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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

I Metric English 

Symbol 
Abbrevia-Unit Abbrevia- Unit tion tion 

Length _______ l meter __________________ m foot (or mile) _________ ft. (or mi.) Time _________ 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 hour ______ k.p.h. miles per hour ________ m.p.h. 

meters per second _______ m.p.s. feet per second ________ f.p.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740ft./sec.2 

W Mass = -
g 

Moment of inertia=mP. (Indicate axis of 
radius of gyration k by proper subscript.) 

Coefficient of viscosity 

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

15° C. and 760 mm; or 0.002378lb.-ft.-4 sec.2 

Specific weigh t 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 aD = ::s 
Profile drag, absolute coefficient aD = DSo • q 

Induced drag, absolute coefficient OD.=DSI • q 

Parasite drag, absolute coefficient aD - DSp • q 

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

i Ul , 

~" 

Q, 
n, 
Vl 

p- , 
p. 

Angle of setting of wings (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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FULL-SCALE WIND-TUNNEL TESTS OF A PCA-2 AUTOGIRO ROTOR 

By JOIIN B. WHEATLEY and MANLEY J. HOOD 

SUMMARY 

This paper presents the results oj jorce tests on and air­
flow" surveys near a PCA- 2 autogiro rotor in the N. A. 
O. A. jull-scale wind tunnel. The jorce tests were made 
at three pitch settings and several 7'otor speeds; the effect 
oj jairing protuberances on the 7'otor blade was dete7'­
mined. Induced downwash and yaw angles were de­
termined at two tip-speed ratios in a plane 17~ jeet above 
the path oj the blade tips. The results show that the 
maximum LID oj the rot01' cannot be appreciably in­
cl'eased by increasing the blade pitch angle above about 
4.50 at the blade tip; that the protuberances on the blades 
cause more than 5 percent oj the total rotor drag; and 
that the rotol' center-oj-pressu1'e travel is very small. 

INTRODUCTION 

The ational Advisory Committee for Aeronautics 
has for several years been malting an intensive study 
of rotating-wing aircraft initiated because of the defi­
nite promise of this type of flying machine in the 
related fields of safety and low-speed control. The 
experimental work completed to date has consisted of 
flight tests on a PCA-2 autogiro (references 1 and 2) 
from which the gliding performance, fixed-wing loads, 
and rotor-blade motion of the machine were deter­
mined. Following these tests an attempt was made to 
deduce from them the aerodynamic characteristics of 
the rotor (reference 3), but the results were unsatis­
factory for several reasons. No quantitative evalua­
tion of the interference of the remainder of the machine 
upon the rotor was possible, but the most serious fault 
with the results lay in the fact that the drag of the 
rotor, its most important characteristic, could not be 
found. In order to obtain complete and accurate in­
formation concerning the aerodynamic characteristics 
of the PCA-2 autogiro rotor and to supply data appli­
cable to an analysis of the sources of its drag, the rotor 
was removed from the machine and tested alone in the 
full-scale wind tunnel at Langley Field in December 
1933. 

The test program included force tests at one pitch 
setting and several rotor speeds with the blade pro­
tuberances both exposed and fall'ed, and at two 

additional pitch settings and at several rotor speeds 
with the protuberances faired. In addition, air-flow 
surveys were made at two air speeds in a plane parallel 
to and about 1% feet above the path described by the 
blade tips. 

This report contains a presentation of the data 
obtained in the full-scale wind-tunnel tests. The 
results of an analysis of this information will be sub­
sequently published. 

APPARATUS 

The autogiro rotor used in these tests is shown 
mounted in the wind tunnel in figure 1; figure 2 shows 
its geometrical characteristics. For the fu'st tests the 
rotor was exactly as furnished on the PCA-2 auto­
giro (fig. 3 (a) ), but during all subsequent tests there 
were fall'ings over the droop-cable fittings and damp­
ing devices for the interblade cable (fig. 3 (b) ). 

The N. A. C. A. full-scale wind tunnel, together 
'with its 6-component balance and air-flow survey 
apparatus used for these tests, is described in detail 
in reference 4. Sphere drag tests made since this 
reference was published show the critical Reynolds 

umber in the wind tunnel to be between 340,000 
and 370,000, indicating the turbulence, as measured 
by this method, to be about the same as has been 
found in free air. (See reference 5.) 

The rotor was supported on the balance by a steel 
tube tripod having an apex formed by a steel casting 
containing a mechanism for changing the angle of 
attack. This mechanism consisted of a double 
worm and gear reduction operated by a hand crank 
in the balance house. The angle of attack (the acute 
angle between the direction of flight and a plane per­
pendicular to the rotor axis) was indicated by a 
revolution counter geared to the crank shaft. The 
entire supporting system beneath thl3 rotor was 
shielded from the all' stream to eliminate tare drag. 

The rotor peed was obLained from an indicator n t 
the angle-of-attack control station, connected to a 
tachometer magneto driven by tho rotor. An addi­
tional indicator was placed at the wind-tunnel con­
trol station for the use of the tunnel operator while 
the rotor was being started. 

1 
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TEST PROCEDURE 

The rotor was started by the air tream, no mecharu­
cal starting gear having been incorporated in the test 
et-up. The rotor wa et at abou t 10° angle of at-

FLGU RE 1.- PCA-2 autogiro rotor iu 

tack, the wind tunnel was started lowly by jogging 
on and off the lowest-speed switch point, and the air 
speed was gradually increased as the rotor picked up 
speed. 
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total blade area 
olidity, Disk area ----- -- --------- 0.0976. 

FIGU RE 2.-Geometrical characteristics of ibe PC A-2 au togiro rotor. 

Force test were made by the following procedure: 
The wind-tunnel control was set for the lowest air 
speed, the angle of attack was adju ted so the rotor 
operated teaclily at a desired rotor speed, and the 

necessary readings were taken. The angle of attack 
was then ad justed to give other de ired rotor peeds, 
readings were again taken, a.nd the process wa r e­
peated at other air peeds. For each condition of 

. A. C. A. full-scale wind tuunel. 

operation the readings of all the scales were mechani­
cally recorded and visual readings were taken of rotor 
speed, rotor angle of attack, and air- tream dynamic 

(a) Protuberances ex posed. 
(b) Protuberances faired. 

