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Characteristics of Braked, Ilocked, and
Fres-"Theelling Two- and Three-bladcd
Provellers

NTRODUCTION

The use of multi-engined aircraft has introducsd the problen

of aireraft performance when one or more power units have either hecone

unusthle or voluntarily shut down during eruising Tlight, IP the usze
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discontinued bocsuse of mechanical foilure, the

desirable procedurs is obviously to stop it altogether, so as to

provent possidle destTuetion to the engine, This can be accormlis

N

by locking the prerneller, by a freewvhecling arrangemont, or by feathering
« ) £ i H o] > 2 %

“

s variable »itch proneller., I the use of the englne iz to be discontinuc

merely to reduce fuel consumption, the propeller may be allowed to bturn
the engine, in which case the propeller is bmalked by a btorque equal fo
the friction of the engine.

Another racent development conneeted with braked propellers is
the faet that the varilable nitch propeller now offers the possitility of

-

uging the larre increnent In drag at low blade angles of hraltsd and
frec-wheeling mopellors for reduction in landing spoed or landing run
of e¢lean, highly nwowsred, multi-sngined aircraflt,

It was the vrurpose of bthe mresent lnvestigotion o »rovide
infornation not alrecady made available by researches listed under the
references at the ond of 4.ls paper, Therefore the following thesis will
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with the three«bladed propellor and its offect on



airplans characteristics, $h¢ swo-bladed proneller being uwsel »rineipally
for comarison yurvosss with other aveilable data, The fests were per-
formed at model seale, but their asceptonce as applicable to full scale

is supportsed by the faworable comparisons made in Reference &,

APPARNIUS
The tests were nmade in the closed working section of the toen-'oob

tunnel of the Gugpenheinm Aeronsutics Ieboratory, California Institute of

&

Technology. {(See Fio, 1 and Fig., 2) using a one-sixth scule model, the
dimenaions of which are shown in Pig. 3, The propeller was 18 inebes in
diameter, the tips having been cut off of the rrouveller used in GAICIT
Report #1483, The blades were of aluminum alloy made to the gpecilicatioms
of the Hamilton Standard 1410 blade, The blade could be adjusted to

any viltch angle in a steel, split-ftype hub

For a detalled description of the apparatus and method of debor-

mining the various porameters required in caleulating the vropeller cosf.-

] 3 ‘

fisients and airplane characteristics, sse References 2 and S,

Several minor changes in testing set-up were, however, made, To
iqﬁufs closer coopornbion between various members of the He sting group
the model insbtrument table was moved to the tunnel balance floor, The
smeder in $he model power clveuilt was also moved to the same loca%ibnu
This change necessitated the use of much longer instrument leads and the
nearness of the model power leads to the instrument leads required an
investigatlon of a ~ossible electrienl efrect, Wo effect was, however,
detectable,

In the timing cireuit of the medol propeller {Sce Fig. 4) the

contaetor power was taken from the D.,C, house line thyoush a transforner

civing forty volts instead of the twerby~four volts used boefore from storass

batterics,
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FRONT VIEW THREB-QUARTER VIEW

HOIB: Pictures show propeller before tips were cut off.

5‘!?

MORQUE CALIBRATICH

Figure §



Photographs in Fig. 5 show views of the model, model parts ,

and torque calibralion arrengement.

NOTATION
The various coeffisients used for presenting the data are defined

as follows:

T = V/np

To= T/ pVED3

Q= Q/pVED?

Q= Qu{V/nD) = (17200 Qp/propeller rpm.)/rD% x wph,

Qp= Friction torque (f.-1b,)
Where!

P = Effective thrust {1bs) {of. Ref. 5). Negative sign
indicates foree in the direetion of a drag force,

Q = Torque (ft.-lb.) Negative sign indicates propeller
turning engine. :

V = Volocity (ft./sec.)

D = Propeller diameter (f£t.)

B = Blade angle ,ht 0,75 radius {degrees)

h = Altitude (£t)

p = Air density (aslugs/cu.ft.)

0" = Relative air density

n‘ = Revolutions per second of propeller

N = Propeller rpm, |

No= Engine oranksheft rpm.

