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ALTITUDE-WIND-TUNNEL INVESTIGATION OF PERFORMANCE
OF SEVERAL PROPELLERS ON YP-47M ATRPLANE
AT HIGH BLATE LOADINGS
V — CURTTSS 836-14C2-18R1 FOUR-BLADE PRO]E;ELI_ER

By Martin J. Sagri and Lewls E. Wallner

SUMMARY

An altitude-wind-tunnel investigation has been made to deter-
mine the performances of a Curtiss 836-14C2-18R1 four-blade propel-
ler on a YP-47M airplane at high blade loadings and high engine
powers. The study waa made for a range of powsr coefficlents from
0.10 to 1.00 at free-stream Mach nuwbers of 0.30, 0.40, and 0.50.
The resulis of the force measurements indicate primsrily the trend
of propeller efficiency for cha.nges in power coefficient or
edvance-digmeter ratio, inasmuch as no corrections for the effects
of tunnel-wall constriction on the ‘installation were applied.
Siipstream surveys are presented. to illustrate blade thrust load
. 4t etribution for several opera.’sirig conditions.

For the ra.nge of ad.vance-d*ame'ber ratios investigated at a
free-stream Mech number of O. 30, "highest efficiencies were obtalned
at vower coefficients from 0.10 to 0.30 and flow breskdown was
evident for power coefflcien’cs above 0.40.

The maximm efficiencied at' a fres-stream Mach muber of 0.40
were. obtained for power coefficients from 0.20 to 0.40, between
advance—dmmeter ratios of 1.50 anfl 3.10. The envelope of the
efficiency curves decreased about 15 percen'b between advance-
diameter ratios of. 2 20 and 3.80. ° :

At a free-stream Mach number of 0,50, maximum efficiency in
the low range of advance-diameter ratios was obtained for a power

g UNAVAILABLE
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coefTiclent of 0.30, and in the high range of advance-diameter ratics
at a power coefficient of 1.00. There wag about & 4 percent decrease
in the envelope of the efficiency curves between advance-dlametsr
ratios of 2.20 snd 3:60.

INTRODUCTION

An investigetion of the performance of several propellers on
the YP-4TM alrplens at high blade loadings has been conducted in
the Cleveland albtitude wind tunnel at the requeéest of the Air Materiel
Command, Army Alr Forcea. As part of the program, a study wase made
of a Curtiss 836-14C2-18Rl four-blade propeller.

The investlgation was made for a range of power coefficlents
from 0.10 %o 1.00 st free-gtreem Mach numbers of 0.30, 0,40, ard 0,50
for density altitudes from 10,000 to 45,000 feet, engine powers fram
150 to 2500 brake horsepower, and for engine speeds fram 1000 to
2900 rpm. -

The propeller efficienclea were obtained from force measurements
and the blade thrust load distridution was obtained by two diamet-
rically opposed slipetresm survey rekes as in references 1 to 4.

PROPELLER AND POWER PLANT
A description of the propeller and the power plant_is as followa:

Propeller E - .
Blade design . . « o« « & o » '
Number of Dlades « . ¢ s ¢ o & ¢ « 5-37e o » v 5 7T & s o« » » ¢« Tfour
Blade gections + « ¢ « o + « 1 . . NACA 16 geriea
Propeller diameter . . .+ « « « &+ & o o o o « » o « « 13 foot, O inch
Activity factort , . . . , . " " e e ¢ s s e s 98
Propeller gear ratio . . . . , ) e s e s e 20:9

Engine « . « o o o 5 & a5 v «  + e ¢ o « e« s o s « e « R-Z2BOO-T3
War emergency power rating:

Engine speed, rom . . . .
Manifold pressure, in. Hg
Brake horsepower . « « » «
Military power rating: - )
Fngine Spoed, TTM o « « o ¢ & ¢ € v « o o « ¢ o = o o« o « o 2800
Manifold pressure, in, BE . + « « « &0 0V i . e ¥ 4 ¢ o 4 53.5
Brake DOYSOPOWSI v o o « o o ¢ o v s s « o v o o o o« o o o« « 2100

