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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 

Unit Abbrevia- Unit Abbrevia-
tion tion 

Length __ ____ I meter __________________ m foot (or mile) ____ _____ ft. (or mi.) 
T ime _______ _ t second _________________ s second (or hour) _______ sec. (or hr.) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pound __ ___ lb. 

, 
Power ______ _ P horsepower (metric) _____ ---------- horsepower ___________ hp. 
Speed ____ ___ V {kilometers per ho ur ______ k.p.h. miles per hOUL ___ ____ m.p.h. 

meters per second ___ ____ m.p.s. feet per second ________ Lp.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity=9.80665 

. m/s2 or 32.1740 ft./sec. 2 

liV 
Mass=-g 
Moment of inertia=mk2

• (Indicate axis of 
radius of gyration k by proper subscript.) 

Coefficient of viscosity 

11, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4_s2 at 

15° C. and 760 rom; or 0.002378 Ib .-ft. -4 sec.2 

Specific weight of "standard" air, 1.2255 kg/m3 or 
0.07651 lb. /cu. ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure = ~ P V2 

Lift, absolute coefficient OL=:S 

Drag, absolute coefficient OD= ~ 

Profile drag, absolute coefficient ODO= ~S 

Induced drag, absolute coefficient OD;= ~S 

Parasite drag, absolute coefficient OD'P=~S 

Cross-wind force, absolute coefficient Oc= q~ 
Resultant force 

Q, 
st, 

Vl 
pJ;' 

-y, 

Angle of setting of wrngs (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model 
of 10 em chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero­

lift position) 
Flight-path angle 
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REPORT No. 597 

AIR PROPELLERS IN YAW 

By E. P. LESLEY, GEORGE F. W ORL EY, and STANLEY MOY 

SUMM ARY 

Tests oj a 3-foot model propeller at jour pitch settings 
and at 0°, 10°, 20° , and 30° yaw were made at Stariford 
University. In addition to the usual propeller coeffi­
cients, cross-wind and vertical j orces; and YCLwing, pitch­
ing, and rolling moments were determined CLbout CLxes 
having theiT oTigin at the inteTsection oj the blade a.tis and 
the CLxis oj rotCLtion. 

The tests showed thCLi the mCL;):imum efficiency WCLS 
reduced only slightly jor CLngles oj yaw up to 10° but that 
at 30° yaw the loss in efficiency was about 10 percent . 
In all cases the cross-wind j OTce WCLS j ound to be greater 
than the cross-wind component oj the axial thrust. H'ith 
a yawed propeller an appreciable thrust was j ound j or 
V/nD jor zero thrust at zero yaw. Yawing a propeller 
was jound to induce a pitching moment that increased in 
magnitude with yaw. 

INTRODUCTION 

Although airplanes are generally designed so that the 
propeller axis lies approximately in the direction of 
normal steady flight, the condition of yaw is found 
during such maneuvers as curved flight and in flight at 
high angle of attack. These maneuvers are usually of 
short dU1;ation and, while the effect of yaw from these 
causes may be, in specific cases, of interest, it is possibly 
of no great consequence. If, however, propellers are 
to be yawed in the steady-flight condition, the effects 
of yaw may be important. Such a condition would 
arise in the case that a wing engine i placed, for struc­
tural or other reasons, with its a;\'is at an angle to the 
longitudinal axis of the plane. 

Air propellers in yaw have been the subj ect of both 
theoretical and experimental investigation (references 1 
to 5) but further information concerning the quanti­
tative effect of small angles of yaw upon thrust, power, 
cross-wind force, and efficiency seemed de irable and 
therefore the present study wa und ertaken . vVhile the 
study was made with the propeller axis in the hori­
zontal plane and the angle between the propeller axis 
and the wind direction is thus called an angle of yaw, 
the results may be applied as well to angles of pitch 
since such body interference a was present would have 
been the same in either case. 

APP ARATUS AND TESTS 

Wind tunnel.- The experimental work was done ill 
the wind tunnel of the Daniel Guggenheim Aeronauti­
cal Laboratory of Stanford University. This tunnel 
i of the open-throat type with a throat diameter of 
7% feet. The maximum wind velocity is about 90 miles 
per hour . 
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FIGURE 1.-'l'lle dynamometer suspension. 
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Dynamometer.- The propeller dynamometer con­
sist e sentiaUy of a sLx-component balance. A driving 
motor was rigidly suspended by a steel tube and pylon 
of steel rods from a platform located above the wind 
stream. The platform wa completely restrained hy 
six electrically operated beam balance . 

The general arrangement and appearance of the 
dynamometer are shown in figures 1, 2, 3, and 4. In 
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figure 1, number 1 to 6 indicate the leads to the 
restraining beam balance , the balances them elves 
being similarly numbered in flgul'e 4. A may be seen, 
the' A-frame 0 1' platform wa restrained in th e wind 
direction by balances 1 and 2, in the ver tical direction 
b)7 bl11nnces 3, 4, and 5, and in the cros -wind direc tion 
by bnlflnce 6. In add ition to these restraining or 
mea uring bahnces, there were three n llxilial'Y bel1m 
ba lances, designated by A in fi glll'es 1 an d 4, that 

FIG URE 2.Thc propeller set-up shown in the yawed position. 

carried the dead weigll t of the pIn Horm and suspended 
motor. Th e line labeled C1, C2, and C6 (fig. 1) arc 
lend s to cO llntCl'\veigll ts u ed to give t110 necessary 
ini tial loads on balan ces 1,2, and 6. 

The forward end- hield uf the motor wa elongated 
o t hat the propellcr was well ahead of any considerable 

wind-stream obstru ction. (Sec flgs . 1, 2, and 3.) The 
distance from the propeller to the center of the sup­
porting tube was two- thirds the propeller diam teL 
In figures 2 and 3 the mo tor is shown in the yawed 
condition . Th e angle of yaw could be adjusted as 
desired by 11 swivel join t p1'oyided in the supporting 
tube . 