A = Engine displacement (eu.in,)
be"ahe presentation of airplane characteristics the usual coef-

fioients Cy, Cp, Oy and G are used.
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BRAYED PROPEILIR

The con&itian of braking action of a proveller is obtained when
the rate of advance has bscome 50 high'that thrust and torgue have both
becane negative, Thi&.eondition e¢an be hrought about on existing
single-engined aireraft during a fast glide and on multi-engined aircrafi
by reducing the revolutions of one engine below that of other units. I
the propeller is allowed o turn a dead-engine, it will be braked by a
torque egqual to the friction torque of the engine at speecified conditions,

To obtain data for the braked propeller curves, the model in
duction motor was used ag an elechrical brake by appropriaste selection of
supply power frequency. The first tests were perlformed with the twow
bladed propeller for the purpose of obtaining a comparison with the data
presented in ¥,4,C.4, T.R. #464 and of emtending these data to higher
blade sngles, The results are shown in Figure 6. As the model con-
figuration used for these tests differed largely from thed of a monoplane
wing with nadelle in position ¢ (loc. cit.); the comparison should be
regarded as merely qualitative, The poinbts shown in Fig. 6 and Fig. 7
were obtained directly Trom experimental datae withoub crossplotting or
srosg-~fairing and show very littie experimental scatter,

The extension %o higher blade angles shows that the negative torque
curves begome much steeper, reaching greater negotive torquss, and that the
negative thrust curves begome less steep with corresponding decrease in
negative thrust.,

In Fig. 7 are presented the characteristics of the three-bladed
propeller for blade angles varying from 13° to 50°, The curves very

closely resewble those of the two-bladsd wropeller, differing primarily
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in the greater values of negative torque and thrust reached for a given
blade angle,

¥or both the two- and three-bladed propeller the region between
nD/V equal to O end 0.25 could not be covered because of the excessively
low rotutional speeds or excessively high wind tunnel velocities required,
The points for nD/V equal to.O were obtained from locked prbpeller data.

The dotermination from the sbove curves ol the negative torque.
and thrust for a propeller restrained to a predetermined rpm. by regulation
of engine powsyr reguires only a knowledge of the farwgrd velocity, propeller
dizmeter, and blade angle, The determinatienkof the negative thrust csused
by a propeller overcoming the friction torque of a dead-engine requires in
addition inform ation with regsrd to the friction characteristies of ths
engine,

Through the cooperation of the Army, lMNavy, and soveral engine
manufacturers, the authors wore sble to collect friction horsepower curves
for & considerable number of radisl engines ranging from 180 to nearly‘
1000 hp, In Fig. 8 these-friction hp. curves have been repdotted against
rom ., ‘The Griginal friction curves obtained from various sources and a
table of manufucturers data {at present considered confidential) on the
engines referred to numerically in Fig. 8 may be found in the copy of the
thesis kept in the file of GAILIT wind tunnel reporis,

Flight tests indicate that the rotational spseds of all normal
propellers turning z deadeengine on a rulti-engine airplane range from
35% to 50% of rated rpm, (Ref.3) To obtain the friection horsepower in this
rance it was necessary to exbrapolate many of the curves of Fig, 8 towsrds
the origin., The accuracy of such an exirapolation naturally depends very
largely on individusl judgment, snd its validity, thersfore, cannot be

definitely determined until more engine test data become available,
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Investigations made on the friction horsepower of aircraft engines
reveal that in general:

1., F,H.P, increases with rpm,

3; " " » - ‘digplacement

3, " "  osompreasion ratio (questionable)

4, " decreagsea "  throttle opening

5 " *  inereasing temperature

6; " depends greatly on viscosity of oil used.

7, " " " " mechanical adndition of engine
For an engine of given deéign the frietion hp. of a dead-engine wilildepena
~principally on the rpm. and the oil témperature. The tamperatu:e in turn
_ in dependant on the altitude &t whieh the aircraft is flying.