FIGU RE 3.- Protuberances ou PCA-2 autogiro rotor blade. 

pres ure. In order to compute true air speed, the 
air temperature, barometric pressure, and wet- and 
dry-bulb temperatures were obtained by visual ob­
servations at intervals during the test. 
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The highe t angle of attack at which it wa po sible 
to te t the rotor in the wind tunnel was limited in some 
cases by the fact that the tunnel cannot be operated 
below 23 miles per hour and in other cases by the jet 
size. At the highest angle of attack (26 0 uncorrected), 
the blade tips were 3.6 feet and 5.9 feet from the top 
and bottom boundaries of the jet, respectively. The 
lowest angle of attack at which the rotor could be 
te ted was limited by the highest air speed available, 
119 miles per hour, with the rotor in the jet. 

Air-flow survey were made in a plane approximately 
parallel to and about 1}~ feet above the circle de cribed 
by the blade tips. The apparatus and method used 
are described in reference 4, except that angles were 
measured by the pressure method ins tend of by the 
null, or alinement, method. 

liVhen the pitch setting of the rotor blades wa 
changed it was adjusted within 0 .10 with a level 
protractor. In order t.o check the track of the blades, 
the rotor wa run and a paint brnsh wa lowered onto 
the rotor from above until the higb blades were marked. 
Indicated adju tments were then made and the process 
rrpeated until the rotor operated smoothly a indi­
cated by the steadine s of the balance scales. When 
the rotor operation was considered ati factory, the 
blade tips tracked to within about l}~ inches. 

RESULTS 

Tlll' re ults of the tests are contained in table I to 
IV and figures 4 to 17, inclu ive. All data have been 
corrected for jet-boundary and blocking effect; in 
addition, the drag of the rotor hub wa measured 
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FIG URE 4.- PCA-2 autogiro rotor characteristics, 0=3.0D, pitch set­
ting = 1.9D, N=lOO r. p. m., protuberances [aired and exposed. 

with the blades removed and subtracted from the 
rotor drag. 

It will be noted that the nominal pitch angle, repre­
sented by the symbol 0, differs from the pitch setting 

noted on each figure and is not constant at a given 
pitch setting. The nominal pitch angle is the pitch 
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angle of the tip of the rotor bhtde under operating 
conditions and the pitch setting is the pitch angJe at 
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FIGURE 6.-PCA-2 autogiro rotor characteristics, 0=3.7°, pitcb set· 
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the tip of the rotor blade when at rest. The clifIerence 
between the two is the dynamic twist, arising because 
the component of centrifugal force normal to the rotor 
blade is applied aft of the blade center of pressure; 
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the couple resulting from these two forces is within 
small limits proportional to the thrust, so the dynamic 
twi t also varies with the thrust. Flight tests on the 
PCA- 2 rotor established the fact that the dynamic 
twist is about 0.89° at the tip for 1,000 pounds thrust, 
and the nominal pitches a signed to the different runs 
made in the wind-tunnel tests were determined from 
this relation, employing the average thrust obtained 
at a given rotor speed. 

Figures 4 to 7 show the influence on the LID and 
angle of attack of the rotor resulting from fairing the 
blade protuberances shown in figure 3, the results being 
presented for one pitch setting and for several rotor 
speed. Figures 8 to 10 show the influence of a change 
in the pitch setting of the rotor, curves being shown on 
each figure for different designated rotor speeds. Ex­
perimental points have been omitted on figures 8 to 10 
because the curves are so clo e together that confusion 
would have resulted had they been included. The 
quantity and dispersion of the test points are, how­
eyer, the same for these figures as for figures 4 to 7. 

In figures 11 to 13 are presented vector sheaves for 
the three pitch settings tested. The accidental errors 

Air direction Air direction 

in the measurements of aerodynamic moments were as 
large as or larger than the differences caused by varying 
the rotor speed. For this reason, the average value of 
the moment coefficients obtained at different rotor 
speeds was used to construct the vector sheaves. 

Figures 14 and 15 contain the contour maps of the 
downwash angles measured in a plane about l}~ feet 
above the tips of the rotor blades, and figures 16 and 17 
show the contour maps of the yaw angles measured in 
the same plane. 

PRECISIO 

The relation between blade pitch angle and rotor 
thrust that was used in assigning values of nominal 
pitch angle to the various curves presented herein was 
established by photographic studies of the rotor in 
flight. The precision of the results so obtained was 
su.ITtcient to determine the proportionality between the 
thrust and dynamic twist to within about 10 percent, 
and the nominal pitch is considered accurate to within 
±0.2°. 

The accidental errors disclosed by the dispersion of 
the experimental points in figures 4 to 7 may be 
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it cribed to the following possible ca uses: F ailure to 
obtain steady condi tions on the ro tor before taking 
readings, fluctuation in the dynamic pre ure and 
rotor speed as readings were taken, and observational 

Air direction 

\ 
of 

ro tation 

( 
FIGURE 14.-Downwash angle distribution over disk of PCA- 2 autogiro 

rotor, 1' =0.294, N=120 r. p. m., pitch sctting=1.9°. 

error in r eading the dynamic pre sure and rotor peed. 
The number of e~-p erimental point is, however, uffi­
cient to r educe the accidental error in the fau-ed curves 
of the figures to a negligible value. 

Air direction 

-/. a· 
a· 

4· 

\ 

,;::'2"; 
Direction 

of 
rota tion 

( 
FIGURE IS.- Downwasb angle distribution over disk oC PCA-2 autogiro 

rotor, 1'=0.44 , N=1l5 r. p. ill., pitch setting=1.9°. 

Consistent error in the re ults may be considered as 
arising only from the blocking and jet-boundary cor­
rections applied to the measured coefficients. T are 
forces were so small a percentage of measured forces 
that they may be nrglrcted in this consideration. The 

blocking correction, necessitated by the disturbance of 
the uniform velocity distribution across the jet by a 
body in the jet, was determined by velocity urveys 
across the wind-tunnel retuTn passage accurately 

2° 

\ 

Air direc tion 
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"'--""-0· 

-4° ) 

Direction 
of 

rotation 

( 
F IGURE 16.-Induced yaw distribu tion over d isk of P CA - 2 autogiro 

rotor,I'= O.294, N= l 20 r. p. m., pitch setting= 1.9°. 

enough to insure dynamic preSSUTe being correct 
within ± 1 percent. The jet-boundary correction was 
applied as in reference 6, the value of the correction 
factor 0 being assumed equal to that for an au-foil of 

\\ 

Positive 
yow 

I" 

a" / 

Dir ection 
of 

r otation 

( 
F IGURE !i.-Induced yaw distribution over disk of P C A-2 autogiro 

rotor, 1'= 0.44 , N= 1l5 r. p. m., pitch setting= 1.9°. 

span equal to the rotor diameter. It is recognized 
that the trailing vor tices behind the rotor are in all 
probability essen tially different in distribution from 
those behind a wing, but this discrepancy may be cor­
rected by using a slightly differen t equivalent span for 
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the rotor . The value of 0 is, however, almost constant 
for all wing spans between 35 and 45 feet and, since the 
rotor diameter is 45 feet, this value of the span was 
used to determine o. 

