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SUMMARY

Tests of two 10-foot~diameter, two-blade propellers having
Clark Y blade sections have been made in the Langley 16-foot high-speed
tunnel. The propellers, designated as NACA 10-(4) (08)-03CY and
NACA 10-(4)(08)-03RCY, were tested on a 2000-horsepower dynamometer
through a range of blade angles from 20° to 55° and at airspeeds varying
from 60 to 485 miles per hour. The NACA 10-(4)(08)-03CY propeller had
efficlent airfoil sections extending to the spinner surface, and the
NACA 10-(4) (08)-03RCY propeller represents a structural compromise having
cylindrical shanks typical of conventional propellers.

The results of these tests are presented with no attempt having been
made to analyze or compare the data with other high-speed-propeller test
results. Envelope efficiencies of over 0.90 are attained for both pro-
pellers at the lower rotational speeds where the adverse offects of
compressibility are small. At the higher rotational speeds the envelope
efficiencies of both propellers are much lower. For the design blade
angle of 45° the maximum efficiency of the NACA 10- (L) (08)-03CY propeller
drops from 0.92 to 0.745 for an increase in helical-tip Mach numbers
from 0.85 to 1.08. The corresponding loss in maximim efficiency for the
NACA 10-(4)(08)-03RCY propeller is from 0.90 to 0.665.

INTRODUCTION

A general investigation is being made in the Langley 16-foot high-
speed tunnel to determine the combined influence of propeller design
Parameters and alr compressibility upon propeller performance. The
propellers used are 10 feet in diemeter, and the blade designs embody
variations in blade width, thickness ratio, shank form, blade section,
and design 1lift coefficient or camber. All of the blades were designed
to operate with a minimim induced-energy loss when the blade angle of
the 0.7 radius is 45° and the blade is operating at the design value of
1lift coefficient.

RESTRTICTED
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The compressibility problem is very important in propeller design
because blade-section speeds are higher than the speed of the airplane,
and structural requirements lead to thick sections near the root. The
solution of this problem led to the development of the 16-geries airfoil
sections which have high critical Mach numbsrs. Most of the blades in
the series of NACA designs have the 16-series blade sections, but two of
the blade designs have the older Clark Y blade sections so that a compar-

ison can be made at high speeds with the blades having the newer 1l6-geries
sections.

The single purpose of this paper 1s to make available the data
obtained from tests of these two Clark Y section propellers as quickly as
possible with no attempt being made to analyze the results or to compare
them with other high-speed-propeller test results.

SYMBOLS
b blade width of chord, feet or inches
Cp power coefficient (%/pn3D?)
€ thrust coefficient (].’/anDLB
cZd design section 1ift coefficient
D propeller diameter, feet
h blade section maximum thickness
J advance ratio (V/nD)
M Mach number of advance
M, helical-tip Mach number @/1 . <§>2>
n propeller rotational speed, rps
P power, foot-pounds per second
R propeller tip radius, feef
r radius to blade element, feet
T thrust, pounds

v velocity of advance, feet per second
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B blade angle, degrees
Bo.75R blade angle at 0.75 radius station
/Cp
n propeller efficiency k<7_ J
Cp
o] mass density of air, slugs per cubic foot

APPARATUS

A 2000-horsepower dynamometer (fig. 1) was used to test the
propellers in the Langley 16-foot high-speed tunnel. The dynamometer,
control equipment, instrumentation, and calibration ars described
in detail in reference 1.

Propeller blades.- Basic test data are presented graphically herein
for the two-blade NACA 10-(4)(08)-03CY and NACA 10-(4)(08)-03RCY propellers.
The significance of the digits and letters in the propeller designations
are as follows: the digits in the first group give the propeller diameter;
the diglt in the first parenthesis is ten times the basic design lift
coefficient at the 0.7 radius; the digits in the second parenthesis give
the thickness ratio at the 0.7 radius; the digits in the third group give
the solidity per blade at the 0.7 radius; the letter R indicates a
blade with conventional round shank; and the letters CY identify the
blade sections as Clark Y.

The blade-form curves for the NACA 10-(4)(08)-03CY and
NACA 10-(4)(08)-03RCY blades are shown in figure 2. Tne
NACA 10-(4)(08)-03CY propeller has efficient sections from the tip to
the 0.2 radius, whereas the NACA 10-(4)(08)-03RCY propeller represents
a structural compromise having the cylindrical shanks typical of some
conventional propellers. For this propeller a minimum induced-esnergy
loss is maintained except for the rounded sections near the spinner
surface. Figures 3 and 4 are photographs of the blades, and figure 5
shows a comparison of the shank sections at two radii.

