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Director

Flight tests in en artificial icing cloud were made on two sets of heli-

sopter rotor blades equipped with de-icing heater mats embodying the spanwise and

chordwise shedding principles, The tests demonstrated a decided performance

sdvanitage for the spanwise shedding system, although the chordwise shedding system

had the advantage of greater constructional simplicity,
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A COMPARISON BETWEEN THE SPANWISE AND CHORDWISE

SHEDDING METHODS OF HELICOPTER ROTOR BLADE DE-ICING

1,0 INTRODUCTION

Previous theoretical and practical work (Ref. 1 and 2) has indicated
that the spanwise system of electro-thermally shedding ice from helicopter rotor

blades has some distinct advantages over the chordwise shedding system. The

= “spanwise shedding system" is defined as thé one in which the heater element

is disposed on the blade in a number of adjacent chordwise areas which are

activated in a spanwise sequence starting from the tip (Fig. 2); while in the

` "chordwise shedding system", the heated area is comprised of spanwise strips

which de-ice in a chordwise sequence starting from the leading edge (Fig. 3). A
direct comparison between the two methods was necessary to verify the earlier

findings and to determine whether the advantages were sufficient to warrant the

extra manufacturing and installation difficulties of the more complex spanwise

shedding elements.

Accordingly it waa decided to construct two sets of main rotor de-icing

elements for a Bell 47-type helicopter, Except for the disposition of the heated

areas, the heater mats were of identical construction and coverage. The heating

element was made of woven wire sandwiched between insulating layers of resin,

and the complete heated area was covered by a stainless steel abrasion shield,

Flight tests on the first set of blades (i,e, the chordwise shedding system)
were begun under simulated icing conditions in the first week in February, 1959.

Because of exceptionally fine weather conditions, almost all of the complete schedule

of test was finished by the end of the winter season despite the late start, The few

tests not completed on the chordwise shedding blades were the result of a manu-
facturing flaw which precipitated a burn-out of the connections to one of the heater

elements (see Appendix A).

2.0 PURPOSE

` The purpose of the tests was to compare directly the relative effective-

ness and efficiencies of the spanwise and chordwise methods of shedding by flight

testing similarly constructed examples of each system over the same rarge of

ambient conditions and at the seme specific power densities.

3.0 TEST EQUIPMENT

3.1 Aircraft

Thé aircraft used for all trials was a Bell 47-J helicopter (Fig. 1). The
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leading particulars are as follows:

Engine

Type

Maximum power

Main rotor/engine speed ratio

Main Rotor Biades

Type

Rotor diameter

Blade chord

Blade aerofoil section

Lycoraing Vo435 ALB

240 h, p. at 3100 +.p, m. and

27 in. Hg manifold pressure

1/9

H 13-H metal blades

35 ft. 14 in.

itin,

NACA 0015

For all test flights, the aireraft was flown at a gross weight of about

2300 Ib. and an engine speed of 3000 r.p. m.

3.2 De-Icing Heater Mats

'fhe beater mats were built up directly on the basic metal structure of
the rotor blades. The construction of these mats was as follows:

Material Thickness (in.)

Base inéulation and adhesives 0,018

Goodyear heater element 0,018

Outer insulation and adhesives 0.008

Abrasion cap - copper-clad 0,006 (5,8.)

stainless steel {
0,010 (cu)

The layout and dimensions of the spanwise and chordwise shedding mats

are shown in Figures 2 and 3 respectively and the electrical data are shown in

Appendix A.
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Tho heater elements were made of nichrome wire woven 1n glass cloth

at a density of 48 wires per inch. In the chordwise shedding elements the wires

ran spanwise and the four 155-in. long by 1-in. wide heated strips were made up

of two 1-in. passes so that all connections were made at the root end, In the span—
wise shedding elements, to minimize cold spots, the wires ran chordwise with
connections being made to each of the five 303-1n. long by 4-in. wide areas by
means of resin covered flat leads running along the blade immediately aft of the
heating elements.

All areas on both types of elements were designed for normal operation
at a uniform power density of 30 watts/sq. in, with an input voltage of 180 volts;
however, the elements were capable of operating at 40 watts/sq, in, without
deterioration,

On both sets of blades the mais had a chordwise coverage of 10 percent
on the upper surface and 26 percent on the lower. The spanwise coverage on the

spanwise shedding blades was from the tip to about 28 percent epan (Sta. 61) and,

on the chordwise shedding blades, from the tip to 27 percent span (Sta. 57).

