given water eontent and time of accretion, the maximum ice thickness along

the blade varied linearlY with temperature. Figure 24 shows this relationshiP
particularly well defined for
is less clear at lower water
ment of liquid water content.

the condition of high liquid water content. T'hE: effecl
concentrations because of the difficulty c;f exaci rneasure-

Figures 25, 26 and 27 show the maximum spanwise exLent not'ei"u dilring

the trials comparecl with th.e theoretical curves for different liquid wal'er i:<-rirtent+'

The theoretical orr""g"ou"r poi.nts for different types of ice are also show* ' but

these points *"r" ,r*-iur weli defined although the type of ice did vary alr:np; lire span

in accordance with the theoretical calculati5ns' The inboard end of thc blade dicl

not procluce the streamline ice expected, but rather a large double riclge shaped rime

accietion which can be seen in Figure 17'

lrnpingement data collected for both sets of blades were very sixiilar'

6.L.4 Tail Rotor Icing

,Y'
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One case of severe vibration occurred. After arr icing flight the aircraft
,.s landed to inspect the accretions. While it was standing, the sun warmed one

: -, rle; upon startirg ,rp again, this blade shed and the vibration was so severe that

-.;e -off had to be abandoned. The ice was removed by hand from the other blades

.:-i testing was continued.

some form of tail rotor protection is essential, not only tol'imit vibra-
.--r but also because the accretioni which self-shed are thrown into the path of the

-,in rotor, 
"rrr"irridamage 

to the main rotor de-icer pads in the tip region (see

I-:, C4(b), APPendix C).

This protection may take the form of anti-icing or de-icing' If de-icing
,= chosen, it wouldbe advisable to select a shorter accretion time for the tail rotor
:-n for the main rotor. Due to the higher centrifugal forces, lower power densities

,:e feasible for effective de-icing.

At no time did the tail rotor control mechanism appear to be affected'

a 1,. 5 Effect on Secondary Components

The effect of icing on secondary components was smaIl.

The rotor head and controls collected ice but never to a point where it
:reated a serious problem. Ice did form on the bob weights of the dro:p stops,

-:creasing their c6ntrifugal weight, and so decreased the r. p. m. at which they

:ut in. This meant that it was seldom possible to get the main rotor blades on to

ny but the first "i"p. On longer fiights at higher-forward speeds the larger accre-

:tlns which would result migfrt begirito h"rr" an effect and require that some form
:i protective cover be Provided.

Tailcone icing was the result of rotor downwash; at no time did it have

=y effect on the handling of the aireraft. It is possible with higher forward speeds

:hat the accretion would be extensive enough to cause a significant change in weight

=d centre of gravity and require consideration'

Intake icing created no problems and no cases of carburettor icing were

:oted. The warm aii shutter arrangement woiked satisfactorily.

Ice formed on all projections of the aircraft and in only one case was

:ny effect noted. Aft*" a nigfrtin freezing rain the Pilotrs door could not be

:pened from the inside. This could have serious results in an emergency'

6. 1. 6 Handling Changes

Handling changes were small. Other than the need to close the throttle

iuickly when the i6e shed and so prevent a surge in rotor r.p.m. , the only effect
.,,..as the increase in airframe vibration caused by asy**etric shedding of the main

=d tail rotors. e **r"ary of the pilot report on the handling of the aircraft
ruring the trials is given in Appendix B.
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6.2 De-Icing Sys tem Performance

6.2.1 De-Ic Flights

Atotalof gBflightswere made to test the de-icing system; the fuil details

are given in Table IV. fante III shows the distribution of the de-icing flights over

the temperature range. Because zone 6 was outside the impingement area found

;;";; ihe icing ftigtits, it was decided to elirninate it from the de-icing cycle'

The zone ruq.,urr"""*as therefore L, 2, 3, 4, 5,7, 
^8, 

except duringthe latter
part of the tests when zones T and ti *""t re*oved from the sequence because of

irnserviceability. Other sequences were tried, and although it was possible to

obtain successiul shedding, the energy requirement increased, as did run-
back.

For efficient de-icing it is essential that an adequate accretion be formed

before de-icing is attempted. ioo thin an accretion results in melting and ru6-hack

rather than in clur.n sheclding. The effect of run-backwas of considerable interest
as it mightupset the mass balance of the blades. Trow Power densities reqr:iring
long power-on times increased run-back, especially at lower temperatures (Fig' 30)

but at no time was it excessive. It usualiy occu*.ed over the inboard tliird of the

blade where it has least effect. A series of consecutive cycles within th.e cloud

showed no appreciable increase in run-back, and in fact it usually disappeared after

several heating cYc1es.

De -tcln c,D was norma11y attempte d AS a single heating cycle outsi ,1t of the

cloud this IS the more seve re condition The aircraft then landed ancl the extent
as

sarily lengfhyof the shedding was noted This method of testing ls nece s a proce

several fl ights be required to establ lsh the mlnlmum power -on tin:e for a
AS may

Shedding tte r.nptedparticular comblnation of powe r dens 1ty and temper'ature was a.

ific r densi ties of 1 5 20 2 5 and 30 watts sq tn over the ful.l t:ange of
at spec powe

d cleanly to Station 63temperatures Shedding was accepted as successful if lce S,he

and the rresponding power-on times we re plotted ln Figure 1 B It will be SE enco
ambien temperaturethat powe r-on time increases Iinear1y with the decrease 1n t

The variation of power-on time with temperature indicates that a tempera

ture controlled variable po*er-on time system is desirable' Failing this, a two--

or three-step system may be satisfactor!. A controlled system w^ilL prevent pad

o"u*ft"rti"g wt ictr will oJcur at higher ambient temperatures if a fixed powor-on

time is used.

Figure 1-9 shows the energy required for-shedding at various power

densities over a range of temperatuils. A po*u" density of 25 watt"4"q. in' gave

satisfactory perforrnance down to -25'C. This power density Seems to be' there-
fore, " 

gooa 
"o*promise 

between shedding performance and the size of the alter-
nator required.

spanwise shedding proved to be a satisfactory method of de-icing'

illlll:r

l til



.e full details
flights over
irea found
g c}'cle.
e latter
:ecause of
;s ibie to
cl run-

icn be formed
: :n,,i run-hack
roie inter:est
re ri,.iring
iure:i (Fig. 30)
tbii':l of the
th-- cloud
rpi::ared after

:ul:ria of the
ut'l the extent
rgrlS- pro,:edtlr
r time for a
r; attempted
iutl .'ange of

L1 tc Station 63
,,-i11 be seen
ilperature.

this. a hvo-
prevent pad
11 power-on

$ power
,sq. in. gave
to be, there-
of the alter-

-icing

ina! a

Page - 1L
LPl.22L

, 2.2 Simulated Failures

A limited number of system failures were simulated at higher tempera-
.-ires. These were restricted to failure of zones considered likely to have the most

= 
if ect on performance and to asymmetrie shedding brought about by the failure of

::e de-icing equipment of one blade.

a.2.2.L Zone Failures

Failure of zone 2 was considered to be the most serious zone failure as

,ry accretion left would form a ridge of ice and cause a turbulent flow over the
,pp"" side of the blade. Under thelest conditions this expectation did noi materialize.
- he ice on the outer part of zone 2 shed when zone l- was heated, and that left on the

-:rler part of the blade had little effect.

Zone 4 was omitted from the heating sequence to see whether it could be

:ermanently removed along with zone 6 (Section 5.2). Although it wa9 sometimes
-,utside of the impingement area an increase in run-back was noted when it was not
-nergized.

Zones 7 and 8 did beeome inoperative during the tests, so that this
:ailure was not a simulated one. Figure 20a shows the accretion left on these in-
:,perative zones after a shedding cycle.

q ,2.2.2 Asymmetrical Shedding

The magnitude of the vibration brought about by the failure of one blade
;o shed is dependent upon the size of the accretion. Asymmetric sheddings were
attempted wiltr t- and 2-minute accretions, and although they resulted in an

increise in vibration the level was not unacceptable. Because these tests were
inade at higher ambient temperatures, any further increase in accretion time was

11ot possible as self-shedding took place. This prevented an attempt to determine
-lee size of accretion which would cause vibration so severe that the flight would
have to be discontinued. At lower temperatures this point in all probability could
:e reached, and some form of protective device is therefore considered necessary
to disconnect the power in the event of failure of some part of the de-icer system
rhat would result in asymmetric shedding. A steady decrease in performance is
considered preferable to the vibration resulting from unbalanced shedding at
rhese temperatures.

6,2.3 Windscreen Anti-Icine

Little icing of windscreens was noted. This is explained by the low speed
and the large scale of the fuselage, plus the fact that most of the flying was done
',iith the windscreen clear of the cloudbecause of the necessity for visual reference.
However, under conditions of simulated freezing rain when severe icing occurred,
rhe two protective systems with whieh the aircraft was equipped both worked
successfully.