Unfortunately, no quantita tive value could be as­
signed to the correction that should be applied to the 
measured downwash angles a t different stations along 
the chord of the rotor disk. Studies of this question, 
soon to be published, indicated that in this case the cor­
rection would be less than 10 percent of the measured 
value of the downwash angle at the t railing edge of the 
disk, or less than 1°, and the correction would be zero 
near the t ransverse diameter of the disk. Because 
quantitative information was lacking, no correction 
was made to the survey results except the subtraction 
of a constant value equal to the jet-boundary effect on 
angle of attack . The contours shown are thought to 
be within 1 foo t of their correct position. 

The vector sheaves shown in figures 11 to 13 include 
errors in bo th the moment and lift coefficien ts. The 
relative magnitudes of the coefficients and the number 
of experimen tal points are such , however, that the 
position of each vector is determined to within ± X 
inch. 

The following table summarizes the precision of the 
results arrived at from the previous discussion: 

C L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ± 2 percell t . 
L j D ___ __ ____ ___ __ _______ __ ~ _ __ _ _ _ _ ± 4 percent. 
C y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ± 8 perc en t. 
a _ __ _ ____ ____ _______________ _ ___ _ ± 0.2°. 
J.J. __ _ ____ _ __ _ __ _ - - _ _ __ - - _ - - - _ - - - - - ± 2 percent. 
N __ _ _ __ _ _ __ __ _ __ _ _ _ _ _ _ _ __ _ ___ ___ _ ± 0.5 percent. 
C

1 
_ __ _ _ _ _ _ _ __ __ _ _ - ________ - - ______ ± 20 percent. 

C .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ± 20 percent. 
Vectors _____ ___ ______ _____________ ±j:\ inch. 
COllto llrs __ _____ ______ _______ _____ ± l foot . 

DISCUSSION 

Change of nominal pitch angle with thrust.- The 
importance of assigning the correct nominal pitch 
angle to each run made in the tunnel tests lies in the 
sensitivity of the fundamental parameters of the rotor 
to small changes in pitch . The data obtained in these 
tests were intended primarily for analytical pmposes 
and, for this reason, every effort was made in prelim­
inary flight tests to establish defini tely the relations 
governing the changes in pitch with the rotor operating 
conditions. It is though t that the accurate determi­
nation of the pitch angle elilninates a major source of 
discrepancies in the data which otherwise migh t occur 
during analysis. 

Effect of blade protuberances .- The influence of 
protuberances on the blade is demonstra ted in figure 
4 to 7. It is seen from figm e 3 that the fairings 
employed co uld not entirely eliminate the drag caused 
by the blade fit tings, but the reduction in rotor drag 
due to the fairings amounted to about 15 pounds for 

a 3,000-pound machine, or about 4 hoI' epower required 
at 100 miles per hour. Although it was nece ary to 
obtain ome information concerning the protuberance 
drag in order to evaluate the drag ca used by the re­
mainder of the ro tor, the results are of minor practical 
importance because of the current trend toward the use 
of cantilever blades wi th no protuberances . 

Effect of rotor speed and pitch angle .- Figures 8 
to 10 illustrate the change in rotor characteristics 
with ro tor speed and pitch et ting. It is shown that 
at a constant pitch setting and tip-speed ratio there 
is a small but consistent increase of lift coefficien t as 
the tunnel speed and rotor speed increa e. The change 
in L ID is not absolutely consisten t but appears to be 
an increase at low tip-speed ratios, culminating in a 
higher maximum and falling orl' more rapidly after the 
peale, as the rotor speed increases. The angle of at tack 
also change with rotor speed. F igure 8 shows a. fairly 
consistent decrease in thi quan tity at a given tip­
speed ratio as the ro tor peed increa e . 

The effect of pitch setting on rotor characteristics 
may be ascertained by a comparison of figm e 8, 9, 
and 10. At a given tip-speed ratio it is seen th a t the 
lift coefficient and LID increase with the pi tch setting, 
though th ere is a small diITerence between the L ID in 
figure 8 and in figure 10. The pitch set ting does not 
change the tip-speed ratio at which maximum L ID 
occurs, this value of f.J. being approximately 0.35 for 
all blade settings. 

By reference t o the increase in rotor lift coefficient 
and change in L ID with rotor speed, it is found that 
the variations can be explained as a result of an increase 
in nominal pitch angle, caused in turn by the increase 
in thr ust at greater rotor peeds. E vidence supporting 
this statement is aft'orded by the change in the positions 
of the envelopes of the CL and L ID CLlrve in figures 8, 
9, and 10 corresponding to defini te changes in the 
pitch setting, the variation of the same characteristics 
with rotor speed being closely parallel. 

Vector sheaves.- The re ul tant force vectors of thf' 
rotor are proj ected upon the longi tudinal and la teral 
planes containing the rotor axis in figures 11 to 13, 
each figure presen ting average re ults for one pi tch 
etting. The projections of the vector in the longi­

tudinal plane in each figure move forward with de­
creasing tip-speed ratio to a maximum distance from 
the axis at a t ip-speed r atio of approximately 0.3. 
This type of variation is probably a consequence of the 
lag of the blade flapping behind the forces causing i t, 
although presen t knowledge of the mechanics of the 
rotor is too meager to explain the center-of-pressure 
movement in detail. 

The recession of the force vectors from the axis of 
rotation in a lateral direction as the tip-speed ratio 
increases can be reasonably interpreted. As the asym­
metry of the rotor, represented by the tip-speed ratio , 
increases, the equalization of lift on opposite sides of 
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the plane of symmetry become more difficult and i 
less completely accompli hed, cau ing a hift in the 
center of pressure almost proportional to the tip-speed 
ratio. 