The motor, an d such parts of the uspen ion as were 
in the wind stream, were shielded by a sheet-meta l 
covel'. Thus only the force.;; acting on the propeller 
were communica ted to the ]la tfonn and to the rest,rain-

ing balances. An electric bell gave warning of contact 
between the motor 0 1' its support and tbe metal cover. 

Propeller.- The propellcr u ed in this in vestigation 
" 'a a 3-foot metal righ t-hand adjustable propeller. It 
is designated propeller A in reference 6. It has a uni­
form geometric pitch and a pitch-diameter ratio of 0.7 
wh en the blade angle at 0.75 l'adiu i 16 .6°. Four 
pi tch settil\gs were used: 16 .6° (uniform pitch), 20.6°, 
24.6°, and 28.6° ; all pitch ettings were' mea ured at 
the 0.75R station. 

TEST 

M easurem en ts were made of ix components of the 
ail' force acting on the propeller, three ver tical, two in 
the wind direction, and one in the cros -wind direction. 
From these compon ents and the arms of the restrain­
ing balances, the rolling, pitching, yawing, and torque 
moment about axes hay1.nO' their origin at the in ter­
section of the propeller a:.'1s and blade fi:''1S we're com-

FIG UR E 3.- I "pstl'cam vicw of lho propcllcr tcst set·up. 

puted . For each pitch se tting of the propeller, te ts 
we1'C made at 0°, 10°, 20° , and 30° yaw. 

As the mod el propellel' driving motor was of the 
constan t-spced type (about 1,800 1' . p. m. ), variations 
of the parameter FI11 D were ob tain ed by increa ing 
the wind velocity in su itable increments . The pro­
pell er tip speed therefore remained nearly con tant at 
a bou t 2 0 feet pel' second. The R eynolcls umbel' 
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FIGURE 4.-\ ·iew of the electrical balancing nnits. 

wa about 0.1 full calc, as uming the full-scale pro­
peller to be 10 feet in diameter operating at a tip peed 
of 00 feet per econd. 

The ob erved thru t and power ftre reduced to the 
usual coefficients 

where 

T, thl'U t of the propeller mea LU'ed parallel to t he 
axi of the tunnel. 

P, motor power. 
p, mass density of the ail'. 
n, revolutions pel' uni t time. 
D, propeller diameter. 
V, velocity. 

The vertical and cro -wind force are reduced to 
coeili cients imilar to the thru t coefficient, 

\\"here 

c,= Fz 
F z pn2D~ 

F C - V 
Fy- pn2JJl 

F z, ,"erLical force. 
Fy , ero -wind force. 

The momenL about the tlu'ee axes arc reduced to 
coefficient imilar in form to the propeller torque 
coef[icien t, 

where 
.= pn2D5 

Q, propeller torque. 
L, rolling moment. 
M, pitching moment. 
N, yftwing moment. 
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RESULTS AND DISCUSSION 

In tu ble I are given the computed values of propeller, 
force, and moment coeffi cients for different values of 
1' /7I D . 

In figure 5 the results of a test with the yaw dyna­
mometer are compared with two earlier test of t he 
same propeller made in the same wind-tunnel using the 
Stanford University propeller dynamometer. The 
tcsts by Lesley and Reid are reported in reference 6; 
the tests by Babberger were made in connection with a 
study of the cale effect on air propeller submitted a 
a thesis at Stanford University in 1934. The agree­
ment with Babberger's t est at 2,000 r . p . m. is excellent, 
but the thrust and power coefficient derived from the 
yaw dynamometer test are consistently lower than 
those observed by Lesley an d R eid . The an gular 
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F, GURE 5.-Compariso n of dal a from diO'erent tes ts of til e sa llie propeller in the sa llie 
wiod tunoel. Propeller set 16.60 at 0.i5R ; 00 ya\\' . 

H locily in the latter test, however, was about 3,000 
1' . p. m. and Babberge l' found that, with this propeller, 
the thl'lIst and power coeffi cien ts increased s lightly 
\\·ith angular velocity. Slibstl1ntial agreement with 
J)abbel'ger's test at 2,000 1'. p. m. is rcgard ed a evid ence 
of the 3eclll'aey of t he yaw dynamom eter . 

Propeller , ver tical-force, and cross-wind-force coeffi­
cien ts arc given graphically as fun ctions of V /nD in 
figures 6 to 2l. In figure 22 to 25 effi ciency TJ and 
F/7ID are given as fun ctions of the speed-power ceoffi­
cient Os. The ma}"TInum efficiency and V /nD at zero 
thrust are plotted in figure 26 against the secant of the 
angle of yaw \[t o Figure 27 hows the ratio of cross-wind 
force to thrust for different value of V /nD. In 
figure 28 this ratio is plotted against the ratio of 
I T/nD to V /nD at zero tlu'u t. Pitching-moment 
coefficients are given as fun ctions of V /nD in figure 29; 
Yll\ving-momen t, rolling-mom ent, and torque coeffi­
cients are plotted in figures 30,3 1, and 32, re pectively. 

The po" 'er coefficient (figs . 6 to 21) is little affected 
by ym\' at low velocitie of advance, i. e., at small 
ndues of r /7I D. At larger yn lue of r inD the power 
coeffi cient, in creases wi th each increment of yaw. 

The thrust coefficient is decreased by yawing the 
propeller at low V /nD . Th is resul t is to be expecled 

. V h . I 1 stl1ce at nD = 0 t, e aXJa t ll'ust would be independent 

of yaw, and the thrust in the wind direction would 
be the axial thrust multiplied by tho cosine of the 
angle of yaw. At tihe larger values of V /7ID th e thrust 
coefficient is increased by yaw and the value of V /7ID 
for zero thrust is also increased. 

