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.“. . SUMMARY

Flights were made in natural iaing conditions at the
17ACA Ioe Reeearch Projeot, Minneapolis, Hinn. to test
several deslgne of thermal-electric propeller de-ioing
blade shoes and a hub-generator des.lgn. It was found
that a minimum average unit power of 2.5 watte per square
inch of blade-shoe area would protect the propeller blades
at the teat condition. The moat eatiefactbry blade shoe
of the three designs tested extended to the 20-percent-
chord point and to 90 percent of the blade radius. A
concentration of heat In the leading-edge region of thie
shoe was found to reduoe the power input necessary for
eatiafactory de-icing. A satlafnctory thermal design of
blade shoe and a hub generator of sufficient capacity
were developed.

# INTRODUCTION

The present reeearch wae undertaken as part of the
ice-protection researoh program of the NACA being con-
ducted at the Amee Aeronautical Laboratory, Moffett Field,
Calif. The development of an electrically heated blade- ~ .
ehoe and hub-generator combination f.,orpropeller de-icing .
has been oarried on by the National Research Council of
Canada, the Hamilton Standard P~opellere Division of the
United Aircraft Corporation, the U.S. Army Air”Forces,
and the HACA, with the” cooperation of the 3. ~, Goodrich
Company. The work reported herein Is a continuation Of
that of the Eational Research Council on this problem.
The bla~e shoes manufactured by the B. F. Goodrioh Company
were designed on the baeis of reeults of previous teste
conducted by the I?dtional Re”ee&rch Council and original
development work by the Goodr,ioh dompany.
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The purpose of the present tests was
satisfactory blade-shoe and hub-genemator

to develop a
combination and

to provide additional data on which future designs oould
be based. Observations were made of the effeativeneee of
three different blade shoes in order to determine the ef-
fect of two variables; the radial extent of the shoe and
the chordwise heat die’tributlon”.

The tests were condzcted by the AAL at the WACA Ice
Research Project, Hinneapolle, Minn., daring the winter

“ of 1942-43.

EQUIPMENT “ “

. . . ..

The teet.e were c“onducte~ with a thermal-electric “
blade-shoe and hub-generator oombinatlon which was sup-
plied io-fhe U.S. Army Alr I’orces by the Hamilton Standard,
Propellers D1.vision of the United Aircraft Corporation, .
and with two types of blade ehoe-’ which were manufactured
by the B. ~. Goodrich Company.

The ~amllton Standard propeller blade shoes were “ .
made of neoprene and molded w“~th internal wire heating
elements running radially in the shoeb, The heated por-
tion of the blade ehoe extended tc 50 percent of the
blade redius and covered approximately 20 peroent of the
blade chord. The blade-shoe Installation on the propel-
ler of No. 3 engine of the XB-24F airplane is shown in
figures 1 and 2, The XB-24E’ airplafia yas eouipped with
an n-foot, 7-inch-diameter propeller with Hamilton

. .

Standard propeller blades No. 6353A-18.

The component of the blade ehoes which were manu-
factured by the B. T. Goodrich Company were arranged with
an outer layer of “electrically conductive qeoprene arid an
Inner layer of neoprene serving as the~mal and electric
insulator. Two flat, braided copper-wire leads running
radially. along the edges of the conductlpg outer layer
were fabricated inte the ~lade shoes. The heated por-
tions of the blade shoes extended chordwise approximately
to the 20-percent-cho~d point and radially to 90 percent
of the blade radiue. The first set of blade shoes manu-
factured by the B. 3’, Goodrich Company, designated as
blade-shoe type 1, wa~ deelghed with a uniform radial and
chordwise heat distribution. In the second set of blade
shoes manufactured by the Goodrich company, designated as



shoe type 2, the radial heat distribution was uniform,
.b~$mi.n.fthg chordviee direetion the heat was concentrated.
over .:the”leid”~ng-=odge‘r&gitiri(approximatel~ the forward 7

..peroent “of .~he blade chord) of tha blade-ehoq irea. This
he~$.die~r~biztion Was obtained by a change In th5aknese
and henbe. in ‘rebkstance of bh”e conductive neoprene, layer.
l~he..~lade area”protqeted”by the typee.1 and 2 blade shoes
vae the “came, and”the power iapute to the two types of
Goodrloh blade shoe were equal at the same line Voltago.