Because of manufacturing difficulties in applying the spanwise shedding

heater mats, the experimental blades were aerodynamically rough. There were

small creases in the stainless steel abrasion cap along the leading edge and rough-

nesses in the resin coverings over the busses and leads on the top and bottom

surface of the blades, These latter can be clearly secn ia the top view in Figure 18

These imperfections resulted in restrictions to the maximum airspeed and rate of

climb for the aircraft but did not affect the hovering tests,

3.3 Power Supply

The electrical power for energizing the heater elements was supplied

from the ground, through a variable voltage transformer, u trailing cable, slip

rings and a selector switch system,

The supply was single phase, 60 c.p.s. at a voltage of 220 volts. Power

density of the heater mats was varied by adjusting the voltage of the supply to the

aircraft by means of the variable transformer. Voltage settings and current flows
were metered both on the ground and in the aircraft, Correction was made for the

voltage drops in the cable and slip rings.

The trailing cable was 200 ft. in length and could be released from the

aircraft by means of a modified bomb release. A weak link was also provided which

released the cable should the pull on it exceed 100 Ib,

By means of a control box in the cabin (Fig. 4) and a selector box mounted
on the main rotor mast above the slip ring/r.wash plate assembly (Fig. 5), any heater

mat or symmetrical pair of heater mats could be energized individually or sequenced

automatically, Automatic sequencing could be effected either symmetrically or

alternately at any pre-set on-time from } to 60 seconds in $-second steps,
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3.4 Instrumentation,

A photo observer panel was mounted in the aircraft cabin (in background
in Fig. 4) to record engine and flight data, including outatde air temperature and

signals from an icing detector,

The icing detector was of the twin probe orifice type, with the reforence

and sensing probes mounted in opposite ends of tha rotor stabilizer bar, and a

differential pressure switch at the rotor hub.

3.5 Spray Rig

The spray rig described in Reference 3 and shown in Figure 6 was used

to produce the icing cloud. instrumentation at the test site measured windspeed,

temperature and humidity.

3.6 Miscellaneous

Contact was maintained between aircraft and ground by an intercommunica-
tion cable attached to the trailing power cable and connected into an amplifier in the

test but.

Correct location of the helicopter in the cloud at a given distance from

the spray rig was aided considerably by spraying patches of sea marker dye in swt-

able locations on the snow covered ground, This was particularly helpful on dull,
overcast days when there was little contrast between ground, sky and artificial

icing cloud.

4.0 TEST PROCEDURE

On each flight the helicopter was hovered in the simulated cloud about

100 t, downwind from the spray rig and enough ice accreted on the rotor blades

toi "ate efficient shedding without overly jeopardizing helicopter performance,

Fro: past experience with the cloud it was known that a suitable thiolmoss of bo-
tween 1/8 in. and 1/4 in. (Ref. 2) would be picked up in about 4 minutes in moderate

icing conditions, When sufficient experience with the ice detector had been gained,

its rate of eignalling was also used as an indication of the amount of ice build-up on
the rotors,

When enough ice had been accreted the helicopter left the cloud and hovered

iu clear air where a de-icing cycle at some pre-set power density and on-time was

initiated. (Periodically the aircraft was landed before de-icing to verify that a suit-

able thickness of ice was being picked up on the rotor blades.) After de-icing, the
aircraft was landed and the rotor stopped so that the extent of shedding could be

inspected. If complete shedding had not been accomplished the blades were cleaned

and the run was repeated at longer on-times until à complete shedding point was
found, Conversely, if the first cycle resulted in complete shedding, the run was
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repeated at shorter on-times until shedding was Incomplete. This method gives

a number of good and bad shedding points such that, when plotted, the mean line

between them compensates for inconsistencies in shedding energy caused by varia-

tions in. accretion thickness and represents the optimum operating conditions.

De-icing was usually performed in clear air rather than in the cloud,

This presented the more severe case since the ice temperature under clear air

conditions would have been close to ambient, whereas in the cloud it would have

been nearer to 0°C and dependent to a large extent on the value of liquid water

content; thus this variable was removed from the shedding performance.. It is

desirable to design for this condition of clear air shedding to cope with the case
of shedding after emerging from an icing encounter.

A few flights were made to determine the performance of the system

when de-icing in the cloud, including a single icing and de-icing cycie run with

correct on-time, and extended runs using both correct and excessive on-times,

Power densities of 20, 30 and 40 watts/sq. in. were used. Generally

shedding was performed symmetrically from both blades, although on a few occasions

with the spanwise shedding mats, alternate blade de-icing was tried to assess its
feasibility.

5,0 TEST RESULTS

5.1 General

Test flights were performed on a total of 13 days between 7 February
and 8 March, 1959. Of these, 8 days were taken for 42 individual flights with the
chordwise shedding blades and 5 for 49 flights with the spanwise shedding blades.
Each flight consisted of a complete cycle of icing and de-icing with occasional
landings between the two to measure the ice accretion,

The tests were conducted over a range of ambient temperatures from

-6,3°C to -22. 9* C and liquid water contents from 0, 08 to 0,35 gm./m$ The drop-
let size was kept constant at about 30 microns (median volume diameter), The
test conditions for each of the flights made during the tests on the two sets of
blades are shown in chronological order in Tables f and II.

