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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND D~RIVED UNITS 

Metric English 

Symbol 

Unit Abbrevia- Unit Abbrevia-
tion tion 

Length ______ I 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. 

PoweL ______ P horsepower (metric) _____ ---------- horsepower ___ ________ hp. 
Speed ____ ___ V {kilometers per hOUL _____ k.p.h. miles per hOUL _______ m.p.h. 

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

2. GENERAL SYMBOLS 

Weight=mg 
Standa,rd acceleration of gravity=9.80665 

m/s2 or 32.1740 ft./sec.2 

ltV 
Mass=-

g 
Moment of inertia=mP. (Indicate axis of 

radius of gyration k by proper subscript,) 
Coefficient of viscosity 

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

15° C. and 760 nun; 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 VZ 

Lift, absolute coefficient CL=::S 

Drag, absolute coefficient GD = :!s 
Profile drag, absolute coefficient CDO=~S 

Induced drag, absolute coefficient CDt=~S 

Parasite drag, absolute coefficient GD'P=~S 

Cross-wind force, absolute coefficient Cc= q~ 

~ID' 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 cm 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 

R, '* Resultant force 
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REPORT No. 650 

THE AERODYNAMIC CHARACTERISTICS OF SIX FULL-SCALE PROPELLERS HAVING 
DIFFERENT AIRFOIL SECTIONS 

By DA VIO BIE n MA NN and EDWI N P. HAnTMAN 

SUMMARY 

VI "ind-tunnel test are reported oj six 3-blade 10100t 
propellers operated in j1'ont oj a liquid-cooled engine 
nacelle. The propellers were identical except jor blade 
ai1joil section , which wer : Clade Y, R . A . F. 6, N. A. O. 
A. 4400, N. A. . A. 2400- 34, . A . O. A. 2R 200, 
and N. A. O. A. 6400 . The range of blade angles investi
gated extended from 15° to 40° for all propellers except 
the Olark Y, for which i t extended to 45°. 

The results showed that the range in maximum efficiency 
between the highe t and the lowe t values was about 3 per
cent. The highest effici ncies were for the low-camber 
sections. An analysi oj the result indicated that blade 
section jor controllable propellers which are not limi ted in 
diameter should be elected chiefly on a basis oj minimum 
drag (which affects maximum efficiency) inasmuch as the 
maximum lift coeffici nts had only a small e:ffect on the 
talee-off characteristi cs within the range inve tigated 
becau e stalling, in g neral, did not OCCU1'. ection j or 
fi:red-pitch propeller should be selected on a basi of both 
minimum drag and maximum lift , particularly for blade
angle ettings oj 20° and over, because the take-o.ff· th1'U·t 
power increased with maximum lift jor the higher blade 
angles . 

INTRODUCTION 

The lark Y a lld Lhc R . A. [~. 6 ai rfoil se ·tiOllS have 
been. s tandard jn t.h e clesigl) of propellers in this country 
for many years. The R . A. F . 6 section was favor ed in. 
early de igns but has given way to the lark Y ection 
more recently, particularly for metal controllable pro
pellers. Th e relative m eri ts of the two sections for 
propeller use have been fairly well establish ed by both 
high- peed airfoil and fuJl- cale propeller test. The 
airfoil tests reported in r eference 1 howed the Olark Y 
section to have a lower minimum drag and a lower 
maximum lift than the R. A. F. 6 ection, which indi
cates that a propeller with th e Olark Y ection would be 

uperior for the high-speed or crui iug co ndi tions but 
inferior for take-off with fixed-pi tch propeller. The 
propeller r esults of r efer ence 2 qualitatively ub
stantiate the airfoil re ult . The principal phy ical 
difference between the two eetion i the hape of the 
m ean camber line ; the camber line of the R. A. F. 6 
eetion is higher than that of the lark Y, particularly 

for the no e parts of the sections. 
Th e present inves tigation was made to ci eterm ine the 

aerodynamic qualitie of ix propellcr having diA'erent 
section . The Olark Y and the R. A. F. 6 sections were 
included Ior comparative purpose. Two of the other 
propeller were designed by the Bureau of Aeronautics, 

avy D epartment; the N . A. O. A. 4400 series ec tion 
was used for one, and the N. A. O. A. 4400 cries ction 
was used for the inner half of the other, the N. A. O. A. 
2400- 34 eries section being used for the outer half. It 
may be noted in refer ence 3 that the N. A. O. A. 4409 
section (u ed at 0.75 propeller radiu ) ha a high 
OI.~" and a fairly low ODm'. and is ther efore a good 
compromise between the Olark Y and the R. A. F . 6 
section. In r efer ence 4 the . A. O. A. 2409-34 ection 
i recommen led for propeller , par ticularly because of 
its low OOm,. and delayed compressibility tall at high 
speeds. Th e ection i best uited for only the tip 
sections of propeller , however, because the OLm" is 
low at moderate speeds. 

In addition to the four propeller de cribed, there 
were designed 0 t the . A. O. A. laboratory two p.ddi
tional propellers that incorporated section of extr eme 
characteri tics. One propeller has section of the low
camber J . A. O. A. 2R200 eries, which has a low 
OOm'. and a low OLm., ; the other propeller ha the bigb
camber . A. O. A. 6400 series section, which has a 
high OOm'n and a high ODm .. ' (ee r eference 3.) 
T ests of these propeller ' vero added to the program to 
incr ease the known range of the propeller character
istics that ar e lependent upon the amount of ection 
camber present. 

1 
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APPARATUS AND METHODS 

Since the description of reference 5 wa written, the 
propeller-research tunnel ha been modified to the 
extent of installing an electric motor to drive the tmmel 
propeller and of r eplacing the balance with a more 

FIGURE I.-Liquid-cooled engine nacelle. 

modern one capable of simultaneou ly r ecording all 
the forces. 

A 600-hor epower Cmtiss Conqueror engine (GIV-
1570) wa used to drive the test propellers. Th e 
engine was mounted in a cradle dynamometer free to 
rotate about an axi parallel to the propeller axi and 

FIGU RE 2.-Photograph showing the p lan form of all the propellers tested . 

located at one ide of the engine. Th e torque r eaction 
was tran mitted from the other side of the engine to 
recording cales located on the floor of the test chamber . 
The propeller speed was measured by a calibrated 
electric tachometer. 

The engine wa hous cl in a nacell e represen tative 
or the type used for liquid-cooled engin . (S e fig . 
I .) The nacell e is oval in cross section, 43 inches in 

height, 38 inches in width, and 126 inches in length . 
A scale drawing of the nacelle is given in r eference 6. 

All ix propellers tested have tlu'ee blade, are 10 
feet in diameter, and are identical III ~ape except for 
blade sections. Table I give the principal physical 
character! tic of the propeller tested. 

Propeller (Burea u 
of Aeronautics. 

Navy D eparLmenl 
drawing No.) 

5868-9 ____ ____ _ 
5868-R6 _______ _ 
6623- A ___ ____ _ 

6623-U ________ . 