.A.,(lpodriqh thermal-eleotric de-ioing blade shoe is shoint
tn,s~.ailed on’ thp propeller df Ho. 3 engine of an XB-17E
airplane in fl~re” Z%p” .:

. . . .. . .
. . C.ros8=s~otlhh d%agrame of the three blade-shoe types....
te~ted are eh.owp in figure 4. . “ .. . . . .

The hub generator empldyed with the Hamilton Standard
propeller unit had a rated capacity of 760 watts and was
manufactured “by the General Electric .Gompany. The rotor
of the generator wae attached to the rear of the propeller

.. hub, while the etator was attached to the front eeotion of
the engine orankckse. Field excitation wae supplied to
the- rotator from the 24-volt, direct-current, electrloal
system of the airplane. The power output from the rotor
was. conducted to the blade shbea of” the Hamilton 6taidard
propeller unit by the uee of blip rings looated at the
blade .shanke. The hub generator and blade-shank ellp-
rlng oovere are aleo shown In figure 2.

Power was supplied to the types 1 and 2 blade oboes
from batterioe by a hrueh and slip-ring aesembly shown in
fl-~re 5. The typen 1 and 2 bl”ade ehoes were tegted on
tbe,propeller of !?0. 3 engina on an.XH-17E airplane at

~010 rpm. !ChwJ”l@-17F airplane wae equipped with an 11-
foot , 6-inch diameter Hamilton Standard propeller, using
.bladee Ho. 6477A-(). The power supplied to the blade
shoes wae oornputed from measurement.a of “the blade-ehqe
reaietanoe and of the ourrent supplied during. eaoh teat.
The ourrent in the blade-shoe oirouit waa meaaured”yith a
.etandard aircraft ammeter whibh waa calibrated prior to
the”teata, and the blade-shoe reaiatanae waa meaaured
with a etqndard bridge oiroult-type instrument. .

. .
On thk b~siemof the experience gained )n the-bl~de-

shoe tea”ta, a design output of 2000 w.atta for a ●at$sfac-
tory,.hub generator waa detbrtiined.. A hub generator with
the new beiign output (“2000 watta): waa oonatrueted %y
the Eleotrlc Maohinery Hanufaoturlng Company, Minneapolis,
Mlnn., and weighed 29 powde oomplete ae tahown In figures
6 and 7.



‘TESTS AND RESULTS..’““
. . .. .’. .:.””
... .. -, ,

,, . .

In general, .the-test procedure followed”i~ conduct-’ .
ing the research .was.to fly fnto the icing region “with”
little or no:pow6r supplied tb the blade shoes. A.given
power was eupplled:for a fixed t%q~; add then the test. “
propeller was feathered and photographed. ‘The procedure’
was repeated, .Inoreasing.the power input in each suoeee&-
ingrun, .’ c . “. “ ... . ..”,

. . . .: -;

Figure 8 shows the ioe accretions obtained.du~ing a :.
flight in icing conditions with the Hamilton Standard pro-
peller de-ioing uait-eupplying full .rated. power” (750 watts

at 1150 rpm) to the blade shoes. X’lgure 8 in.d.ic!ate~:that
neither the capacity of the hub generator nor the radial
extent of the:blade ehoes “tiaqsuff’iciartt to.afford adeq-
uate protection..agalnst.leingm .: I.. . . . . .

... ... .. . . ..
The teets with the Goodrich t~pe ‘1blade shoes at “

temperatures above 16? ‘1’.in..geveri.cingng ‘conditieds in-
dicated that the bladee” .vould..rida.ih.olseasof. ioe at
thoee temperatures. .The.toe ’aceumlations. shown in fig- .
ures 9 and la fndicated, ..?iovever;that! ;the leading e“dge
of this set of blade skaeis.,wasmot heated #uffi”oien%ly to

remove lce effec.tdvely a%.-tdmperat.ure’a below 15~ F with ‘
a total power input Of.lappnoximalie”ly 2000 watts.. The. ef+
feet of the length of time durihg whitih the power was . “ “C
eupplied to the type 1 blade shoes was not determined.

