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NATIONAL ADVISORY COMMITTES FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Air Forces, Air Technical Service Command
CHARACTERISTICS OF SEVERAL SINGLE- AND DUAL-
ROTATING PRCPELLERS IN NEGATIVT THRUST

By W. H. Grey and Jeen Gilmen, Jr.
SUMNMARY

Thrust and power characteristics of several single-
end dual-rotating nropellers differing in blade width and
number of blades are presented for the region of negative-
thrust operation from -45° to 1Ui5° blade angle. The tests
herein reported are an extension of previous single- and
dual-rotating propeller tests utilizing blades of Hamllton
Standerd 3155-6 (Clark Y section) design.

The tests indlcated that within ressonable accuracy
it 1s possible to predict for a given propeller design
characteristlics in the negstive-thrust range from known
characteristics et a different activity factor.

Adequate negative thrusts were indicated for extremely
high positive as well as negative blade angles.

For the particulsr selection of blade angles used in
these tests, single rotestion gave higher negative-thrust
coefficients than dual rotation at low values of J, but
at values of J higher than sbout 1.5, dusl rotation
produced higher cosfficients.

INTRODUCTION

At the request of the Armyr Air Forces, Air Technical
Service Commend, tests of single- and dual-rotating pro-
pellers operating in the negative-thrust range were con-
ducted in the Lengley propeller-research tunnel. The
blades selected for these tests were the Hamilton Standard
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3155 design, which previously have been the subject of a
rather broad test program in the positive-~thrust range.
(See reference 1.)

Negative thrust has a number of potential uses among
which are reduction of landing run, reduction of terminel
velocity in diving flight, tactical masneuvering of fighters,
maneuvering of multlengine seaplanes on water, and mooring
lighter-than-gir ships.

At present the normsl range for operation in negative
thrust is at small blade angles, partly since the angle
change necesseary 1s smealler than that required by s change
to the extremely high positive angles, snd partly because
operation at high positive angles might result in opersation
below the minimum engine-rotetionel sweed. The use of
negative blade angles necessitates passing through a
minimum torque region with the danger of overspeeding the
engine, wherees high positive angles require operation at
very high power and very low engine speeds. Previous
negative~thrust investigations (references 2 and 3)
are limited in range of blade angles, solidity, and type
of rotation. The tests reported herein werc msde over a
blede-angle renge from -45° to 1459, using single-rotating
propellers having three and four blades and dusl-rotating
propellers having four, six, esnd eight bledes.

COEFFICIENTS AND SYMBOLS

The results are presented 1n nondimensionesl forms of
thrust coefficient, power coefflcient, and torque coefficient.

O = gffective thrust
T pneph

P
Cp = 5;355 negative when power 1is delivered

to engine by propeller

_ Q/n _ Cp
% = oVDH T 2nJ
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The effective thrust is the measured thrust of the
propsller-body combination plus dreg of ths body measured
without & propeller (positive in the direction of flight).

The symbols used are defined as follows:

P power absorbed by propeller, foot-pounds per
second

Q aérodynamic torque, foot-pounds

n propeller rotetionel speed, rps

D propeller diameter, fset

mass denslty of the air, slugs per cubic foot
v frec-stream velocity, feet per second
8, 8., B blade angle at 0.75 R, degreés

Subscrints F eaend R refer to front and rear components
of dual=-rotating propellers

J advance ratio, V/nD | 1.0 N
TAF total asctivity factor = B xléOOOOO §<§>9d(
B number of blades 0.2

b blade width at statlon (r/R)

r radius to station

R radius to tip

E2UIPMENT AND PROCEDURE

A complete description of the equipment used in con-
ducting these tests will be found in reference ;. Some
features of the test setup, however, are rcpeated herein.
The test setup, with wing, was mounted in the wind tunnel
as shown in figure 1. Dimensions of the nacelle and
symmetrical eirfoll wing are given in figure 2. Power
was supplied by two 25-horscpower electric induction
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motors which drove propellers on concentric shafts.
Negative as well &s posltive torque was measured with
spring-selsyn dynamometer equipment. Propeller rotatlonal
speed was determined by means of electric tachometers,
Thrust was measured as negative drag on the regular wind-
tunnel balance.

The 10-foot+dismeter propellers, Hemilton 3tendard
blade design 3155-6 (right-hand) end 3156-6 (left-hand)
of activity factor 89.7, as well as the wide blades,
Hamilton Standard %155-6-1.5 (right-hend) and 3156-6-1.5
(left-hend) of activity factor 13L.lL, were those used in
previous investigations. (See reference 1l.) These pro-
pellers for which plen- and blade~form curves are glven
in figure % incorporate Clark Y airfoil sections.