6623-C ________ _ 
6623-D ___ ___ _ 

TABLE I 

Blade airfoil secLion 

Clark Y ____ ___ _________ _____ _ 
R . A. F. 6 ____ ____________ . __ __ _ 
N. A. C. A. 4400 seri es. ___ ___ _ 

{

N. A. C. A. 4400 series inner hall. 
N. A. C. A . 2400-34 seri es outer 

balL 
I . A. C. A. 2R,00 __ _____ ___ __ _ 
N. A. C. A . 6400 ___ _______ _ 

Camber 
(percent 
chord) 

1 2.6 
14.0 

4. 0 
4.0 
2. 0 

2. 0 
6.0 

Position of 
maximum 

camber (per
cem chord ) 

40 
30 
40 
40 

30 
40 

1 l?or tho 0.75 radius sta tion only . 

.! I .44 

./0 .40 

.09 .36 

.OB .32 

.07 .28 

.06 .24 
b h 
D b 

.05 .20 

.04 .16 

.03 .12 

.02 .OB 

.0/ .04 

o 

\ A 
\ .. -7) (all propellers) 

Sef 35° of 0. 75R V 5868-9 and 5868-R6 ,_ 
V""" (Clark y.. RAF 6) .. 
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\ ~ .-/ 

/ 
b \ / L 
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\ -I-I--r- "'-l 
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FIG UIlE 3.- nJade-form curves for a ll propellers tested. D. diameter; R, radius to 
the tip; r, stariau radius; b. section cbord; h, section thickness : P, geometric pitch. 

Throughout this repor t, the propeller will be individ
ually referred to according to their sections or grouped 
according to camber ratio. Propeller 6623-B, for 
example, will be designated t he . A. C. A. 2400- 34 
propeller. 

Figul' 2 h ws the plan fOl"m of the hlade::;; the blade
form curves are given in figure 3. 
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It may be noted that the geometric pitch is different for 
all ofthe propellers except forth e 5 6 - 9 and th e 5 68-R 6. 
The propeller of N. A. . A. section were de igned with 
the blade angle of each section, mea ured from the angle 
for zero lift, the arne a for propeller 5 6 - 9. As a 
re ult of this method of de ign, all th e propeller have 
the arne effective pitch distribution along th e blade 
but, of cour e, the pitches mea ured with 1'e pect to the 
chord line are different. 

Ordina tes for the Clark Y and the R. A. F . 6 propel
ler ection are given in t able II and those for the four 
propeller with the N. A. C. A. sections are given in 
table III. The outline of each blade ection for the 
0.70 radius are given in fig ure 4. 

The meth od of te ting in the propeller-research tunnel 
on ist in maintaining the propeller speed constan t and 

increa ing the tunnel speed in tep up to the maximum 
value of 115 miles per houl'. Higher values of V/nD 
are obtained by redu cing the engine speed unt il zero 
thru t i reached. Complication arising from com
pre sibility were avoided by running the te t at tip 
speed of 525 feet per second and Ie s. The tandal'd 
initial te ting propeller peed of 1,000 r. p . m . co uld not 
be maintained for the higher blade-angle setting , owing 
to the limitation of engine power ; the following chedule 
wa therefore adhered to: 

Pro peller speeds for tunnel speeds below 115 miles per hour 

B lade angle, deg. 15 ___ ___ ___ ____ ___ ____ __ __________ _ 
20 ____ _____________________ _ 
25 ____ ____________ _ 
30 __ _ _ 
35 ___ __ _ ___ _ 

Initial propel/., .peed, 
r.p. m. 

______ __ 1, 000 
1, 000 

00 
00 
00 

40 __ __ _ _____ ____ __ ____ _ ______ _ 700 
700 45 __ __ _________ __ __________ _______________ ___ _ 

For V/nD values higher th an can be ob tained from the 
foregoing schedule, the approximate test propeller peed 
may be computed from the relation 

K 
r. p. m= VJnD 

wh ere K = l ,OOO for V = 11 5 mile per hour and D = 10 
feet. 

RES LTS A D DISC SIO 

The re ults are reduced to th e u ual coefficient of 
thrust, power, and propulsive efficiency defined as: 

where 

T i tension in propell r haft, pounds. 
t:.D, increase in body drag due to lipstreall1, pounds. 

p, rna s den ity of the a il', slug per cubic foot . 
n, propeller rotational speed, revolu tions per second. 
D, pI' peller diameter , feet. 

C lark Y section , p r opeller 5868-9. 

R. A. F. section, propeller 5B6B -R6. 

N.A.C.A. 4400 series. propeller 6623-A; also 
in ne r hal f o f propeller 6623-B. 

N.A.C.A. 2400-34 series, ou LeI' half of 
propelle r 6623- B. --N.A.C.A. 2R,OO ser ies, propeller 6823-C. 

N.A .C.A. 6 4 00 ser ies . propeller 6623-D. 

FIG URE 4.-Blade sections drawn to scale (or Lhe O.iO radius. 

Char ts for selecting or de igning propellers are given 
in the form of O. against TJ and VJnD, where 0 ,= 

.vP V 5JPn2
• 

The procedure of plo t t ing lines of constan t thrus t 
wi th re peet to the power is now standardized an d 
fd.cilitate calculating the thrust a t all air speeds for 
controllable and fixed-pitch propellers. The outline 
of the method is given in reference 6. 

The ba ic results are presented in the form of curve 
in figure 5 to 2 ; compari ons and derived data are 
given in figures 29 to 42. The te t results have been 
tabulated in ix tables and are available on reque t from 
the Jational Advisory Committee for Aeronautic. 

--- - -- - - - - - --- - - -
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DISCUS 10 

Basic airfoil sections.-The thickne di tribution 
and the camber line for the SL\': basic airfoil section 
employed in the propeller de ign are hown in fio-ure 
29. The thickness di tribution (fig. 29 (a» i about 
the arne for all sections with two exceptions. The 
leading-edge radius of the . A. O. A. 2400-34 section 
i horter and the front portion i thinner than Jor the 
other sections; al 0, the point of maximum thiclene 
occurs at 40-percent chord for the . A. . A. 2400-34 
section and at 30-percent chord for the other ection. 
Th e thickne -distribution difference accoun t for the 
uperior qualitie of thi section at high peed ; because 

the radii of curvature of the upper surface are large, 

(a) 

f--

(b) 

I I [4400 
If N.A .C. A. ZReOO 

6400 
L ° RA.F.6 
M + Clark Y 
N 0 N. A. C. A. 2400-34 

KM.I I 1 I N, I 

K >-- . -:~ ~ M. N ; 
~~ f(~ ~ 

K :..t...~ 

r-- L) 

I(L 

Clark Y -- - - NA.C.A. 2400·34 
--- --.-- - R.A.F. 6 -----. N A.C.A. 2R,00 

f- --- - NA.C.A. 4400 -- -- N.A.C.A. 6400-

I-I- - r-----V , 
,V::- :::..:-:-: p~- t------ --~ 

~----L~ 

~ ---V .- -I-- ~ t--==:-:. ~ 
j.... - --1-

(a) Comparison o[ thickness·[orm curves. 
(h) Comparison o[ camher Jines [or O.75R. 

i'--.. 