5.2 De-Icing Tests

The de-icing test data are also presented in Tables [ and II. Yt should be
noted that the on-times listed are for the individual sections of the heater mats and
not for the entire de-icing cycle. On both sets of blades, there were slight varia-
tions in the extent of shedding between the two blades, On the chordwise shedding
blades, blade A2-2 was used as the reference when plotting the reeults because of
the cold spot on the leading edge of the other blade. On the spanwise shedding blades
there was little difference between the two, and an average between them was used
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when plotting. These results are shown plotted in the form Ambient Temperature
v8. Specific Energy for power densities of 20, 30 and 40 watte/sq. in. in Figures 7,
8 and 9 respectively for the chordwise shedding blades, and Figures 11, 12 and 13

respectively for the spanwise shedding blades. Various extents of shedding are
noted by different symbols. Shedding was considered successful on all blades if

ice was removed to 61 inches radius or better, The lines drawn which indicate the

energy required for successful shedding have been replotted for comparison pur-
poses in the form Time vs. Temperature in Figures 10 and 14, Finally, in Fig-

ure 15, the curves for both systems have been transposed to show the variation of

Specific Energy with Power Density at three ambient temperatures,

On the spanwise shedding blades a few flights were made using an alternate
blade shedding sequence, These tests showed that there was no change in the specific

energy required fcr shedding and that there was no uudue increase in vibration when

asymmetric shedding is employed,

Both sets of blades contained some minor faults which affected the shed-

ding results slightly. Small cold spots were evident between the heated areas of the

mats and on the connecting busses. These cold spots produced small areas of ice

anchorage on the blades and resulted in some runback ice,

Some examples of the shedding performance of the two systeme are shown

in Figures 16 to 21,

5.3 Extra Flights

Four special flights, beyond the scope of the comparison t...3, were

made to observe the effects of operating the de-icing systems with ex. e:sive on~

times and of de-icing within the cloud.

On Flights C6-5 and S4-6, the rotor blades were iced and de-iced for a

few cycles in the cloud at 30 watts/sq. in. and with excessive heat on-times; 1.6,

10-second on-times were used where about 14 seconds would have been sufficient.

The result of these tests waa that considerable runback ice was formed on the

blades (see Fig. 17c and 18, respectively),

On Flight 84-7, the rotor was de-iced for several cycles with the heli-

copter remaining in the cloud but with a marginal heat-on-time to the heater mata.

De-ieing was not completely successful and again there was runback (Fig. 19a),

but to a lesser degree than with excessive on-times. On Flight 84-8, a single

cycle of icing'and de-icing was performed in the cloud using à marginal on-time.

De-icing was complete and there was slight runback on the lower surface of the

blade (Fig, 19b),

6.0 DISCUSSION

6.1 Test Procedure

As in previous tests (c.f, Ref, 1) the energy requirements for shedding
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were obtained by de-icing in clear air aíter suitable exposure to icing conditions in

the simulated icing cloud, thus removing the variable of liquid water content from
the shedding results. That this variable has less effect than expected may be seen

from Flight 84-7. In this case the blades were de-iced in the cloud at an on-time

marginal for complete de-icing in clear air. The result was, contrary to expecta-

tions, an incomplete shedding (Fig. 19a). It is also illustrated by Flights S4-8 and

84-9 where, with ostensibly identical conditions, de-icing was performed in and out

of the cloud respectively. The only significant difference in the results of the shed-

dings was a slight increase in runback when de-icing was performed in the cloud

(Fig. 19b and c). It appears that, at the low liquid water contents used, there is

no significant difference in the energy required for shedding between in and out of

cloud de-icing, particularly in comparison with the effect of variations in ice thick-

ness.

In general the occurrence of snow precluded testing because (1) the pilot's

task was made more difficult and (14) snow was entrained in the ice accretion resulting

in a higher rate of icing and modifying the form of the accretion by upsetting the normai

heat balance. For this reason the flight series Ci- and C3- were curtailed when snow

started to fall. However, because of the delay caused by the heater element fafiure

during Flights C5-1 and -2 and its subsequent repair, and in order to maintain the

test schedule, it was necessary to continue Flight series C7- regardless of the onset

of snow after the first flight of the day. It is regerded that the specific energy ᐝ

required for de-icing was little affected by the snow when de-icing out of the spray

cloud, although an increase in runback was to be expected.