TESTS AND REDUCTION OF DATA

The range of blade angles and rotational speeds for the propellers
tested is presented in table I. Thrust, torque, and rotational speed
were measured for each of the blade angles in the table for various values
of advance ratio as described in reference 1. For the constant rotaticnal
speeds, the advance ratio was varied by regulating the tunnel airspead.
The higher blade-angle tests were run only at ths lower rotational gpeeds
because the dynamometer could not deliver sufficient torque to cover the
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complete range of advance ratio. The tests in which the rotational speed
was varied were made to obtaln data at high helical-tip Mach numbers with
the propeller operating at the design blade angle of L45°.

The test data corrected for tunnel-wall interference and spinner
forces (reference 1) are presented in the form of the usuel thrust and
power coefficients and propeller efficiency. Propeller thrust, as used
in this paper, is defined as the shaft tension caused by the portion of
the blades rotating in the air stream. The reduction of the test data is
outlined in detail in reference 1.

Several of the test runs were repeated during and at the end of the
test program. The results of these tests agreed closely with the original,
indicating the total error in the basic data to be less than 1 percent
for comparisons of data obtained in this sequence of tests. :

RESULTS

The faired curves of thrust coefficient, power coefficient, and
propeller efficiency plotted against advance ratio for the tests of
NACA 10-(4) (08)-03CY and NACA 10-(4) (08)-03RCY propellers are presented
in figures 6 through 19. The test points are shown on the graphs of
thrust and power coefficients. The variation of helical-tip Mach number
and air-stream Mach number with advance ratio appears on the figures
showing propeller efficiency.

The variation of propeller envelope efficiency with advance ratio
for the various rotatiponal speeds is presented in figure 20 for the
NACA 10-(%4) (08)-03CY propeller and in figure 21 for the NACA 10-(4)(08)-03RCY.
Envelope efficiencies of over 0.90 were attained for both propellers &t
the lower rotational speeds where the adverse effects of compressibility
are small. The range of advance ratio for which efficiencies of over 0.90
were attained 1s much smaller for the round-shank propeller than for the
wlde-shank propeller. The maximum efficiency for the wide-shank propeller
is 0.93 and for the round-shank propeller is about 0.91. These maximum
efficiencies occur at an advance ratio near 2.1 for which the propellers
woere designed. At the higher rotational speeds the envelope efficilencies
of both propellers are much lower, and at 2160 rpm the maximum efficiency
of the round-shank propeller is less than 0.80.

In figure 22 the envelope efficiency of the NACA 10-(4)(08)-03CY
propeller at 1350 rpm is compared with the optimum efficiency of a two-
blade propeller with the Betz minimum induced-energy loss loading. This
optimum efficiency was calculated by a method (reference 2) neglecting
all profile-drag losses for a two-blade propeller operating at the
same values of powsr coefficient as were obtained with the
NACA 10-(4)(08)-03CY propeller. The optimum efficiency takes into




NACA RM No. L8EO7 5

account the induced losses, both axial and rotational. The difference
between the envelope and optimum efficiency curves is attributed to
profile-drag losses. This difference is approximately 2 percent at the
point of maximum envelope efficiency. Ths corresponding curves for the
round-shank propeller are shown in figure 23.

Figure 24 shows the effect of compressibility on the maximm
efficiency of both Clark Y gection propellers operating at the design
blade angle of 45O, The maximum efficiencies of both propellers are
plotted against helical-tip Mach number. The variation of air-stream
Mach numbser with helical-tip Mach number is shown on the same figure.
The maximum efficiency of the round-shank propeller is less than the
efficiency of the wide-shank propeller throughout the range of Mach
numbers, and the difference increases with increasing Mach number. From
a helical-tip Mach number of 0.85 to 1.08 the maximum efficiency of the

NACA 10-(4)(08)-03CY propeller drops from 0.92 to 0.745. The corresponding
loss in maximum efficiency for the NACA 10-(4)(08)-03RCY propeller is from

0.90 to 0.665.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE T

ROTATIONAL SPEEDS AND BLADE-ANGLE SETTINGS FOR TESTS OF

NACA 10-(4)(08)-03CY AND 10-(4)(08)-03RCY PROPELLERS

Rotational B
Figure gpeed 0.75R
(rpm) (aeg)

NACA 10-(4)(08)-03CY two-blade propeller

6 1140 30135140 45|50 |55
7 1350 20 | 25| 30|35 |40 |45 | 50

8 1500 45

9 1600 20 | 25| 30|35 |40 |45
10 2000 20 | 25| 301 35
B | 2160 20 | 25| 30
12 Varied 45

NACA 10-(4)(08)-03RCY two-blade propeller

13 1140 35 |40 [ 45 |50 | 55
14 1350 20 |25 30|35 |40 |45 |50

15 1500 45

16 1600 20 |25]| 30 {35 |40 |45

17 2000 20 |25| 30| 35

18 2160 20 |25 30

19 Varied 45
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Figure 3.- Photograph showing plan form of NACA 10-(4)(08)-0
propeller blades.
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Figure 4.- Photograph showing plan form of NACA 10 —(4)(08) 03RCY
propeller blades. A
‘ L-46147
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Figure .- Shank sections of NACA 10-(4)(08)-03CY and 10-(4)(08) -03RCY propeller blades.
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Figure 6.- Characteristics of NACA 10-(4)(08) -03CY propeller.