~ ~ --

FWURE 29.-Comparison o[ thickness'[orm curves and camber lines. The chord 
Jines [or the R. A. F. 6 and the Clark Y sections have been shifted to bring tbe 
leading and trailing edges o[ tho camber lines together. 

the local indu ed velociti s are kept small. Inasmuch 
as compressibility 10 e re ult from local velocities 
exceeding the velocity of ound, the critical speed for 
thi section i delayed to higher values. The trailing
edge portion of the R. A. F. 6 and the Clark Y ections 
are lightly thicker than the other, but this difference 
in thiclme distribution of the sections is probably of 
mall importance. 

Except for the thicknc eli tribution of tlt c . A. C. 
\... 2400-34 s cti n, he only e ential phy iral difrer

cnces between the ections are the shapes of the mean 
camber line. The camber line for the I. A. C. A. 
sections are mathematically derived curves and the 
camber ratio remain the same for aU thickness ratios. 
Tn the design of the present propellers of I . A. O. A. 

section, the blade section at different radii are thi le
ened or thinned with respect to the basic ection from 
the mean camber line, which remains constant. In 
contra t to thi method, the Clark Y and the R. A. F. 
6 sections are thickened or thinned from the chord line, 
which is also the lower surface. The mean camber 
lines are thereby different for each section thickne , 
the amount of camber being proportional to the thick
ne . In order to avoid differences in e£l'ective pitch 
eli tribution for all the propeller, the section blade 
angles were corre ted for difference in the angles for 
zero lift. 

The mean camber line for he tation at 0.75 radius 
are plotted in figure 29 (b). Tho e for the R. A. F. 6 
and the Clark Y ections have been plotted with re pect 
to lines pa sing tlu'ouo-h the intersections of the camber 
lines and the leading and trailino- edges and not with 
respect to the chord line . The general shape of the 
mean camber lines ar e similar for all of the sections 
except for the R. A. F. 6 and the 2R200 ections. The 
R. A. F. 6 section is characterized by the rapidly 
increasing amber at the nose of the section, and the 
camber line of the N. A. C. A. 2R zOO ection i reflexed. 

The effect of the shape of the mean camber line and 
the amount and po ition of maximum camber on the 
aerodynamic characteri tics are fairly well e tabli heel. 
In general, high cambers result in high value of 
CLm.. and CDm;. while low cambers result in low 
values of both CLmoz and DDm;. ' It is to be expected, 
therefore, that the maximum propeller efficiencie will 
reflect diiIerences in the profile drag and that the 
efficiencie at low value of V/nD will reflect difIerences 
in maximum lift and in drag at hio-h values of lift. In 
the election of the ection , con ideration wa given to: 
the minimum drag, the maximlm11ift, the aerodynamic 
moment, and the peed at which the compressibili ty 
tall occurred. The N. A. . A. 2R zOO, t.he N. A. . A. 

4400, and the N. A. . A. 6400 section con titute a erie 
differing essentially in amount of camber and, COIl e
q Ll en tly , di play differences in C Dm;. and DLm •• ' Th e 
N. A. C. A. 2RzOO section wa chosen in preference to 
the . A. . A. 2400 section for the 2-p rcent-camber 
o-roup because it ha a lower CDm;. and it was thought 
that there might be orne practical advantage in having 
a zero change in aerodynamic moment for controllable 
propeller. The I . A. C. A. 2400-34 ection was 
elected because of it delayed compre sibili ty stall. 

Comparison of propeller characteristics.- In order 
to tudy the influence that the diiIerent sections exert 
on the propeller characteristics, Llperpo ed sets of 
curves of the tlU'ust, the power, and the efficiency are 
gi,'en for three pitch-diameter ratio for zero thrust 
(figs. 30, 31, and 32). The pitch-diameter ratios of 
O. 2, 1.2 , and 1. 3 corre pond to blade angles of 15°, 
25°, and 35°, re pectively, for the lark Y propeller. 
The bla Ie angle for the other propellers ar e slightly 
different, as may be noted. 
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The important difference in the thrust characteris
tics (fig. 30) attribu ted to the different sections is the 
value of 0 7, at which the blade tall. The propellers 
of 2-percent camber, tbe N. A. . A. 2400- 34 and the 

. A. O. A. 2R200 sections, stall at a OT value of about 
0.13; the propeller of 4-percent camber, the . A. O. A. 
4400 ection , stalls itt about 0.] 5; and the propeller of 
6-percent camber, the T. A. O. A. 6400 ection, at 
about 0.19. The curves indicate that the propeller of 
Olark Y section has an averaO'e camber ratio of about 
0.035 for th ntire propeller , inasmuch as the stall is 
at a 01' alue of about 0.15. The average camber ratio 
i higher thun that for the 0.75 radius station (0.026), 
probably owing to the fact that th e in board sections are 
all d finitely more highly cambered while the outboard 

/.2 
I 

Sect ion Blade angle, deg. 

effi cien y approaches the ideal for which the profile 
drag is zero. Al 0 , t he ideal efficiency is highest at 
zero thrust, which explains why the peak efficiencies 
OCCUl' at higher values of V jnD for the low-camber pro
peller . Tills shifting of the peaks to higher values of 
V jnD for propellers of decreasin O' profile drag i of im
portance in de ign work. The closer the V jnD for peak 
efficiency approaches the V/nD for zero thrust, the 
smaller i the power coefficient and, con equently, the 
greater the diameter. The extreme condition is for a 
propeller with the ideal efficiency, i . e. , maximum effi
ciency occurring at zero tlu'ust and zero torque 0 

that the diameter is infinite and the l'otational speed 
zero. The significance of the diameter will be clari
fied by computation later in the report.. 

I 
Section Bl ade angle, deg . 

Clark Y 15.0 25.0 35.0 ------ NA C Af4400 inner hair 16. 8 26.8 36.8 r . . . . 2400-34 ou ter hai r 
--------- R. A.F.6 IS.O 24.8 35.0 -------- NA.CA. 2R2 OO 18.0 28.0 38.0 ---- NA. C. A. 4400 148 24.9 34. 7 - -- -- NA .. C. A . 6400 14.0 235 335 
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FIG URE 32.- Comparison oC t r pical efficiency cun·es. 

one are only lightly less cambered. The propeller of 
R. A. F. 6 section has a higher average effective mean 
camber ratio than that of its 0.75 radiu tation for the 
sahle reason; it i 0.055 as compared with 0.040. 

The corresponding power curves are given in figure 
31. In the region where all the propeller are stalled, 
it may be een that the high-camber propeller have 
lower power coefficient tha.n the low-camber ones. 

