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RESTRICTED BULLETIN

PROPOSAL FOR A PROPELLER SIDE~FORCE FACTOR

By Herbert S. Ribner

SUMMARY

f
!

Enowledge of the side force on a propeller in yaw —
the fin effect — 1s useful in the design of tail sur-—
faces, in the testing of powered ailrcraft models, and :
in formal stability and control analyses. A side~force
factor computed from the plan form and pitch distridu—
tion is shown to be a good index of the releztive effec—
tiveness, per blade, of p yawed propeller in developing
side force. By the general use of side—force factors,
existing charts of propeller side force may be simply
extranolated to give the side force onm any specified
propeller in any specifled operating comndition. The
suggestion is made thatv propeller manufacturers and
designers present the side—~force factor with the activ—
ity factor as a fundamental parameter for all blade
designs and that reports of tests:'of powered models in
wind tunnels include the side—force factor for the pro—
peller ussed, :

v

INTRODUCT ION

With current increases in engine powoer, the dlade
arsa is becoming so large that the influence of the pro-—
peller on stability and control is considerable. The
propeller must now be considered in the design of hori-
zontal and vertical tail surfaces.. The dilsturbing ef—
.fect is due in part to the slipstfeam and in parit %o the
air forces on the propsller. A study of the power ef—
fects is in progreses, and the phase dealing with the
forces on the propeller has Deen completed and is pre-—
sented in references 1 and 2, Reference 1 provides a
general asnalysis of the Torces experienced by a propeller
in any deviation from steady axial advance, with detelled
treatment of propellers in yaw. Referonce 2 summarizes
thoe fornulas for propellers in yaw derived in reference 1
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and preserts a serics of computed charts of the side—
force derivative with respect to yaw for two representa—
tive propellers.

The computations underlying the charts of refer—
ence 2 art somewvhat tedious. It has besn found, howvever,
that the existing charts may be applied to all coaven—
tional »ropellers by a simple extrapolation, and repe—
tition of the computsbtions can thereby be avoided. The
method of exitrapolation requires the introduction of a
new propeller parameter, based on the blade shaps, which
mighnt suitably be termed a "side—force factor," Tho
presont peper defines the side—force factor and descrlbos
its uses.

DEFIVITION AND SIGNIFICANCE OF SIDE-FORCE FACTOR

Tae following quanbity is suggested as a suitable
side—force factor for purposes of extrapolation:

) 1.0
B 100006 b T
S' .F. - ST —_ i —_
¥ 22 f p ¢in P d<R> (1)

0.2

where

S.F.F. side—force factor

b blade sectior chord at any radius r
D nropeller diameter
8 blade angle at radius T <when g = 25° at
< 5L /D
0.78R and tan B = ——
n L,
R
R redius to tip
P geometric pitch at radius =z

This side—force factor expresses the relative effective—
ness, per blade, of a propeller in developing side force
in yaw or normal force in pitch and may be used in com—

paring these characteristics of propellers. It is seen

to0-be similar to the activity factor !
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AP, = 222220 f = <-Il> d<~>
16 Jo.2 D R R
WHiékh is intended to express the relative effectiveness,
per blade, of a propeller in absorbing power,

References 1 and 2 show that the side force on a’
propeller in yaw is approximately proportional to the
projected side area. There is a small correction for
asvect ratio. Examination of equation (1) will show
that the proposed side—force factor is directly propor—
tional to the projected sids area of one blade;! the
constant of proportionality is chosen to givres a value
of the order of the activity factor (60 to 140) as a
convenient magnitude., The side~force factor is there—
fore a suitable criterion for comparing propellsrs hav—
ing the same number of blades,

USHE OF SIDE-FORCE FACTOR

The relative effectiveness in developing side force
in yawv of several propellers, wvhen the number of blades
is the same and the blades are set to the same angle at
0.75%, nay ve estimatcd to be in proportion to the re—
spective’ side~force factors. By thiles principle a model
propeller may be chosen to experience approximately the
side force that would be experienced by the propeller
specified by the manufacturer, .even though the two pro—
pellers are dissimilar in shape. The same principle nay
be used in airplane design to select from several other—

wise almost equally satisfactory propelleres the one that
is best for stadbility.

For some purposes such as the design of tail cur—
faces, detailed knowledge of the side force may be
necessary, Computed charts of the side—force derivative

}The side—force factor is also proportional to the product
of the side—area index defined in reference 2 and the
solidity per blade at 0.75R. The exact relation is

S.F.P. = 1645 £ 1

B "1
wvhere ,

o] total solidity at 0.75R

B number of blades

Il gside—areg index
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vhere
Y side farce (body axes)
¥ angle of yaw, radians
q free—stream dynamic pressure

for tyo representative propellers are given in refer—
ence 2. The propellers are the Hamilton Standard 3155-6
and the NACA 10-3062-045, for which the side—force fac—
tors are 80.7 and 131.6, respectively. As an estimation,
the following relation may be used:

_ CY!Y for desired propeller
C?ﬁa for Bamilton Standard propeller B81l55-6

- S.F.¥F, for desired propeller (2)
80.7

A similar expression may be used when the NACA propeller
10-3062—-045 is the reference propeller.