The electro-thermal system appears adequate yhen operated at

Z watts/sq. in. It was possible io keep the windscreen glear at low-er power

aurr"iti"r,*but if the heater was switched on after the accretion had formed

clearanee took several minutes. If the wiper was used to assist clearance the

time required was ""4"c"d. 
Figure 31 shows the-system in operation' The heated

area was inconveniently positioried, and it should be arranged that the'edge is
parallel to the froriroo so that it may b-e y-e{aq a flight reference' The area should

Le increased to give the pilot a better field of view'

The alcohol system worked successfully, particularly if it was switched

on before an accretion had formed; otherwise it took a considerable time to clear'
The nozzle aryangement gives poor distribution and is wasteful of alcohol, Conse-

,i;;;lly it A*ipp"JAr*" oier the lower vision panels distorting view and producing

a noxious smell within the cockpit. Figure 32 shows the clearance produced by the

alcohol system *J;h; way in *fri"tt ttre fluid ran down over the lower panels leaving-

a mushy aecretion, So*" type of collection charurel would have conserved the alcohol

supply. The controls on this particular aircraft required considerable effort to put

the system into oPeration.
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6.3 ts in Simulated Free Rain

6 conjunction with the windscreen anti-icing tests, under conditions of

freezing rain, a number of flights were made to investiga!" thg impingennen! ltd
de-icing performance of the ai-rcraft. It had been hoped that these tests could be

made under naturai conditions, but unfortunately theJe did not-occur during the

duration of the trials. The corrditiott was therefore simulated but at a temperature

lower than that at which freezing rain woutrd be expected to occur normall;r'

The aircraft was first run on the ground to chect the extent and type of

accretion on the rotors and the effect of glaz=e ice on the control mechanism.' The

accretion was heavier and more extensirie than under normal icing contlitions' The

results of this ground run can be seen in Figure 21a. Flights w91e then made as

detailed in Table v. Performance decreas*d prog"essively and in a manner similar
to that experienced in other tests under icir-rg cottditioos. De-icing was also similar
to previous tests. Little adverse eflgct on handling was not9d, apart from airframe
vibiation caused mainly by self-shedding of ice from the tail rotor'

with standard blades.

6.4 De-Icer Pads

As the Sycamore trials were the first complete full scale tests of a

The effect on control tinkages and on the centrifugal droop stops was small,

but the accretion cs-n be expected to iicrease with higher forward speeds. The high

density g\aze ice onthe tail cone canbe expectedonlonger flights to have an influence

on the position of the centre of gravity.

Littie self-shedding took place at this temperature (-15"C) but at higher

ternperatures, around -4"C, Ihe amtunt can be expected to increase especially



helicopter rotor protection system, there was no available standard for comparison

of the 
-thermal 

performaace. 
- 

When compared with results of tests -made 
with sample

pads of variouJ construction on a whirling rig in a cold chamber, the power-on

il*". required were greater. Since this time, however, furller full scale testing

has been tompleted ,ia tU" power-on times required for shedding on the Sycamore

.o*p."" tavouranty- The thermal performance of these pads is ther-efore considered

acceptable. The plrformance could be improved, however, by smaller gaps between

heater passes "niny 
reducing the thieknesi of the outer insulating layer, but with the

p."""rrf method of Lonstruction and materials used the limit appears to have been

reached.

The mechanical behaviour of the pads was poor, a fact which was accen-

tuated by the extreme flexibility of main rofor blades used on the Sycamore' The

short liie of the pads points to ihe fact that development of helicopter de-icers is

not merely a case of adapting the existing pads r1s9d 9n fixed wing aircraft'
provision must be made tor the flexing action of the blade and also for thermal

"rpansion 
of the heater elements during the power--on time. With the long heater

p""r"" used in the spanwise layout (226 inches on the Sycamore), tltis expansion

was sufficient to cause local delamination betrveen the base insulation and the

element.

Another possible source of failure is the ice thrown from the tail rotor
into the path of the'main rotor blades, causing dents_in the metal cover. These

can be seen in Figure c4. Due to ths resilience of the neoprene insulation, the

stainless steel co"ver gets little support and local stretching occurs upon impact.
Consequently, the insilation below the dent is thin and highly stressed' A more

rigid iisulaiing material will provide better support for the metal cover'

Failure of the pads and details of the repair schemes tried are given in
Appendix C.
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6, 5 brstrumentation and Control Equipment

6.5.1 Airborne

Little instrumentation other than the standard flight instruments was

used. The automatic observer which photographed a duplicate set of r-elevant

fiight instruments and the o. A. T. gauge was the main instaliation. The camera

wa"s controlled by a unit which allowed time intervals of L, 2, 3 and 6 seconds to

be selected. The auto observer worked satisfactorily in temperatures down to

-20" C when the film transport mechanism stopped operating because no catrin heating

was provided.

Additional instruments which would have provided records to improve
analysis of the icing Problem are:

(1) Pitch-angle indicator

(2) Torque measuring equipment for main and tail rotors

(3) Vibration recording equipment

(4) De-icer pad surface temperature gauges'
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operation of the snatch plug arrangemen! was never necessary during

the tests, but it did work satisfactoriiv Ouling-a trial run. Provision should be

made for a release mechanism controiled Uy the pilot rather than use the drag

of the cable to disconnect in event of an emergency'

After the incident of the short circuit which devel0ped in one heater mat

during a flight taes"rirea in eppenaix C), it was decided to provide a contactor in
gr; d*;" Juur.j ,rJ gir. the-fright observer over-riding control of the power to

the heater mats. ThIs woutd increase safety and possibly minimize.damage, as

with the power control on the ground and the poor radio communication which

existed for the majority of thJtest, considertbl" ti*" elapsed before preventive

action could be taken from the ground'

6.5.2 Ground

The instrumentation at the test site for recording windspeed, tempera-

ture,andhumidityoperatedsatisfactorilythroughoutthewinter.

The mould technique was used for profile ice measurement at four

stations along the blade. Tliese records, samples of which are shown in FigUre 33'

are particufalty useful in analysing the problems of rotor blade icing'

The time range of the electronic timer was limited to 6 seconds maximum

and should u" exunaea." no"irrg the test, times in excess of 6 seconds had to be

controlled ,"rr"tiiv *ith the ail of a stop-watch'

I . O CONCLUSIONS

7.L The de-icing performance of the system was satisfactory' A good

average optimum power density is shown to be 25 watts/sq.in' , which requires a

po*"""-orriime of 13 seconds at -25"C (Fig' 18)'

7.2 shedding times vary inversely as ambient temperature at all power

densities tested (Fig. L8).

7.g Run-back reduced as power densities increased' It was always present

to some extent at 1b watts/sq. in. fi """"t"ud 
over the irrner third of the blade only'

over both the upper-rr,a to*"i surfaces in parallel streaks 1 to 1f inches long'

7.4 ff present after the first de-icing cycle, run-back disappeared after

subsequent cycles and gave no reason for concern'

The installed de -1.cer pad was wider than necessary and impinge ment
7 5

leted. 4 and 7 also be deleted
tes ts S howed that zones 6 and 8 can be de Zones can

the outer third of the blade Span.w1s e shedding gave good results and a s
ove r ified (see Fighedding The nume rical heating sequence spec

pe rfo rmance wlth les S run -back than other Sequences tr ied.
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- : Performance and handling of the aircraft under icing conditions were
: ,. r, A progressive increase of engine power is required to overcome the in-
-..sed blade drag.

A 4-minute accretion time was found satisfactory and gave effective
i:=:ding over the whole range of ambient temperatures and liquid water contents
;, ::,lut undue aerodynamic deterioration.

- : The de-icing and control systems worked satisfactorily with the external
-' :r supply.

- 
' The thermodynamic performance of the pads was good, but its mechanical

, ---..,'iour on the flexing blades rather poor. The stainless steel outer cover
.. =,oped creases and finally cracks. Under some of these cracks, failures
, =,oped in the heater strips. Ice thrown off the tail rotor into the path of the
,-:r rotor created impact dents in the steel eover, and it is recommendedthat a

- :: rigid insulating material be used to provide adequate support for the metal
:f.

" , .r Simulated failures conducted at higher temperatures only, gave no
:. -':le. However, asymmetrical shedding may produce excessive vibrations at
;:r temperatures, and a protective device is desirable.

- 
- - Self-shedding does occur both on the standard and on protected blades.

- -: rce sheds more readily from the standard blades which are more flexible. It
. - rrs usually symmetrically but it is possible to occur asymmetrically to art extent

:h is unacceptable for flight. Self-shedding can only be accepted as protection
.-,-rst icing down to about -3oC.

- 
- tr Icing protection is considered essential for the tail rotor. It should
-::r be anti-iced or, if de-iced, be cycled more frequently than the main rotor.

' '-:,, Some protection might be required for the rotor head mechanism and this
-. t-ake the form of covers, baffles, etc.

- -= No noticeable effect resulted from icing on the tail cone, although at higher
---,',ard speeds changes in weight and centre of gravity may require consideration.

- '-., Power densities of up to 2 watts/sq.in. were adequate for electrical
--:screen anti-icing under the test conditions. The heated area should be increased

--.: ,ocated horizontally so that it acts as a flight reference.

The alcohol spray system gave adequate protection providing it was turned
: :s soon as ice commenced to form. Better spray distribution is desirable.

- -i The electro-thermal de-icing method has proved, in principle, to be a
.,:--.factory, attractive, and safe method against icing, but further technological
: :,cpment work is necessary on the de-icer pads to improve serviceability.
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TABLE I

ICING FLIGHTS

Main Rotor r.p.m.: 265

Hovering Heightz 50 ft,.