No testing was carried out at temperatures higher than about -6°C, since,

above this temperature, when the ice accretion approached & thickness suitable for

de-icing extensive self-shedding occurred, obviating the need to de-ice. For this

reason the curves in Figures 7 to 14 intersect the temperature axis in the vicinity

of ~6°ᑦ rather than at 0°C. It is probable that the lines should have a slight curva-

ture as they approach the temperature axis, but some confusion is caused in this

region by the self-shedding effects and by the rather futile tendency on the part of

the test personnel to shorten the accretion time in order to have some ice on the

blades to shed, the reduced amount of ice thus accreted being less then otherwise

considered necessary for good shedding. These light acerctions, indicated in the
figures by a flagged symbol, require slightly. greater energy to shed, However,

in view of the ready tendency to self-shed at these higher temperatures, the straight

lines presented may be accepted without undue trepidation.

6.2 Comparison of the Systems

This series of tests demonstrated conclusively that the spanwise shedding

method of rotor blade de-icing results in a considerable saving of energy over the

chordwise shedding method. Figure 15 compares the specific energy required for

ᐩ shedding by the two systems and indicates that, although at -10°C there is nothing

to choose between them, at -20°C a reduction in energy of 90 joules/sq. iu. is

obtained by spanwise shedding at 30 watts/sq. in, , a reduction of 31 percent over

the chordwise method. This improvement increases with power density and with

decreasing temperature. Such a saving of energy is without doub'. very worth while,
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The spanwise shedding system also permits a further saving of energy

by the adoption of alternate blade de-icing, whereby energization of the heated
areas proceeds in alternate manner from blade to blade (i.e. 1A, 1B, 2A, 2B,

3A, ‘ete,) inatead of in a symmetrical sequence (1 6. 1A and 1B, 2A and 2B, etc. ).
‘This 18 possible because of the low level of unbalance and vibration in the spanwise
sequence system when asymmetric de-icing is used compared with that in the chord-

wise method. Certain aspects of asymmetric de-icing are discussed in Reference 1.

The performance of chordwise shedding may be made to approach that o

&panwise shedding if the heater strips are made sufficiently wide; in particular, the

leading edge strip must be wide enough to accommodate completely the main ice

formation (i.e. all but the secondary feathery or frosty formation). Such a wide

coverage (say 2 in;) would demand very hígh installed genersting capacity, and

therefore is impractical, An attempt in this direction has been made (see Ref, 4);

strips 14 in. wide were utilized, the de-icing mats having essentially the same
construction as those used in this present series of tests. The specific energy

required was lower than for the present 1-In, strips, but was still greater than

that required for the spanwise shedding system. Also in this case, since only 3

Strips were needed to cover the same area as that covered by the 5 heated areas

used in the spanwise shedding system, total power requirements were increased

by 67 percent, energy requirements even more.

A very slight reduction in runback was noted for the spanwise shedding

method as compared with chordwise shedding. This runback was generally light

and confined mainly to the undersurface of the inner half of the blades; its presence

was therefore of rather minor importance, Examples of typical runback when de-

icing in clear air are shown in Figures 16, 17a and b (for chordwise shedding) and

Figure 21 (for spanwise shedding).

Flights 84-8 and 84-9 were designed not only to investigate shedding time

variations between "in cloud" and clear air shedding, as discussed in Section 6,1,

but also to determine whether droplet impingement during de-icing had any marked

influence on the degree of runback. The clear air shedding of Flight 84-9 exhibited

no runback (Fig. 19c), while de-icing in the cloud (Flight 84-8) produced some in

slight degree; this is barcly visible in Figure 19b. ‘When a series of 4 icing and de-

icing cycles in the cloud was made (Flight $4-7) runback was more extensive (Fig, 192),

yet consisted still of light isolated streaks of runback ice of negligible aerodynamic

importance. These streaks are made clearly visible in the photographs by a light

frost formationon them caused by a supersaturated condition within the icing cloud

resulting from high ambient relative humidity,

6.3 Excessive On-Time

Runback of a more severe nature than that demonstrated on Flight 84-7
resulted from using heating times appreciably in excess of that just necessary to

effect shedding. This heavy runback is illustrated in Figures l7c and 18 for chord-

wise and spanwise shedding respectively. In both cases an on-time of 10 seconds

at 80 watts/sq. in. was used; times of 1 second and ? seconds respectively would
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have sufficed, No adverse aerodynamic effects were apparent during these short

encounters requiring two and three de-icing cycles respectively, but for lengthy
icing encounters such runback deposits could accumulate to considerable proportions.
Clearly then, a fixed on-time system (implying excessive on-times at higher

temperatures) is undesirable quite apart from the wastage of energy invoived.