The points shown in Fig, 9 wéra-obtainea.by taking the avarage
slope of the Qp Vs, engina‘rﬁm;-curves detormined from Fig. 8 for the
éange of rpm, from 35% to 50% of the rated rpﬁ. For the curve faired
through these points, an smpirical formula was deveiapad which should give
an indlcation of the frietion torque to be encountered in qéaa_enginga of
various displacements, A ddrreetion for altitude has also been included.
The data far this were obtained from engine tosts on a Wright R-1820-P-2
engine covering thé renge of altitudes sown in Fig. 10. The formula
is‘of the form: | 7

Qe/Ne = 2.2A(0,3A+ 0,0143h ~ 6)1077
The original empirical equation for Qp/Ne 'ohf.gined from friction hp, data
(Fig,9) has been multiplied by the factor 2,2 ., This factor was included
to bring about closer agreement of rpm, with flight test rpm, The factar
was gelected on the basis ér flight test data available, A more comprehensive
amount of flight test data is necessary to ascertaln thisvfactai more

positively. The factor enters into the equation because of differences in
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operating conditions in flight from those encountered on the engine test
gtand, |

In the ratio Qp/Ng, N, refers to the rpm. of the engine crank-
shaft, After obtaining Qf/N from an engine eurve or from the above equa-
tion, the following methcd'taken from Reference 3 can be used to deteimihe
~ negstive thrust: '

Eat imate flight veloeity.

Calculate Q, or Q (See Pg. 3). Caleulation of Q, requires an

agsumption for N,

For three-bladed propellers obtain Tc from Fig. 1l which has been
obtained from Fig., 7 by cross«pletting. For two-bladed
propellers use the data of Fig. 6’or the erogs-plot given in
Ref, 3, If Qe hag been determined, Fig 68 or Fig. 7 1s more
convenient,

Since Q?/Né was assumed constant over the range $o be considered
there 1s no need to correct the n obtained from nD/V in Fig. 11.
If, however, N was assumed to obtain Qp and hence Q,, it is
neceasary fo cheok the assumption;

Fig. 9 slows a eurve corresponding to the equation for Qe/Ne given
in Reference 3, Singe it falls higher than tl» pointa, which were calculated
from experimental friction data, it appears conservative fbr three-bladed
propellers for blade angles of 28° and greater, while it mayiﬁe the opprosite
for blade angles below 28° due to the peak in the curves below 28° (See
Fig, 11) end the possitflity of falling on the right hand side of the peak
with high velues of Q. |

In Table II the results obtained by using the method of this thesis

and of Ref, 3 are compared with flight test data,
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LOCKED PROPELLER

The second group of tests was made to Find the change in aire
plane characteristiecs caused by a propeller locked in various positions.
In these ftests the propeller hub was rigldly locked to the face plate
of the motor stator so the torque developed by the blades could be méagured,
The two-bladed propeller was locked in three different positions: blades
vertical, horizontal, and at 45°, The three-bladed propsller was locked
in two positions: one blade vertically down and one_blade vertically up,
A series of tests were mpde at the various propeller positions for a given
blade angle and the results are shown in Fig. 12 and Fig, 13e,b. The
polars in Pig, 12 ghowed negligible differences for the various positions
and for that resson it was thought unneceassary to make tests on all
péfmutations for various blade angles., A closer analysis of the effect

of propeller position as presented in Fig, 13a,b, shoWws that the parasite
dreg is minimum for $he two-bladed propeller locked with the blades horis-
zontal while the three~bladed propeller gives a.minimum parasite drag
when locked with one blade verticsally down,

A complete range of blade angles between 00 and 90° was traversed
with the two-bladed propeller locked horizontally and with the three-
bladed propeller locked with one blade vertically down, The complete
results are plotted in Fig., 14 from which 1t is apparent fhat the negative
thrust of a locked propeller for both two- and three-blades increases
with reduction in blade angle, reaghing a maximum at about 10°, The
curve for three blades is similar to that for two blades, differing

primarily in the higher negative thrusts Peached. In Fig. 142 a
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comparison is made with data presented in Ref. 1s The lower values

of negative thrust given by the latter for the lockeé propeller can be
accoﬁnted‘for by the difference in blade sections and in the solidity
ratio of the propeller tested. In Fig. 15 a camparison is made for the
three-bladéd propeller with data of Ref. 1. The two-bladed propeller
data of Ref. 1 was multiplied by 3/2 to obtain thé dotted curves shown.

An amalytical expression was obtained for the locked two- and
three-bladed propellers in terms of the blade angle at ,75R and the number
of blades of the propeller. This expression consists of a combination
of a probability curve and & sine curve dhe constants of which dspend on
the propeller design. The expression is of the form:

Ty = (404/04000315,6% ) + ,002 5in3@ + (B/3 = 1)(90 -@).00042
where B is the number of blades and B is the blade angle at .7HR.