: - r --is fI1 ghts with standard blades,

,:-FLIGHTS.5f



TABLE Ila-c¢ 

ICING FLIGHTS RESULTS 

Ambient Temperature: {0*C to =10°GC) 

Icing Ambient True L.W.C. Droplet Time in Tei Cloud Nex, Ice Blede Spanwiee Extent Self Shedding Chordwise Extent Mazimam Spanwise Engine Manifold Collegtive | Aircraft 

Flight Temp. Alr Speed | Estimeted Calculated 8ize | Uncorrecte Correcied| Accretion | Stetion [On |Stegnation | Bottom up to of Mex, Accretion Tail Icing Extent prepeupre Variation Piteh Weight 

{ average) {Rig (MVDS) of Max, | Top Line Blede Station Upper Tower Rotor on Teil Retor| No With | After Angle 

setting) 
Acoretion 

Surfece | Surface | Accretion Ice Ice | Shed. Indicator 

(Average) 

No. °C Me Pe Ba gm. /me> gm. fm. mieoron min. min, in, in. in, in, in. in. in, in. in. in. in. Hg deg. 1b. 

1-4 - 3.3 18 0.3 > 0.3 20 L 4 3/64 90 215 165 180% [1/8 in, accretion 1 + 1/4 3/32 sta. 3U4 34 | 36.5 6.5 4950 

up to Sta. 90 

1-2 ~ 3.3 16 0.3 > 0.3 20 y 4 1/16 go |e30 170 190 1 11/4 1/16 Sta. 35 33.5 | 36.5 6.0 4900 

1-3 - 2.0 10 0.7 ~ 0.7 20 P 40 2 xk 3/64 70 160 435 145% 11/16 in, sssrotion 4 11/2 1/32 Sta, 20 35 37 7.0 4850 

up te Sta, 

Il ~ 2.0 10 1.5 ~ 1.5 20 15 3x4 1/16 70 155 142 146% |5/32 in. accretion 1 11/2 1/32 sta. 20 35 37 38 7.0 L850 

h up to Sta. 65 

11-1 - 7.5 25 0.3 20 2 2 1/16 128 | 240 23%5 238 11/8 4 4/0 3/32 Sta. 45 32.5 3k 5.5 48cc 

1-28 - 8.0 ? 0.3 0.3 20 5 In 1/8 130 248 242 au 1 i 1/2 3/16 Sta. 50 35 37 8.5 L300 

11-38 - 8.0 5 0.3 20 5 h 1/8 125 247 24); 246% 230 7/8 2 3/46 Sta, 50 34.51 37 8.5 4850 

II-bs | = 8.0 6 0,3 20 10 2 xh 3/16 130 | 2u7 283 2u5% 210 1 1 3/4 3/8 Sta. 52 3,51 37 8.0 L800 

11-58 - 9,5 u 0.3 0,3 20 15 15 1/2 155 265 260 263+ 175 7/8 1/2 Sta, 55 36 39 37 9.0 Lsoo 

ii-6 «10.0 15 0.3 0.3 20 5 Lh 5/32 165 268 262 26k 230 1 11/2 1/4 full span 3h 35.5 9.5 4700 

11-7 - 7.0 16 0.7 | 20 2 2 3/6 135 2u8 243 2u 7/8 17/8 3/32 ste, 50 33.5] 36 6.0 4950 

11-8 - 7.0 18 0.7 20 2 2 3/64 140 248 245 245 7/8 2 3/32 sta, 50 12 34 6,0 4900 

11-9 - 7.5 21 0.7 0.7 20 5 L 1/8 150 265 255 258 1 1 7/8 3/46 Ste. 55 32.5135 5.5 4850 

II-10 - 7.5 18 0.7 0.7 20 5 L 1/8 135 260 253 256 14/8 2 1/8 sta, 60 32 34 5.5 L800 

11-418 | =~ 8.0 [] 0.7 20 5 4 5/32 145 262 250 260% 215 7/8 2 1/4 3/16 Sta. 55 34 36 7.5 1850 

11-42 - 8.0 3 0.7 20 3 2 1/16 150 | 258 252 256 7/8 2 1/8 3/32 sta, 55 36.5 38 9.5 4950 

11-138 - 9.0 3 0.7 0.7 20 30 3 7/8 160 290 285 2087" 115 7/8 2 1 full span 9.0 4900 

II-the | - 6.5 10 1.5 1.5 20 5 I 3/16 110 252 240 2U5% 180 7/8 2 3/46 Sta, 55 35 37 8.0 L900 

11-158 - 7.0 [3] 1.5 20 40 8 5/16 115 258 250 254% 115 1 2 3/32 sta, 55 35 31 8.0 L875 

II-16 - 7.0 23 1.5 20 3 2 1/32 120 245 240 240 1 17/8 3/60 sta. 55 34.5] 36 6.0 4950 

11-17 - 7.0 25 1.5 20 5 [1 1/16 125 245 240 245 4 4/8 2 3/32 full span 33 36.5 5.0 4800 

11-188 ~ 8.5 3 1.5 20 25 25 3/0 130 258 250 254% 140 4 4 7/8 1 full span 37 L2 39 8.5 4900 

11-19 ~10,0 12 1.5 1.5 20 L L 3/16 130 273 262 268 4 1 7/8 5/16 full span 36 28 7.0 4950 

Ti-20 -10.0 7 4.5 1.5 20 5 L 1/4 130 275 265 276 1 2 5/16 full span 36 38 8.5 4950 

Ambient Temperature: (-10°C to -20°C) 

III-9 -11,0 12 0.3 ~ 0,3 20 5 4 1/8 1860 268 268 268 7/8 11/2 3/16 full span 32 34,5 6.0 4750 

111-2 ~10.1 10 0.7 20 4 4 3/16 150 273 270 274 1 13/4 1/4 self shed 35 37 7.5 L900 

to Sta. 35 

111-3 -11.0 10 0.7 ~ 0.7 20 5 4 3/46 160 274 27% 275% 260 1 11/2 1/4 self shed 36.5] 38.5 7.5 4950 
to Ste. LO 

ITI-4 =11.5 10 a.7 20 10 10 5/16 160 280 278 278% 250 1 11/4 7/46 self shed 36 43 38.5 7.0 L900 

oa Sta, 30 - 

III-5 -13.0 S C.7 20 2 2 1/8 180 287 288 288 4 1 3/4 3/16 full span 36.5 38 8,0 L950 

111-6 -13.0 10 0.7 ~ 0.7 20 5 in 1/4 176 290 290 230 1 2 5/16 self shed 34 26,5 6.5 4800 

to Sta. LO 

Irz-7 «10.5 10 1.5 20 10 10 5/16 170 275 270 270% 240 1 2 7/16 self shed 37 39 7.5 ©950 

to Sta. 20 

111-88 | -1%.0 5 1.5 ~ 1.5 20 10 10 5/16 165 278 275 272% 230 3/4 1 1/2 self shed 37 39 37.5 9.0 L950 

to Sta. 25 

III-9s8 | -11.0 1.5 ~1.5 20 20 20 3/8 170 279 275 275" 230 3/4 1 3/h self shed 37 39 37.5 8.5 4900 

to sta, 15 

11r-10a| «11.0 7 1.5 ~ 15 20 30 30 7/46 170 280 275 275% |220 (shed to 100 3/h 1 7/8 self shed 26 39 37 7.5 LBoo 

on the ground) to Sta, 10 

IIT-11 | =11.1 7 1.5 20 10 10 5/46 170 280 277 277% 238 1 2 3/8 self shed 35 38 8.5 1950 

to Sta. 30 Pe 

111-12 «12.0 15 1.5 20 ic 10 1/4 170 285 285 285% 260 7/8 17/8 1/4 self shed 35 37 €.5 Las50 

to Sta. 40 

III-13| -12.5 15 1.5 < 1.5 20 5 4 1/4 180 250 290 290+ 265 3/h + 1/2 1/4 full span 24.5] 37 €.5 4950 

111-14} =13.0 2 1.5 20 3 2 1/8 185 full full full 4 2 1/L self shed 36 38 9,0 1950 

span spen span to Sta. 45 

111-15 | =13.0 7 1.5 <1.5 20 4 Lh 5/16 195 full full full 1 2 3/8 self shed 36 38.5 8.0 Lace 

span span fpen 
to Sta. 35 

111-16 14.0 15 1.5 20 5 4 3/8 21C full full full 260 1 1 7/8 7/16 self shed 34 36.5 6.0 1900 

Bpan span spen® 
to ta. 30 

TV-1 -15.0 20 0.3 <0,3 20 5 4 3/16 170 | full full full 3/4 17/8 5/16 full span 34.5] 37 6.0 4950 

apan apan span 

v2 -17.0 10 0.7 <0.7 20 5 in +/4 205 full full full 1 2 7/16 self shed 34.5] 37.5 6.5 Loo 

span span span 
to Sta, 35 

Iv-3 -16,0 12 1.5 <t.5 20 5 hy 3/8 21¢ full full full 1 2 7/46 self shed 33.5] 36.5 6.5 4850 

span span span 
to Ste, 35 

Ambient Temperature: (=20°C to -30°C) 

Vedi -25.0 15 0.7 < 0.7 20 3 2 1/8 230 full full full 3/h 11/2 i/k full span 34.5] 36.5 6.5 Lys50 

span Bpan span 

v-2 -25.0 15 0.7 <0,7 20 5 I 1/4 240 full full fall 7/8 1 1/2 3/8 full span 33 36.5 6.5 Lgoo 

span span span 

. 

v-3 =-25.0 15 0.7 20 3 2 1/8 230 full full full hj 1 3/4 3/8 full span 33.51 35.5 6.0 1,850 

span span span 

gh -25,0 | 1b 0.7 20 3 2 1/8 235 full full full 1 11/2 rn full span 32.51 35 6.0 L80c 

span span span 

v-5 -23.0 3 1.5 <t.5 20 5 4 9/16 205 full full full i 2 1/4 1/2 full span 35 | 38.5 9.0 4850 

span spen epen 

Vi~ie -26.2 9 0.7 0.7 20 10 10 2/8 230 full full full 1 2 1 self shed 34.5] 38.5 6,5 L750 

8DAN span apan 
to Sta. 30 

vI-2s 26.0 9 0.7 0.7 20 5 b 1/2 220 full full full 4 2 1/h 11/46 full span 3 37.5 6.0 4700 

span span span 

. 