6.4 De-Icing Heater Mats

Thus far it would appear that there is little to commend a chordwise

shedding system. It has, however, one important practical advantage, and that 18
its greater simplicity of manufacture and of installation on the rotor blade. Refer-

ence to Figures 2 and 3 demonstrates this quite clearly. In particular, it will be

noted in the spanwise shedding system that supply leads must run to varying extents

along the blade; indeed the common lead must run the entire length of the blade.

It is probable that provision could be made in the design of a blade to accommodate

such leads, but in the experimental system here tested, flat braided leads embedded
in synthetic resin were bonded ‘> the upper and lower surfaces to the aerodynamic

detriment of the blades; the v... of the upper surface of the blade in Figure 18

demonstrates this.

Nevertheless, in spite of the greater difficulties experienced in construct-

ing the mats for spanwise shedding, no failures or burn-outs were experienced as

was the case with the chordwise shedding mats (see Appendix A). The precise cavsa

of failure was not apparent.

7.0 CONCLUSIONS

A marked saving in both electrical power and energy is achieved by a

rotor blade de-icing system using the epanwise shedding method as compared with

the chordwise shedding method.

By utilizing the asymmetric blade de-icing capabilities of the spanwise

shedding system even greater power savings can be realized,

Spanwise shedding results in slightly cleaner de-icing (1.©. less runback)

than chordwise shedding,

The chordwise shedding system has the advantage of greater simplicity

of construction and thus of lower initial cost.

to their respective merits, the spanwise shedding method lends

itself to applications where electrical generating capacity is at a premium and in

particular to the small helicopter, while the chordwise shedding system may be used

in applications where first cost is of major importance.

8.0 ACKNOWLEDGEMENTS

Greatiul acknowledgement is made to the U.S. Navy, Bureau of Aero-

nautics, for making available the two sets of rotor blades used in these tests, and



Page - 10

LR-270

also to the Goodyear Tire and Rubbay to, who provided, at their own expense, ihe

woven wire heater elements used in ths de-icing mats, which were constructed by

thé Bell Helicopter Corporation,

9,0 REFERENCES

1. Stallabrass, JR, Flight Tests of an Experimental Hellcopter Rotor

Blade Electrical De-Icer.

NRC Aeronautical Report LR~263, Nov. 1869,

2. Stalisbrass, J, R. Cavadian Research in the Field of Helicopter Ioing,

Jorrnsi of the Helicopter Association of Great

Britain, Vol. 12, No. 4, August 1958, pp. 189-188,

3$, Bailey, D.L. Description of the Spray Rig Uaed to Study Icing on

Helicopters in Fight,

NAE Laboratory Report LR-186, Jan. 1857.

4, Burpo, F. Tests of an Experlmental Helicopter Doicing System

on an H-i3 Helicopter, Part IV,

Bell Helicopter Corporation Repuzt No. 502-089-002,

15 Sept. 1959.

/188



Eur à Table 1
LR-270

Sous 40991350 DATA

Extant of aheddicg

nies] RR] ess Wu WES | wm =.ᑦ $ peel Pere €) ta)

mea OS 32 x ᐪ 119 # 57 | Sooving. üubbeok on lover aurfaon
μὴ [34 "gunbaok en ‘Upper eurfato

«¬ ata x» E 27ο ᖅ 196 024 spot oa tone à et(afa AZZ causing hast ᑭᔅᑫ
LE) 65 3/46 EJ 1. E 150 70 |Bsvere vibration during 68428360

@-> 6.25 14/65, L3 ? abo 42 m eure on lower parfate ni 569
ᑍ :

eM 6.5 - ᐨ ᐨ ᐨ ᐨ ᐨ Extansive solt-shedding, Vibration,

ο... 12.3 wis 6.25 5⁄4 bo 3 320 $: EJ

€ 423 945 5 ᐙ 3» 5 IE Ld 57 | gant mobusx on lower surfaces
2.3

signe atroak on mppor gurfego at

LA

[227] 12,0 92 ms - » by 35 85 57 | Murdsok us Fiight 05.3,

®> | e | em | ms | - » 5 ᖅ n ×

ees | au | oes | 525 | - ᖅ E ᒃ 437 m

ο | oes | em | 3.8 | - E ET EI "o Ty [stight ᓄᑲᑲᑲᓄᓇ6 e» light 63-3,

ce ~ 5.9 0-35 Ms Uu ᖅ» ab 75 T 57 gem = op lover surface

[22] -9. 0.2 be? ᐨ ᖅ ᕝ & 108 5T

ceo | -9-! | oe | ®! | σι ᖅ ¥ ᐤ 5 5

cu | ess | ou | ᔆ ve ᔥ 1 to E ᙱ
63-38 ~ 3.6 685 5 va EJ ο E Er 35 [right snos falling,

Chet A63 0, 225% ᐧ 3⁄16 EJ L1 495 LE 57 [sisght runbeer,

mer | ss $3 | ves » m 165 E 490 | mbucx on devar ousrace 60% to

es | o | eae | ss | vs " ᒡ 16 E 18

ᔓ- | nme | ous | © 5⁄3 ᐊ ᐧ m E #5 DET >. < of

AE Eres ᐦ 8 gU.

me | aes | ase | oce | vA » 7 - E 5... (9...