In general, propellers st pocsitive blade~angle setting
betwezn 8 = 15° eand B = 65° were tested {rom ths J for
zero thrust to the highest attainaeble J. At all other
blade angles, tests were made over the maximum J reuage
attainable., High veluss of J were obtalnad in some cases
by operating at propeller rotationsl sreeds as low &s
MO rpm. For dusl-rotating oropellers with velues of 3.,
from 25° to 659, it was deemed advisable to msintaln the
ssme differential between front and rear tlade angles as
that employed in prsvious tests of these propellers. (3See
references 1 end l..) From By equals 15° to -459, the
front and reer blade settings were ecqusl and from BP-

equals 759 to 145°, the blades were set to maintain the
differsnce used at ths 75° blade angls. Figure l is a
plot of the difference in front and rear blade ssttings.
The rotationel speeds of the front znd rear components
were egual thrcocughout the tssts.

Three- and four-blade singlee-rotating propsllers were
tested in the rear hub, while the blades of the four-, sixe,
end eight-blade dual—rotatin% rropellers were equally
divided between two hubs in tandem, with & hub spacing of
15 inches.

Because of the low power snd speed of the elactrilc
motors, propeller rotstional speeds were such that the
tip Mach number was always lower than 0.3. The highest
Reynolds number based on the chiord at the 0.75 R was about
1,000,000. The effect of Reynolds number wss not critical
within the range of the tests 23 the effect of changes
between one-half million and one million could not be
me asured,



¥R Ho. L5CO7 5
RESULTS AND DISCUSSION

Negative-thrust chsaracteristics are presented in

figures 5 through 2. Figure 5 pressnts thrust coefiicient,
Cp for the threc-blade oropeller, plotted against J on
rectangular coordinate vaper snd also plots of corresononding
curves with & tangent scale which enatles coverapge of the
full renge of results or a reasonebly sized figure.
Corresponding values of vower coefficient Cp ere shown

in figure 6. PFigures 7 through 2Ly present thrust end nowsr
coefiicients in the ssme order for other propsller configu-
retions, 2s itemizZzed in table I.

M 1des of the testing eccuracy may be obtained from
the fact thet the faired curves obscure the test points;
there is generally no more scatter than the width of the
feired line.

An importent point that may be mede following an
inspection of these figurss is that = blade engle of 1L5°
gave almost as great a negstive~thrust coefficient as -15°.
The magnitude of the difference depends on the value of J
at which the compsrison is mede.

In figure 25, for a wide range of front blade angles,
data hiave been reduced to a common basis (activity factor
100). The proints indicsted on this figure ar=s nccesserily
from faired data and are ncoct test points. Values in the
pesitive thrust range were obtsined from reference 1. Ab
each blade sngile, the scatter of points indicates the
accuracy. For singlc rotation, epparcently, & simple 2llow-
ance for sctivity factor would suffice to eneble the
negative=-thrust characteristics of a wpropsller of eny
solidity to be predicted, provided ths charecteristics for
a similer proveller of eny other solidity wers known. The
scecurcey of this sdjustment for dusl rotetion, figures 25(c¢)
end 25(d), is not es pgood ss for single rotation. For the
renge of blade angles shown the ccastter varies between O
end 30 percent depending on J and B ; the greater
negative or positive is B , the greater 1s ths scetter.
The scatter slso increases et low values of J.

srent in the

Figure 25 emphssizes points not so =p
ite. The negative

prec=ding figures of which it 1s & composite

blade engle for moaximum negative thrust varles from <30

to =15 2s J varies from 1 to L for single rotation, =nd
from =4O to -25 for the seme values of J for dusl rotstion.

p
t
r
[S]
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As stated previously these dusl-rotation tests had been
run st equel front snd rear blade angles for all negative
blade=-angle tests. It might have been ocssible to obtain
the maximum negative thrust at front blade angles compsaravle
to those for single rotation by a resdjustment of blade=-
angle difference between the front and rear components.
In a practical instsllation it would be possible to install
stops for operation in negative thrust at the unequsl front
. and rear blade angles thus necessitsted, Some consideration
should, howsver, be given the time required to shift blade
angle; it would be desirsble to start from or approach the
same front end rear blade angle at negative thrust.