Velocity surveys .- The downwa h-angle contour 
hown in figures 14 and 15 have several points of intel'­

e t. There is an increa e in downwa h angle in passinO' 
from the leading to the trailing edge of the disk along 
th plane of symmetry, which is in agreement with the 
expected variation for a lifting surface of such large 
chord and low aspect ratio. The downwa h also show 
a peak occurring just aft of the transverse position of 
the retreating blade and a decreased downwash where 
the velocity over the retreating blade is rever ed. 
The e conditions are con istent with the large flapping 
motion, leading to high angles of n,ttack, of the tran -
verse retreating blade and the poor flow condition in 
the reversed velocity region. Also noteworthy is the 
up110w in both forward quarter of the disk, near its 
edge. 

The induced yaw angle plotted in figure 16 and 17 
di clo e little of interest. In figure 16 there i a pro­
nounced yaw away from the pln,ne of ymmetry on the 
n,ft part of the disk, but this phenomenon is not 
exhibited on figure 17, made at a greater tip-speed 
ratio. No satisfactory explanation of this peculiar 
110w ha been obtained. 

CONCLUSIONS 

1. The aerodynamic characteristics of the POA- 2 
autogiro rotor change with rotor speed and/or thrust. 

2. The existence of a blade twi t proportional to 
thru t explain the change in rotor characteristics with 
thTU t. 

3. The maximum L/D of the rotor cannot be appre­
ciably increased by increasing the pitch angle above 
approximately 4.5 0 at the blade tip. 

4. The drag of protuberances on the rotor blade is 
an appreciable percentage of the total rotor dng, 
being more than 5 percent on the POA- 2 blades. 

5. Lateral and longitudinal center-oi-pre SUl'e travel 
i very smail, beinO' Ie than 2 inche in the plane of 
the rotor di k. 

6. Pronounced variation in downwa h exist at 
certain portions of the rotor di k. 

J..JA GLEY MEMORIAL AillRONAUTICAL LABORATOHY, 

ATIO AL ADVISORY OOMMITTEE FOR AERO AUT I S, 

LANGLEY FIELD, VA., October 12, 1931,.. 
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TABLE I.-PIT CH SETTING= 1.9°, PROTUBERANCES 
EXPOSED 

/-' " (;L CD LID N C. Cm Cy 
Tip- Angle Lift Drag Lift- Rotor Rolling- Pitching- Lateral-

force speed of coeffi- coeffi- drag speed moment moment ooem-ratio attack cient cient ratio r.p.m. coefficient coefficient cient 
---------------------------

0.133 18.7 0.605 0.228 2.65 98.3 0.001574 0.000130 0.0131 
.134 18. 8 .597 . 226 2.64 97.5 .001242 -.000103 .0130 
.169 13.0 .423 .115 3.68 98.8 . 001287 .000192 .0102 
.136 18.6 .601 .223 2.69 109. 2 .001845 . 000028 .0017 
.148 16.1 . 540 .176 3. 07 119.7 .002695 .000756 .0036 
.148 16.0 .547 .177 3. 09 119.2 .001653 .000272 . 0036 
. 210 9.0 .277 .0559 4.95 98.3 .000931 .000140 .0067 
.210 9.0 .278 . 0509 4.89 99.6 .000997 .0001J7 .0061 
.182 11. 1 .373 .0866 4.31 118.9 .000639 .000018 . 0066 
.182 11. 1 . 376 .0868 4.33 118. 9 .001001 .000174 .0064 
.138 18.5 .614 .213 2.88 133.5 . 001509 .000352 .0071 
.138 18.5 .612 .213 2.87 133.9 .001594 .000313 .0076 
.237 7.5 . 217 .0391 5.55 100.0 .000715 .0000 5 .0047 
.237 7.4 .220 .0395 5.57 100.0 .000717 .000076 . 0047 
. 274 5.7 .159 .0257 6.19 9 . 8 .000414 .000070 . 0031 
.275 5.7 .159 .0257 6.19 98.8 .000566 .000075 .0031 
.216 8.3 .271 .0530 5. 11 117.6 .000752 .000116 .0063 
.217 8.4 .269 .0524 5.13 117.1 .000646 .000081 .0062 
.161 14.1 .199 .136 3.67 137.6 .002114 .0007 9 .()()'17 
.161 14.1 . 499 . 136 3.67 137.6 .001598 .000499 .0054 
.206 9.0 .318 .0635 5.01 13a.5 .001057 .000271 .0044 
.207 . 8 .335 .0593 5.65 132.8 .000941 .000243 .0043 
.171 12.8 . 466 .1122 4.15 147. 7 .001300 .000150 .0073 
.170 12.8 .469 .1129 4.16 148. 2 .0009 6 . 000051 . 0077 
.245 g:~ .207 .0359 5.76 118.1 .000560 . 000109 . 0067 
.246 .198 .0371 5.33 I~U .000502 .000090 .0068 
. 309 4.8 .1223 .0185 6.61 .000316 .000051 .0021 
.307 4.8 . 1239 .0188 6.59 99.6 .000236 .000045 . 0022 
.278 5.4 .160 . 0259 6.18 117.6 .000565 0 .0035 
.278 5. 4 .159 .0259 6.14 117.6 .000455 .000073 .0034 
.224 7.8 .268 .0492 5. 44 137. 3 .000SSO .00006J .0041 
.225 7.8 .266 .04 5. 45 137.3 .00032 .000176 .0042 
.199 9.6 .351 .0705 4. 98 146.9 .000721 .000070 .0050 
.201 9. 7 .349 .0707 4.93 147.7 . 001174 . 000883 . 0052 
. 341 4.0 .0989 .0140 7.07 9 . 0 .000256 .000055 . 0017 
. 344 4.0 .0959 .0143 6. 71 97.1 .000216 . 000048 .0015 
.372 3.5 .0790 .0120 6. SS 98.0 .000886 .000017 .0012 
.371 3.5 . OS12 .0122 6.66 98.0 .000296 .000045 . 0012 
.299 4.7 .1350 .0212 6. 37 118.9 .000386 .000059 .0028 
.310 4.7 .1309 .0204 6.42 118.1 . 000256 .000047 .0026 
.246 6.4 .2185 .0368 5.94 138. 5 .000439 .000042 .0039 
. 249 6.5 .215 .3060 5.97 137.6 .000492 .000090 .0037 
. 226 7.8 .275 .0500 5. 50 147.7 .000723 .000106 .0044 
.224 7. 8 . 279 .0509 5.48 148. 6 .000698 .000079 .0044 
. 312 4. 4 .1229 .0190 6. 47 118. 5 . 000282 -.000005 .0025 
.262 6.0 .1924 . 0315 6.11 137.6 .000484 . 000072 .0038 
.236 7.0 . 250 .0438 5.71 146.5 .000744 .000102 .0041 
.386 3. 4 .0737 . 0110 6.70 98.0 .000159 .000011 .0011 