Curtiss 836-14C2-18R1
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Hormal power rating:

Engine 6peed, TT « « « « « » = « = o « 2 « o o s o« ¢« o o « « 2600
Menifold pressure, in. HE o . ¢ « s o ¢« « o o « o« s o o o s o 415
Brake horsedoWe . « - « a « « s o ¢« « o s« &« =« » = v » o « o LTOO

lthe activity factor is a nondimensional function of the propeller
plan form designed to express the integrated capacity of the
propeller blade elements for absorbing power (reference 1).

The propeller blade-form characteristics are given in figurs 1.
A photograph of a Curtiss 836-14C2-18R1 propeller blade is shown in
Tigure 2.

APPARATUS AND METHODS

The assembled propeller as installed on the YP-4TM airplane in
the 20-foot-diameter test sechion of the altitude wind tunnel is
gbhown in figure 3. A description of the other equipment is given
in reference 1.

The investigation was made for a range of power coefficlents
from 0.10 to 1.00 at free-stream Mach numbers of 0.30, 0.4C, and
0.50. Density altitudes from 10,000 to 45,000 feet were simulated
for a range of engine powers from 150 to 2500 brake horserower and
engine speeds from 1000 to 2900 rpm.

REDUCTION OF DATA

The method of data reduction was the same as that described In

reference 1. The force nmeasurements were analyzed in terms of the

variation of the propeller efficiency 1 with the propeller power
coefficient Cp and the advance-diameter ratio J, Thege quantities

were com:zuted from the following equations:

where

D propeller diameter, feet

n propeller rotaticnal speed, revolutlons per second
P engine power, foot-pounds per second

o] free-stream density, slugs per cublc foot
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J_
whers . . _ -
v free-gtream velocity, feet per second
Cp J

N = -

Cp

The propeller thrust coefficient Cp 1I1n the efriciency formula was
defined as

: T
Cn =
T pnzl)4

where
T propeller thrust, pounds ' -

Propeller tip Mach number M; was obtained from the equation

e = Yo o1+ (5)

'

where
My free-stream Mach number

The slipstream surveys were presented as plots of the total-
pressure differential Hy - Hg against the square of the radius

ratio (rs/R) wherse

H, free-stream total pressure, pounds per square foot

Hg total pressure at survey py}nt, pounds per square foot
R propeller radius %o tip, inches

radial distance from thruet axis to survey point, inches
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RESULTS AND DISCUSSION

The results of the force measurements are primsrily of value
in showling the. trend of propeller efficiency for changes iIn power
coefficlent or advance-diemeter ratio. The abeolute efficiency
values are queastiomable because an average drag coefficient for the
Inatallation was used for all the propellers investigated. Data
obtained et diflerent free-stream Mach numbers are not comparable
because correchions for tunnel-wall constriction effects, which vary
with airspeed, have not been applied. (See reference 1.) Slip-
gtream surveys are nresented to illusirate the blade thrust load
distribution for several operating conditions. )

Free-gtream Mach number, 0.30., ~ The effect of advance-diameter
rat¥o on the propeller efficiency at & free-stream Mach number aof
0.30 18 shown in figure 4 for & roinge of power coefficients from
+ 0,10 to 1.00. The variation of propeller efficiency with power
coefficient is shown in figure S for approximately constant values
of advance-diameter ratic. For the range of advance-diameter ratlios
investigated, highest efficiencies were obtained at power coeffi-
cients from 0.1Q to 0.30. In gemeral, large reductiong in effi-
clency due tao filow breskdown were evident at power cocefficients
above 2.40. (See figs. 4 and 5.)