The efficiency CUT e , O'iven in figure 32, indicate the 
efiect of profile drag on maximum efficiency. The pro
peller of low camber di play efficiencies about 3 per
cent bigh I' than for the ones of high camber, and the 
peak occur at. higher value of V jnD. Both effects are 
attribu ted to the lower profile drag of the low-camber 
propeller . The lower the profile drag, the closer the 

The efficiency CUl've a1 0 reflect the high-thrust and 
the low-drag value ob erved for th e high-camber 
propellers operating at low values of V jnD. These 
differences in efficiency, however, do not necessarily 
repl'e ent true difference in thru t power available for 
either fix d-pitch or controllable propellers. In the 
case of a combination of a fb;:ed-pitcb propeller and an 
engine, difference in Opo (de ign power coefficient) will 
determin e difference in diameter, 0 that for a given 
take-off peed there will be differences in V jnD , 't) , and 
al 0 engine speed, N. The thl'U thor epower available, 
jf constant torque i a umed, is obtained from 

N 
t . hp .= (b. hp ,)oN 't) 

where No i the eno'ine speed at the high- peed condition 

-- ---- ----" 
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FIGURE 33.-A comparison of propellers for tbe high-speed and take-oU fli ght con
dition. Take-oJI criterion. V=O.25 V ..... 

of £light. In the ca e 01 controllable propeller, the pitch 
is adjusted to maintain Cpo and No constant so that 
different propellers will be set at different blade angle 
for the sa.me V/nD or ail' peed. In order to show the 
effect 01 the different blade sections on performance, the 
thrust po,vel' available is computed and will b di 
cussed later for both £..\:ed-pitch and controllable 
propellers. 

Effect of blade section on the performance of engine
propeller combinations.- Any conelu ion drawn from 
comparisons of relative engine-propeller performance 
depends somewhat on the methods employed in the 
analysis. If each propeller is selected for maximum 
efficiency at high speed, the diameters of the variou 
propellers will be different, depending upon the de ign 
power coefficient, Cpo, which in turn depends on the 
V/nD for peak efficiency. The difference in diameter 
will have a large effect on the efficiency at the take-off 
condition; for controllable propellers the larger the 
diameter, the higher the efficiency. If the V/nD for 
peak efficiency could be determined with uniform ac
curacy for all propellers, the comparison would be a just 
evaluation of the relative merits, compre ibility or 
tip-speed effects due to the difference in diameter 
being neglected. 

If the propellers are compared on a basis of equal 
diameters for a given design condition, all the propellers 
will not operate quite at peak efficiency at high speed. 
The high-camber propellers will operate beyond the 
peak and the designs will be, in effect, "compromise JJ 

because the take-off efficiencies for controllable propel
lers, at lea t, will be increased thereby. The constant
diameter method has the advantage of comparison at 
equal tip peeds, and the airplane structural limitation 
on the diameter are often the determining factor. 

As neither method is entirely sati factory und both 
have their merits, computations have been given for 
each. In some instances the re ult appear to be con
tradictory but, if the methods are well understood, a 
reasonable interpretation can be made. 

In figUI'e 33 (a) the propellers are compared on the 
basis of maximum efficiency for high sp ed. CUI' es 
are given for high- peed efficiency, for take-off efficiency 
for controllable propellers of the constant-speed type, 
and for take-off efficiencies for fixed-pitch propeller, all 
for a wide range of design conditions (value of de ign 
Cs from 1.0 to 2.5). The take-off criterion i a umed 
to be the thrust power available at a peed equal to 0.25 
of the high speed of land planes. Thi value corre
sponds to 0.7 of the take-oil speed for airplanes having 
a speed ratio of high speed to take-off speed of 2.. It 
can be shown that 0.7 of the take-off speed i the best 
single point for comparing take-off thrust as that point 
represents the approximate center of the area of the 
graphically integrated diagram of take-off run of mo t 
airplanes represented by J tdv, where t and v represent 
time and velocity, respectively. 

-- f 
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In the computation of the take-off tbl'u t power, the 
engine torque is as umed to be equal to the torque at 
high speed. The engine speeds are a surned to remain 
constant for the on trollable propeller but to decrease 
for the fixed-pitch propellers in the take-off condition, 
according to the relation 

~o= -J(J-;o /Cp 
Although tbe per entage of thru t power available also 
represents propul ive efficiency for the controllable 
propellers, i t repre ents 7J (N/No) for the fixed-pitch 
propeller. 

The great st difference in maximum efficiency i about 
3 percent; the highe t efficiencies are for the low-camber 
propellers. 

It seems strange that tbe on troll able propellers of 
low and medium camber would al 0 excel for the take
oft condition. Thi paradox is explain ed by the results 
presented in table IV. The low-camber propeller are 
de igned witb larger diameter than the high-camber 
ones and, in order to absorb the same power at the 
take-off, are set to lower blade angle for which the 
effi ciency i high r. 

The high-camber propeller are definitely uperior for 
fixed-pitch propellers set at high blade angle. The 
rea on i quite obviou. ( ee fig . 30, 31, and 32. ) The 
tall is delayed to bigher anO'le of attack, i. e., to lower 

values of V/nD, and the gain in efficiency due to the 
lower dra a and the higher lift of the ection is quite 
pronounced. The decrease in engine peed al 0 plays a 
prominent part in the available thrust power, as i hown 
in table ] V. The high-cam her propellers arc designed 
to operate at higher values of Cpo than the low-camber 
ones. The higher the Cpo' the Ie ' i the increa e in r 
fo J' take-o rr and, consequently, tbe Ie i the drop in 
rotational peed. The talling chal'acteri tics of the 
propeller do not enter the problem for low blade angle 
o that there is less choice of section for low design 

Cs condition . 
In figure 3 (b ) the propeller are compared on a basi 

of equal diameters for gi en values of Cs. The propeller 
of Clark Y ection is taken a the tandard because it 
is of medilIDl camber. The diameters of the low-camber 
propeller are slightly decrea ed from the previous 
comparison and tho e for the high-camber one are i11-
crea ed. The high-speed efficience are slightly differ
ent from the maximum value but the order of merit i 
the ame. 

The order of take-off efficiencies for the controllable 
propeller i chang d. The hiO'h-camber propeller are 
about equal, in general, to the medium-camber ones, 
and the low-camber one have the lowe t efficiencies. 
The medium-camber and the high-camber propeller 
are about equal in thi compari on becau e neither type 
exceed the tall for the tak - ff criterion ( ee table V); 
the uperior tallinO' characteristics of the high-camber 

propellers are, of course, not utilized. The high-camber 
propeller is lightly superior at a Cs value of 2.5, which 
how that its stalling characteristics arc beginning to 

be utilized and, for higher Cs values, they honld be 
definitely uperior. The higb-camber propellers would 
have been superior at lower values of Cs if the diameters 
had all been smaller. For example, if the propeller of 
R. L F. 6 section had been a sumed to be the tandard 
of compari on instead of the propeller of Clark Y 
ection, the high-camber prop 11ers would have excelled 

at Os values above 1.5. 
Large differences in take-off thrll t power arc evid ent 

for the various fix cl-pitch propellers. Tlus compari on 
i the 10 e t repre enttLtion given of a pure efficiency 
compari on be ause the take-off Cp has about the ame 
value for all propeller ; they therefore all have about 
the ame drop in engin e peed. The 1'e ults given in 
figure 32 how the arne order of merit in the take-off 
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propellers ha'"e the same diameter. 

range as the comparison in figure 33 (b); both methods 
indicate the uperiority of high-camber propeller for 
medium and high blade-angle de ign conditions. 