. . . .. ,.. . .
The reeulta OS tewts with .tlm Goodrich type 2 bla~e I

shoes are show:n in “figures 11 to. 16. . All tha tests were . .
run in the same icing ~o.ndi.tion, which was. considered to .
be of uniform ~.everity .... Figure :11 .showa. the ice accre-

tions on the test Rropeller .on..the.~-17~ atrplaae after
18 minutes in the. Icihg o“ondit’lon wtth no heat supplied #
to the blade shoes. .Yigure. la Indicatea” that a.s’upply of “
402 watte to the. %lede. sho.b may have “been:~mou”gh.”t”ostart
the ice-remqval- prooess, since ths “Ice.on the “inn=r por-
tion of the far bilade and” pak.te of the ice on the near
blade have been .th-rown of-f.+ The location om the near’
blade at which the Ice. has”.been- thrpwn. off hiss sta.kted to .’
ice again, Indicating that there is some time interval
between the sbadding &f ice on the varloub portions of
the blade. The @hank of. the fwb~adk 1* clsigr, indiaat- .
ing recent de-icing.” .Thw.condition. a.f.tke blade leading “
edge indioates that the %otal. po.war ihput to. the.’three .
blade shoes was too:lbw Bqd all.owed”.exc.eaei.ve.ica. ‘ .

. ..4 . “,.. .. .:.. ...

.,



.A!?qompa%ls.dn ‘df fi”gu.ree 12” dnd .13.E?iows ‘the ““uffeot’:-~
of inoreaeing the total power input to the blade shoes
from :.4(J2t~o.-ZB08Wa%td. ~his”:iricrdaed In “power”irifit re-
sult-sml% th% “niore..brokeri‘a-admuch’.t&irin”er’‘ice ‘l~yed shokn
in lfigurd 23.” ‘Th6 v.iel%l.e area of -the l’owed “bla”de 1S ‘s1- -
mo et .tree .o~ 1co “aUd-umula.t”*ons , while “t”he upp”er Bl,ade 1“s,“m
almdet “uniformL>m Iced; “exo@@t ‘at the shamk~ “The-hear “.
blade a~eare’ -to Irelih the l.ntermed~ate stages of”‘dk-loing
with some” areas ‘lightly IWed An”d’ others ‘w”ith‘heavief ‘ac~ .
cre$lo~e.. .The bladee will ‘de-ice with the 15”08-watt.
power “-inpi2t,:but “the“Ice tllicknese which ao”cumulafee be- .
fore de-i”cing de: etill exce”edlve. Small ,fle,ckeof ice oq “
the “thruot .fac”eo.f ttie hear %lade are noted..

.
. . .,#.. “. .

~lgure 14 chows the reeults of applying a total power
input of 2180 watts for 15. minutee; figure 15 shows the
effect of 3100 watts for 6 minutes; and figure 16 chows
the result of applying a total power input of 2750 vatte
for 11 minutes, o The results shown’ in figures 14, 15; and
16. a~e. al-l.slmllaq, which might Indioate that” the optimum
power l~ut. had been -a.*c.ceded. The. 2180-watt Input. {fig.. “’
14), with the type 2 blade ehoes, is oompar.ablewith the “
powers used..to obtain tha re~ult~ ehown in’ fi,gur~s 9 and .
10 with the type 1 blade shoes. The blades are more sa:t”-:
Isfat!torily de-iced and are protected at lower tempera-
tur-etaw.~th $hm type 2 blate shoas. . “ ‘“

. .. ..

Figure 17 indicates the result of lese heating, 840
to 1500 -wat.tlO,applle”d for a period of 1: hou%~.”‘By a..om-
parison o%” flguras’ 1?. and 13i t?he.efifemt ‘of the.’ lsbgt~ of””
time of heating, on. the b-icing e%fectivefiess may he im- . “.
ferred. . . . P.. L.... . .. . i..

. . . . :-.. :-. ..:. . . ,.

. DISOUSSIOE
.-.,. . .:.. *..”,

. . -.. : . ... ... . . . . .. ‘. r..

In the evaluation of the test results, consideration
should be given to the factors. Intrblvied.othe”r~than the .
primary variables. The propeller and ‘fligh% speeds were
ftxed at the spee~ for maximum range” in all the tests.