The effect cf power coefficient on the blade thrust losd dis-
tribution is sghown by the siipstream surveyes in figure 6, which
correspand to the conditiona of figure 5 for J=1.00. The blade
ihrust loading wadg relatively low and wmiformly disiributed over
the blede span for a power coefficient of 0.10. (See fig. €(a).)
£n increase in nower coefficient from 0.10 vo 0.30 increased the
thrust loading ccnsiderably end the maximum thrust was obteined at
(rg/R)" = 0.65, or at about 8D percent of the blade span. (See
Pigs. 6{b)} and 6(c).) The over-all thrust loading increassed with a
change 2u power coefficient from 0.30 to 0,40. The maximum load
however, shifted inboard to (rg/R)? = 0,50, indicating that Flow
breakdown occurred on the tip sect’ona. (See fig. 6(d).) Thie
Tlow breakdown, which could be atitributed to a combination of stall
and compressibility effects, became more prominent as the power
coefficient was increased from 0.40 to 0.88. (See fige. 6(s8)
to 6(g).}

The difference between the right and the left surveys was
apparently due to a slight inclination of the approaching air
stream to the thrust axls. (See reference 5.)
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The effect of advance-diameter ratio on the blade thrust load
distribution is shown by slipstream surveys in figures T and 8,
which correspond to the canditloms of flgure 4, for power coeffi-
clents of 0.20 and 0,40, respectively. At a power coefflclent of
0.20, & rsductlon in advance-diameter ratio from 2.00 to 1.32
(fizs. T(a) to 7(c)) increased the over-all thrust loading consider-
ably. When the advance-diameter ratioc was decressed fram 1.32 to
1.00 (figs. 7(c) and 7(d)) there was a reduction in over-all thrust;
however, this reduction in thrust loading was due to the higher
altitude and lower englne power at which the advance-dlameter ratlo
of 1.00 wes obtained., At a power coefficient of 0.40 (fig. 8), a
change in advance-diasmeter ratio from 2.04 to 1.16 resulted in a
more rapid increase of thrust loading on the outboard sections than
on the inbosrd sections. A further change in advance-diameter ratio
from 1,16 to 1,01 increased the over-all thrust loading, and flow

breakdown became evident on sections outboard of (rs/.R)z ® 0.55.

Free~sgtream Macih number, 0.4C, - The effect of advance-dliemetor
ratio on the preopeller efficiency at a free~stresm Mach mmber of
0.40 is shown in filgure 9 for a range of powsr coefficiemts from
0.10 vo 1.,00. The variation of prupeller efficiency with power
coefficient 1s shown in figure 10 for approximately constant values
of advance~dismeter ratio,

Highest efficiencles were obtained at power coefficienta from

0.20 to 0.40 at advance-diametver ratios fram 1.50 to 3.10. The
envelope of the efficlency curves decreased about 15 percent between
advance-dlameter ratios of 2.20 and 3.80. (See fig. 9.) As the
power coefficient wes increased, the peak efficiency occurred at
generally increasing values of advance-dlameter ratio, In the low
renge of advance-dismeter ratios large reductions in efflciency due
to blade stall were evident at the nigh power coefficients. For

xample, at an advance-diameter ratioc of 1,70, a change Iin power
cogfficient from 0.60 to 0.70 resulted in a 24-percent reduction in
propeller efficiency, :