Vi-3s 26,5 10 1.5 20 5 in 41/16 175 full full full 1 3 11/8 self shed 35 38.5 7.5 haoo 

epan span span to Sta. 30 

VI-Ls -26.5 9 1.5 <1.5 20 5 4 5/8 17¢ full full full 1 34/4 4 self shed 34.51 38.5 7.0 4800 

span epan span 
to Ste, 30 

VI-58 -25.5 10 1.5 20 10 8 1 170 full full full 1 34/2 1 1/2 self shed 37.51 1 9,5 5400 

apan span BpEN 
to Sta, 20 

— 

« Tce started to reform to this point after self shedding mai
n accretion. 
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TABLE IVa 

DE-ICING FLIGHT RESULTS 

Ambient Temperature: (0°C to 10°C) 

De-Icing | Ambient True Liquid | Accretion | Mexlmmm Spanwise Extent Specific | Power Specific Zone Rupbeck in Engine Manifold Collective | Alrcrafi 

Fiight Air Airspeed Water Time 1lce (Blade 8tation) Power on Shedding Heating Streaks Over Pressure Variation | Pitch Angla| Weight Results of De-Icing Cycles) and Remarka 

Fomp. (everage)| Content Acerstion Density {| Time Energy Saquence | Inner 1/3 Blade 
Indicator 

¢n | Stagnation| Bottom 
gee No With | After 

Top Lina 
Fig. 10} Ice | Ice | shed. 

No, °C m, pa he gu. fm, min. in, in, in. in. | w/ag.in..] sec. | Joules/eq.in, 
in, Hg deg. 1b. 

DeI=t - 3.3 18 0.3 Lh 1/16 230 168 180 15 3 45 1,2,3,4,5 | Little 34,0] 36.5 6.5 Lkg50 Clesn shedding, de-icing after Flight I-2. 

D-1-2 - 3.3 17 0.3 L 1/16 235 165 180 20 1 20 1,2,3,44,5 Little 33 36 33.5 6.0 L500 Shedding marginal, Estimated 1.5 sec,
 

required for clean phedding. 

b-I-3 « 3.3 22 0.3 2 1/32 25 4 25 1,2,3,4,5 very slight 33 34h.5 {33 5.5 4300 partial shedding, thickness inadequate
, 

Estimated 1.2 sec, required for cleen 
shedding. 

D-I~l - 3.3 20 0.3 L 1/16 235 160 180 25 i 25 1,2,5,4,5 | Very Little 33 34.5 | 33 5.5 L850 Shedding marginal, Estimated 1.2 sec. 
required. Vibration. 

D-I-5 - 3.3 17 0.7 b 5/64 235 168 190 15 3 45 1,2,3,4,5 | Little 33,5 36 [34 6.0 L950 Clean shedding. 

9-1-6 -5 17 0.7 Lxh 3/32 225 190 198 20 3 1,2,3,4,5 | slignt 3 36 3h 6.0 4950 | Asymmetric shedding. Clesn shedding on two 
blades. 4 cycles. 

D-I~7 -5 16 0.7 5 xh 3/32 20 3 60 1,2,3,4,5 | Slight 3h 36 3 6.0 4900 Clean shedding. 5 cycles outside cloud. 

n-I-8 “5 42 0.7 L 1/16 20 3 60 1,2,3,4,5 | 5light on lower 32 3 32 6.5 4850 Clean shedding. 

surface 

D-I-9 = 3.0 15 0.7 h 1/16 275 168 150 25 1 25 1,2,3,4,5 No runback 33 38 33.5 6.0 4800 Clean shedding. 

D-1-10 - 3.0 16 1.5 h 3/16 230 173 190 20 [3 120 1,2,3,4,5 | Slight 3h 36,5 | 34 6.0 4900 Longer "Power on Time" check for runback, 

D-I-11 - 3.1 11 1.5 2 xh 3/32 20 6 120 1,2,3,4,5 | slight 35 37.5 1 35.5 7.5 4950 Longer "Power on Time" check for runback. 

D-I-12 - 3.2 15 1.5 [N 1/8 240 178 495 20 2 30 1,2,3,4,5 | Slight 33 35.5 | 33 6,0 4850 Clean shedding of smaller accretion. 

D-I-13 -5 11 1.5 2 xh 3/32 250 230 240 20 3 [4] 1,2,3,4,5 | Slight 34 36.5 ; 3h 6.5 4800 Clean shedding. 

D-I-%4 = 3.3 17 1.5 4 1/16 218 178 195 25 1 25 1,2,3,4,5 | No runback 33 35.5 | 33 6.0 4900 Marginal shedding. Estimated 1.2 sec. 

required for clean shedding. 

D-IT-1 - 6.5 15 0.3 In 3/32 235 200 215 15 6 90 1,2,3,4,5 | Moderate 34 37 3h 6,0 1800 Shedding marginal. Estimated 6% sec. 
required for clean shedding. 

D-11I-2 - 7.5 19 0.3 2 1/32 245 230 238 20 L 80 4,2,4,3,5,] Moderste 32 34 32 5.5 1800 patchy ice left. No shedding, larger 

7.8 
accretion required for shedding. 

D-II-3 - 7.5 20 0.3 5x2 1/32 218 235 240 20 4 80 4,2,1,3,3 Siight 32 3 32 5.0 4700 5 de-icing cycles. Ice shed up to 100 in. 

Ts 
: 

D-II-4 - 6.0 15 0.3 In 1/8 240 230 235 25 2 50 1,2,3,4,5 | Slight 
6.0 Leoo Marginal, .Estimeted 2} sec. required for 

clean shedding. 

D-II-5 -10.0 15 0.3 4 1/8 270 262 263 25 [3 150 1,2,3,4,5 | Slight 0.0] 35.51 34.0 5.5 4700 Clean shedding; too much input energy, 
Estimated 5 sec. required for clean 

shedding. 

D-II-6 - 7.5 12 0.7 b 1/8 258 250 253 15 8 120 1,2,3,h,5 | Moderate 35 37 35 6.5 4850 Clean shedding. 

B-I11-7 -6 12 0.7 hx 2 3/6h 20 L 80 2,1,3,5,7, Sitight over 35 36.5 | 35 7.0 4900 Opaque ice on windsergem, 4 cycles in 

8 zone 
¢loud. Zone 4 should be included in de 

icing cycle due to runback, 

D-II-8 -7 18 0.7 2 3/64 218 243 242 20 3 60 4,2,1,3,5,] Slight 35 36.5 | 35 6.0 1950 Inedequate shedding, patchy ice left, de- 

7,8 
jcing after Flight II-7. 

D-II-9 -7 20 0.7 2 3/64 248 245 245 20 [8 4,2,%,3,5,] Slight 31.5] 3h 32 5.5 4900 Clean shedding (marginal) de-icing efter 

7,8 
Flight 11-8. 

D-II- Te . 

: : 

11-10 7.5 22 0.7 b 1/8 250 248 2h 20 4 42:1:3:5, slignt 32 | 3 [32 5.0 4750 | Shedding up to 80 in. De-icing flight after 

’ 
Flight II-10. 

D-11-11 = 7.5 23 0.7 Lh 1/8 255 255 258 25 3 75 4,2,1,3,5,f Very slight 32 35 33 5.0 4800 Shedding up to 85 in., de-icing after 

748 
Flight II-9. 

D-II-12 - 71.5 198 0.7 4 1/8 25 I +00 4,2,1,3,5,] Very slight 32 34 32 5.0 ¥750 Clean shedding, too much energy, 3% sec. 

7:8 
is adequate, 

D-TI-13 ~ 8.8 17 0.7 5x bh 3/16 273 260 265 25 5 125 1,3,4,5 No runback 35.0 37 35 6.0 L900 Zone 2 out. Margingl shedding {thin 
accretion). 

D-IT-14 -10 12 1.5 4 3/16 273 262 268 15 10 150 1,2,3,4,5 Moderate 35 37 35 7.0 L950 Incomplete shedding, Estimated 11 sec. 

required for complete shedding. De~
icing 

after Flight II-19. 

D-1I~15 -10 17 1.5 h 1/4 275 268 270 15 11 165 1,2,3,4,5 Moderate 32 3h 32 5.5 W750 Clean shedding. 

D-II-16 - 6.5 20 1.5 5 xb 3/16 20 4 80 4,2,1,3,5,] No runback 33 25.5 | 33 6.0 1K950 5 cycles in cloud to check build up of 

gusty 
7,8 

Tunback, Clemn shedding after flight. 

D~II-17 -7 23 1.5 L 3/16 245 2Lo 2h 20 3 60 4,2,1,3,5,] Very slight 32 35 23.5 5.0 L800 Incomplete shedding, Sheds up to 110 im. 