Effect of thickness .- In reference 6, comparison 
were made between propellers of thTee different sec
tion : Clark Y, R. A. F. 6, and N. A. C. A. 2400- 34. 
The propellers were tlunner than the pre ent one 
(h /b= O.07 at O.75R as compared with h /b= 0.09 ). In the 
former comparison , based on controllable propellers of 
equal diameter, the propeller of R. A. F. 6 ection wa 
best for take-off, while the present te ts indicate the 
propellers of Clark Y and R. A. F. 6 ections to be about 

-----_. --- - --- J 
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equal. It i rea onable to assume that the differences 
in relative efficiency are due to the differences in thick
nes of the two et of propeller . Figure 34 how that 
the propeller of lark Y section improves in take-off 
efficiency with increa ing thickness whereas the pro-
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peller of R. A. F. 6 section does not. It is well known 
that OLm., increase with airfoil th.icknes and camber 
up to a limit. A the R. A. F. 6 section has a higher 
camber than the Olark Y, it eem logical that it would 
reach its OLm., limit at lower values of thickncss. 
R eference 2, which is a more general study of the eItcd 
of blade thi01me ,seems to ubstantiate this contention. 

The . A. O. A. ection propellers are not so ensitive 
to change in thickne s because the camber is not a 
function of thickne . 

Lift and drag coefficients reduced from propeller 
results .- In ref renee 7, Lock pre ents two method of 
reducing propeller characteristic to airfoil result and 
vice versa. In one method, COD."lputations are made for 
six blade element and the thrust and the torque grading 
curves are integrated. The second method i based on 
only a single radius, the as umption being that the shape 
of the grading curves remain constant 0 that a con
stant integrating factor is used. This method is further 
simplified by the u e of charts so that a propeller may be 
analyzed within an hour. 

Lift and drag curve derived by the ingle-radiu 
method are plotted again t angle of attack in figure 35 
for the six propeller with a blade-angle setting of 25° 
at 0.75R; polar curves are given in figure 36. The 
re ults for only one blade angle are analyzed. The 
test from which these curves are derived were made the 
same day under apparently identical conditions and are 
therefore considered to be relatively more accurate than 
for the whole serie i the estimated preci ion is within 
0.5 percent for 7]ma:t. 
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Of interest are Dmin' OLmOz , an] OD at high values 
of OL' The ection of 2-percent camber show values 
of ODmin of about 0.01; the ections of 4-percent camber 
how value of about 0.017; and the section of 6-percent 

camber shows a value of about 0.02. The propeller of 
R. A. F . 6 section, which has a camber line (see fig. 29) 
different from the other ection, hows the highest 
ODmin, 0.022. The 2-pel'Cent sections show values of 
OLmo> of about 1.1 ; the 4-percent section, of about 1.3; 
and the 6-percent section, of about 1.5. 

Lift and drag coefficient are of little value in deter
mining the r elative merit of the airfoil ections for 
propellers lIDless th eir quantitative importance is deter
mined. The influence of OD at 1/max (approximately 
ODmJ on 1/max is given in figure 37 for the propeller 
wh en set at a blade angle of 25° at O.75H. Large 
change in OD ar e een to affect 1/max only a small 
amount. Reducing OD from 0.02 to 0.01 increase 
1/max only 3 percent. By extrapolation, if th e drag could 
be r educed to zero, the 1/max would be increa ed only to 
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FIGURE 37.-The influence of tbe blade drag coeilicient ou the maximum propulsive 
efficiency. Blade angle, 250 at O.7SR. 

O. 95, which is only a few percent below the ideal for 
thi condition. (The ideal efficiency neglects profile 
drag, hub drag, body slipstr eam drag, rotationallosse , 
tip 10 se , blade interference, etc.) Thi r esult inclicate 
that the pos ibilities for improving 1/max by reducing the 
profile drag of the sections are very limited; the maxi
mum increase is probably not more than 1 or 2 percent 
above that for the present-day standard sections. It 
hould be emph asized that figure 37 applies only to a 

blade-angle etting of 25°. For higher angles up to 
about 45°, according to the simple blade-eleInent 
theory, OD would have a lightly malleI' influence on 
1/max· 

A direct r elationship doe not always exist between 
OLmar an d take-off efficiency becau e in many cases the 
tall is not reached. FL"Xed-pitch propellers set at 

blade angle below about 20° (the approximate blade 
angle for stalling at zero air speed) and some control
lable propellers set at angle as high as 300 do not stall 

during the take-oir run. Probably some indi:l'ect rela
tionship exi ts, however, between OLm" and the take
off efficiency becau e of the drag at high angles of 
attack a sociated with ections of different camber. 

The r elationship b etween the OLma. and the tak e-off 
efficiencie of controllable and fIxed-pi tch engine-pro
p 11er combinations i given in figme 3. In figure 
3 (a) the a.nalysis i ba ed on propellers de ign ed for 
1/ max, the data being ta.ken from figures 33 (a) and 35. 
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FIGURE 3 .- Relationship between CLmo• and the propeller characteristics for the 

take-off cond ition. Take-off cri terion, V=0.25 Vma •. 

It may be seen that increasing value of OLma. are as 0 -

ciated with a slightly decreasing take-oft thru t power 
of controllable propeller. This trend, a previou ly 
explained, is due to the different take-oft blade ettings 
necessitated by the difference in diameter. 

The trend of take-off thrust power increases with 
increasing OLmaz for the fixed-pitch propellers et at 
moderately high blade angle but not for the low blade
angle settings because the blades are never stalled . 

- -.- - -- ~------~ 
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In figure 3 (b) a similar analy is i pre ented for 
propeller having equal diameters, the material being 
taken from figures 33 (b) and 35 . In this example, 
increa ing value of CLmax are associated with an in
creasing take-off tbru t power of controllable propellers 
for only the low OL range and the high de ign O s values. 
The high-pitch low-camber propellers are the only 
ones exceedin O" the tall at the take-off , as previollsly 
pointed out. H ad the diameter of all propellers been 
smaller, more propeller would have ex eeded the tall 
ancl t he advan tage of a high lift coefficien t would be 
more general. 

The advan tuge of high lift cocfficien t for fixed-pitcb 
propeners i definite over the en tire r ftnge investiO"atecl ; 
it is more definite, however, for the bigh blade angle 
than for the low one . The take-off thru t i increased 
an average of 1 percent for ea 11 1 percent increa e in 
Or,max for O s alue of 1.5 and over. 

Effect of co mpressibility.- In the test repor ted in 
reference i t wa noted that propeller of R. A. F . 6 
ection were more affected by compre ibili ty in the 

take-off and climbing range than tho e of Clark Y 
section. It is reasonable to a ume that the other 
propeller would likewi e display differences. Of the 
ection incorporated in the pre en t propeller , the 

Clark Y , the R. A. F . 6, and tbe IJ . A. C. A. 2409- 34 
have been tested as aiTfoils in the T. A. C. A. high-

.18 

.1 6 

peed wind tunnel and the 1'e ults are given in figure 
39 (from refer ence 1 and 4). The low- peed resul t , 
V V c= 0.40, corre pond approximately to tb e pre ent 
re ults. I t may be noted that the curves from these 
test of low-spe d airfoils check in a relative way th e 
airfoil curves derived from tbe propeller re ul t . 