[orar deme elisa
cs 136 [x 24 ve x 6 - ᐨ ˆ

gén | -τιο | oes | su - E + ᐢ EI ο ot voltmahotsing 16 130%

ding of 29816128 152;

-6e | - - - 3a ᐪ EI στ 57 |geooos stterpt at provimus averee
Aon.

es ~ 5.6 0.45 2.2 P 2ο 4 20 I 4037 |Dlado A2-2 bed z2lf-enai t9 105"
TRÀ nad mo ᑭᑲᓂᑲᑲᔕ 554 51516617.

Lo ᐨ 6.7 0.25 23 5⁄32 20 u La 56 57

oe er αι 23 MAS « LÀ ᕽ EJ Lu 37

ces 66 0,25 ¢ ᕝ » 10 Me 57 57 |Deltberate 020980198 omtimy.
ACTOR ICONESEM
Éonslanrabte Funbeck,

66-6 = 6.3 oe 25 Nx 3ο + 15 Mo 127

ems | os | os | ns | ew με Lee 2
peer

ο, . sé ᐤ ᐈ laght snow fedting, 8112 rechuok,LES 40.8 [21 3 és 3 d ear Lion us prie Be

ατ-5 10,8 0,25 3 sx 2 > +6 ‘TS | Snoring, Gerore vibration eZter
Ίσα,

eme | or | 02 x - E do μα 1719 | snowing, Plate Aza? may bara mif
p pum

une

E ο = s m D40,7 2 ᕽ το pe €$ [eave tempt,
E

ers | ee [os | 3.4 ᐨ 26 ᒃ ᒃ E #7 | Sooetag. aitasec on 1228
surface 43">

os | - 52 ar | s x ᐪ ᒃ [E ar [επί

er ~ be 3.5 LE Li a E 427 57 |szeving.

στ-δ 90 35 UL bo * 20 425 34h | snswita.

[E »5 - ᔥ ᑍ ia E LE
go | o EX - ᖅ ^" EI p ᔡ
erit ᐨ 5. 35 = 26 2 La 447 76 | Light manos,

era T5 35 M8 E ᕐ EJ πε L3

e| 225 33 - 1ο ᕁ 25 150 57 | scoring,
shes | rs ss | ae » - = ᐨ ο poster anse rais

Xy

determine by lee ἁθάτφ μέσο misuruments after Slight,



158 11 Table M
LR-270

μμ. -ᑍ 38 ᕐ
a ᙐ ᐊ | FRE | TESST αρ POE IPRC | HNP ==

we [-mo| nur] 62 -- ᐵ - - - - airsm "m

οςοκ ο]

we foes] os | ke s E 5 = ᙆ - MM 18 dacdotng
ms [eas] on | a [νου arse x» 1 » "s ο ο
ae ᑍ ~ 8.9) 0.1 xz 1716 at 99" » ᖓ us 102 EJ Saca pelt-shedding prior 1o de-101ng.

$45 [-R3| 0.1 E 5⁄8 =$ 69 EJ 3 «ο LJ 6 Goes 6013-0834 6418 prior to do-sotng.

EI IGF] 02 25 (1/6, xt 61 EJ 6 v0 Lu a ‘Slight wunbecs.

222 -.5.6 | o2 ESI 5/6, st abt x LI 420 87 ᐃᒡ Szsll cold spots 6d Laver ourteos
Em.

me orig] ος | xs 1 ET ᒻ E a ᔔ | eae ennt end meta,
me forza] ons | à [Ran or » ᐣ ᖅ - ει

8205 12.3] 02 3.75 | 3732 at 70" 30 3 30 LJ δι

ᕽ $2-6 |-159| 0.2 5 5⁄6 at δι EJ u 375 e ᐃ

s fine] ozs | à [uen x» # » » "ua 9:
&-8 |-me| ons | ars | 46 ar esr » : to ᕙ © atereste vide ar-ietoas

Z me |-9s| ο | xw [119 οι ne x» * a5 LI 46 ου
Sie | ~ 9.7 | 0.25 33 1/8 a st in 1 ᔥ 1. 84 Altornate Beds ds-ibing.

seit eso] oc | ons [ser o E ᖅ ᙈ ᐁᐁ | 158-6056 mess aricire,

3e lear] - 25 [ayes aim] το 2 ᒃ ᖅ ᐊ ᑦ ᒋᐧ

sw νοκ os | 2e feu ᓐ P E e *

Ber Ja) 025 LL 9784 ws 160" 52 + 20 Hu 490.