7.8 
De-icing after Flight IT-17. 

D-I1I=t8 | = 7 18 1.5 b 3/16 | 260 252 255 20 IN 80 452,153: slight 32 | 34.5 |32 6.0 4850 | Cleen sheading (marginal). 

Ts 

D-II-19 -7 20 1.5 5 xh 3/16 20 4 80 Ly2,1,3,5,] No runback 32 Ah 32 5.5 L800 5 de-icing cycles outside cloud, Shed up 

78 to 60 in. 

D-1I-20 - 7.5 25 1.5 2 3/64 | 265 260 262 20 5 100 41201,3,5, Ko runback 136 | 3h 5.5 L950 Clean shedding, De-lcing after Flight II-i6, 

gusty 
7 

D-II-2% -9 18 1.5 8x2 1/8 20 bk 80 4,2,3,4,5,| No runback 33.5] 35 33.5 6,0 1500 8 cycles in cloud to check build up of ru
n- 

7.8 
back system. Clean shedding after flight, 

. 
No traceable runback. 

D-II-22 - 5.5 16 1.5 4 1/8 240 215 220 25 2 50 1,2,3,4,5 | Very slight 34 37 35 6.0 L900 Marginal, Estimated 2} sec, required for 

clean shedding, 

DP-I1=23 - 5.2 17 1.5 In 1/8 230 220 225 30 1 30 1,2,3,4,5 | No runback 33 36 33,5 6.0 L850 Shedding up to 90 im. Estimated 13 sec. 
required for clesn shedding. 
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TABLE IVD 

DE-ICING FLIGHT RESULTS 

Ambient Temperature: (-10°C to -20°C) 

De~Ieing | Ambient frue Liquid | Aceretion| Maximum Spanwinge Extent Specific] Power Specific Zone Rurbeck in Engine Manifold Collective | Aircraft 

Flight Alr Airspeed Water Tima oe (Blade Station) Power On Shedding Heating Bireskxs over Pressure Variation | Pitch Angle | Weight Resulta of De-Icing Cycle(s) and Remarks 

Temp. (average) | Content Acoretion Density | Tims Bnargy Sequence | Inner 1/3 Blade Indicator 
On | Stagnation {Bottom LL) No With | After 
Top Lins Fig. 10} Ice | Ice | Shed. 

Ne. °C mPa ha me fa, > min. in. in. in. in. |lw/sg.in. | mec. |[Joules/sq.in, in. Hg dog. 1b. 

DuIIi=1 -10,2 12 0.3 In 1/8 265 258 260 15 11 165 1,2,3,4,5 | Moderate 35 37 35 6.5 goo Marginal shedding. 

D-III-2 -10,2 1 0.3 4 1/8 265 256 260 15 12 180 4,2,3,4,5 | Moderate 35 36.5] 35 6.5 Lago Clean shedding (too much energy input). 

P=III-3 | =11,0 15 0.3 4 3/16 | 280 270 270 20 8 160 1,2,3,4,5 | Slight 2 | 35,5 | 33.5 6.0 L850 Clean shedding (too much snergy, 7.5 sec. 
is edequata), 

D-III~l ~11,0 12 0.3 2 4/16 275 268 270 25 5 125 1,2,3,4,5 | Vory slight 26 28 36 €.5 #900 Merginel shedding (54 sec. required for 
full and adequate shedding). 

D-II1-5 ~15,0 18 0.3 8 1/h full span] 25 5 125 1,2,3,4,5 | 8light 3h 35.5] 35 6.0 4850 Ice sheds up to. 135 in. 

D-I11-6 =45,0 15 0.3 4 3/8 full epen 25 6 150 1,2,3,4,5 | Very slignt 6.5 4900 Marginal shedding of large accretion. 

D=1II~7 ~40.1 16 0.3 4 1/8 263 260 261 30 L 120 1,2,3,4,5 3y 35.5 | 34.5 5.5 4800 Clean shedding. 

D-III-& -12,0 12 0.7 b 3/16 281 280 280 20 [1 80 1,2,3,4,5 | Slight 36 38 36.5 7 4900 shed up to 150 in. 
El] 

D-III-§ ~-12.0 11 0.7 2 3/46 287 288 288 20 6 120 4,2,3,4,5 | Slight 35 37 25.5 7.0 L850 Shed up to 125 in., de-icing Flight IIT-5. 

D-III-10{ -412.0 3 0.7 2 1/16 20 6 120 1,2,3,4,5 | Siight 36 28 36.5 8.5 4900 Shed up to 180 in. 

D-Iri-41] =12.5 3 0.7 L 5/16 20 5 100 1,2,3,4,5 36,5] 38.5 | 31 8.5 14900 Shed up to 150 in. 

D~IITI~12 | =12.5 3 0.7 L 3/16 286 285 285 20 6 120 1,2,3,4,5 | Slight on top 35.5] 37.51 36 8.5 5850 Shed up to 130 in. 
not on bottom 

D-III-13 | =12.5 3 0.7 2 1/16 20 [ 80 1,2,3,4,5 | slight 36 38 37 9.0 4950 Shedding up to 80 in. 

D-I1I-1k | ~12.5 3 0.7 by 3/46 276 275 275 20 8 160 1,2,3,k,5 | Moderate 36 38 36 9.0 L900 Clean shedding. 

D-III-15| ~10.0 14 0.7 2 3/32 27h 270 272 25 2 50 1,2,3,4,5 | Very slight 34 36 3h Shedding up to 160 and 165 in. 

D-III-16}| -10.0 13 0.7 L 3/16 272 270 271 25 3 75 1,2,3,4,5 | Very slight 35 357 35 6.5 4500 No shedding {de=icing system failure) 
eyelic switch U/S. 

D-I1I-17 | ~10.0 15 C,7 L 3/16 27% 270 271 25 5 125 1,2,3,4,5 | Very slight 3h 36 3h 6.0 "4500 Clean shedding. 

D-IIT-18 | -13,0 12 to.7 3 xh 3/16 290 290 290 25 ig 100 1,2,3,4,5 | slight 35 37 35 6.5 4300 Clesn shedding. 3 cycles in cloud. 

D-III-19 | -13.5 1h 0.7 L 3/16 full span 25 & 4150 1,2,3,4,5 | Very slight ay 36 34 6.0 L850 Marginal shedding (6% sec. required 
for full and clean shedding). 

D-I11-20| =10.0 7 1.5 L 3/16 270 265 269 20 4 Bo 1,2,3,4,5 | Moderate 36.51 38.5 | 37 8,0 L900 Shedding up to 130 in. 

D=1I1-21| =10.0 1.5 L 7/32 20 5 100 1,2,3,4,5 | Moderate 36 38 36.5 8.5 L900 Shedding up to 120 in. 

D-I11-22 | -10.0 7 1.5 & 7/32 270 269 269 20 6 120 152,3,4,5 | Slight on top 36 38 36 8.0 900 Marginal shedding (64 sec. required 
for clean shedding). 

P-III-23 | «10,0 8 1.5 In 3/46 20 6 120 1,2,3,4,5 | Moderate 35.5] 37 36 7.5 L850 Shed up to 85 in. 

D~III-2h4 | -~1C.0 9 1.5 4 3/16 270 270 269 20 7 tho 1,2,3,4,5 | Moderate 35.5 37 35.5 7.0 14850 Clean shedding (slightly too much energy). 

D-III-25 | -10.5 [ 1.5 y 1/4 20 7 1h0 1,2,3,4,5 | Moderate 36 38 36,5 8.5 4950 Ice left until 70 in. 

D-III-261 -10.5 [: 1.5 4 +h 272 2M 272 20 8 160 1,2,3,4,5 | Moderate 36 38 36 8,0 Lgoo Clean shedding (too much energy). 

b-I1I1I-27 -12,2 5 1.5 4 1/4 25 6 150 1,2,3,4,5 | Siight 30 9,0 L950 Clean shedding on the ground (r,p.m. 
180). Functional test. 

D-III-28 | ~12.2 12 1.5 5x2 1/8 284 270 282 25 L 100 1,2,3,4,5 | slight 35 37 35.5 6.5 Loo 5 cycles in cloud. Clean shedding 
after flight. 

D-III-29 | -12.3 13 1.5 4 1/4 25 3 75 1,2,3,4,5 | Slight 35 37 36 7.0 L950 Shedding to 160 in, 

D-III-30 | ~12.3 18 1.5 [A 1/4 25 b 100 1,2,3,4,5 | Slight 3h 36 35 6.0 4900 Shed up to 130 in. 

D-IIT-34 | -12.3 15 1.5 8 1/4 286 285 287 25 iy 100 1,2,3,4,5 | Very slight 3 p36 135 6.0 4850 | Zoned shed to 170 - 180 in. 

D-II1-32 | -12,3 16 1.5 L 1/4 25 by 100 1,2,3,4,5 33 25 33 6,0 L850 Zone 2 - Little shedding on thie zone, 
shedding down to 150 in. 

D-III-33 | =-12.5 17 1.5 L 5/16 286 285 285 25 In 100 1,2,3,4,5 | Slight 33 35 3 5.5 #800 Zone 3 - Shedding until 125 in, 

D-IIF-34 | 13.0 16 1.5 I 1/h 25 6 150 1,2,3,4,5 | Very slight 3 36 34.5 6.0 L800 Zone 1 ~ Shed up to 100 in, 

D~FII~35 =13.5 16 1.5 I 5/16 full span 25 7 175 1,2,3,4,5 | Slignt 33 35.5 | 33 6.0 4850 Clean shedding (slightly too much energy). 