Over the normal workin g range of a propeller there 
is thus a decrease in efficiency with yaw, nlthough at 
the larger values of V /nD, greater than those for maxi­
mum effi ciency, the efficiency is increased by yaw. 

Th e manner in whir.h effi ciency varies with yaw in 
the normnl workin g range i seen to advantage in 
fi gures 22 to 25 in which efll ciency is plotted against 
the speed-power coefficient Os . 

In figure 26 the maximum effi ciency for each blacle­
angle setting is plotted ag:1.inst sec 1/;. The resulting 
parallel iO traight lines may be expressed by the equat.ion 

7J mox= TJ",axo- 0 .6 (see 1/;-1) 

wh ere TJ ",axo is the maximum effi ciency a t zero yaw . 
In figure 2G the F /nD for zero thrust is a.] 0 plotted 

again t sec 1/;. As with TJ max it is seen that 11/nD for 
zero thrust "aries, over the range investigated, directly 
with sec 1/;. 

The vertical force coefficient of a propeller in yaw 
is nrgligible (it does, however, show an in crea.se with 
yaw ). Althou gh in the graphical representation of 
figures 6 to 21 this coefficient, a.s well as th e cross-wind 
force coeffi cient fo r zero yaw, appears to have consid ­
erable magnitud e, it should be noted Llmt th e scale to 
"h icb it is plotted is ten times that used [or the thrust 
eocffi cien t. 

The \'er t ical force coeffi cient, while generally positi ve, 
appc:1.l'S in some instances to be nega ti\'e at low l Y /nD 
and to change in sign as higher valu es of 1'/n fj :1.re 
reac hed. ] t is obvious that., a. suming symmetrica l 
now, the direction of the vCltica l force would de pend 
on t.h e relation between the clirection o[ propeller ro­
tation nnd clirecLion of ya w. In these Lests the pro­
pelle!' J'otnl ion was eloekwi se wIl en look in g upwind and 
th e yaw was positive. H ad eith er been rc\-erserl it 
, cr l11S evident that, with symmetrical flow , th e sign of 
Lhe vertical force coeffic ient. would have likewise been 
changed. 

A would be expected, th e croes-wind force coefficient 
~hows a marked increase wi th ya~. Th e ratio of cros -
wind force to thrust i shown for the 28 .6° propeller as 
a function of V /ll D in fi gure 27. 

TI F V 1e curves are dra\\'n from points T = tan if; at n D= O. 

I t is seen that at all yalues of 11/nD greater than zero, 
Fy/T is greater than tan 1/; or that the resllltant hori-

t 1 f · f Il . l ' d 1 zon a· orce 1S, cxc.eptor nD = 0, mc me to t 1e wind 

direc tion at an angle greater than the angle of yaw. 

---- - --' ---
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The ratio of cross-wind forco to thrust as a function 

of i~/(n";)o' where (V/n D)o is Vln D for zero thrust, is 

shown for all propellers in figure 2 . It is een that 
Fu/T increases with propeller pi tch setting as well as 
with yaw. 

It may be een from these results tha t a propeller 
with its axis in pitch would develop thrust if operating 
at V/nD of zero thrust for axis parallel to direction of 
motion. T he thr ust under this condi tion may he of 
such magnitude that it should be considered in del'ivine­
airplane polars from glide tests wi th propeller runn ing~ 
For example, in glide tests of a VE-7 airplane (see 
reference 7), the drag coefficien t at 15.1 ° angle of attack 
was fo und to be 0.143 . From the present tes ts of pro­
peller in yaw it appears that the thrust exer ted by th e 
propeller in the glid e test may have been double the 
amount credited to it and tbe drag coefficient thus have 
been 0.148. 

Further, in the derivation of the drng of the VE- 7 
airplane in the power flight tests of reference 7, a 
quantity T sin B was credi ted to the propeller as a 
liftwise force; B is the inclina tion of the propeller shaft 
to the wind direction. The present tests show that 
the credited amount should have been greftter . 

It may al 0 be seen that the difference between power 
and thrust coefficients of propellers in the fligh t and 
wind-tunnel model tests of reference 7 is qualitatively 
accounted for by the fact that in fligh t the propeller 
flxis was at an angle of pitch, while in the wind-tunn el 
model it was parallel to the wind tream. 

The lift developed by a propC'ller with i ts axis in 
pitch is sufficient to accoun t , in considerable degree, 
for the high lift coefficien ts apparently developed by an 
airplane at large angle of attack, power on . Millikan, 
Russell, and M cCoy show (reference 8) an increa e in 
lift coefficient of about 0.2 with power on at 20° angle of 
attack. Interpolating from these tests in yaw and 
allowing for the thl'ee-blade propeller used by Millikan, 
Russell, and M cCoy, i t appears that the liftwise force 
exerted by the propeller was ufficient to acco unt for 
more than half of the increase in lift coefficient found. 

Pitching-moment coefficien t for the propellers in 
yftW are shown in figure 29 as functions of V /nD. 

nder the condition of the e tests, the ign of the 
coefficient depends upon V/nD. It is generally posi­
tive at large V/nD and negative at mall V/nD. Like 
the ign of the ver tical force coefficien t, i t is obvious 

that, assuming ymmetrical flow, the sign of the pitch­
ing-moment coefficient would also depend upon the 
relation between the direction of rotation and direc­
tion of yaw; a reversal of either would result in rever in O' 
the sign of the pitching moment. Since the vertical 
force is small compared with thru t, a positive pitchi}) !', 
moment shows a location of the line of action of thrust 
below the Y axis and a negative pitching moment a 
location above the Y axis. 