In tbe airfoil curve for high speed (V/V c= O. 0, 
fi O". 39), it may be noted that the value of the mini
mum drag coeffi cient of the N. A. C. A. 2409- 34 sec
tion was doubled, the Clark Y tripled , and the -R. 
A. F. 6 nearly tripled by doubling the air peed. H 
nll th I m nts were traveling at O. OV" the maxi
mum effi ciency of th e propeller of J A. C. A. 2400- 34 
section would be expected to drop about 3 percen t , 
that of Clark Y ection about 9 percent, and tha t of 
R. A. F. 6 section about percen t, judging by the 
errect of drag on 'rJ m(lx, a shown in6gure 37 for the 25 ° 

hlade-angle etti.ng. Fortunately, only the t ip ele
ment are affected so tbe los i mu ch less. 

For the 2-blade propeller of R. A. F. 6 ection tmJ1 -
ill g at 1, 00 1". p. m. (V /V c= O. 3), the loss in peak 
efficiency i only abou t 1 percent (wi tbin the experi
mental error) (60". 40), which mean that very little 
ar a at the tip i affected. The e re ult have been 
translated into airfoil result and are shown in figure 
41 for the pUl'pO e of compari on with the high-speed 
re ult shown in fi gure 39. orne i.d a of the blade 
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area affected may be obtained by referring to figm e 
42 wh erein OD is plotted again t VIV e (which i al 0 

a function of propeller m diu , as liming only rota
tional velocity ). If con i leration i given to the 
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F ,GU RE 40.- EfTect or compressibili ty on the characteristics or an H. A . F . 6 propeller 
([rom rererence 8). 

thrust distribution over the blade, which falls off near 
the tip , it is readily seen why the propeller of the 
R. A. F. 6 section lose so li ttle in peak efficiency owing 
to compre ibility. 

It i pointed out in r eference 4 that the J. A. C. A. 
2400- 34 series section is superior at high speed to th e 

./0 

. 08 

....: 
c: 
,!:! .06 

.ll .;:: ..... 
~ 
ll .a 4 

B' 
6 

.02 

a 

~ 

, 
.2 

Prop eller Tip I 
speed . speed. 
r.p.m. fP.S; / L 1,20.0 -- 628

1 
~I 1.80.0 - - - 942* 

*(V;v,; ~a.83) 
/ 

/ 

/ I / 

/ I / 

/ 

)/ rt / 
/ I----:-::' 

r- - - / fJ 
~7]max 77 at 0.. 7 

toke-off speed 
1 I Ij 

.4 .6 .B 1.0. 1.2 
L i ft c oe f f icient. CL 

F I GU RE 41 .- Airroil section characteristics reduced rrom propeller results. Two· 
blade propeller or R . A. F . 6 section; blade angle. 1:;° at 0.75 R ([rom rerer· 
ence 8). 

commonly used propeller cctions and the curves that 
are herein r eproduced in figure 39 are given a evidence. 
A a result of the recommenda tions of reference 4, 
propeller 6623- B was de igned with the . A. C. A. 
2400- 34 series section for the outer half. This pro
peller was not te ted at high tip speeds becau e the 
propeller of R. A. F . 6 ection showed scarcely any 

decrea e in peak efficiency; it was concluded that any 
compre ibili ty effect of the propeller of . A. C. A. 
2400- 34 section could not be measured at 7} max with 
the present te t et-up . 

Figure 42 shows the relative blade area affected by 
compre sibility for the propeller of R. A. F . 6 and 
N . A. C. A. 2400- 34 ection. I t appear that the 
tip peed must be at leas t 0.90Ve before compressi
bility effect at 7} max could be mea Ul'ed on the pro
peller of N . A. C. A. 2400- 34 section, and then th e 
loss would probably amount to no t more than 1 per
cent, judging by the rc ult. for the R. A. F . 6 sec tion 
for a tip peed of O. 3Ve. The re uIts of reference 9 
also show that no loss in peak effLCiency oc Ul'S lip to 
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tip speed of O. 5 or 0.90 V e for the standard propeller 
ection . 

T est of the propellers wi th the N. A. C. A. ections 
at high tip speeds for the t ake-off and climbing condi
tion are planned. It is not anticipated , however, 
that the condition of high tip peed will materially 
al ter the rela tive merits of the section for the t ake-off 
condition because: Fir t , only the tip sections ordinarily 
operate at high speed ; and, second, compressibility 
tends to equ alize the characteristic of different airfoils 
at high angle of a t tack rather than to accentuate any 
differences. Figure 39 indicates that all airfoil section 
ha e abou t the arne L",a x a t O. OV e• Thi re ult 
was al 0 fOllnd to be sub tan tially tru for propellers. 
In refel'en e it is pointed out t hat, although th e 
propellers of R. A. F . 6 section 1 st more in take-off 
efficien y owing to com pres ibility than those of Clark 
Y section, the efficiency at low tip speeds wa higher ; 
con equently, the efficiencies tended to equalize at 
high tip speeds. 
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CONCLUSIO S 

1. The difference in maximum propulsive efficiency 
for propellers of different sections amounted to about 
3 percent. The highest efficiencies were for the pro
peller sections of low mean cambers, as may be noted 
from the ord r of merit: . A. . A. 2400- 34, Clark 
Y, . A. C. A. 2R200, N . A. C. A. 4400, R. A. F. 6, 
and . A. C. A. 6400. 

2. The difference in take-off efficiency for controllable 
propellers varied from 2 to 8 percent, depending upon 
the section, the design as value, and the method of 
comparison. Based on propellers of the same diameter, 
the order of merit of the ections, in general, was: 
R. A. F . 6, . A. C. A. 4400, Clark Y, . A. C. A. 
6400, N. A. C. A. 2R200, and . A. C. A. 2400- 34. 
Based on propellers of which the diameters were those 
givinO' maximum efficieney at high speed, the order of 
merit of the sections, in general, was: . A. C. A. 
2R200, Clark Y, . A. C. A. 4400, N. A. C. A. 2400- 34, 
R. A. F. 6, and J. A. C. A. 6400. 

3. The difference in take-off efficiency for 1i'{ed
pitch propellers varied through wide limits. Based 
on either method of comparison, the order of merit 
was: R. A. F. 6 or J. A. C. A. 6400, N. A. C. A. 
4400, Clark Y, . A. C. A. 2R200, and . A. C. A. 
2400-34. 

4. The te ts indicated that blade sections for con
trollable propellers not limited in diameter should be 
selected almost entirely on a basis of minimum drag, a 
the maximum lift eoefficients had only a small effect on 
the take-o:IT characteristics within the range investi
gated, because the stall, in general, did not occur. 