It 1s also more anperent from figure 25 than from the
previocus figures that little differencs exists between the
negative-thrust coefficient aveilable at -15° and at 1L5°
for a wide range of J's. As noted in the introduction,
the possibility exists for operstion in negstive thrust at
hizh positive blade sngles and the dsta bear out at lsast
the feasibllity of obtalning negative-thrust coefficients
equal to those obtesined st negetive blade angles,

Some comperison may also be afforded for single and
dual rotation from the two parts of figure 25. For low
and negative blaede engles larger valuss of thrust and
power coefficient sre indicated in the case of single
rotation below 2 velue of J of 2 then for dusl rotetion.
Above a value of J of 2 ths reverse 1s trus, This
condition 1s true, of course, only for the particular
selection of blade engles used in these tests. At very
high angles the valus of J for equal thrust was approxi=
mately 1.5. At smaller velues ¢f J the negative-thrust
coefficients were lesrger for single then for dusl rotation.
At velues of J lerger than 1.5 the coefficiesnts were
smaller. At high bladp sngles power coefficients for
single rotation were spprsciebly smaller et 2ll values
of J then those for dual rotetion.

Many applications of negativs-thrust data are possible;
the form of presentation best suited for any given eppli-
cation depends, of course, on the varisbles involved.
References 5 and O present methods of epproach to the
oroblem of reducing speed on an overtaking airplsne to
increese firing time. Reference 0 also presents methods
of solving problems of landing decelerstion and reduced
dive speed, Thess methods are baesed on standard coefficients
as used in the present report. However, the use of special
coefficients and/or methods of plotting may fscilitete the
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solution of problems such as determinetion of the rate of
pitch change necessary to limit cverspeeding to a resson-
eble value, The question of overspeeding is of major
importance when the blauc-ezngle changes involved are from
high positivs velues to negative engles. Methods of
approach %o this as well as to other problems employing
special coefficlents eand plotting msthods are outlined

in reference 7 . '

Subsequent to the original test progrsm additional
tests were run with the three-blade 2155-6 design oropeller
to obteain characteristics for each degrse of blade =anugle
between =59 and 5°. These additional results are presented
in figure 26 with the rssults of the original tests at 5°
superimposed. The curves for -5° and 5° were not duplicated
within several percent,not only becsuse the originsl tests
Included o wing in the vropellsr waks whereas the tests at
10 increments were made without 2 wing but slso because
the niagnitudes of the thrust in relestion to tare drag snd
powsr were extremsly small.

The primery reason for the additional program of
blade angles wss to check results which indicated thres
equilibrium rotational speeds (and consequently thrse
thrusts) st a glven forward velocity in the blade sangle
region bstween 2° and -0,

Pigure 27, which is a plot showing the variation of
Qqn Wwith J of the thres-blede 3155-6 propellsr at several
blade engles, illustrates the charascteristics in this
doubtful renge. For a given valus of ns, V, and D,
it would be ressonable to expsct = unigue velus of J,
and consequently, n. The results presented in figure 27,
however, indicate as meny as thrse possible velues of J
for a given Q. Similar curves obtecined from 5568-R6
propeller results in reference 3 show only one velue of J
in the same range of blsde sngles.

A zttempt to explain these peculiar results by
theory was not conclusive because of the lock of edeguate
section date for the high negstive anglss of cttack
experienced.
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CONCLUSIONS

The following conclusions are bzsed on propeller test
results free of compressibility effects,

1, For similar vropeller blsde designs, charscteristics
may be predicted in the negetive-thrust range to g limited
degree of accuracy for any activity fector, nrovided the
vroceller characteristics are xnown for one value of activity
factor,

2. Adequate negative thrusts may be possible at
extremely high positive as well &zs negetive blade angles,

5¢ At low values of J, single rotation produced
higher negative-thrust coef(icients than duzl rotation,
but at values of J higher thsn about 1.5, dual rotation
gave higher coefriclents,

Langlev Memorial Aeronsutical Laboretory
Netional Adviscry Committee for Aeronautics
Langley [Mleld, Va.
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7 norrow Singls |
25 to and f Comperison
8 wid (nc) dusl :
l i . s .
26 5 nsrrow | Single . Cheracteristic and comparison
!
27 5 narrow -=do=-= | Do.
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Figure 3.- Plan form and blade-form curves for propelleras 3155-6 and 3155-6-1.?.
Blade-form curves, except b/D, are identical for the two propellers.
D, dlameter; R, radius; r, station radius; b, section chord;
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