:~~ 4.0 .1050 .0160 6.56 119.7 .000278 .000036 .0020 
5.3 . 165 .0263 6.27 138.5 .000512 .000091 .0033 

.257 6.1 .207 .0338 6.12 147. 4 .000585 .000081 .0035 

.414 3.0 .0638 .0109 5.85 97.5 .000110 .000016 .0009 

.343 3.9 .1004 . 0154 6.52 121. 4 .000448 .000049 .0020 

. 292 4.8 . 1496 .0226 6.61 13 . 5 . 000329 .000026 .0030 

. 270 5.6 .14 .0289 6.37 146.1 .000515 .000075 .0030 

. 421 2. 9 .0624 .0095 6. SS 99.2 . 000258 . 000038 . 0009 

.374 3. 4 .0825 . 0124 6.65 117.1 . 000319 . 000029 . 0014 

.3OS 4.5 .1335 .0200 6.68 138.5 . 000397 . 000046 .0027 

.284 4. 8 . 166 .0253 6.56 146.9 .000456 .000056 .0029 

.449 2.6 .0534 .0082 6.51 9 .3 .000081 .000054 .0007 

.382 3. 3 . 0786 . 0121 6.59 119. 7 .000317 .000049 .0015 

.326 4.0 . 1177 .0173 6.80 136.8 .000416 .000062 .0023 

.464 2.4 .0489 .00777 6.29 98.8 .000050 .000048 .0006 

.412 2.8 .0652 . 0100 6.52 117.1 .000257 .000046 .0010 

.342 3.7 .0984 .0161 6.11 139.2 .000377 .000050 .0021 

.318 4.0 .1201 .0191 6.29 I~U .000426 .000067 .0022 

.490 2.1 .0444 .00712 6.24 .000144 .000019 .0005 

. 414 2.9 .0657 . 0101 6.50 121. 4 .000339 .000027 .0012 

. 356 3.4 .0955 .0140 6.82 139.2 .000137 .000029 .001 

. 329 3.8 .1176 .0[74 6.75 148. 2 .000525 . 000082 .0021 

. 512 2.1 .0390 .00662 5. 89 98.8 .000099 .000032 .0004 

.443 2.7 .0562 .00897 6.26 119. 7 .000259 .000024 .0009 

.379 3.1 .0839 .0123 6.82 138. 5 .000268 . 000008 . 0015 

.352 3.5 .1013 .0148 6.84 147.4 .000429 .000047 .0019 

.535 2.0 .0371 :~~g 5. 9 99.7 . 000150 .OOOOJ5 .0003 

.494 2.3 .0439 6.11 117.6 . 000094 .0000[2 .0006 

.405 2.9 .0718 .0110 6.53 141. 7 .000348 .000042 .0014 

.375 3.0 .0885 .0132 6.70 152.3 : ggg~~~ - . 000004 .0015 

. SS4 1.9 .0317 .00562 5.66 99.7 .000033 . 0004 

.637 1.8 . 0284 .00514 5. 57 98. 8 .000289 .000018 .0002 

. 5J7 2.1 . 0403 .00680 5.93 120. 5 .000129 .000018 .0005 

.440 2. 5 .0588 .00897 6.60 140. 9 .000278 :~g . 0010 

.412 2. 7 .0707 .01050 6.73 149. 0 .000471 .0013 

. 593 1. 8 .0305 .00538 5.75 114.7 .000009 .000015 .0003 

.493 2.1 . 0461 .00749 6.23 137.7 .000229 .000022 .0005 

.705 1.4 .0240 .00454 .1.33 97. J .000149 . 000033 .0001 

.608 1.6 .0303 .00546 5.61 120.5 .000198 .000034 .0003 

.520 1.7 .0418 .00678 6.15 140.9 .000287 . 000050 .0005 

. 722 1.2 .0234 . ()().159 5.09 102.1 .000218 .000026 .0002 

TABLE rI.-PITCH SETTING= O.8°, P ROTUBERANCES 
FAIRE D 

A;gle I 
I Cr 

" CI. CD LID N C. Cm 
'l'ip- Lift Drag Lift- Rotor Rolling- Pitcbing- Lateral-

speed of coeffi - coeffi- drag speed moment moment force 
ratio attack cient cient ratio r. p.m. coefficient coefficient cneffi-

rient 
--- ------------------------

0. 124 19.7 0. 509 0. 199 2.56 111.3 0.001684 0. 000174 0.0055 
. 124 19.7 . 508 .197 2.58 111.3 . 001348 - . 000128 .0058 
.125 19.6 .519 .199 2.61 124.6 .001455 .000006 .0018 

TABLE II.-PITCH SETTING = O.8°, PROTUBERANCES 
F AIRED-Continued 

" " CL CD LID N I C. Cm 
Cy 

Lateral-Tip- Angle Lift Drag Lift- Rotor Rolling- Pitcbing- force speed 01 coeffi- coeffi- drag speed moment mon1eni coeffi -
ratio attack cient cient ratio r. p. Dl. (Oefficient coefficient cient 