Rotational speed, 1140 rpm.
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Figure 13.- Characteristics of NACA 10-(4)(08) -03RCY propeller. Rotational speed, 1140 rpm.
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Figure 13.- Continued. Rotational speed, 1140 rpm.
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Figure 14.- Characteristics of NACA 10-(4)(08) -03RCY propeller.

Rotational speed, 1350 rpm.
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Continued. Rotational speed, 1350 rpm.
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Figure 16.- Characteristics of NACA 10-(4)(08) -03RCY propeller.
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Figure 17.- Characteristics of NACA 10-(4)(08) -03RCY propeller. Rotational speed, 2000 rpm.

o

LOEQT °*ON WY VOVN



Cp

o

Power coefficient,

o
®

o
()

04

02

LOEGT *ON Wd VOVN

E:E:EE

b

Advance ratio, J

Power coefficient.

Figure 17.- Continued. Rotational speed, 2000 rpm.

L




148 NACA RM No. L8EOT

W “Jaquinu yoDW

B,
o
o
=)
()]
~N
i
6]
10)
Q,
%)
> g
2l OGSt
i BN
- TOLF L) ) Sy
: 5 = B
. o 3 .
g el o
. § Mm m
>
©
S Ol \
BLAN
T
3
—
3)
4
[e)
O
!
o~
: 3 5
: E 0
= = 5
§ 5 =
o o o
b = Py
£ £
o
— o
o -~
©° »
® <
T =4




Thrust coefficient, Ct

A2

08

06

04 &=

02

Figure 18.- Characteristics of NACA 10-(4)(08) -03RCY propeller.

1.0

(a)

.2 1.4 1.6
Advance ratio, J

Thrust coefficient.

1.8

2.0 272 24 26 28

Rotational speed, 2160 rpm.

LOEQT *ON WY VOVN

ot



Power coefficient, Cp

Figure 18.-

Advance ratio, J
(o) Power coefficient.

Continued. Rotational speed, 2160 rpm.

: T i :_ﬂ
e e
: -
: )
8 10 12 14 6 18 20 22 24

LOEQT °ON W VOVN




Efficiency,

0 o =
Q
: =
5 g
: =
o
: 5 :
] Pl \ \\ i ]
.7 5 T \ X 4
\ \
o ‘\ .
21 I i | L
| o | Rl
5 || ,/ “ 0
~ Helical tip Mach number I
B i Bl I | s
4 [ 8 5
— £ [i8 % 2
e | a€
sHH - 55
! J;_ e o e =
.2 ‘—i = : = =] 4
~ Air-stream Mach number ]
e e |
N w ] 5t e 2
- : : gt S s Rl
1509 149, 5 Y | o ! | | CHEE R FiiH
T mH Tl R
olll ] P S A B F1 | : . j L L
0 =2 & 6 8 1.0 1.2 1.4 1.6 1.8 2.0 22 2.4 2.6 28
Advance ratio, J
(c) Efficiency.
- . N)
Figure 18.- Concluded. Rotational speed, 2160 rpm. =




NACA RM No. L8EO7

S

N “dequinu Yyopw

9, o O @ © . i N [®)
L -Aouaio1yy3
o ® ~ © 0 < ) ~ - e

I B T 4
T +
i = . 2 : [aV]
matryaRspeRanaygaa s T
;
: -
aakEEE:
}
]
: = Q
- S o
5 T m e suk
i ¥
sERaRERR : B
5 = IR A aRan
8=
i Hi
u T
3sasnsabaan f
% ek pahbs diu Eies AN
: il : o
E - ¥ 1 upanns
I T !
T 1 T T ]
+ -
3t ; R
} t s
EFH e
: I
i :
=3 SaRs: ,,
Eas
HIT
sna Eampn gupna u:
jRanabet
t
i

t‘ip Ma_ch number

Air-stream Mach number [

.08 | Helical

[(e]
=4 QS

do ‘jusioiyye0o temod pup ‘Lo ‘yusionyeos snayl

558,

0
propeller at

Iciency,
-03RCY
45°,

£f
)

J

Advance ratio

number at maximum e

high forward speeds. BO 75R

(a) Air-stream Mach
Figure 19.- Characteristics of NACA 10-(4)(08




N “dequinu YoDW

S N O @ © < o =

53

< . M N —_—

L “Kousio1yy3

6

24

T
T
t
t
T

ot

¥

T
1
i

15558
gaadt et

HHH

s
1]
1

sapazas
H
en

i
.
%

22

Advance ratio

TR
g mmas ans

Helical tip Mach number
Air-stream Mach number =

4

1
¥

T
:

it
7

NACA RM No. L8EOT7
22
20
18
6
14

fficiency, 0.580.