— . . — .— -.. -—.—
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If the propeller speed were increased, the output of the
hub, generator would be increased and the effeot of .aero- .‘
dynamic heating probably would become m~re xiatleeablo. -
With a change in oper~ting .oondftione (for .inhtance, a.e.- I
sumlng those of a pursuit aizplane) it is pms”si%le that a .
blade. shoe with less radial axteht and .Eeme viriatlo”n. 1P .
the radial heat dlstributiom’ would.be praotiodl. . Yor.the -
reasons Just mentioned, it Is’thougllt that the tesfs con- .
ducte& preeenk a.aofiqervatlve approach to the problem.

..“
Although the heat dl~tributlon on the” type 2 blade

shoes produced satisfactory results, It should not be qOn- ‘
eluded that .this”represente the optimum distribution. In “
view of the possibility of obtaining greater protection
with a .glven quantity of heat, an .ayaly.ti.oalatudt ,of the. “
heat-diigtributlon problem should be und-ertaken. “Until
suoh an ana%yaie 18” mad.a, and chebkep. by expe~iment, it -:“-
ie sug~eotqfl that a minimum aveia~? unit power of 2.6 .,” “
watts per qquare inch .~f blade-ehoe area be used in fu: “
ture deeigns:.wliioh are similar tq thoee tested. This. “ “
heat quantity ;i”s”ba~ed an the fact that, In normal opera-
tion, the heating timy will be protracted., . ..:

.“
. .

. . COECLtlDING” REXAEKS
. .

...
. . .,

The test.e I“ndlcate that the final design of blad-e
shoe tested” (type 2) and. the 200b-watt hub-generator eom~
bination will de-ice the-test propeller blades in.icing
conditions similar to those encountered and should, after
Oervioe teeta, pro~ide am acceptable means of propeller:
de-icing. : ..’

Pending further teits, “the following design pr$~ci- ‘“
pies are recommerided:

. .

1, A minimum average unit power input of 2.6. .wat.ta
per square inch of blade-shoe area should be pr”ovidadm for “;
blade shoes covering the leading-edge 20-peroent chord.:
and 90 percent of the blade rkdius. . .

2. The heat dlstributio~ should be su”ch that the unit
heating supplied to the leading-edge 7-percent chord is
twice that supplied to the remainder of the blade-shoe area...

:..

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronau’tlea,” “ ‘.’.

,.-
.:,”

Moffett Zield. Calif. “s . . ..:. ,.. .
,. . .1

. . . “ ..
...,

. .. .

. .

. .

.

.“

. .

. .

. .
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Figure l.- The Hamilton Standard Propeller
de-icing unit installed on the

XB-24F airplane.

Fig

pla
sha
bla

;ure2.- T.heHamilton Standard Propeller
de-icing unit on the XB-24F air-

me showing the hub generator’,blade
Lnk slip-ring assemblies, and the heated
~deshoes.
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Figure 3.- A B.F.Goodrich Company thermal
electric de-icing blade shoe

installed on a propeller blade of XB-17F
airplane.

Figure 5.- The brush and slip-ring assembly
for conducting electric power to

the blade shoes as installed on an engine
of the XB-17F airplane.
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Figure 6.- The rotor for a 2000-watt hub-
generator installed on a pro-

peller of the XB-L7F airplane.

Figure 7.- The stator for a 2000-watt hub-
generator installed on an engine

of the XB-17F airplane.



Fig. 8

Figure 8.- Ice formations on the thermal-electric
de-icing blade shoes of the Hamilton Standard
Propeller Unit installed on the XB-24F atrplane.

Date : January 2. 1 4-32
Airspeed: 180 mph

Ambient air temp. : 1~ F Propeller speed:
Jooo $%

1150 rpm
Altitude: Manif’old pressure: 32 in. Hg
Type of ice: light rime Total power input: 750 watts

Average unit power: approxs 1.4 watt9/sq In.

I__ —



UACA

Figure 9.- Ice formations on the thermal-electric
de-icing blade shoes installed on a propeller
of the XB-17F airplane.

Date : March 3, 194.3 Shoe type: 1
Indicated airspeed: 200 mph Propeller speed: 11~0 rpm
Pressure altitude: 5000 ft Total power input:
Ambient air temp. : 7° F 2080 watts for C)minutes
Type of icing: light rime Average unit power:

2.77 watts/sq in.
Unit power to shoe leading edge: 2.77 watts/sq in.
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Figure 10.- Ice formations on the thermal-electric de-icing
blade shoes installed on a propeller of the XB-17F
airplane.