Trte effect of power coefficlent on blade thrust load dlstri-
bution is shown by the slipstream surveys in figure 11, which corre-~
gpond to condltions of figure 10 for J=x1.70. The blade thrust
load dlstributions werse similar for power doefficients fraom 0.10 bo
0.60, and the maximum loading ocowrred on sectiaons at about
(rg/R)2 = 0.70, (See figs. 11(a) to 11(e).) Blade stall was evi-
dent at powsr coefficients of 0,71 and 0.92. (See figs. 11(f)
and 11(g).) The magaitudes of the thrust loadinge shown in fig-
ure 1l cannot be compared, inasmuch as the surveys were oblained at
different density sltitudes.
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Blade thrust load distribution curves, which correspond to the
conditions of figure 9 for powesr cecefficients of 0.30 and 0.70, are
presanted in figures 12 and 13, respectively. At a power coeffi-
cient of 0.30 and an advance-dismeter ratio of 3.00, the thrust
loading was uniformly distributed over the blade span. (See
fig. 12(a).) As the advance-diameter ratio was decreased fram 2.36
to 1.67 (figs. 12(b) and 12(c)}, the thrust loading increzsed more
rapidly on the tip sections than on the inbosrd sections. Compress-
ibility lomses became evident on sections outboard of (rs/R)2==O.65
at an advance-dismeter ratlio of 1.38, which correspondes to a tip
Mach number of 0.98. (See fig. 12{(d).) A%t a power coefficient of
0.71 and an advance-dismeter ratio of 3.85 (fig. 13(a)), the thrust
losding wes slightly greater on the inboard sections than on the
tip sections. However, as the advance-dismeter ratio was reduced
fram 3.85 to 2.09 the thrust loading on the tip sections increased
more repidly than on the inboard sections. (See figs. 13(a)

0 13(c).) When the advence-éiameter ratic was furtber reduced

to 1.66 and 1.5C, blade stall became evident on sections outboard
of (rg/R)% = 0.45, and the loading on the inboard sections
increased. (See figs. 13(d) and 13(e).)} The angle of attack at
which the stall occurred was probabliy reduced by the high operating
tip Mach number. (See reference €.)

Free-stresm Mach number, 0.50. - The effect of advance-
diameter ratio on the propeller efficlency st a free-stream Mach
number of 0.50 is shown in figure 14 for power coefficlents from
3.10 o0 1.00, The varlation of propeller efficiency with power
coefficient is shown in figure 15 for approximately constant values
of advance-dismeter ratio.

Maximum efficiency in the low range of advance-dlameter ratio
was obtained for a power coefficient cf 0.30, and in the high
range of advance-diameter retio for a power coefficient of 1.0C.
Between advance-diameter ratios of 2,20 and 3.60, there was a
decrease of about 4 percent in the envelope of the efficlency
curves, (See fig. 14.) The advance-diameter ratio for peak effi-
ciensy increased generally as the power coefficient was Iincreased
(Fig. 14). .

The effect of power coefficlent on blade thrust loed distri-
bution ie shown in figures 16 and 17, which correspond to the
conditions of figure 15 for advance-diametsr ratios of approxi-
mately 2.20 and 4,30, respectively, At an advance-diameter ratio
of 2.20, the thrust loading was slightly greater on the tlip sec-
tions than on the inboard sections, and the loading increased
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uniiformly over the blade as the power coefficlent was increased fram
0.10 to 0.41. (See figs. 16(a) to 16(d).) At a power coefficient

of 0.60 a slight reduction in thrust loading, resulting from compress-
1bility effects, occurred at sections beyond (rg/R)Z = 0.60. (See
fig. 16(e).) The blade thrust loading for an advance-dlameter ratio
of approximgtely 4.30 was uniform and aimilar for power coeffliclents
from 0.51 to 1.03. (See fig. 17.)

Slipstream surveys for a range of advence-diameter ratloa are
shown in figures 18, 19, and 20 for power coefflclents of approxi-
mately 0.20, 0.60, and 1.00, réspectively. At a power coefflcient of
0.21 and an advance-dlameter ratio of 3.45 (fig. 18(a}), the thrust
loading on .the inboard gections wag slightly higher than on the tilp
gections. However, as- the advance-diameter ratlo was reduced to 2.26
(figs. 18{b) and 18(c)), the loading on the tip sections increased
more rapldly than on the inboard sectlons. At an advance-diamster
rgtio of 1.78, which corresponds to a tip Mach number of 1.02, cam-
prossibility losses were evident on sections cutboard of
(rg/R) = 0.50. (See fig. 18(d).) At a power coefficient of 0.60,
a change in advance-diameter ratio from 4.30 to 2.25 (figs. 19(a)
to 19(e)) resulted in a shift of the makimm thrust loading from the
inboard sections to the tlp sections. Compressibility effects were
evident on sectlions beyond (rs/‘.R)2 = 0,73 at an advance-dlameter
ratio of 2.16 and a tip Mach number of 0.89 (fig. 19(f}). A further
decrease in advance-dlametsr ratio to 1.70, which corresponds to a
tip Macn pumber of 1.01, resulted In compregsibllity effects as far
inboard as (rS[H)z = 0,50, The blade thrust loading increased, dbut
the load distribution remained uniform for the range of advance-
diameter)ratios investigated at a power coefficient of 1.00. (See
fig. 20.