Some verification of the ob erved change in ign of 
pi tching moment with F/nD may be derived through 
analysis by simple blade-element theory. For ex­
ample, i t can be shown that for the 24.6° propeller in a 
vertical position and at 30° yaw, the pitching moment 
of the 0.75 radiu element are proportional 1 and 
- 14 at V/nD l.2 and 0.3, respectively. The ratio of 
these calculated moments is -5.. The te t of this 
propeller at 30° yaw hows a pitching-moment coeffici­
ent of 0.0066 at V/nD= 1.2 and - 0.001 at V /nD= 0.3. 
The ratio of pitching moment in the two case is th us, 
for the whole propeller, -3.7. 

It i po sible that a part of the indicated pitching 
moment i due to a slight wind- tream asymmetry. 
Wind- tream surveys, however, revealed not more 
than l}~ percent variation of velocity from the mean at 
the propeller disk, which appears insufficient to accou nt 
for any considerable proportion of the pitching momen t 
found. It will be noticed that there are insufficien t 
ob ervations to determin definitely the form of the 
pitchu1O'-momen t curve in the low V /nD range. As 
thi por tion of the curve i of little practical impor­
tance, rather arbitrary func('ion have been drawn tha t 
become zero, a they hould, at zero FinD. It seem 
unlikely that, in the operating range, the magnitude 
of the pitching moment will be ufficient to affect 
greatly the tability characteri tic of an airplane. 

The yawing-moment coefficients, hown for the 16 .8° 
and 2 .6° propeller in figure 30, il1crea e sligh tly 
with yaw. Even for the 30° yaw te ts, however, the 
magnitude of the YUWUlg moment about the axi 
cho en i extremely mall. 

Figure 31 and 32, showing the torque and rolling­
moment coefficient for the 2 .6° proppller, are of 
intere t because it may be seen that the rolling moment 
increa es more rapidly with yaw than the propelJer 
torque. Although this result i illu trated for only 
one propeller, computations for the other show 
similar relation . 
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CONCLUSIO S 

The results of these experimenL howed that: 
1. Over the normal working range of the propeller, 

there was a decrea e in thrust, an increase in power 
absorbed, and a decrease in efficiency with yaw. Up 
to 10° of yaw, the 10 s in maximum efficiency was not 
more than 2 percent, but at 30° yaw it became about 10 
percent. 

2. The cro -wind force wa greater than the cross­
wind component of the axial thru t. This resul t indi­
cates that the corresponding lift du e to a propeller with 
its axis in pitch account for a larger proportion of th e 
increase of lift coefficients apparen t in airplane at high 
angles of attack, power on, than would be estimated 
from the vertical component of the axial thrust. 

3. ,Vith the yawed propeller, there was an appreciable 
thrust at l 'jnD for zero thrust nt zero yaw. Con e­
quently, airplan e glide tests made with the propeller 
idling at a I1jnD for zero thru t at zero yaw should be 
corrected for the thrust du e to t.he yawed propell er. 

4. YawinO' the propeller induced a pitching moment 
that increa ed in magnitude with yaw. 

D ANIEL G GGE HElM AERONAUTICAL LABORATORY, 

TA TFORD N IVERSITY, CALIFOR lA, October, 1936. 
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TABLE I 

COMPUTED VALUE OF COEFFICIENTS FOR DIF-
FERE T PITGH 'ETTI GS AND VARIOUS A GLES 
OF YAW 

Cn 

16.6° PITCH SETTING, 0° YA \V 

0..124 Q. ().IQ2 Q. OS73 0..269 
.254 .03 9 .OS().l .525 
.335 .03 i .Qial · ():13 
.419 .0369 .0650. .738 
.484 .0.36 1 . 0573 .768 
. 5·16 .0331 · ().I 9 0.7 

: ~~~ .0310. · ().I37 .834 
.0283 .0349 00 

.703 .0244 .0'274 .790. 

.7-13 .0200 .0.196 .728 

.786 .0.153 .0.110. .565 

.822 .()()90 .0036 .329 

-0.. ooo:JQ -0..00030. 
-.00018 -.00061 
-.00012 -.00049 
-.()()()()i; -.QO().13 
-.00006 -.00079 

0. -.00079 
0. -.00061 
0. -.00030. 
0. -.00061 
.00006 -.00024 
.00006 - 00030. 
.()(J()()Ij .00006 

0..00017 
.00067 
.00077 
.00004 

-.00005 
-.00055 
-.00077 
-.00016 
-. ooo:J7 

.00001 

.00020 

.00069 

-0..00055 
-.00061 
-.00069 
-.()()()'I!J 
-.000·15 
-.00026 
-.00022 
-.00035 
-.00026 
-.00035 
-.00018 
-.()()()(){j 

16. 6° PITCH SETTI G, 10° YAW 
n.081 Q. ();l~2 0..0884 

.20.1 .0385 .0828 

.297 .03 7 .0.760. 

.381 .0376 .0679 

.441 . 0371 .0619 
· .10.1 .0349 .Q,' tU 
.551 .0330. · ()'187 
.60.2 .0319 .0.434 
.656 0.276 .0312 
.700 . C247 .0.276 
.736 .0.217 .0216 

:~Xg .0.169 . 0.119 
.0098 .0014 

16. 6° 
0..0.411 
. 039 
.0.395 
. 0393 
.0.3 9 
.0.376 
.0357 
.0.334 
.0304 
.0.279 

:g~1 
.0.17 
.0.147 
. 0.1 15 

16. 6° 
0:005 0..0.194 0..0.760 

.2.15 .0. 10.3 .0.70 1 

.3.'>0 .0396 .061i l 

. 419 .0393 .0.193 

.481 .0391 .0..11.1 
· .1:16 .0.376 .0.196 
· f,o:l .0367 .0131 
.M I .03·15 .03SI 
.703 . 0318 .0:125 
. 7.11 .0.291 .0272 
. 702 .0.254 .0217 
.1>:1 1 .om .Qlf,o 

2 .0201 .0100 
.9:10 . 0150 .0031 

20.6° 

I ' 
C" 

7/J) 