" The simple proportion given as equation (27 is &
good enough approximation for many purposes. For greater
accuracy, however, the wariation of GYKU with S.F.F,

has been established from the formulas of references 1
and 23 this information has been used to prepare the
charts presented herein as figures 1 and 2, Figuré 1
gives the ratio of side—force derivatives

GY'W for desired propeller

Cyﬂy for Hamilton Standard propeller 31556

as a function of the side—force factor for the desired
propeller; figurezlZgives the ratio of side~force deriva—
tives ;

Cny for desired propeller

-
CYij for NACA propeller 10—-3062-045

e e 4 e ey T s - ~ - -
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as a function of the side—force factor for the desired
propeller. In both figures 1 and 2, the approximate
relation of equation (2) is plotted for comparison.

For a four—blade single—rotating propeller, for sesxanmple,
figure 1 may be applied as follows: The ratio

QY'W for desired four—blade propeller

Cfxy for four—blade Hamilton Standard propeller 3155-6

is the ordinate on the four—blade curve corresponding to
the abscissa S.F.F. for desired propeller.

Thi %%—curve for a specified propeller may apply %o
the angle to the zero—1lift chord; whereas B generally
applies to the angle to0o the reference chord. Hence, the

o) P

label B = 25 at 0,75R on.a given p —curve does not
/D

necessarily mean that the formula tan B = El— would
; o L
R

give the same value of B at 0.75R. BEBither definition
will result in approximately the same side—~force factor
provided that, by this same definition, B = 25° at

0,75R, A suitable procedure is to select any availablo

%——cmrve and to compute-a curve of B against r/R from
b
the rolation tan B = p—/r—.. This curve will gemerally
=
R

fail to pass through 25° at r/R = 0.75. The desired
curve is obtained by adding or subdbtracting from zll the
valuos of P the increment that will make g = 25° at
r/R = 0.75,

The fact that the Hamilton Standard propeller 31556
has Clark Y blade sections and the WACA propeller
10—~3062—045 has  HACA 1l6-seriss blade sections is of some
significance. The charts of Hamilton Standard propeller
3155—6 should be used as the basis of extravolation for
propellers having Clark ¥ or RAF 6 blade sections, and
the charts of NACA propeller 10-3062-045 should be used
as the basis of extrgpolation for propellers having WACA
l6—series sections., This restriction eliminates errors
of the order of 5 percent.

-~ —p— ~, o [ e = e g, I o = N . P . Ay = M B = N
.- C T = AP s | A B S S r Ny e m—— - o e - -



The significance of the blade section lies in the
difference in angle between the reference chord and the
zero—1ift chord for the several sections. This differ-
ence is of the order of 3% to 7° for the Clark Y and
RAP 6 soctions and 14° to 24° for the NACA l6—series
sections, The gzero—l1ift chord is fundemental in the
evaluation of side force but blade—setting designations
generally refer to the geometric reference chord. This
convention was retained in the side—force charts of ref—
erence 2. The curve for Hamilton Standard propeller
3155—6 designated B = 25° at O.75R thus may also be
designated B, = 28.2° at% 0.75R, where B, is the

blade angle'tb the zero—lift‘chord; the corresponding
curvo for HWACA propeller 10-3062—045 may be designated
Bo = 26.8° 2t 0.75R. ZFor accuracy, therefore, comparison

should be made of propellers for which the average dif—
ference Detweon B and PBo is nearly the same; that is,
propellers with more or-less similar bledec sections
shbuld be compared. '

- ILLUSTRATIVE EXAUPLE

Es an® illusitrative check, the side—force factor
will be used %o obtain a value of the side—force deriva—
tive CYXW for a specified two—blede propeller by ex—

trapolation from the two—blade chart of Eamilton Standard
propeller 3155-6 given in reference 2. Figure 14 of
roference 2 gives bota calculated and experimental values
of CYﬂy for the two—blade propeller of reference 3.
Blade—form curves for this propeller are given with cor—
responding curves for the Eamilton Standard propeller
3155—~6 in figure 3. The propeller of reference 3 lacks
the spinner of Hemilton Standard propeller 3155-6, but
computations show that the shank blade sections provide
enough adéitional area inboard of 0.2R to compensate
very nearly.