SUMMARY OF RESULTS

Because corrections for tumnel-wall constriction have not been
applied, the propeller efficlencies presented in thls report are
useful primarily in showing the comparative effecte of blade loading
on propeller performance. The investigation in the gltitude wind
tummel of the performance st hlgh blade loadings of e Curtiss
836-14C2-18R1L four-blade propeller on a YP-47M alrplane indlcated
that:

1. For the range of advance-dlameter ratlios investigated at a
free-stream Mach number of 0.30, highest efficlencies were obtalned
at power coefficlents from 0.1C to 0.30 and flow breakdown was
evident for power coefficlents above 0.40.

»
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2. Highest efficlencies at a free-stream Mach number of 0.40
were obtained for power coefficients fram 0.20 to 0.40 at advance-
dilemeter ratioe from 1.50 to 3,10. The envelope of efficiency
curves decreased agbout 15 percent between advance-dlasmeter ratios
of 2.20 and 3.80.

3. At a free-stream Mach number of 0.50, maximm efficlency in
the low range of advance-diameter rgtios was obtained far a power
coefficient of 0.30, and in the high range of advance-diameter
ratios at a power coefficient of 1.00. The envelope of the effi-

clency curves decreased about 4 percent betwesn advance-dismeter
ratlos of 2.20 and 3.60.

4. In general, velow the stall the local thrust loading was a
maximum on the tip sections at the low advance-diameter ratios and
& maximm on the inboerd sections at the high advance-diameter
ratios., As stall developed at the blade tips the maximum thrust
loadling shifted towasrd the inboard sections of the blades.

Alrcraft Engine Research Laboratory,
Natlonal Advisory Committee for Aeronautics,
Clevelsnd, Ohio.
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~ INDEX OF FIGURES

Figure 1. - Blade-form curves for Curtiss 836~14C2-16R1
four-blade propeller. b, section chord; D, diemeter;
h, section tihickness; - R, radius to tip; r, sectlon

3

I‘ad.iuB . - . e . . . - . « - - L] . « . . - . . . .

Figure 2. - Curtiss 836-1402-18RL propeller blade. . . .

Figure 3. - Front view of YP-47M airplane with Curtiss
836-14C2~18R1 four-blade propseller installed in
altitude-wind-tunnel test sectlon, . « « « ¢ ¢ ¢ ¢ ¢ &

Figure 4. - Characteristics of Curtise 836-14C2-18R1
four-blade propeller on YP-47M airplane at free-stream
Mach number M, of approximately 0.30 . . « « + « 4 &

Figure 5. - Effect of power coefficlent Cp on
propeller efficlency 1 at constant advance-
dilameter rstio J and free-stream Mach number My
of approximetely 0.30. Curtiss 836-14C2-18R1l four-
Dlade proPpelilere « « o o s o o ¢ o s ¢ a = » o a 5 o =

Figure 6. - Effect of power coefficient Cp on blade
thrust load distribution at advance-diameter ratio J
of approximately 1.00 and free-stream Mach number Mg
cf approximately 0.30. Curtisa 836-14C2-18Ri four-
blade propeller,