--0.124 -0:0639 
.270 .0.561 
.359 .0.5-35 
.4'11 .0534 
. 509 .0515 
.563 .0507 
.634 . ().I83 
.739 . ().I25 
.7 5 . 039 

6 .0349 
74 .0309 

:920 .02' 
. 963 .0194 

1.001 .0.130. 
I. 0.15 .0.105 

0..
187

1 .437 
.583 
.688 
. 736 
.7 
.813 

19 
:813 
. 782 
.733 

2 
.120 

PITCH 
0..154 
.44 1 
.543 
.661 
.70. 
.739 
.768 
.786 
.774 
· i-ti 
.730. 
· f>50 
.562 
.390 
. 130 

PITCn 

0. 0155-1 
.0.150. 
.0.140. 
.0.130. 
.0.121 
.0.112 
.0I(XJ 
.0097 
.0084 
.0076 
.00(>8 
.0061 
.0014 

-0.00024 
- 00024 
-.00030. 
-,00018 
-.00006 
-.00018 
-.00021 
-.00048 
-. ooo:J6 
-.00009 

.00006 

.00042 

.00120. 

- 0.oOO2:l 
-.0000 1 

.00026 

.00012 

.00012 

.00007 

.00036 
-.QO().1Q 

.00010. 

.00030. 

.00032 

.00111 

.00148 

ETTING, 20° YAW 
0.030 

.0.100 

.0.291 

.0.273 

.0.218 

.0.234 

.0.21 

.0.200 

.0.179 

.0.164 

.0.154 

.OIa9 

.0. 122 

.0.10.9 

. (Xl96 

0..00012 
-.00012 

.0.0012 

.0.0025 
-.00012 
-.00006 

.0001 

.00037 

.00073 

.00079 

.00067 

.

00116

1 
.00207 
.00 19.1 
. 0022., 

ETTING, 30° 

-D. 00200 
-.00037 

.00022 

.0.0067 

.000.21 

.00059 

.00071 

.0000h 

.001211 

.00151 

.00220 

.00194 

.00290 I .00:107 

.00332 

YAW 

-0..00030 
-.00020. 
-.()()()()8 

.00006 

.()()()()8 
- . 000.0.6 

.00010. 

.00008 

.00032 

.00040. 

.0001;0. 

.0005'1 

.0007 

0..000.23 
.000.12 
.00026 
.0.0047 
.00053 
.00057 
.00057 
.00069 
.00083 
.00106 
.0010 
.00 124 
.00 136 
.00 140. 
. 0014(; 

O.13111~ -0..000'>(1 
116 .olal - lX)(l99 

.576 .0.4 13 -, (iOO'J:l 

-D. 110 I !J() -0..00021 
- 00113 .0003.1 
-. 00029 . 00056 

.632 .D3'<R -,000.17 

.67.1 I .0367 -.00012 

.707 .0.:1 11; .00025 

.7 13 .0:120 .00043 

.722 . n29~ .000.16 

.718 .0.276 .OO(Y.J3 

- 00031 . oooiO 
-.000 12 .00088 

.00037 . 00111 

.00072 . 00 111 

.00109 .00 117 

.0011 .00136 
.70.2 .0.21.1 .00112 . (1020n .00 1:;9 
.677 023'> 00113 

" .0211 . 001i3 
. 00251; . 00 155 

(Xl306 . O(lIi;; 
. 139 01 00212 
.211 .0162 00247 

IM~170 .00192 
::='--'-_ . fXl41 .1-'--_-'.-'-00::..;1""8., 

PITCn ETTING, 0° YAW 

Cr 
C" I C,. I Cm 

O.ON!I -0-.172 -O.OOOlb - -0. 00073' " 0.00077 
.0907 .437 - 0'lO24 .00 140. .00021; 
.0890 . ;;97 - 00024 -.0009 1 .OOOlb 
.0833 -.()I)() lo -.00116 -.00014 
.0762 -.00012 -.0005.1 .00034 
.0697 -.00012 -.()()()(il .00022 
.0612 - 00012 -.00067 .00033 
.0.48.1 - 00018 -.0006 1 -.00002 
.0.427 - 0001 -.000 13 .000 14 
.0350 -.00012 -.00019 -.00020 
.0.291 - 00006 

=:~QI 
-.()()()()4 

.0.210 I 0. -.00024 

.0.124 
.
00012

1 
-.00042 -.00028 

.0049 00024 -.()(J()()O . ()()()()7 

.0013 .00024 .00030. .00033 



14 

l' 
nD 

I 
0 

o. os 
.23 
.29 
.:1 
.44 
.. 10 
.5 
.59 
.6 
. 7 
. 7 

4 
6 
0 
7 

53 
6 

f,2 
08 
ii 
42 

38 
90 
28 

. 906 

.9 

.9 
1.0 

if 0.0 
. 24 
.34 
.43 
.50 
. 6' 
.68 
.73 
.78 
.84 

.9 

. 9 

2 
.1 
7 

23 

!§ 
6 
I 

so 
25 
67 
0 1. 00 

1.0 5R 

0.107 
.267 
. 3 
.454 
.540 

:Q~ 
. 765 
. 3 1 
.892 
.944 

l:m 
1.096 
1. 147 

0.113 
.21(; 
.H4 
.552 
.666 
.743 
. 81 1 
.867 
.91 
.964 

1. 012 
1. 050 
1. 092 
1. 131 
1. 161 
1.202 

0.099 
.312 
.449 
.551 
. 664 
.744 
.81.1 

: 91~ 
.970 

1. 014 
1. 016 
1. 093 
1. 127 
1. lfi2 
1. 202 
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TABLE I-Continued 