Date : March ~, 1943 Shoe type: 1
Indicated airspeed: 1 5 mph

z
Propeller speed: 1010 rpm

Pressure altitude: 5, 00 ft Total power input: 1975 watts
Ambient air. temp. : 10° F for ten minutes
Type of ice: rime Average unit power: 2.63

watts/sq in.
Unit power to shoe leading edge: 2.63 watts/sq in.



NACA Fig. 11

.Figure 11.- Ice formations on
blade shoes installed on a
airplane.

Date: M~rch 27, 1943
Indicated airspeed: 16o mph
Pressure altitude: 10,000 ft
Ambient air temp. : 90 to

11° F
Type of ice: rime

the thermal-electric de-j.cing
propeller of the XB-17F

Shoe type: 2
Propeller speed: 1010 rpm
Total power input: none

for 18 minutes
Average unit power: none
Unit power to the shoe

leading edge: none



Figure 12,- Ice formations on the thermal-electric de-icing
blade shoes installed on a propeller of the XB-17F
airplane,

Date: March 27, 1943 Shoe type: 2
Indicated airspeed: 160 mph Propeller speed:
Pressure altitude: 10,000 ft Total power input:10i:2rpm
Ambient air temp.: 90 to watts for nine minutes

11° F Average unit power: 0953
Type of ice: rime watts/sq in.
Unit power to shoe leading edge: 0,79 watts/sq in.

1-

b



Figure 13.- Ice formations on the thermal-electric de-icing
blade shoes installed on a propeller .of the XB-17F
airplane.

Date: March”27, 1943 Shoe type: 2
Indicated airspeed: 16o mph Propeller speed: 1010 rpm
Pressure altitude: 10,000 ft Total power input: 1508
Ambient air temp.: yo to watts for eleven minutes

11° F Average unit power: 2.00
Type of ice: rime watts/sq in.
Unit power to shoe leading edge: 3,00 watts/sq in.
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Fig. 14

Figure 14.- Ice formations on the thermal-electric de-icin~
blade shoes installed on a propeller of’the .XB-17F -
airplane.

Date: March 27, 1943 Shoe type: 2
Indicated airspeed: 16o mph Propeller speed: 10;~8~pm
Pressure altitude: 10,000 ft Total power input:
Ambient air temp.: 90 to watts for 15 minutes

11° F Average unit power: 2.90
Type of ice: rime watts/sq in.
Unit power to shoe leading edge: 4-.35watts/sq in.



NACA Fig_. 15

Figure 15. - Ice formations on
blade shoes installed on a
airplane.

the thermal- electrlc de-icing
propeller of the XB-17F

Date: March 2’7,1943
Indicated airspeed: 16o mph
Pressure altitude: 10,000 ft
Ambient air temp. : 90 to

11° F
Type.of ice: rime
Unit power to the shoe leading edge: .6.11.8‘watts\sq in.

Shoe type: 2
Pro~eller speed: 1010 rpm
Tot;l power input: 3100 watt

for six minutes
Average unit power: 4.12

watts/sa in.

.
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NACA Fig. 16

Figure 16.- Ice formations on the thermal-electric de-icing
blade shoes installed on a propeller of the XB-17F
airplane.

Date : March .27,1943 Shoe type: 2
Indicated airspeed: 16o mph Propeller speed: 1010 rpm
pressure altitude: 10,000 ft Total power input: 2750
Ambient air temp.: 9° to watts for 11 minutes

11° F Average unit power: 3.66
Type of ice: rime watts/sq in.
Unit power to the shoe leading edge: 5.48 watts\sq in.



NACA Fig. 17

Figure 17.- Ice formations on the thermal-electric de-icing
blade shoes installed on a propeller of the XB-17F
airplane.

Date: March 27, 1943 Shoe type: 2
Indicated airspeed: 160 mph Propeller speed: 1010 rpm
Pressure altitude: 9,000 to Total power input: 1500 to

10,000 ft 840 watts for 60 minutes
Ambient air temp.: 9° to Average unit power: 2.0 to

14° F 1.12 watts\sq in.
Type of ice: rime
Unit power to the shoe leading edge: 3.00 to 1.68

watts/sq in.
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