--------------- ---
0. 125 19.6 0.515 0.198 2.60 124.3 0. 0010 8 - . 000156 .0015 
.136 17.2 .460 .155 2.97 119.7 . 001500 .000228 . 0034 
. 136 17.3 .456 .155 2.94 120.0 . 001300 .0000 5 .0031 
.126 19. 1 .559 .187 2.99 151.5 .001516 .000015 .0029 
.126 19.1 . 558 .188 2.97 lSI. 5 .001386 .000009 .0027 
.127 19.0 .533 .188 2 . 3 139.1 .001 75 .000299 .0001 
.127 19.0 .535 .190 2.81 13 .9 .001742 .000150 . 0007 
.170 12.7 .311 . OS06 3.86 121.0 .00]196 .000154 .0033 
.170 12.7 . 312 . OSOS 3.86 120. 5 .000672 .000023 .0033 
.159 13.9 .371 .102 3.64 136. 8 .000869 .000056 .0009 
.157 13.8 .378 .103 3. 67 136. 8 .000920 .000121 .OOOS 
.126 19.1 .563 .189 2.98 151. 5 .001959 .000203 . 0021 
.125 19. I .561 .189 2.97 151. 5 .001529 .000125 .0024 
.199 10.4 .234 .0526 4.45 119.2 .000853 . 000132 .0031 
.197 10.4 .235 . 0526 4.47 118.9 .000563 .000052 . 0030 
.224 8.8 .185 .0373 4. 96 118.9 .000487 .0001l7 .0021 
.226 8.8 .183 .0369 4. 96 119.2 .000394 . 000079 .0023 
.186 11. 0 . 278 .0636 4.37 136.8 .000512 .000OS7 . 0015 
.186 11. 0 .278 . 0632 4. 40 n~:~ .000359 -.000029 .0017 
. 144 15.7 .459 .127 3.61 .001094 .000088 .0029 
.143 15.7 . 463 .129 3.59 157.2 .001089 . 000075 . 0030 
. 172 12.1 . 341 .0784 4.35 158.0 .001137 .000277 .0012 
.171 12.1 .348 . 0792 4.40 158.4 .000 13 .000071 .0016 
.2OS 9. 4 .228 .0465 4.90 140.4 . 001001 .000381 .0011 
.207 9.4 .228 .0465 4.90 140.4 . 000827 .000291 .0012 
.254 7.4 .1429 .0262 5.46 119. 2 .000254 :~~ .0016 
.255 7.4 .1412 .0259 5.46 119. 7 .000310 .0014 
.280 6. 5 .1156 .0201 5.74 119.2 .000242 .000074 .0010 
.281 6.5 .1138 .0198 5.74 118.9 .000239 .000092 . 0009 
.238 7.8 .1677 .0309 5.43 137.2 .000854 .000383 .000 
.239 7.8 .1678 .0311 5.40 136.8 .000751 .000334 .0010 
.200 9.6 .256 .0515 4.97 155.5 .000365 .000153 . 0002 
. 200 9. 6 .255 .0518 4.92 155.5 .000682 .000155 .0006 
. 216 8.5 .219 . 0412 5.31 150.4 .000225 .000099 .0002 
.216 8.5 .221 .0416 5.31 158. 9 .000173 .000100 .0002 
. 257 7.0 .1442 . 0255 5. 65 13 .5 .000970 . 000399 .0007 
.257 7.0 . 1446 .0255 5.67 13 .5 .000543 .000270 .0009 
. 304 5.8 .0982 .0166 5.91 118. 9 .000163 . 000070 .0007 
.303 5.8 .0971 .0165 5.89 119. 7 .000279 .000103 .0007 
. 320 5.4 · OS59 .0142 6. 05 118. 9 .000086 .()()()()'!6 .0005 
.322 5.4 .0844 .0140 6.03 118.0 . 000010 -.000001 .0007 
.269 6.7 .1321 .0228 5.80 138.4 . 000656 .000272 .0007 
.265 6.7 .1356 . 0237 5. 72 138.9 .000542 .000287 .0006 
.227 8.1 .1981 . 0366 5.41 157.2 .000115 .000039 .0002 
.229 .1 .1959 .0363 5.40 156. 3 .000256 .000098 .0002 
. 248 7.2 .1633 .0288 ~: ~~ 157.2 .000364 .000130 .0004 
.247 7.1 .1651 .0291 157.2 .000391 .000146 .0004 
.2 9 6.0 . 1115 .0186 5.96 137.6 .000308 .000275 .0004 
.289 6.0 .1124 . 0191 5.89 137. 6 .000574 . 000230 .0006 
.339 5.2 .0765 .0126 6.07 119. 2 . 000115 .000045 .0005 
. 339 5.2 .0757 .0127 5. 96 119.2 0 .000003 . 0006 
.356 H .0693 .0114 6.08 119.2 .000223 .000074 .0004 
.355 .0691 .0113 6.11 119.2 .000166 .000044 .0004 
.289 5.8 .1129 .0189 5.97 141. 6 .000665 .000229 . 0006 
. 291 5.8 .1107 . 0183 6.05 141.3 .000617 .000222 .0006 
.256 6.7 .1522 .0260 5. 6 156.8 .000365 . 000123 .0004 
.256 6.7 . 1529 . 0261 5.86 156.3 .000272 . 000072 .0005 
.266 6.3 .1407 .0236 5.96 159.7 .000218 .000091 .0006 
.268 6.3 .1389 . 0232 5.99 158.0 .000419 .000103 .0005 
.315 5. 3 .0941 .0153 6.15 137.6 .000525 .000235 .0003 
.313 5.3 .0940 .0154 6.10 138. 4 .OOOS36 .000234 .0003 
.373 4. 6 .0614 .0101 6.08 118. 9 .000086 .000043 .0003 
. 378 4.6 · OS96 .00993 6.00 118.0 .000095 .OOOOSO .0003 
.390 4.4 .0570 .00933 6.10 119.2 .000098 .000024 .0003 
.387 4. 3 .0577 .00945 6.10 120. 0 .000137 .000020 .0003 
.331 5.0 .OS26 .0132 6.26 138.4 .000204 .000064 .0005 
. 330 5.0 .0830 .0133 6.24 138.4 • .000282 .000089 .0005 
.287 5.8 .1191 . 0190 6.27 156.3 .000364 .000071 .0005 
. 286 5. 7 .1196 .0189 6.33 156.3 .000309 .000098 .0004 
.302 5.3 .1088 .0170 6.40 ISS. 0 .000223 .000067 .0005 
.300 5. 3 .1081 .0173 6.25 lSS.9 .000349 .000112 .0003 
. 358 4.6 .0702 .0115 6.10 136.4 .000165 .000055 .0004 
.354 4.6 .0710 .0117 6.07 136.8 .000128 .000019 .0006 
.412 4.0 .0499 .00830 6.02 118.9 .000067 .000043 .0002 
.412 4.0 .0493 .00819 6.02 118.9 .000001 .000026 .0001 
. 439 3.9 .0433 .00725 5.98 117.2 .000078 .000025 .0001 
.438 3.9 

·

04ii .00753 5.88 117.2 .000043 .000057 .0001 
.364 4.4 .067 .ono 6.16 138.9 .000218 .000034 .0005 
.365 4. 4 .066 .0109 6. 13 138.4 .000234 .000075 .0003 
.320 5.0 .0924 .0143 6. 46 155. 5 . 000195 .000050 .0004 
.321 5.0 .0902 . 0142 6.35 154.8 .000263 .000072 .0004 
.331 4.6 .0867 .0135 6.42 158.0 .000313 .000080 .0003 
.333 4.6 · OS53 .0132 6.46 156.3 .000365 .000063 .0()().1 
. 382 4. 2 . 06OS .0100 6. OS 138.4 .000276 .000059 .0003 
.381 4. 2 .0609 . 0100 6.09 138. 4 .000147 .000040 .0003 I 