D-IV-1 -15.0 15 0.3 4 3/16 full span 20 [3 120 1,2,3,4,5 | Moderate 34 37 37 6.5 4900 No shedding - de-icing system failure, 
eyelice switch, 

D-IV-2 -15.0 8 0.7 4 1/4 full epan 15 15 225 1,2,3,4,5 | Moderate 36 38 36 8.5 4950 Clean shedding. Marginal {Estimated 
16 sec. needed). 

D-IV=-3 -16,0 8 0.7 2 1/46 full span 15 25 375 1,2,3,4,5 | Moderate 36 38 37 8,0 4900 Shedding up to 120 in. Ice melting. 
Check on long power on time. 

D-TV~4 -17.0 9 0.7 2 1/16 fuil span 15 20 300 1,2,3,4,5 | Moderate 36 38 36 7.5 Loco Shedding up to 180 in, Ice melting. 
Check on long power on time. 

D-IV-5 -17.0 9 6.7 In 5/16 full span 20 10 200 1,2,3,4,5 | Uoderate 3h 37 25 6.5 L800 shed until 120, 125 in. Ieing flight of 
Flight IV-2, 

b-1¥-6 17.0 [3 0.7 L 1/4 full span 20 12 uo 1,2,3,h,5 | Moderate 36 39 36 8.0 L950 Clean shedding {too much energy, estimeted 
11.5 sec. needed). 

D-IV-7 -17.0 8 0.7 4 1/4 full span 20 14 280 1,2,3,L4,5 | doderate 3L.5) 37 8.0 4900 Ho power for de-icing. 

D-1v-8 ~17.,0 Ef 0.7 4 1/4 full spen 20 15 300 1,2,3,4,5 | Moderate 35 38 35 7.5 4900 Clean shedding. Check of runback with 
excessive power. 

D-1V-3 ~17.0 7 0.7 i 5/16 full span 20 11 220 1,2,3,4,5 | Moderate 36 39 37 7.0 4850 Shedding up to 80 in. 

D-IV-10 -15.0 7 0.7 L 1/4 full aspen 25 7 175 1,2,3,4,5 | Very slight 35.5] 38.5 [35.5 8.0 4300 Clean shedding, marginal (estimated 
7.5 sec, needed), 

D=1v-11 -16.0 12 1.5 4 3/8 full span i5 16 240 1,2,3,4,5 | Moderate 34 | 36 33.5 8,5 4850 | Marginal shedding {estimated 16.5 sec. 
needed for adequate end clean shedding). 

D~IV-12 -16.0 13 1.5 i 5/16 full span 20 1M 220 1,2,3,4,5 | Moderate 36 | 38.5 |36 6.5 L900 Clean shedding. 

D-IV-13 | -16.0 7 1.5 4 5/16 full spn 25 8 200 1,2,3,4,5 | Very slight 37.5] Lo 36.5 8.5 4950 | Clean shedding (marginal), 

D-Iv-14 | -16.0 8 1.5 [3 5/16 full spen 30 7 210 1,2,3,4,5 | Rene 36 139 [35.5 7.5 4900 | Clean shedding. 
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Amblent
Temp.

oc

Droplet
Slze

mlcron

Po$er
Denslty

u/sq.ln.
Addltlonal
Equipment

Used

Test
Conilitlons Results and Remarks

F

-15

-'|.5

-15

_13

-13

-'13

-13

-12

1000 -
3ooo

1000 -
fooo

1000 -
Sooo

1000 -
fo00

1000 -jooo

1000 -jooo

1000 -
fo00

1000 -
fooo

4.75

1.5

1.6

1.6

1.5

1.5

1 ' 8'l'

Wlpers off

Wipers off

Wlpers oa

Wlpers off

lYlpers on.
No alcohol

Wlper"s on.
ttYlth alcohol

No wlpers.
No alcohol

0n ground
windspeed
5 m.p.h.

0n ground
wlndspeed
5 m.p.h.

0n ground
rladspeed
5 m.B.h.

0n ground
rlndopeed.
t m.p.h.

In a1r
wind speed.
'lO m. p. h"

fn atr
wind.speed.
10 m.p.h.

In a1r
wlndspeed
10 m.p.h.

fn alr
wlnd.speed
1O m.p.h.

Ice accretlon melts after
3 min. naklng an oval

JO sec. to start melting.

2 mla. for clear vlsl.on.

1 min. for clear vislon.

2 min. for cLear vlslon.
Vislon malntalned.

1 min. for clear vlsion.

Clean vlsl.on maletalned.
tdushy antt-lcing.

Clear vlslon ln less
than 'l mln.

Toble VI
LR-2?I

TABLE VI

WINDSCREEN ANTI-ICING AND DE-ICING IN SIMULATED FREEZING RAIN

4

-:lng thls nrn
,: 1'ed clear of

p
1

owen denslty vas reciueed to O.JJ ,tt/sq.Lt. and rlrrlscreen
ce.

lYlpers off



FIG. I

LR-22t

BRTSTOL SYCAMORE TYPE l7l , MK. 3
(WITH MAIN ROTOR DE.ICING EOUIPMENT)
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FIG. 2
LR- 221

STANDARD ROTOR BLADE SHOIilING 4-IN. BRASS STRIPS

ROTOR BLADE WITH OE-ICER PAD INSTALLED

MAIN ROTOR BLAOES USED DURING TRIALS

I



FIG. 3
LR - 22t

SLIPRING AND CYCLIC SWITCH MOUNTED ON ROTOR HUB

DOME INSTALLATION WITH CYC L IC SWITCH INSIDE

CYCLIC SWITCH I NSTALL ED ON AIRCRAFT

::,



FIG. 4
LR- ?21

)\ATCH PLUG ARRANGEMENT FOR EXTERNAL POWER SUPPLY



FIG. 5
LR -22t

MAIN ROTOR

ZONE I ORAWN

SLIPRING UNIT

zoNE l-8

CYCLIC SWITCH

TO CYCLIC

OPERATING GEAR

SLIPRti.G UNTT

; . ASE COI{TACTOR
(50A)

SNATCH PLUG

2e
AlC

v. dc.
AIRCRAFT SUPPLY

SNATCH PLUG

ON AIRCRAFTON AIRCRAFT

'RAILING CAELE
( 3oo FT LG.)

CONTROL CTRCUIT

TRAILING CABLE
( 3oo FT. LG.)

POWER CTRCUIT

CONTROL HUT

o-600 v

o- 60 A SYNCHRONIZING

LAMP

swrTcH
lr5 v COIL CONTROL UNIT

-r.:E CONTACTOR
60 A) Itt

CYCLIC S:WITCH

POSITION INOICATOR
WITH ELECTRONTC
TIT,tER.

TIME SWITCH

UP TO 6 SEC., 28V.

suAvE colL

RELAY ON-OFF SWITCH

.: ,INSFORMER

:-550v.
3 PHASE

22O v 6Or"o.C.

ze v. d.c

60 A FUSES 15 A FUSE
s$ilTcH

MASTER SWITCH

?
?

55O v 3 PHASE

60f o.c.

DIAGRAM OF POWER AND CONTROL

ON HELICOPTER AND IN CONTROL

WIRING

HUT

A
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FIG. 6
LR - 22t

SHIELDED TEMPERATURE BULB ON TOP OF CABIN

I



FIG.7
LR-221

CORRECT AIRCRAFT POSITION FOR ICING FLIGHT

WINDSPEED lS SLIGHTLY TOO LOW ( ttO TAIL ROTOR tCttttc )

HELICOPTER DURING ICING FLIGHTS

I



FIG. 8
LR - 22t
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INTERSECTTON OF D AND LEADING EDGE FIG. 9
LR - 22t

lo.oo"

t.06" HEATED WIDTH 7'88" 1.o6"
ZONE

6
ZONE ZONE ZONE ZONE ZONE ZONE ZONE

4 2 3 5 7
TIP END

o.63" t
't3

o.50'

226"
HEATED LENGTH

226.5"

-: \LESS STEEL
.ALF HARD)

I o.oos")
A A

'. ]ARD END
ELAOE

_STATION 63

3"

24 LEADS

TO CONNECTOR + o.olo"

TOP INSULATION

NEOPRENE
EROSTON SHIEU) O.OO5" o.o35"

o.o50"

o.28 " o.o50 "
GAP

NICHROT'E HEATER STRIPS LOWER TNSULATION

NEOPRENE

SECTION A- A

RESISTANCE OF EACH HEATER STRIP : E.OS JL t SOIO

nEloHT oF PADS: g'g lbs. 0nslbs./ft5, rs.albs. wrTH LEADS

LAYOUT OF DE.ICER PADS
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FtG. lO
LR -2?I

6 4
ZONE

SEOUENCE
7 5 FOR SHEODING

A_A

o€-lcER IATS

$

tr cYcLlc swrTclt wtTH

SLTPRING UiXT

EXTERT{AL POWER SUPPLY

RIB STATIOT{S INDICATE MEASUREXETTTS FROM CA- OF HUB tt{ II{CHES

64 ro4 152 lE4 232 272 290

ICE PROFILE STATIONS
A

I

B
I

D

MAIN ROTOR WITH DE-ICER PADS INSTALLED

\o

\
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FtG. il
LR. ?21

SELF-SHEDDING ON STANDARD BLADES
OF ICE ACCRETION OVER GAPS BETWEEN

( NOTE CRACKING
BRASS NOSE CAPS )

ICE ACCRETION COLLECTED DURING FLIGHT VI- 5

TYPICAL ACCRETION COLLECTED DURING ICING

FLIGHTS WITH STANDARD BLADES

I



FrG. 12

LR-22t

ICING

SELF. SHEDDING UP TO

AMBIENT AIR

FLIGHT II -I3
STATION II5. ICE ACCRETION 7/8IN

TEMPERATURE -9"C

SELF- SHEDDING UP

ICING FLIGHT 1I _ 18

TO STATION I4O. ICE ACCRETION

AtR TEMPERATURE - 8.5 "c
3,/4 lN.