CT 

20.6° PITCH SETTING, 10° YAW 

0.0632 0.0883 0. 11 3 0. 01 55 - 0.00095 
.0568 .0885 .358 .0164 -.00066 
.0526 .0901 .504 . 0170 -.00090 
.0528 . OS55 .625 . 0164 -.00084 
.0528 .0 18 .682 .0160 - .00126 
. 0507 . 0747 .747 . 0150 - . 00 102 
.0.504 . 0694 . 762 .0144 - . 00078 
.04 9 .0646 .787 .0138 -. 00055 
.0460 . 0568 .817 .0128 -.0004 
.0446 .0516 19 .0122 -.00036 
. 0392 . 0426 44 .0112 -.000 12 
.0344 .0330 os .0101 -.00006 
.0270 .0226 .758 .0091 . 00024 
.0245 .0162 .620 .0085 - .00018 
.0150 .0062 . '109 .007 .00066 
.0107 .0002 .019 .0068 .00090 

20 .6° PITC H SETTING, 20° YA VY 

0.0617 O. n~54 0. 122 0.0317 0. 00049 
. 0529 . 0857 .390 .0337 .OOW9 
.05 19 .0849 .560 .0339 . 00054 
.05 18 .0789 .662 .0325 .00037 
.0522 .0735 .7 14 .03 12 .00092 
.0492 .0610 . 772 . 0279 .l!OOSO 
.0471 .0543 . 786 .0262 .000 6 
.0444 .0485 .806 . 0248 .00 128 
.0416 . 0427 . 806 .0235 .00 14 7 
.0386 .~35 .7 0 .0226 .00 159 
.0337 . 0299 . 7 0 .0210 .00 159 

:~~~ .0234 .724 .0 197 .00 184 
.0161 . 628 .0 182 .00 197 

.0 198 .0 101 .510 . 0 169 . 00249 

.013 1 . 00 18 . 146 .0147 .00276 

20.6° PITCH SETTI I G, 30° YA \N 

0.0642 O:m~ 0.129 0. 0460 -0.00 14 3 
.0562 . 374 .0493 -: ~88~~ .0539 :~m .513 .0495 
.0533 . 612 . U478 -.000 18 
.0525 .0654 .673 .0454 .0003 1 
.05 16 .0592 .709 .0432 .00067 
. 0502 . 0536 . 735 .0417 . 00050 
. 0469 . 0460 .750 .03 4 .00 11 2 
.0434 . 0385 .738 .0359 .00174 
.0378 .03 14 . 741 .0335 . 00169 
.0352 .0253 .678 .03 16 . 00237 
.0297 .0 183 .615 .0293 . 00299 
.0270 .0127 .49 1 .0275 . 00314 

:m~ .0070 .332 .0257 . 00329 
.0006 . 038 . 0232 .00365 

24.6° PITCH SETTING, 0° YAW 

- 0.00063 
-.00044 
-.0009 1 
- . OOO<J8 
-.00086 
-.00 11 6 
- .00068 
-.00068 
-. 000'19 
-.00055 
-. 00043 
-.0006 1 
-.00055 
-.00074 
-.00012 
-.00085 

24.6° PITCH SETTI NG, 10° YAW 

0.0762 0.0982 0.1 28 0. 01 75 - 0. 00013 

:~~ .088 1 .364 .0172 -.00018 
.0946 .622 .01 9 - . 00006 

.0686 . OS7 .706 .01 1 -.00030 

.066.1 .0764 .763 .0168 0 

.0637 .0683 .798 .0159 .00037 

.0603 .0597 .807 .0150 .00068 

.0564 . 0534 21 .0145 .00074 

. 0530 .0174 .821 .0139 .00074 

.0470 . 0104 .834 .0134 . 00 105 

. 0429 .0339 .80 1 .01 28 . 00123 

.0.1 . 0286 . 772 .0124 . 00129 

.0336 .0214 .696 .011 9 . 00128 

.0288 .0149 .583 . 0114 :~m .0206 .0073 . 412 .0109 

. 01 52 .0006 .017 . 0102 .00207 

-0.0017 4 
-.001_ 20 

2 
4 
2 
2 
6 
2 
4 
o 

-.0007 
-.0005 
-.0009 
-.0007 
-.0005 

.0000 
-.0002 
-.0003 
- .0000' 
-.0000' 

.OO().! 3 
50 

6 
28 

.000-

.0011 

.001 

-0. 00206 
0 

-.0000 
.000 1 
.0007 1 
.00073 
.00092 
.00 14 1 
.00 153 
. 00 1 5 
. 00235 
. 00287 
.00360 
.00455 
.00469 

-0. 00376 
- .000 5 
-.00072 

. LOO03 

.00066 

.000 5 

.00 144 

. 00 188 

.0025 1 

.00338 

.00379 

.00505 

.00504 
, 00594 
.00632 

0.00032 
.00056 
.00001 

-.00020 
-.00012 
-.00001 
-. 0001 
-. 00034 
-. 0001 2 
-. 00038 
-.0004R 
-.00090 
-.00070 
-.00070 
-.00015 
-.00034 

0.00067 
-.00033 

.00040 

.00045 

.00082 

.00096 

.00104 

.00096 

.00097 

.00145 

. 00176 

. 0021 I 

. 002OS 

. 00256 

.00:1 11 

.00363 

II 

nD 

0.094 
.286 
.381 
.466 
.562 
. 647 
. 717 
.77 1 
.821 
.874 
.922 
.971 

1. 0 14 
1. 055 
1. 09 
1. 141 
1. 175 
1. 258 

O. 117 
.343 
.458 
.567 
.674 
. 757 
.828 

3 
. 937 
.981 

1.028 
1.070 
1. 11 5 
1. 153 
1. 189 
1.229 
1. 269 
1. 315 

V 
C" nD 

- - --
0.229 0. 1002 
.369 .0944 
.560 .0908 
.643 9~ 
. 728 .0883 
. 806 · OS57 
. 864 · OS2 1 
.913 .0792 
.976 .0736 

1. 024 .07OS 
1. 067 .0658 
1. 124 .0612 
1. 169 .0552 
1.263 .043 1 
1. 305 .0343 
I. ~07 .0343 
1. 345 .0276 

II Cp 
nD 
-- --

0.218 0.0988 
.3 17 .0901 
.409 :;! .541 · 6 
.639 · OS92 
.727 · OS77 

06 · OS54 
.866 · OS26 
.924 .0796 
.970 .0758 

1. 027 . 07J6 
1. OSO .0670 
1. 122 .0623 
1. 174 .0583 
1. 220 .0532 
1. 263 .0·179 
1. 306 .0401 

TABLE I- Continued 

CT 

24.6° PITCH SETTI NG, 20° YAW 

0.0950 
.0885 
.0875 
.0891 
.0830 
.0765 
. 0699 
.0644 
.0592 
.0538 
.0·182 
.04 I 
.0359 
.0295 
.0238 
.018 1 
. UI24 
.0004 