5. T1Je tests indica,ted that blade sections for fixed
pitch propeller should be selected on ba e of both 
minimum drag and maximum lift, particularly for blade
angle setting of 20° and over. For propellers of equal 
diameters, the increase in take-off thrust was propor
tional, in general, to the maximum lift. 

6. A C'ompn,l'ison of Clark Y find l\'. . F. 6 sections 
of eli [eren t Lbiclmess 1'a Lio for con 1,1'011<1 ble propellers 
of Lhe sa me diameter inclica Led that thin (h/b = O.07) 
propell ers or R. A. F. 6 section were superior at take-off 
to thin propellers of Clark Y section, but that thick 

(h/b= 0.09) propellers of Clark Y section were equal to 
those of R. A. F. 6 section, either thick or thin. 

7. Te t already reported on the effect of compres i
bility indicate that no correction need be applied to the 
maximum efficiency of the present results for tip- peed 
values of V/Ve up to 0.80 or 0.90 . Although corrections 
should be applied to the take-off characteri tics for 
somewhat lower tip-speed values, the re ults show that 
compressibility tends to decrease any differences be
tween propellers of different section. The present test 
probably show the correct order of merit even up to tip 
speeds of a.90Ve• 

LA GLEY MEMORIAL AERONA TICAL LABORATORY, 
ATIO AL ADVISORY COMMI'l'TEE FOR AERONAUTICS, 

LANGLEY FIELD, VA., March 23,1938. 
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AERODYNAMIC CHARA CTER! TIC OF PROPELLERS HAVING DIFFERENT AIRFOIL SECTIO • 

-

Reclion 

dl l> 

0.025 
.05 
.1 
.2 
.3 
.4 
.5 
.6 

I .7 
.8 
.9 

1.0 
L. E . radi u'lb 

tall", 
b, 
h. 

TABLE II 

CLARK Y AND R. A. F. 6 BA IC PROPELLER ECTIONS 

L.E. radi.,-!s 

. _. ~C.gh 

~ [;" b.; b -'-------J 
Section ________ __ _ Clark Y R. A. F . 6 

rllb h,/1I h,/Ii h, /lI 

0 0.2950 0.2950 -------_ .. 
. 025 . 5490 . 1281 0.41 
_ 05 .662.5 .0811 .59 
. 1 055 . 0384 .79 
.2 : 9570 . 0085 .95 
.3 .9950 0 1.00 
.4 .9830 0 .99 
_5 .9280 0 . 95 
.6 .8290 0 7 
. 7 . 6835 0 . 74 

.5210 0 .56 
_9 .3375 0 .35 

L. E. radius 0. 13 .10 
' t' . E. radi us .0 .07 

Ii , .416 h . 421 h 
b, . 4405 b . 4469 b 

Area .7245 bh . 738 bh 
Im Cljor . 04181>3h . 0446 b'h 
I minor .0454 bh' .0464 bhl 

T ABLE III 

N. A. C. A. BA IC PROPELLER SECTION 

L.E. radius 
A ~.c. g. I), :¥ eon line 

-- ~ l~c- ' - ~ .h , --- __ -·Chord 
~~----~--~~ ? 

---b c--

~----- d ----~ 

b J 
(h, + h') mor = h: h, and h, are measured perpeudicula r 10 the tan~eut of the mean line 

41()() ~41JO-34 2H,(IO 

(l Ib h./h= h,lh alb h,/h= h,/h alb h./h = h,lh (l Ib 

O. OO~8<1 0.2179 0. 00242 O. 140 0. 00361 0.2179 0.00727 
.00937 .2962 . 00469 .208 . 0068t .2962 . 01406 
.01750 . 3902 . 00875 .304 . 01204 . 3902 . 02625 
.03000 4781 .01500 · 4~5 .01 33 . 47 I .04500 
.03750 .500t .01 75 • <I <I . 01999 .5001 . 05625 
. 40000 .4836 .02000 · 500 .01 21 .4 36 . 00000 
.0 9 . 4411 . 01944 • <I 6 .01414 . <l411 . 05834 
.03556 .38('3 . 01778 . 443 .08930 .3803 .05333 
.03000 .3053 .01500 .373 .03710 .3053 .04501 
. 02222 . :.1186 . 01111 .277 - . 00024 .21 6 .03334 
.01222 .1206 .00611 .156 -.00187 .1206 . 01 4 

0 . 010 0 .0105 0 

6100 

h./h = h,lh 

0.2 179 
.2962 
.3902 
. 478t 
.5001 
.4836 
.4411 
.3803 
.3053 
.2186 
. 1206 
. 0105 0 .0105 

1. I (hlb) 2 0.275 (hlb) 2 1. I (h/b) 2 1. I (hM 2 

0.200 0. 100 0.153 0.300 
.42b . 46b .4.2b . 42b 
.0313b . 0172b .01 26b .0473b 

33 
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TABLE IV 

PERFOHMAKCE OF PROPELLERS HAVIN G DIAMETER FOR MAXIMrM EFF1C1K1\ CY AT H1CH PEED 

P ropeller Section I Desigl 
C. 

V 

n D 

H igh speed 

Diam· Blade 
eter anl'le T7,"a~ 
(fL .) (deg .) 

T ake-ocr, controllable 
Take-ofT, fixed pitch piLCh 

V m ade \ ' m "de N (''' ) 1lJJ aogle ~ ,!iJ angle ~ j\ ro 11 iV O (deg.) (d eg.) 

------------------------
9 _________ C lark L ______________________ 1.0 

5868-R6 __ 

1. 5 
2.0 
2.5 

R . A . 1' . 6 ________________ 1. 0 
1. 5 
2.0 
2.5 

6623- A _________ N. A. C. A . 4400 _____________ 1. 0 
1. 5 
2.0 
2.5 

6623-B ____ ____ '. A. C. A. 4400 in ner ha lf. 1.0 
20100-34 outer h"l r. I. 5 

2.0 
2. 5 

6623- C __________ r. A . C. A . 21HlO___ 1.0 
1.5 
2. 0 
2. 5 

6623- D ________ N . A. C. A . 6400_ _______ _____ 1.0 
1.5 
2. 0 
2. 5 

0.505 
. 8.52 

1. 213 
1. 598 

. 55:l 

.93.5 
1. 282 
1. 70.5 

.553 
9 

1. 244 
I. 655 

.505 
30 

I. 154 
1. 545 

• >178 
. 7 

1. 1(" 
I. 5 2 

.562 

.905 
I. 282 
1. 705 

PERFORMA CE 

Propeller Section 
Design 

C. 
l' 

nD 

---
5868-9 ______ C lark Y __ ___ ___ ______________ 1.0 0.505 

1.5 52 
2.0 1.21:3 
2.5 I. 59 

5868-R6 __ __ R. A. F. 6 _____________________ 1. 0 .505 
1.5 52 
2.0 I. 213 
2.5 1. 59 

6623--A __ N. A. C. A. 4400 __ ___ ---.--- 1.0 .505 
1.5 52 
2.0 1. 21 3 
2. 5 1. 59 

6623-0 _____ N. A. C. A . 4400 inner lIa lr. 1. 0 .505 
2400-34 ou ter half. 1. 5 52 