ACCRETIONS ON PROTECTED BLADESELF- SHEDDING

AMBIENT

OF ICE

I

a



FtG. r3
LR- 22r

ISOLATED RItVlE FINGERS ON TAIL CONE

EXTENT OF ICE ON TAIL CONE AT -16 O C

ICE EXTENT ON TAIL CON E

I

re*)il
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-?-22

OIL COOLER GRID

COOL ING AIR INLET

ENGINE CARBURETTOR INTAKE WITH FILTER

IC ING OF A I R IN LETS

T
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FrG. t5
LR -22t

ICE ACCRETION ON AERIAL

UNDERCARRIAGE ICING

COMPONENT ICING

T

il
!

*

rrtt



F tG. r6
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ICE ACCRETION ON SIDE WINDOWS
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FrG. t7
LR-221

ICE ACCRETION ON UNPROTECTED PART OF ROTOR AND HUB MECHANISM

ICE ACCRETION ON

ICING ON

MECHANISM AND

HEAD AT -I6"C

CONTROL

ROTOR

DAMPERS

o.A.T.
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rcE ACCRETION ON UNPROTECTED PART OF ROTOR AND HUB MECHANISM

ICE ACCRETION ON

ICING ON

MECHANISM ANDCONTROL

ROTOR

DAMPERS

o.A.T.HEAD AT -I6"C

lw' ",
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VARIATION OF POWER-ON TIME WITH AMBIENT AIR TEMPERATURE

CON OITIONS

MAI N ROTOR R.P M.

ACCRETION TI ME :
15 WATTS/SO. tN a
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FtG. 20
LR-22t

SIMULATED FAILURE OF ZONES 7 AND 8 AFTER SHEDDING

SIMULATED FAILURE OF ZONE 2 AFTER SHEDDING

I

SIMULATED ZONE FAILURES



FtG. 2t
LR-zzt

ACCRETION COLLECTED DURING GROUND RUN AT ZERO PITCH

EXTE NT OF ICING COLLECTED DU R ING FLIGHT ITII - I

ACCRETIONS COLLECTED IN SIMULATED FREEZING RAIN
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I€ATED WINDSCREEN FIG. ?2
LR -22t

IYTNDSCREEN

AREA - 156 SQ. lN

TEMP€RATURE
CONTROL 8OX

ON-OFF SIYITCH

5 28 V d.C. AIRCRAFT EOUIPMENT

CONTACTOR

l--

SNATCH PLUG ON AIRCRAFT CONTROL HUT

VARIAC

3OO FT. CABLE
(GRoUND To AIR)

o-25 A
20A

o-toov

220 V

60 c.p.$ A.C.

L_

VARIAC AND

DIAGRAM OF

INSTRUMENTATION IN CONTROL HUT

WINDSCREEN ANTI- ICING SYSTEM
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FIG 23
LR - 221

UPPER LOWER

ZON E 6 3

At R TEMP oo- -50
AV. PITCH ANGLE

STA. 25O

STA. 2OO

STA. I5O

sTA. lO0

STA. 60

- 9o - -loo

STA. 250

sTA. 200

STA. I50

STA. IOO

sra. 60

-l5o - -2oo

AV. OROPLET SIZE
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20 t,

CHORDWISE EXTENT OF ICE ACCRETIONS

ON MAIN ROTOR DE-ICER PADS
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TYPICAL EXAMPLES OF TAIL ROTOR SELF.SHEDDING
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APPENDD( A

ENGINEERING AND PERFORMANCE DATA FOR
BRISTOL SYCAMORE TYPE 171

Leading Particulars

Engine

Make - Alvis

Model - Leonides IVIk. L73-02

Type - 9 cylinder air-cooled radial 550 b.hp.

Dimensions

Over-all length (blade folded)

Over-all height (to top of tail rotor disc)

Nominal fuselage ground clearance

Whee1 base

46 ft. 2 in.
14 ft. 7 in.

1 ft. 7 in.

I ft. 10 in.

Main Rotor

Diameter

Disc area

Gear ratio (englne to rotor)
Range of permissible rotor revolutions

48 ft. 7 in.
1, 860 sq. ft.
1"L. 15: 1

Power on - 245-287 r.p.m.
Power off - 210-287 r. p. m.

Tail Rotor

Diameter

Disc area

Gear ratio (engine to tail)

General

Maximum all-up weight

Maximum range - economical cruise

I ft. 7 in.

73 sq. ft.
2.4L:l

5,400 lb.

Normal tuel (65 gal. )
233 nautical miles

See also Figures A1 to A6.
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APPENDIX B

EFFECT OF ICING AND DE-ICING ON AIRCRAFT HANDLING

'S VIEWPOINT

(An abstract from the pilotrs handling report by Major R.I. Walton, R. A. )

8.1.0 GENERAL

8.2.0 EFFECT F ICE ACCRETION ON C

B. 1.1 Flight during the tests was, of necessity, almost entirely by means of
visual references. Wtiit" results may show that there was little control problem
under these conditions, unusual vibration and control movement could present a
distraction to the pilot which would increase the already present difficulties of
flight under I. F. R. conditions.

B,Z"L Fltght with ice on the main and tail rotor blades had little effect on the

[*Afi"g of th6 aircraft, except control of r. p. m. , provided shedding did not occur.
There ias u slight stiffening in the collective and cyclic pitch controls which was

more noticeable-at the lowef ambient temperatures. This may have been due

partly to the temperature and partly to the ice accretion, and was more evident,
^purtiluU"Iy in the UP direction, on the collective lever rather than the cyclic
stlck.

B.Z"Z AIl main and tail rotor controls remained effective in spite of ice accre-
tlon, and on no occasion during the tests was the aircraft forced to descend other
than to avoid contlnuous blind hovering.

B. Z. S At no time during the tests was ice accretion or shedding such that
control of the aircraft was difficult except in two cases:

On several occasions early in the tests, the throttle eontrol had to be

opened against its stop in order to maintain r.p. m. On these occasions it was not
pirrint" To obtain moie than 43 in" Hg of the maximum permissible-inlet manifold

i"***,r"" of 4G in. Hg. This condition occurred when the wind was high (20 to
^iO *. p.h.), and the -colleetive lever was relatively low. Thus the pressure was

probably firiritea tV ttr" throttle/pitch linkage through the boost control unit. The

iact thal the aircrift was not forced down was probably due to self-shedding.
Without intentional or self-shedding, it would probably not be possible to maintain
r.p.m. for other than quite short periods in some icing conditions.

After a flight in simulated freezing rain, the aircraft was florrrn back to

the hangar. On incrJasing forward speed to about 20 knots, therewas a marked
decrease in lateral stabilily. Speed had to be reduced quickly, whereupon the
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tendency disappeared. No reason for this was found. There was a considerable
amount of ice on the aireraft, which had not been de-iced, and the windscreens
(including side panels) were, except for the area of the electric de-icer, well -iced.
Visibility- was thus very restricted and some sort of vertigo may have been a factor
in the incident. The pilot was not fatigued, as only 20 minutes? flying in the
freezing rain had been done that day. There was little wind and no turbulence.
The incident may indicate that icing conditions can exist which can present a

problem with increased forward speed.

8.2.4 The build-up of ice on the main rotor blades tended to cause a drop in
r. p. m. but little change in height. Control comections , other than those to counter-
act turbulent conditions, were thus made mainly with the throttle. No significant
progressive increase in collective pitch was necessary to correct for ice accretion.

8.3.0 SHEpDING (MAIN &OTgR)

rotor

8.3.2 At higher ambient temperatures, self-shedding took place. This was
not always symmetrical on all three blades. During asymrnetric self-shedding
there was, at times, slight feedbaek to the cyclic stick accomparlied by moderate
shaking of the aircraft similar to that normally attributable to uneven dampers.
the oscillation appeared to be mainly lateral and died awry as the ice reformed.
The frequency, as estimated by the observer, appeared to be about one per two
main rotor revolutions.

B. 3.3 lrsufficient flights were made under suitable eonditions to assess the
effect of intentional asymmetric or symmetric zone shedding. However, experi-
ence with partial asymmetric self-shedding indicates that if one blade remains
fully iced while the others are completely shed, severe vibration and control
feedback will probably occur.

1}.3.4 A slight tendency to ground resonance was noticed when landing with
asymmetric ice.