. 451 3.8 .0416 .00711 5.85 118.9 .000147 .000031 .0001 

I .453 3.8 .0405 .00691 5.86 118.1 . 000008 .000026 0 
.494 3.6 .0352 .00620 5.68 118. 5 .000069 .000021 .0003 
.490 3.6 . 0359 .00624 5.75 119.7 .000120 .000016 0 
.411 4. 1 .0534 .00891 6. 00 141.7 .000284 .000078 .0001 
.411 4.1 .0513 .00867 5. 92 140. 9 .000059 .000020 .0002 
.363 4.3 .0716 . 0114 6.28 158. 9 .000335 .000068 .0001 
.363 4. 3 .0703 .0111 6.34 158.9 .000305 .000058 .0003 
.541 3. 5 .0292 .00541 5.40 116.3 .000069 . 000023 -.0001 
.542 3.5 .0289 .00529 5.46 116. 3 .000060 .000008 0 
.449 3.8 . 0437 .00739 5.91 139.1 .000078 .000035 .0001 
.453 3.8 .0425 .00727 5.85 137.6 .000128 .000025 .0002 
.495 3.4 . 0354 .00620 5.71 137.6 .OOOOS9 .000019 .0002 
.496 3.4 .0354 .00627 5.65 137. 6 .000109 .000022 .0001 
.5S9 3.1 .0257 .00470 5.47 116.3 .000049 .000024 0 
.590 3. 1 .0256 . rom 5.35 116.3 .000069 .000022 0 
. 612 2. 9 . 0254 . 00471 5. 40 120.5 .000128 .000033 0 
.595 2. 9 .0253 .00476 5. 31 123.0 .000118 .000042 0 
.500 3.2 . 0363 .00653 5.56 145.7 .000159 .000015 .0002 
. 50s 3.2 .0358 .00020 5.77 145.0 .000099 .000017 0 



10 REPORT ATIONAL ADVISORY COMMlTTEE FOR AERO AUTICS 

TABLE IlL-PITCH SETTI G = 1. go, PROTUBERA CES TAl3LE IV.- PITCH 1£TTI G= 2.7°, PROTUB1£RA C1£ 
FAIRE D FAIRED 

CL CD LID N C, Cm Cy 
a Cl. CO LID N C, Cm 

C .. 
" a Lateral· " Lateral· Tip· Angle Lift Drag Lift· Hotor Holling· Pi tch ing· force Tip· Angle Lift Drag Lift· Rotor ROiling· Pitcbing· force speed of coelJl· coelJl· drag speed moment moment coem· speed of coelJl· coelJl· drag speed moment moment coem· ratio attack cient cient ratio r.p .m . coefficient coeffi cien t cient ratio attack cient cient ratio r .p.m . coel.llcient coel.llcient cient 

-------- --- --------- --- ----- --- --- ---------
15.9 0. 526 0.000207 0.013r, 0.145 16.9 0.2106 3.1 0.002270 0.000649 0.0093 
15.8 .535 .000086 .0137 .145 16.9 .2108 3. 1 .002051 .000720 .00 
1 . 4 .617 . 000077 .0133 .170 12.7 . 1330 3.97 .001522 .000370 .0073 
1 .5 .611 .000070 .0130 .171 12.7 .1310 3.97 .001326 . 000298 .0067 
II. 2 .360 0 .0083 .143 17.7 .2148 3.1 .001 47 .000389 .0136 
11.2 .366 .000139 .0084 .145 17.9 .2156 3.11 .001641 .000191 .0137 
I . 4 .624 .0000l2 .0066 .174 12.5 .1226 4. 21 .001215 .000279 . 0086 
1 .4 .621 -.000099 .0072 . 174 12.4 .1225 4.26 . 001273 .000359 . 00 6 
14.6 .5 15 .000290 . 0061 . 203 9.1 .0768 4.95 . 001155 .000324 . 0053 
14.6 .516 . 000263 .0059 . 202 9.0 .0766 5.04 .001458 .000435 .0053 

.3 .2 ' - . 000171 .0057 . 210 8.3 .067 1 5.35 .000870 .000143 . 0062 

.3 .259 -.000127 .0057 .212 .4 .0666 5.29 .000832 . 000221 .0057 
9.7 .330 -.000405 . 0075 .242 6.3 .0439 6.05 .000729 .00017 .0047 

17.2 .613 .000040 .0052 .241 6.3 .0439 6.01 .000719 .000176 .0046 
6.6 . 192 .0001G9 .0040 .242 6.4 .0450 6.02 .001022 .000248 .0050 
7.7 .257 . 000201 .0059 .240 6.4 .0'155 6.04 .000699 .000177 .0049 

12.2 .450 . 000829 .003 . 270 4. . 0310 6.68 .000472 .0000 4 .0039 
16. 1 6 -.000072 . 00 3 .270 4. .0309 6.67 .000466 .000132 .0037 
5.5 : 158 .000040 .0030 .268 5.0 .0326 6.62 . 000652 .000106 .0042 
6. I .195 .OOC409 .0043 .268 5.0 .0327 6.64 .000610 .0001 17 .0043 
.7 .313 .000273 .0050 .297 3.9 .0241 6. 93 .000475 .000070 .0036 