-0.00068 
-.00074 

.00043 
- . 00006 
-.00031 

.00006 

. 0003 [ 

.00068 

.00093 

.0011 

.00149 

.00143 

.00 19 

.00 191 

.00251 

.00254 

.00202 

.00258 

24.6° PITCH SETTIN G, 30° YAW 

0.0742 O:~~ 0.137 0.0516 - 0. 00019 
.0724 .383 .0527 .00090 

: ~;;~~ .0793 .509 .0542 .00130 
.0776 .619 .0.146 .00025 

.0672 .0703 .705 .0529 .000 12 

. 0669 . 0637 .72 1 .05 10 .00050 

.0638 . 0576 .748 · O~191 .00093 

.06 14 .0522 .75 1 . 04 78 .00090 

.0604 .0474 .735 .0166 .00093 

.056 1 .0427 .7117 · 0~1 54 .00193 

.0534 .0376 . 724 .044 1 .00212 

.050 1 .0326 .696 .0429 .00255 

.0462 .0278 .671 · O~ 18 .00256 

.0438 .0235 . 618 .0407 .00304 

. 0'108 .0194 .565 . 0397 .00273 

.0362 .0147 .499 .0384 .00328 

.033 1 .0105 . 402 .0372 .00272 

.0289 .0056 .255 .0360 .00340 

28.6° PITCH ETTING,Oo YAW 

-0.00320 
-. 0022~ 
-.00057 
-.00002 
-.000 18 

.00053 

.00064 

.001 12 

. 00132 

.00[57 

.00226 

.00232 

.003? 

.00 7 

.004 

.004 7 

.00534 

.00632 

-0.00507 
- .00206 
-.000 7 

.000 10 

.00097 

.00 130 

.00202 

. 00249 

.00243 

.003 6 

.00437 

. OU~1 2 

.00534 

. 00504 

. 00650 

. U0722 

.00750 

. 00826 

C,. ~ Cpu Cp, C .. Cn C, nnd Co 

- - -- - - - --- --- - --
0.1006 0.230 -0.00032 -0.00044 0.00090 -0. 000~6 -0. 01 60 

.0965 .377 -.00025 -.00044 . 00055 -. 000~8 - .01 50 

. 0952 . - 7 -.00019 -.0005 1 .00068 -.00056 -.0 14 5 

.0975 .702 -.00025 -.00089 .00055 -.00054 -.0142 

.0909 .750 -.00025 -.00061 .00053 -.00052 - .01 41 

.0834 .784 -.00032 - . 00057 .00034 - .00013 -.0136 

.0769 .809 -.00032 - . 00089 -.00013 -.OO(W; -.0131 

.0716 .825 - .00025 - .0001'1 .00030 - .00039 -.0126 

.06 12 .812 -.00006 - . 0002Ii .00065 -,00035 -. 01 17 

.0582 42 0 -.00032 - . 00023 -.00034 -. 011 3 

.05 19 42 .00006 -.00019 . 00002 -.00027 -.0105 

.0155 36 .00006 -.00038 -.000 19 -.00028 - .0097 

.0390 . 826 .00006 -.00032 -.00011 - .00014 -.0088 

.025·1 .744 0 - .00044 -.00061 -.00026 -.0069 

.0179 .681 .00012 - .00032 -.00042 -.00012 -.0055 

: ~ : 'i~ .702 .00006 -.00057 - .00080 -.00029 -.0055 
.575 .00032 -.000 19 - . 00038 -.00009 -.0028 

28.6° PITCH SETTING, 10° YAW 

CT q Cpu Cp, C .. Cn C, Co 

---- - - - --- --- --- ------

0.0986 0.218 0.0187 -0.00063 -0.00159 - 0.00055 - 0.0157 -0.0157 
.09 I .3·15 . 0193 -.00056 -.00 111 -.0007 1 -.0144 - . 0143 
. 0926 .420 . 019 1 - .00025 -.00082 -.00065 -.0144 -. 01·13 
.0925 :~ .0198 -.00063 0 -.00078 -.01'13 -.01'11 
.0960 .0207 -.00095 -.00072 -.000 18 -.0143 -.0141 
.0901 . 747 .0201 -.00057 .00008 - . 0000I -.0142 -.01'10 
.0830 .784 .01 96 -.00025 .00017 .00011 -.0139 - .01 36 
.0768 .S05 : ~ : ~~ .00045 .00145 . 00005 -.0135 -.0131 
.0706 [9 .00057 .OOOJ3 .00030 -.0130 -.0127 
.0636 . 814 .0182 .00096 .00047 .00066 -.0124 -.0121 

:~~ .833 .0179 . 001 OS .00131 .00040 -.01 18 -.011 4 
. 835 . 0173 .00095 .001 35 .00049 -.011 0 -. 0107 

. 04 63 .834 . 0171 .00102 . 001'10 .000·19 -. 0103 -.0099 

.0395 .796 .0165 .00089 .00144 .00069 -.0097 -.0093 

.0330 .757 .0163 .00095 .00182 .00068 -.00 9 -.0085 

.0262 .691 . 0161 . 00158 .00246 .00079 -.0082 -.0076 

.0193 .624 .0159 .00202 .00303 .00085 -.0070 -.0064 
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TABLE I-Cont inued TABLE I-Continued 