B. 4. 0 srrEDDrNG_lr4Ir_ rereB)

8.4.1 During many of the tr.:sts, the positioning of the aircraft had to be such
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that the tail rotor was outside the icing cloud. When the tail rotor was in the cloud,
however, it picked up ice which was self-shedding at the medium and higher ambient
temperatures. Se1f*shedding was usually asymmetric to some extent, and this was
thought to be the cause of some airframe vibration. There was no feedback to the
tail rotor pedals, however.

8.4.2 On one occasion, at a very low ambient temperature, aLatge amount of
ice had formed on the tail rotor, but no self-shedding had taken place. The air-
craft stood in the sun for some time with the rotor stopped while the ice was
inspected. On restarting the rotor, severe airframe vibration occurred which
necessitated the immediate stopping of the rotor. The cause was found to be
total self-shedding of one blade on1y. The ice had probably been loosened by the
sun. If self-shedding of this magnitude occurred on one blade in flight, the air-
craft would have to land at once.

8.5.0 VIBRATION

It was not possible to say with any certainty what was the cause of the
airframe vibrations which were sometimes experienced. Most of the vibrations
were similar to those often experienced during hovering in clear air at critical
wind speeds and heights above the ground. It was felt that most vibrations were,
at least partially, of this nature and not entirely due to ice, The severe turbulence
experienced on the test site was probably also a contributory factor in making the
vibrations intermittentn and thus liable to confusion with shedding cycles.

8.6.0 C.F. DROOP STOPS

The C. F. droop stops did not fail to operate during the tests, but it was
felt that they were inclined to be sluggish at the lower ambient temperatures. Cases
occumed when they would not come out by the time the maximum r.p.m. (130 r. p.m. )
allowed with the stops in was reached, and the cyclic stick had to be used to encourage
them. It was difficult to say whether these effects were due to stiffness at the low
temperature, ice on the arms or weights of the stops, or reduced main rotor coning
angle due to ice on the blades.

B.7. O WINDSCREEN ANTI-ICING

8.7.L The electric windscreen anti-icer was successful in clearing the pilot's
windscreen and keeping it clear even under conditions of freezing rain. Clearance,
however, took an appreciable time. The position of the de-icer was not satis-
factory as the pilot had to lower his head to see out the port side of the windscreen.
It was felt that the top line of the de-icer should have been horizontal so that it
could be r:,sCId as a flight reference.

8.7.2 The fluid anti-icers on the windscreen wipers were also successful in
keeping the windscreens clear of ice, but not so effective in removing thick ice
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which had already formed. The distribution of fluid was wasteful, being concen-
trated on one part of the wiper blades. The fluid ran down onto the lower front
perspex where it evaporateb, thus preventing clear vision through that window.

B. B. O FLIGHT IN THE CLOUD

B. 8. L Trimming

Before the first morning and afternoon cloud flights of the day, lhe
aircraft was hovered at 50 feet outside the cloud and the trimmers were adjusted
to minimize the possibility of flying into the rig when temporarily blinded by the
cloud.

B. 8.2 Blind Flying

T'he state of the art of i.nstrument flying in helicoptetrs, e:r*ept;:cssi}:ly
with the aicl of a special aubo-pilot, 'vr/!rs such that all flights had to be urari: r.t'ith.

visual references for the pilot. Blind flying instruments rvere raot u.sed at a.l.l,

the pilotrs attentionbeing fully engaged in watching the rotor tach*m",:'icr, inle',.

inanifold pressure gauge, and in cycling the windows for visual referE:n*es of
position and attitude. Under certain conditions, with practice, it wac fr,'-ri-'C

possible kry "freezing onto the controls'r to remain completety blin.o for peniods
of say 4to 5 seconds, after which one of the windows usually ira-ct a visua-l reference'
If no visual reference appeared after that time, the cloud was le{i as rapir:i.y" as

possible and in a direction consistent with not striking the rig oi: any *f ttlc qti-r,er

bbstacles near the site. The intention was to fly with the rotor: in the r:i,r:r.rd bui
with the cockpit outside it, although this was rarely possible for any lengi;ir of tirne,

B. B.3 Visual References

Visual references were used through both door windows in addition to
the front windscreens and bottom perspex. References on the sides could be
confusing if the wind changed, if the aircraft was turned on the spot, or if the
references were a long way away. Things which were obstacles in one wind direc-
tion could thus become usefu1 referenceJ in another wind direction. The best
references were the mast itself, viewed through the front windscreens, and the
control hut and guy rope anchor points, seen through the bottono perspex (Fig. B-1)
If the outermost anchor point was visible through the bottom perspex, it eould be
safely assumed that the iotor, though close, was not going to touch the rig unless 

_

the wind direction had changed during the fiight. When the rig had not been rotated
with the wind - and this waJnot always possible in fluctuating winds - the forward
end of the lattice could constitute ahiazard, to the main rotor. On one occasion the
guy ropes were anchored to points downwind of the rig and while they made good

reference they were a hazard, to the maln rotor The refe rences visible through
the bottorn perspex were more often use d when the wind peed was iow and the
windsr::rr: e ns were more frequently tn cloud. Without the bottom perSPEX, flying
would hn,VE been very much mo re difficult The coils of the power cabIe being
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black against the snowy ground, also provided a useful method of orientation. It
was sometimes necessary to make a turn on the spot in order to place a reference
in a more convenient window.

Visibility and ground surface condition were large factors in rapid orienta-
tion after periods of fully blind flying. The best conditions were found when the slry
was blue and the ground free from blowing snow and ice, both oonditions forming
good contrast with the cloud. If the ground was covered with snow, it was best
when rolled, as the lines of the rolling were he1pful. The sun on clear days was
blinding when low and behind the rig. It was then better to break cloud in the shadow
of the cloud if the sun was not too low for a shadow to form.

There was a tendency to prefer references visible through the port rather
than the starboard window. Blowing snow did not normally affect flying in the cloud,
but was difficult for landings. On one particular occasion, when there was a thin
layer of snow crystals on the ground, little wind, and a grey sky with intermittent
light snow, the cloud was pulled over the cockpit. A descent was made together
with a rotation in anticipation of sighting a coil of power cable through the port side
of the bottom perspex. The aircraft did not break cloud, however, as unknown to
the pilot a cloud of loose snow was formed on entering the ground cushion. The
aircraft struck the ground with the pilot still unable to see any visual references.
Fortunately no damage resulted, but this type of weather condition was thereafter
considered unsuitable for the tests.

The Windscreens

Except during the freezing rain tests very little windscreen icing occurred.
This was probably due to the fact that the cockpit was only in the cloud for short
periods. The bottom perspex usually remained quite clear. Any icing was in the
form of small crystals sticking to the gIass. This occurred on the door windows
as well as on the front windscreens, but only once was the quantity sufficient to
impair visibility significantly. The electric anti-icer was able to maintain a clear
area even in the freezing rain.

,;
I
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(b) CENERAL VIEW FROM THE AIR OF HUT INSTALLATION

::

t

$

li
i":

lii

,Ij
r!
'{
i1

PILOT,S VIEW FROM AIRCRAFT DURING ICING FLIGHT



Page - C-1
LP"-221

APPENDD( C

DE_ICER PAD FAILURE

The creases (Fig. CL(a)) which developed in the stainless steel erosion
shield after installation of Ihu prot"ctedblades on the aircraft were the first
indication of pad deterioration. Blade flapping and the droop which occurs after
stopping the iotor caused cracks to develop along these creases (fig' CUbl; Cz(all'
Cracks also developed in the nichrome strips of the heater element (Fig" Cz(b)),

producing open cir6uits. [r one instance flexing of the blade while the power was

switched on caused a broken strip to make contact and produce arcing'- This burned

,*.y the insulation and produceda conductive film which, tog-ethe-r with the outer

tt 
"utt , sustained the short and burned the wooden veneer under the pad at that

point (rie. C3).

The majority of the creases developed where the angular d-eformation was

greatest. i*o of 
"tte trtrau elembnts failed at about Station 250, the first after

5 ho.rr", 20 minutes, the second after t hours, 40 minutes. Surprisingly, tl'9 third
blade did not develop creases in this region and a suitable explanation cannot be

given" It remained serviceable throughout the test programme.

To prevent further cracks from developing in the outer shield a repair
scheme was tiied in which the metal around a crease was removed and a neoprene

patch cemented over the area (Fig. C4(a)). This was not successful as further
i"r"ts developed. Removal of the metal erosion shield also caused local delamina-
tion between the insulation and the element.

In the case of a broken heater strip the insulation was removed IocaIly
and a nichrome strip spot-welded over the gap. A neoprene patch-was then cemented

over the rapair. nigure C4(b) shows such a repair. This repair failed after a

further 12 hours flYing.
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(o) CREASES WHICH DEVELOPED IN STAIN LESS STEEL COVER

(b) CRACKING ANO LIFTING OF STAINLESS STEEL COVER

DUE TO BLADE FLEXING

DE- ICER PAD DETERIORATION
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(b)CRACKS IN NICHROME HEATER ELEMENT

DE-ICER PAD FAILURE

(o) SHOWING HOW CRACKS DEVELOPED ALONG CREASES
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DAMAGE TO WOODEN BLADE DUE TO SHORT CIRCUIT
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(o) REPAIR SCHEME FOR REMOVAL OF CREASES

(b) REPAIR OF A BROKEN HEATER ELEMENT

( NOTE IMPACT DAMAGE DUE

ROTOR INTO PATH

TO

OF

ICE THROWN FROM TAIL
MAIN ROTOR )

REPAIRS TO MAIN ROTOR DE-ICER PAD
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