ο - M ᔾ ᐤ ᓐ 57---....

mes - 9.3) €) | nm [sa or 20 ᐣ & & ᐈ

me | - 9.3 | ww | 3 vete E 2 ᘃ 16 85 | sous sehterbatiing prier ta duatoing,

ο ccs | xt [ane sa æ ᐪ ᖅ E m

Se jeer} or | 1ο E » p ᖅ - - — —
ERA RS

ο m E PI P us E LENT
See. Biber

ᓅ EI - » 44 ua ét De-teimg iz olond, ᒪᐃᓇ cn
Steer sitter.

ma lore} oz | ss - ES p E ᖅ 7959999440.
sys | ~ 7.5 | c5 2,5 5⁄6, «t bom An 1 te S LJ

men | - 3.4 | os | iss aec ᔆ 20 2 ta ᐪ ᕐ
She | - 7.0) 0,15 4 3/32 κε t^ ᔕ t » 63 68 | Sem ratt-ahaading baforo ds-ieing,

sme [ata] os | 2.8 3⁄8 at ar ᒃ ᔆ ᔓ ᘣ ᓐ

seo ¬ | os | as ᐨ ᒃ ᐡ ᓀ ᘣ ᓯᑦ 4...9099

[3

eo [oss os | mr ovs ete E ᐣ p ᖅ ᐤ

oe 184] 0.25 23 | 1/8 at 130" x # 15 153 120 | Alternate 1688.

^ 16,2 - - ᐨ » 6 195 61 Li Second attempt. Patckos of ica left

[p CT Rate RE

sem [ase] me | ᗘ [aso 1 E ᐣ m E se | oe treten &6 99 ent carr ieget
Aiisorea ta ᑲᒪᓇ so" te ase

. ee Joni) oes | 5 sus ᖅ ᖅ ᖅ E © | sutgat pateps of sco roseis at
EPA RENTE

we [reel os | 2 [oser ᒃ ` E E E

55 2163] 015 8.7 |5/é et 92 EJ 5 150 oF Lu Bliíght ruzbaek.

859 | -16,0 | 0,3 22 1M; ᘇ 1102 3» 3 $0 412 129

$5219 | -46.0 [51 35 αλλος όν *o L1 135, LU €.

85411 | -!5.0 | 6.3 3.3 5⁄32 nt € E 160 ae ᕚ

sen four] os | xs | $ ᔕ ᘿᑋ 2 5 00 ᖅ =

sepe] ο | 3.5 [you ce 9 E E ᓐ "

Sith | -10.5 0.25 27 178 od ᓐ D ak 100 e a

35-15 |-13.7| 0.3 ᔾ. 128 et 76 oy) 2 LJ Ot 76

85216 | -13.5] 0.5 2.3 T/0 at GY 2 7 ^o & bt

55-47 | -$2.7 | os ms | 978% at 120" ᖅ 3 r E dup

Sate | -12.3 | 0.3 27 [δα 9 ᑲ ᕒ ᗙ a a

35-59 | -51᙮9 | 0.3 15 5/65 at ον 2ο 5 190 [1 Ld

‘exo [asta] ο 25 | 968 ot 115" ᖅ 1 3 55 an

11.8 - - 3 * ᐧ 455 449 ‘Beer attempt,

3 LOG. determined by 408 acaretion meascremte efter Tight.



THE TEST HELICOPTER

FIG.|

LR-270|



LR-270
FIG, 2

ONIQUIHSSSIMNVdSYOsSLNGWSTS3SIMQHOHO
SNIDVdS„9!/!FCM«νιSOVS7ᒒ

&|

NITQUOHO|—(erivuin3NNONNO"XVW,020—1-V3uVSNIQC3HS,2/10€-ᖂ|8*£ᗷ1LasBEAOFᓀᒼ!OFFeOF



“ONIGGSHS3SIMQHOHOYOSIN3N3T33SIMNVdSᓗ<
MW3A027331SSSTINIVLS



DE-ICING CONTROL GEAR AND INSTRUMENTATION

INSTALLED IN AIRCRAFT CABIN

FIG. 4
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FIG. 6

LR-270

IN FLIGHTSPRAY RIG WITH HELICOPTER
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POWER- ON - TIME REQUIRED FOR SHEDDING TO 5-FOOT RADIUS

CHORDWISE SHEDDING.

(Data from Fig. 7,8 and 9)
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Tee

(a) SUCCESSFUL SHEDDING (b COLD SPOTS ON BLADE

FLIGHT C4-4 FLIGHT C7-5

CORRECTED AMBIENT TEMP, -15,8 ᐣᙅ CORRECTED AMBIENT TEMP. -10.4°C

POWER DENSITY 40 WATTS/IN.? POWER DENSITY 20 WATTS/IN?
ON-TIME 45 SEC. ON-TIME 4 SEC.