Cp, Cn C, CQ n~ I Cp I CT I ~ I Cn C, 

28.6° PITCH SETTI G, 20° YAW 28.6° PITCH SETTING, 30° YAW 

O.HO 0.1049 0.0957 0.100 0.0363 -0.00082 -0.00464 - 0.00053 -0.0161 -0.0167 
.380 .0957 .0924 .367 :~~ -.00063 - . 00221 -.00067 - . 0154 -.0152 
.511 .0894 . 0889 .508 -.00075 .00016 -.00088 -. 0152 -.0142 
.632 .0902 .0881 .617 .0408 -.00019 .00034 -.00066 -.015<1 -.0144 

0. 130 0. 1031 O. 0874 1 O. JlO 0.0536 o. 0003~ -0. 00053 -0.00043 -0.0151 -0.0164 
.365 .0922 . 0839 .332 .0568 .00212 - . 00379 - . 00082 - .0147 -.0147 
. 520 .0875 .0818 . 486 .0584 . 00149 -.00197 -.00003 - .0148 - .0139 
.645 . 0884 . 0783 . 571 . 0596 .00256 -.00000 -. 00091 -.0157 - . 0141 

. 721 .0879 .0856 .702 .0413 . 00025 .OOJOO -.00002 - .0152 -.0140 . i27 . 0882 .0771 .636 .0008 .00307 .00072 - .00052 -.0165 - . 0140 

.804 .0870 .0803 .742 .0407 0 .OOJ34 . 00010 -. 0152 - . 0138 .805 .0854 . 0739 .697 . 00 11 .00275 .00135 .00011 -.0164 - . 0136 

.865 .0855 . 0750 .759 .0400 .00076 . 00179 .00072 - . 0151 -.0136 

.923 . 0828 .0096 .776 .0393 :~~~ .00226 .00086 - . 0147 -.0132 

. 977 .0805 .0644 .782 . 0385 . 00264 .00096 - .0145 -. OJ28 
1.029 .0777 .0591 . 783 .0378 :~ : ~~ . 00258 . 00104 -.0140 -. 0124 
I. 076 .0732 . 0535 . 786 .037 1 .00342 .00099 -. 0136 -. 011 7 
1. J22 .0689 . 0476 . 775 . 0363 .00 190 .OO39S .00120 -.0129 -.011 0 
1.169 .0027 . 041 8 .779 .0355 .OO2J9 . ()()'169 .00135 - . 0125 - . 0100 
1. 215 .0589 .0362 . 747 .0352 .00258 .00504 . OOJ~~ - . 0119 -.0094 
1.264 .0536 .0295 .696 .0346 .00264 .00573 .00152 -.011 2 -.00 5 

.870 .053 . 070J .715 . IJ609 .00245 . OOl?8 . 00053 - .0167 -. 0136 

:~~ .0844 .0064 . 727 . ()flOl .00233 :~~~ .00086 - .0170 -. 0134 
.0812 . 0020 .747 .0595 .00257 .00105 -. 0168 -. 0129 

1. 034 .0821 . 0573 .722 .0590 .00328 .00406 . 00128 -.0169 -. 0124 
1.080 .0766 . 0534 .753 .0583 .00284 .00462 . 001 52 - .0168 -. 0122 
1. 131 : ~~!~ . 0488 .760 .0579 .OO27J .00515 . 00163 -. 0164 - .0116 
1. 178 . 0439 .720 .0570 .00308 .00552 . 00180 - .0164 - .0114 
1. 229 .0700 . 0392 .682 .0568 .00285 .00584 .00190 -.0164 -.01 12 
1.274 .0053 .0343 .669 .0560 .00322 .00096 .00197 - .0161 -.0104 

1. 312 .0479 .0234 .64 1 .0340 .00326 .00832 .00144 - . 0104 -.0076 1. 310 . 0567 . 0293 .677 .0551 .00356 . 00861 . 00193 -.0154 -.0090 

U. 5. GOVERNWENT I'RINTlN'G OFFI CE : 19!7 
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" " ...... 
...... ....... 

z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about a:'!:is Angle Velocities 

Designation Sym-
bol 

LongitudinaL ____ X 
LateraL _________ y 
NormaL _________ Z 

Absolute coefficients of moment 
L M 

0=- 0=-
I qbS m qcS 

(rolling) (pitching) 

Force 
(parallel 
to axis) 
symbol 

X 
y 
Z 

D esignation 

Rolling _____ 
Pitching ____ 
yawing ____ 

N 
01l=qbS 
(yawing) 

Linear 
Sym- Positive Designa- SVIll- (compo- Angular bol bol 

L 
AI 
N 

direction tion nent along 
axis) 

--
Y Z RoIL ___ _ <P 

l 
u p 

Z ---.X Pitch ___ (J v q 
X-----7Y yaw ____ _ If w r 

---
Angle of set of control surface (relative to neutral 

position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D 
V', 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= ~ 104 
pn v· 

Torque, absolute coefficient CQ = 9 TIS 
pn v · 

P, 

0., 

7], 

n, 

cI>, 

Power, absolute coefficient CP = ~ nr. 
pn l.r 

5/ 1'6 
Speed-power coefficient=-V ~n2 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle=tan-I( .... V ) ;t,7rrn 

5. NUMERICAL RELATIONS 

1 hp.=76.04 kg-m/s=550 ft-lb./sec. 
I metric horsepower = 1.0132 hp. 
1 m.p.b..=0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 

1 Ib.=0.4536 kg. 
1 kg=2 .2046 lb. 
1 mi.=1,609.35 m=5,280 ft. 
I m=3.2BOB ft. 