(a) Cp, 0,10; J, 0.93; Mo, 0.28; Mg, 0.94 . . . . .
(t) Cp, 0.20; J, 1.00; Mo, 0.29; Mg, 0.94 . . . . .
(¢) Cp, 0.30; J, 1.00; My, 0.29; Mg, 0.94 « . . . .
(4} Cp, 0.40; J, 1.01; Mg, 0.29; Mg, 0.94 . . . . .
(e} Cp, 0.49; J, L.05; My, 0.28; Mg, 0.88 . . . . .
(£) -Cp, ©.59; J, 1.08; My, 0.28; Mg, 0.84 . . . . .
(g) Cp, 0.68; ~J, 1.11;' My, 0.28; My, 0.85%% « ¢ & &

11
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Figure 7. - Effect of advance-dismeter ratic J on blade
thrust load distribution at power coefficient Cp of

approximately 0.20 and free-gtream Mach number My of
approximately 0.30, Curtiss 836-14C2-18R1 four-blade
nropeller. B o

(a) Cp, 0.20; 'J, 2.00; My, 0.29; My, O.54". .. . ..
(b) Cp, 0.20; J, 1.59; My, 0.29; Mg, 0,65 . « & &« o &
(¢) Cp, 0.19; . J, 1.32; Mo, 0.30; Mg, 0.78 v v v & & &
(d) Cp, 0.20; J, 1.00; Mo, 0.29; Mg, 0.94 « . . . .+ .

Figure 8. -~ Effect of advance-dlameter rsitic J on blade
thruat. load distribution at power ceceffilcient Cp of

approximately 0.40 and free-gtream Mach numbsr My, of
anproximately O. 50. Curtiss 836 14C2-18R1 four-~bhlade

propeller, : - R

(a) Cp, 0.39; J, 2. 043 MQ, 0.50; My, 0.55 . . . . . .
(b) CP’ 0-39; J, l 16, I‘go’ O 28, M’t‘ 0-82_ . '- " e e+
(c) Cp, 0.40; J, 1.01; M, 0.29; Mg, 0.94 . . . . . .

Figure 9. - Characteristics of Curtiss 836-14C2-18R1 four-
blade propeller on YP-~ 4TM alrplane at freg_stream Mach
number M, of approximately 0.40. , . . . s e e e e s a

Figure 10. - Effect of power coefficient OCp on propeller
efficlency n at constant advance-dlameter ratic J
and ITree-stream Mach number M, of 0.40, Curtiss _
836-14C2-18R1 four-blade propeller . « « + s « ¢ « o« « &

Figure 1li. - Effect of -power coefficient Cp on blade
thrust load distribution at advance-diameter ratio J
of approximately 1.T70 and free-stream Mach mumber Mg
of approximately 0.40. Curtiss 836-1402 1531 four—
blade propeller. '

(a) Cp, 0.10;
(b) Cp, C.30;
(G) CPI 0-39,
(d) Cp, 0.50;
(e} Cp, 0.60;
(£) Cp, 0.7L;

[e2}

6; Mo, 0.39; Mg, 0.84 . . . . . .
. Mo, 0.40; Mg, 084 .. . . ..
Mos 0.39; Mg, 0.8L . . « . . .
Mg, Ce39; M, 0.83 & & &« o« & &
Mo, 0.39; My, 081 . . . . ..
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Figure 12, - Effect of advance-diameter ratio J an
>lede thrust load distributilon at power coefficient Cp

of approximately 0.30 and free-stream Mach number M,
of approximately 0.40. Curtiass 836-14C2-18R1 four-
plade -propeller. '

(e) Cp, 0.30; J, 3.00; My, 0.40; Mg, 0.58 « . . . .
(b) Cp, 0.30; J, 2.36; Mg, 0.40; Mg, 0.67 « « « « .
(c) Cp, 0.29; J,-1.67; My, 0.40; Mg, 0.84 . . . . .
(d) Cp,-0.30; J, 1.38; Mg, 0.39; Mg, 0.98 . & . . .

Figure 13, -~ Bffect of advance-diamster ratio J on
blade thrust lo=d distribution at power coefficient Cp

of approximstely 0,70 end free-gtream Mach number My
of epproximately 0.40. Curtiss 838-14C2-18R1 fouwr-
blade propeller.