J

Ximum e

b

Continued.

stream Mach number at ma
Figure 19.-

Air-

(b)



NACA RM No. L8EOT

5k

W ‘dequinu YoDW
® ©

ib Mach number

t

Helical

dn ‘jusioiye0o Jsamod pup ‘Lo

‘JusIoI}a00  ysnuyL

Advance ratio, J

0.600.

iciency,

Air-stream Mach number at maximum effi

(c)

Continued.

Figure 19.-




22

NACA RM No. L8EOT7

W ‘dequnu Yoo
O
] o) © < N 5

A

L “Kousionyy3

Helical tip Mach number

dg “Juaioiyye00 1emod

pup ‘Lo ‘weroiye00 ysnuyy

Advance ratio, J

0.630.

if

1muin e

stream Mach number at maxi

r-

(d)

iciency,

Concluded.

Figure 19, -




NACA RM No. L8EOT

: ©
t H m T M
= Sistsics s
i ﬁm dE S EN aa E N
ww j , . p : EEER 3
T ! i Eanes AR e anE HH
hE H oo B EE EREH
cfi € E [l af] af
imuhs BaEE H aoabll ol ©FH - =
T ._M o ~ r..ﬂﬂ ~ .u““l e U,m.}u o H,m,.u o - 8
- o O O = o
i S ¢ 0 [ O B o F QR N
e T - HH HH b FEL e
HE =2 2N~

f
]
+
Ll
24

-

O -

. i 9
i N =
8, i i AEaEERRERESS HE m
H “ f ®
H | o
m‘ + us e c
] | : @ 2
=1 Sao)

<

I ﬁﬂ“

1.2

T
{
T
T
n
T

» ';Lj: an
8

Al A

Figure 20.- Propeller efficiency envelope curves for NACA 10-(4)(08) -03CY propeller.

am

1.0 E T

® N © )

L ‘Aousioiyye adojsaul




NACA RM No. L8EOT

©
3 o
i e e
wl ua HUHH.H 3
el EE g 5 Ebs
Q- HH e
olE of 28 -
ol QH OEH®
o [l ofi S H @]«
M O 8 B N

i0, J

Advance rat

Propeller efficiency envelope curves for NACA 10-(4)(08)-03RCY propeller.

Figure 21.-




58

NACA RM No. L8EOT

3.6

G

=

i
o

3
Tlll
:

IR TN
HHH
lll{

(M R AR |

I
I
1

|
|

IENE RSN S AN NS

3.2

ing.

ith Betz load

)(08) -03CY propeller at 1350 rpm

4

=

J

-blade propeller w

iciency of NACA 10

Advance ratio

iency of the two

1C

with optimum eff

Comparison of envelope eff

‘Kousoyy3

Figure 22.-




NACA RM No. L8EOT 59 |
8 6.
HESHH e Rt i
fEEEEEEE : L
e Qi i
BN : _ <
S RagE ek EEaE e 503
3 S 7 N
HEHHEN R i i
t =
B e HEh S H §
e A B i35t
@
Y
e ] 8
=L~ ] =2 ] : o
1 Mgi T I us
- ofF - "
I ; ; :

J

Advance ratio

Envelope efficiency of NACA 10-(4)(08)

with optimum efficiency of the two-blade propeller with Betz loading.

1

L ‘fousioyy3

Figure 23.- Comparison of envelope efficiency of NACA 10-(4)(08)-03RCY propeller at 1350 rpm




NACA RM No. L8EOT

W ‘1equnu Yoo

& g2
< ! 03 o
HEE TR >
] T ; S O
: bin D
Hu% o
it 54
e ©
e N o
HWHH e S
- <t
e tHH S
i 1 +H (@)
. j : =
= AO.
32
HH Z
m, o !
: °
, P
= = .
B Jusual?
b O
. N
] S o »
EH 3 =
: =
! i =)
m g Hsg
- = m mw.
- Q m V._
1 .b.” n
T 8 m.nv
- © B0
‘,‘ _ N
1 T I |9.v| ot~
G X sl
H i &
lm [ n ~
Joa : O
- B | (ST
S - 1) m (@]
£ 1 ® =
- Q' Q
H m = : u : O
P O i a 4
i o
U -y T
o} o. E ] ()
L Br u
E= M : b
. “ m 5 T wl . _[\IV auE E
- i iESS uEEY ABREN Sunm
HMW._ .m ] mis L i
: : 5 FHH <
— - T ()]
= T < H = b
0 : — =)
A.U_ HH R a5 < W.b
o N 0 i

L “Kouaioiyye wnuwixop.