11.0 . 41·\ .000134 .0055 .295 3. 9 . 024 1 6. 93 .000361 .000109 .0034 4.3 · 1I61 .00024M .0009 . 284 4. 3 .0274 6 . .000471 .000096 .0038 
5.0 . 1522 .000028 .002 1 .? 5 4.3 .0275 6.73 .000521 .000104 • OC37 7. I .257 .00011 .0035 .30 3. 6 .0215 7.02 .000442 .000099 . 0033 8. .333 . 000196 .0035 .307 3.6 .0217 7. 10 .000359 . 000169 .0033 3.7 .0965 .00087 1 . 0005 . 305 3.6 .0230 6.96 .000402 .0000 7 . 0033 4.2 .1290 - . 000018 .0019 . 306 3.6 .0225 6.9 .000550 .000116 · OC33 5. .201 .000011 .0032 .335 3.0 .0180 7.06 .000247 .000046 .0030 6.9 .254 .000171 .0031 . 339 3. 0 .0176 7.00 .0003 16 .000071 .0028 3.2 . 0796 -.000012 .0004 . 319 3.4 . 0206 7.02 .000445 .000097 .0029 4.2 .1294 .000056 .0026 .315 3.3 .0207 7.14 .000302 . 000102 .0031 5. .206 .000111 .0040 .349 2.7 .0162 7.09 .000347 . 000053 .002 6.9 .255 .000068 .00-10 .350 2.7 .0161 7. II .00030 .000035 . 0028 3.2 · OS06 .000045 .0012 .337 3.0 .0179 7.10 . 000455 .000076 . 002 4.0 · )103 .000046 .0021 .334 2.9 . 01 2 7.16 .000219 .000017 .0031 5.4 .179 .000063 .0036 .3 2.3 .0144 7.14 .000297 .00004 .0024 6.3 .233 .000099 .003 .369 2.4 .0142 7.13 .000287 .000054 . 0024 3.0 .0697 . 000014 .0010 .356 2.5 .0156 7.21 .000387 .000061 .0026 3.7 .1072 .000042 .0021 . 353 2.5 .01 7.21 .000279 .000029 .0026 4.7 . 150 .000064 .0029 .390 2.0 .0124 7.05 .000197 .000025 .0021 5.5 .200 .000050 .0034 .396 2.0 .0121 7.0 . 000084 .000019 .0020 2.7 .0616 .000017 .0008 .377 2.2 .0137 7. I . 000169 .000022 .0023 3.4 · OS97 -.000006 .0011 .374 2.2 .0141 7.18 .0003 .000043 .0023 4.3 .13 2 .000040 .00 .409 I. .01l4 7.04 .000238 .000041 . 0019 5.0 .176 .0000 .0031 .412 1.8 .0111 7.06 .000228 .000051 .0019 2.6 . 0573 .000059 .0007 . 392 2.0 .0125 7.19 .000289 .000031 .0021 3.2 .OS .000035 .0014 .392 2.0 .01 25 7.24 .000240 .00001 .0021 3.9 . 1251 .00003 .0025 . 42 1.6 .0102 7. 03 .000149 .000032 .0016 4.4 .155 -.000013 .0028 .429 1.6 .0104 7.03 .000239 .000037 .0017 2.4 .0513 .000020 .0006 .414 1. .011 2 7.13 . 000301 -.0000(6 · DOli 2. .0758 . 000037 .0012 . 409 1. .0 114 7.11 .000151 -.OOOOC2 .001 3.6 .1160 .000074 .0023 .445 1.5 . 00970 6.84 .0003 10 .000024 .00 15 3.9 .1397 .000023 .0026 .446 1.5 .00977 6.77 .000339 .000032 .0015 2.2 . 0476 . 000007 .0006 .438 1.6 .0099 1 7.00 .000219 .000023 . 00 14 2.5 . 0622 .000030 .0009 .43'1 1.6 .0103 6.87 .00024 .0000'13 .00 15 3.3 .1006 .000049 .0020 .480 1.4 .00847 6.48 . 000240 .000001 .00 11 3.7 . 123\1 .000069 .0022 . 4~1 1.4 .00878 6.46 .000351 .000001 .0011 1. 9 . 0421 .000029 .0005 .4'19 1.6 .00915 6.92 .000219 .00002G . 0013 2.3 . 0560 .00002 .0008 .449 1.6 .00975 6.78 .000190 .000017 .0013 3.0 .0961 .000047 .0019 .491 1.3 .00 45 6. 34 .000299 . 000040 .0010 3.4 .1085 .0000 .0019 .49 l.3 .00813 6.27 .000230 . 000004 .0011 1.9 .0373 .000000 .0004 .462 1.7 .00921 6.69 .000199 .000026 .0012 2.2 .0505 .00001 .0007 .467 1.4 .00901 6.62 .000160 .000015 .0013 2.7 .0 05 . 000020 .0016 .503 1.2 .00806 6. 26 .000099 .000021 .0010 3.0 .0999 .000043 .001 .497 1.2 .00806 6.43 .000139 . 00001 . 00lJ 1.7 .0336 .000000 .0003 .433 1.4 .00 6.04 .000300 .000014 .0010 2.0 .0430 .000025 . 0006 .479 1.3 .00 72 6.67 .000279 . 000026 . 0011 2.5 .0647 .000014 .0012 .527 1.1 .00753 6.10 .000199 .0')0023 .000 2.6 .0783 . 000006 .0013 . 53~ I.l .00739 6.01 .000220 .0)0008 . OCO 1.7 .0300 .000025 .0003 .512 1.2 . 007 2 6.29 .000279 .000025 .0010 1.9 .037 .000025 .0005 . 500 1.2 .00799 6.55 .000219 .0;0032 . 0010 2.1 .0528 .000025 . 000 . 548 1.0 .00724 5 . 9 .000240 .0')00 18 . 0007 2. 3 . 0666 .000044 .0011 . 550 1.0 .00690 6.15 .0001 9 0')0040 . 0007 1.6 .0257 .000031 .0001 
1.5 .0311 .000025 .0004 
1.8 .0450 .000051 . 0007 
1.3 .0233 . 000032 .0001 
1.3 .0287 .0000 7 .0003 
1.6 . 0394 .000027 .0004 
1.1 .0223 .000032 .000 1 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Linear to axis) 
Designation Sym- Sym- Positive Designa- Sym- (compo-

bol symbol Designation bol direction tion bol nent along Angular 

LongitudinaL __ X LateraL _______ Y NormaL _______ Z 

Absolute coefficients of moment 
L M 

0 1 = qbS Om= qcS 
(rolling) (pitching) 

X 
Y 
Z 

Rolling _____ 
Pitching ____ , 
yawing ___ __ 

N 
0,,= qbS 

(yawing) 

L 
M 
N 

axis) 

Y--+Z RolL _____ q, u p 
Z--+X Pitch ____ 8 ~ q 
X--+Y yaw _____ 

'" 
w r 

Angle of set of control surface (relative to neutral 
position),~. (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 Or= ~D4 
pn 

Torque, absolute coefficient OQ = 9
D

5 
pn 

P, 

0., 

1/, 

n, 

1>, 

Power, absolute coefficient Op = ~D5 
pn 

Speed-power coefficient = -V ~~: 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan-1 (2!n) 

5. NUMERICAL RELATIONS 

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

1 lb. = 0.4536 kg. 
1 kg=2.2046 lb. 
1 mi.=1,609.35 m=5,280 ft. 
1 m=3.2808 ft. 
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