(ο) ABNORMAL RUNBACK CAUSED BY EXCESSIVE HEAT-ON TIME

FLIGHT C6-5

CORRECTED AMBIENT TEMP, -6.6°C

POWER DENSITY 30-WATTS/IN?

TIME IN ICING 6 MIN.

2 DE-ICING CYCLES AT 10 SECONDS

ON-TIME

EXAMPLES OF CHORDWISE SHEDDING

BIG, 17

LR-270
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FLIGHT 85-3

CORRECTED AMBIENT TEMP, -18.1°C

POWER DENSITY 40 WATTS/SQ. IN.

TIME ON 3 SEC.

FIG. 20

LR-270

SPANWISE SHEDDING AT LOW TEMPERATURE - FLIGHT §5-3



EXAMPLES OF

FIG. 21

LR-270

FLIGHT 82-1

CORRECTED AMBIENT TEMP. -16.9°C

POWER DENSITY 30 WATTS/SQ. IN.

POWER-ON-TIME 6 SEC.

FLIGHT 85-8

CORRECTED AMBIENT TEMP. -16.3°C

POWER DENSITY 30 WATTS/SQ. IN.

FOWER-ON-TIME 5 SEC,

INADEQUATE ICE THICKNESS

RESULTING IN INCOMPLETE

SHEDDING AND RUNBACK

FLIGHT $5-10

CORRECTED AMBIENT TEMP. -160°C

POWER DENSITY 30 WATTS/SQ. IN.

POWER-ON-TIME 4.5 SEC.

SPANWISE SHEDDING
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APPENDIX A

ELECTRICAL FAILURE OF THE CHORDWISE SHEDDING BLADES

Upon receipt of the chordwise shedding blades it was found that the heater
for area 1 (see Fig. 3) on blade A2-1 had a resistance considerably higher than the

others (Table A-1), which indicated a flaw in the heater circuit. Since time was

limited and the other blade was intact, it was decided to proceed with the tests

using the de~icing performance of blade A2-2 for plotting the results,. In this way.

the effect of the lower power density on the one zone of blade A2-1 was eliminated.

The flights of the first four days were made successfully under these conditions,

but on the fifth day it was found that the resistance of area 1 on blade A2-2 had 8180

become very much greater, which resulted in a cold area along the leading edge of

the blade:

A temporary repair was attempted on blade A2-2, Upon removal of the

resin over the connection to the area 1 heater element, it was found that a number

of the individual wires were broken, The heater resistance was restored to normal

by soldering a thin strip of brass over all of the connecting wires, and the repair

was completed by covering the whole connection with epoxy resin. Tests were then

continued for two more days (covering 19 individual flights), but on the first flight

of the third day the complete connection burned out (Fig. A-1) which made further

repair impossible and forced the curtailment of the few remaining testa on these

blades. Even if the other blade could have been repaired, the test vould not have

been continued with only half of the rotor protected because of the danger of axces-

sive vibrations resulting from unbalances after shedding,

The possible cause of the breakdown is believed related to the failure of

the manufacturer to cover the heater connection with the stainless steel abrasion

shield. As a result the exposed connecting wires on the leading edge were possibly

partially broken or kinked during assembly and, in addition, they were not adequately

protected for handling and operational use. This would account for the fact that,

when delivered, the resistance of the affected area of blade A2-1 had changed from

that measured by the manufacturer, indicating that some of the wires had broken in
transit. Another possibility is that the resin used to cover the connections contained

voids along the leading edge which produced hot-spots when current was applied, and

caused the wires to burn out.
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TABLE A-1

RESISTANCES OF HELICOPTER HEATER MATS

Chordwise Shedding Blades

Blede A2-1 Blade A2-2

Resistance Resistance
Area {ohms) Area (ohms)

1 8, 04 (at manuf.) 1 1.00 (on receipt)

9:50 (on receipt) 8,88 (before repair)

2 8, 89 9.88 (after repair)

3 8.92 2 6.84

4 7.34 3 6,91

4 6.87

Spanwise Shedding Blades

Blade A2-413 Blade A2-415

Resistance Resistance
Area (ohrag) Area {ohms)

1 8.91 1 8.10

2 8.69 2 8.53

3 8.79 3 8.53

4 8,81 4 8.81

5 8,60 5 8.61



FIG. A-1

LR-270

(a) DAMAGED AREA AT CONCLUSION OF FLIGHT C 8-1

(b) CLOSE-UP OF DAMAGED AREA

BURN-OUT OF CHORDWISE SHEDDING BLADE