Givon:

The two—-blade propeller of reforence 3 (data in
fig, 3)

Requirod:

v s e e e e
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To determine Oy'y, for B = 20.6° at 0.75R and

the advance—diameter ratio V/nD = 0.6, by extrapola—
tion from tho two—blade chart of CY\y for Hamilton

Standard propeller 3155-6 in figure 5 of referonce 2.
Procedure:

1. Compute the side—forceifactor for the propsller
gf.referenée 3 from its %—— and B—curves in figure 3,
The result 1is 74.6.

2. From figure 1 read the valus of

GY'W for desired propeller

G?Kp for Hamilton Stendard propeller 3155~6

corregponding to the abscissag 74,6. This value is 0.927,

3., From figure 5 of reference 2 read the valge of
CY:W corresponding to V/nD = 0.6 and B = 26.6° - by

interpolation between the 20° and 25° curves., This value
is 0,115,

4, Hultiply the two values Ffound in steps 2 and 3 —
that is, multiply 0.927 by 0.115, The rasult is 0.107,
which is the value of CY\V for the propeller of refer—

ence 3 obtained by extrapolation.

5, As a check, from figure 14 of reference 2 reead
the value of Gka on the B = 20,6° curve correspond—

ing to V/nD = 0.6. This result is 0.104, which is the
value of Cy'w for the propeller of reference 3 obtained

by direct computation,

4 aumber of other values of Cyﬁy for the propeller

¢t roference 3 obtained by extrapolation are presented
in table I. The values of GY‘W obtained by direct

computation, as plotted in figure 14 of reference 2, are
Imes

o e o r v o tn -~ A — e ;- 7, Smp—————— e = i Y - ST e i A T, T e ey Ay < A e s mw e -
. 3 <. To. DI < LI EEAE LSRR v B
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included for comparison. Note that the propeller of
reference 3 has a noticeably smaller blades area than
Hamilton Standard propeller 3155—6 (see fig. 3) but
that the values of side—force factor are nesarly the
some., The agreement of the extrapolated values with
the computed values indicates that the side—force fac—
tor is a suikadle criterion of propeller side force.

The errors introduced by the extrapolation de—
scribed herein will generally vpe sufficlently small %o
be negligible in comparison with the +10 percent
average discrepancy between the computed side—force
charts of reference 2 and the avmilable experimental
deta. Additional errors of the order of 5 percent may
be introduced, however, if the restrictions against
extrapolating for propellers with NACA l6—series sec—
tions from side—force.charts for propellers with Clark
Y sections, and vice versa, are not adhered to.

CONCLUD ING REMARKS

A side—force factor computed from the propeller
plan fornm and pitch distribution is shown to be a good
index of the relative effectiveoness, per blade, of a
yawod propeller in developing side force. An extensive
serics of side—force charts for two representative pro—
pellers are available in reference 2. 3By the general
use of side—force factors, these charts could be made
to serve for all conventisnal propeller designs to pro—
vide the propeller side—force data needed in the design
of tail surfaces, in the testing of powered aircraft
models, ard in formal stability and control analyses.

It is accordingly suggested that propoller manufacturers
and dcsigners present the side—force factor with the
activity factor as a fundamental parametor fer all blade
designs. It is further suggested that roports of tests
of powercd models in wind tunnels include the sido—force
factor for the propeller used. )

Langley iiemorial Aeronautical Laboratory,
ational Advisory Committee for Aeronautics,
Langley Field, Va.
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SIDE-FORCE DERIVATIVE Cy'y = o /oy
) 1[-’ . ﬂDB
. q. 4
[Extrapoiatién mgde from curves of Hgmilton Standard
propeller 3155-6 from fig, 5 of raference 2, Com—
puted values from fig. 14 of refersnce 2.]

GYM} for Cyky for propeller
g at
0.75R V/nD | Hemilfon of reference 3
(deg) Standard
propeller Computed Extrapolated
3155—6 directly (a)
16,6 C.2 0.179 0.169 0.1866
.5 .108 . 095 . 0945
.8 . 086 .080 .080
20.6 .3 .170 .150 .158
.6 .115 .104 .1065
i.0 .098 . 090 .091
24,6 4 .164 .150 .152
.8 .118 .108 .109
1.2 .108 . 098 .100
28.6 .6 .153 .135 .142
1.0 .123 .113 L1117
1.4 .120 .108 111

®Side—force factor for propeller of referencs 3 is 74.6,
From figure 1, for the abscissa 74.6, read:

Cy'w for desired propeller

= 0,927
Gng for Hamilton Standard propeller 3155—6

The values in column 5 are obtained by multiplying the
corresponding values in column 3 by 0.927.

. e &3 T
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Figurs 3.~ Plan-fo

propellsr T155-5 and for the proneller of reference 3.
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