Pige 16 shows the effect of locked propeller on the airplane three
component data. For both two- and three-bladed propeller configurations
the drag polar remains the same in shape, moving as & whole in the direction
of greater drag as the blade angle decreasés. The OL VsSe € Curve remaing
the same in slope, moving slightly to the left with decrease 1n blade angle.
The C.- vsa Gy, curves for the two-bladed propeller for blade angles below
about 500 show a stabilizing effect due to the propeller. Above 500
a destablilizing offect is apparent. The three-bladed propeller fuinishes
similar results (fig. 16b) except that the propeller has a stabilizing effect
at all blade angles. The curves of Op vs.« and Cp vs. GM plotted show

the extreme limits reached by any blade setting.
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FPROSHELLING PROPLLIIR

Por the free~wheeling propeller tests, the propeller hub was keyed
to the rotor of the motor so that the propeller supplied sufficient torgue
to overcome the frietion of the rotor bearings and counter gears, and the
windage loss of the blower, This torque was so small as not to be
measurable by the torque meter, Because of the high rotational speeds
at low blade angles the wind tunnel velocity was reduced at these angles,
The order of megnitude of the rpm, reached by the frec-wheeling propeller for
any tunnel speed, V, con be csleulated from the curve shQWn{%ee'Fig.f?}

The fres-wheeling propeller adds to the drag of thé airplane
principally by offering additidnal parasite area and by disturbing fhﬁ flow
over the wing, In the tests the propeller was mounted at a considerable
diétanee from the leading edge of the wing as shown in Pig, 3, Tor
propellers gounted much closer o the wing, as on current multi-engined
alreraft, a differont effect might boe sxpoeted.

Fig. 14 shows thet forrfreeawheeling two- and threec-bladed propellers,
and angle of 500 would be large snouch to give practically the minimm
deleterious effect on ailrplane performence. Little advantage would be
gained by going to blade angles iﬁ excaess of 50°, T¥From the three come
ponent daita plotted in Pig, 18 it iz Pound that the fres-wheeling propeller
produces similar effects to those mentloned far the loeked propeller in
Pig, 16 except that unstable tendencies occeur at snd above about 10°

for the two-bladed propeller and about 50° for the thrsc-bladed propeller,
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1. The negative torous nnd turust charscherisitics of a threc-bladed
propeller are similer %o those of a two-bladed propellor, differing in the
larger negative maxims reached,

2, The breaking forece supplied by & dead-cngine can be caleulated by the
method Indicated in this thesis, The formmla given should closely approxe
imate actual conditions in view of the considerable amount of friction

hp. data upon which it is based,

3, For the high wing monoplane tested an optimum position for the two-
bladed proneller is with the blades horizontal, for the threc-bladed
propéller with one bhlade vertically down,

4. The negative thrust of a freswvwheeling propsller at blade angles above
12° is less than that for a locked propeller,

5, The locked nd fres-~wheeling nropsller for high wing monoplanes similar
to that tested, produces a shift of the drag polar in the direction of in-

ereasing drag, has little elfect on the 1ift and causes a destabilizing
effeet which is greater with the itwo-bladed that with the threc-bladsd
nropeller,

B8, In Fable III the n@gativa thrust coefficisnt, ¥,, for different propeller
conditions has beon tsbulated, The values for the angles caleulated show

that the greatest inecresse in drag will be obtained from the braked propeller
> Oy

and the minimum increase from the free-wheeling propeller properly sel,

o0
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Face 33

Two-BLADED PROPELLER THREE-BLADED PROPELLER
BLADE ANGLE 12° 20° 28° | 40° i2° 20° 28° 40°
"0 6| ~045 |-028 |~012 | + [~067 |-044 |=017 | +
BRAKED [ hp
PROPELLER| V 82 | -050 | -020 + + -074. | —032 + +
QVQ =.85 | -050 | .000 + + [=073 |~-00¢ + +
LockeD PROPELLER | ~027 | -026 |-024 |~-019 |—039 | -038 |-035 |-028
F-W. PROPELLER -032 | =0i2 |=006|-003|=040 |~-0lc |—-008 |—-003

NoTE : + INDICATES PosiTivE THRUST COEFFICIENT

TasLE II.

NecaTive THruUusT COeFFICIENT FOR VARIOUS PROPELER

CONDITIONS
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