2.0 I. 213 
2.5 1.59 

0023-C ______ N. A. C. 2R,00 __________ _____ 1.0 .505 
1. 5 .852 
2.0 1. 21:) 
2.5 1. 59 

6623- D _____ N. A. C. A. 6'100 ____ ------.-. 1. 0 . 505 
1. 5 .852 
2.0 I. 213 
2.5 1.5118 

--- ------ ---
10 13.2 0.766 0. 126 10. 0.307 0. 151 13.2 0.340 O. 35 0.284 
10 21. 9 4 .213 15. 4 . 4 . 282 21. 9 . 411 .757 . 311 
10 29.1 61 . 304 19.3 .500 . '137 29.1 .397 .693 . 275 
10 36.1 . ,50 .400 22.7 .54 .595 36. 1 .403 .670 .270 

9.14 16.4 . 763 . 138 13.9 .312 . 157 16. '1 .320 77 .280 
9.12 25.7 .830 .23'1 20.7 . 400 .273 25.7 .384 55 .328 
9.47 31. 6 43 .320 22. .480 .410 31. 6 .419 . 7 ' 1 .327 
9.37 38. 28 . 426 28.2 . 52 1 .560 .390 .761 .297 

9.14 Hj.4 . 7il .128 13.9 . 312 . 157 16.4 . 320 78 .281 
9.59 23.3 .837 .222 Ji.5 .415 .27 1 23.3 . 401 20 .329 
9. 75 29.9 .848 .3 11 20.9 .492 , 1122 29.9 .392 .735 . 289 
9.65 37.2 .832 .414 26. 0 .521 .578 37.2 . 387 .71 6 .277 

10.00 15.2 .7 G .1 2G 12. 9 .338 .151 15. 2 .334 35 .279 
10.27 22.8 .8.50 . 207 11;.1 .4 15 .282 22 . .383 .734 . 28 1 
10.51 28.8 .871 .289 18. 4 . 496 . 438 28 . .413 . (j59 .272 
10.34 36.4 .846 . 3,6 Z1. j .526 . no l 36.4 . 41 5 .63 . 265 

10.57 1.1.0 . i76 .11 0 II. 5 .329 .1 5f> 15.0 . 349 .76·1 .267 
10. I 21. .843 . 197 14.6 .435 .282 21. 8 .402 .698 .316 
10.40 30.0 .86 1 . 292 20.0 .503 .448 30. 0 . 383 .651 .250 
10.10 28.3 45 . 396 21. 8 .529 .626 3 .3 .387 .630 .244 

8.98 15.5 .747 .141 13.2 .303 . 159 15.5 .307 5 .272 
9.41 22. 4 .831 . 226 16. 6 .400 .274 22.4 . 406 .826 .335 
9.47 29. 4 .842 .320 20.7 .474 .396 29.4 .44f> .809 . 36 1 
9. 37 37.4 .823 .426 26.8 .526 . 562 37.4 404 .757 .308 

-

TABLE V 

OF PROPELLERS OF EQ AL DIAMETER 
[C la rk Y propeller taken as standard] 

liigh speed Take-ofT. cont rollable Ta ke-o fT, fixed piLCh piLCh 

Dialll- l3!ade \ ' Blade \ . l3!ad e N ~Cvo) eter (ft.) a ngle 'Y/ mal: nD angle 
n D 

a ngle ~ 
1VO (deg.) (deg.) (deg.) 

--- ------------ ------------------
10 13.2 0.766 0.126 11 .8 0. 307 0. 151 13.2 0.340 O. 35 O. 4 
10 21. 9 .84 .213 15. 4 .428 .282 ?1. 9 . 411 . 757 .3 11 
10 29.1 61 .304 19.3 .500 .437 29. I .397 .693 .275 
10 36.1 50 . '100 22.7 .5'18 .595 36.1 .403 . 670 . 270 

10 12.5 .731 . 126 10. .31 1 . 1-1 5 12.5 . 338 69 .294 
10 21. 5 .816 .213 15.3 . 42 .276 21. 5 .449 .774 .347 
10 28.7 33 .304 18.9 .508 . 412 28.7 . '191 . 734 . 36 1 
10 35. .817 .400 22.7 .570 .568 35.8 .474 . 702 .333 

10 13.4 .765 . 126 10. .327 . 15·1 13.4 .34 20 . 295 
10 21. 5 .835 .213 15.2 .428 .274 21. 5 .430 .779 .385 
10 28.7 H .30 1 19.0 .508 . 420 28.7 .427 .722 .3 
10 35.5 32 .400 23.2 .560 .582 35.5 . 420 .695 .292 

10 15.3 .7 6 .120 12.9 .338 . 152 15.3 .332 .830 .276 
10 23.9 .84 .213 17.3 .363 .287 23.9 .361 . 743 .268 
10 3 1. () .866 .30 \ 21. 1 .456 .436 31. 0 .374 .69·1 .259 
10 37.8 .843 .400 24.6 .492 . 600 37.8 .302 .665 .260 

10 16.7 .745 .126 13.0 . 319 . 159 16.7 .337 .794 .264 
10 24.7 .837 .213 1.1 . 41 0 . 29 1 24.7 .360 .731 .263 
10 31. 60 . 30·1 21. 9 .4 6 .445 31. .354 .680 .241 
10 28.7 .843 .400 25.3 .510 .625 38. 7 .377 . 837 . 240 

10 I I. 3 .731 .12(} 10.8 .319 . 14 6 11. 3 .337 .866 .292 
10 19.6 .828 .213 13.7 .421 .278 10. 6 .435 .766 .334 
10 26.9 35 .304 17. 0 .497 . 405 26.9 .502 .747 .375 
10 33.9 16 . '100 20.6 .563 .557 33.9 . 496 .715 .364 

----
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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 

Designation Sym- to axis) Designation Sym-
bol symbol bol 

LongitudinaL ____ X X Rolling _____ L 
LateraL __ _______ Y Y Pitching ____ M 
NormaL _________ Z Z yawing ___ _ N 

Absolute coefficients of moment 
L M 

0,= qbS Om= qcs 
(rolling) (pitching) 

Linear 
Positive Designa- Sym- (compo- Angular direction tion bol nent along 

axis) 

Y--7Z RoIL ____ cf> u P 
Z--7X Pitch __ __ () v q 
X--7Y yaw __ ___ 

'" 
w T 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
Va, 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= ID4 
pn 

Torque, absolute coefficient CQ= ~nr. 
pn LF 

P, 

1), 

n, 

P, 

Power, absolute coefficient CP = ~nr. 
pn II 

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

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

5. NUMERICAL RELATIONS 

1 hp.=76.04 kg-m/s=550 ft-Ib ./sec. 
1 metric horsepower=l.0132 hp. 
1 m.p.h.=0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 

1 Ib .=O.4536 kg. 
1 kg=2 .2046 lb. 
1 mi.=1,609.35 m=5,2BO ft. 
1 m=3.2BOB ft . 