(a) Cp, 0.71; J, 3.85; My, 0.39; My, 0.5 . . . ..
(b) Cp, 0.69; J, 2.78; Mo, G.4C; Mg, 0.60 « « « . «
{c) Cp, 0.70; J, 2.08; Fo, 0.39; Mg, 0.70 « « & « .
(d) Cp, 0.TL;- J, 1.68; Mg, C.3T; My, 0.80 « + « 4 &
(e) Cp, 0.70; J, 1.50; My, 0.38; Mg, 0.89 « « . . .

Figure 1l4. - Charecteristice of Curtiss 836-14C2-18R1

Tour-blsde propeller on YP-47M airplane at free-
ptreem Mach number M, of approximately C.50. . . . .

Figure 15. - Effect of power coefiiclent Cp on

yrapeller efficiency 17 at constant advance-diameter
ratio J and free-stream Mach nimber My of approx-
imately 0.50. Curtiss 83€-14C2~18R1 four-blade '
DXOPELYIOY. ¢ o ¢ o o o o o s o a s o « ¢ o o s & o &

Figure 1l6. - Effect of power coefficient Cp on blade
thrust load distribution at advance-diameter ratic J
of approximately 2.20 and free-stream Mach number My
of approximately 0.50. Curtiss 8356-14C2-18R1l four-
blade propeller.

(a) Cp, 0.10;
(b) Cp, 0.20;
(c) Cp, 0.30;
(&) Cp, 0.41;
{e) Cp, 0.60;

.23; My, 0.50; Mg, 0.86 « « . . &
6; Mg, 0.51; Mg, 0.87 « ¢ & « &
3 Mg, 0.50; Mg, 0.86 « & & & &
; Mo, 0.5G; Mg, .87 v o ¢ « &
5 Mo, 0.,51; My, 0.89 + v & 4
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igure 17. -~ Effect of power coefficient Cp on blade
thruat load distribution at advance-diameter ratio J
of approximately 4.30 and free-stream Mach number Mg
of gpproximately 0.50. Curtiss 836-14C2-18RL four-
blade propeller N ) .
(a) Cp, OIBY; J,74.26; Mo, 0.50; Mt, 0.62 . « o « & » » « F-28
(b} Cp, 0.82; 4.30; Mg, 0.50; My, 0.62 « « ¢ 4 ¢« o« « o F-28
(c) Cp, 0.72; J, 4.31; Mo, 0,50; Mg, 0.63 « o . o o « . o P-2
(a) cp, 0.82; 4.33; Mg, 0.51; M, 0uB2 ¢« « o o « o o o F-29
0.6
0.8

-

a

{e) Cp, 0.93; 4.34; My, 0.51; Mg, 3t e s e . a = o F-29
(f) Cp, 1.03; 4.32; My, 0.50; Mg, 0.62 ¢« o o v o o o o F-29

.

e e s Mo I

-

Figure 18. - Effect of advance-diameter ratioc J on Dblade
thrust load distribution at power coefficlent Cp of
approximately 0.20 and free-stream Mach number Mg of
approximately 0,50 Curtiss 836 1402-18R1 four-blade
propeller.
(a) Cp, 0.21; J, 3.45; Mo, 0.51; My, 0.68 ¢ + « « « « « « F=30
(b) Cp,.0.21; J,72.8l; Mg, 0.5L; Mi, 076 ¢ « o o o o » o F-30
(c) Cp, 0.20; J, 2.28; My, 0.51; My, 0.87 « « « v « « » o F-3
(d)_CP, 0.20; J, 1.78; Mgy, 0.51; Mg, 1.02 . .. . . . . .« F-31

Figure 18, - Effect of edvance-dismeter ratic J on blade
thrust load distributicr at power coefficient Cp of
approximately 0.60 and freeo-stream Mach mumber My of
approximately 0.50. Curtiss 836-14C2-18R1 four~-blade
prepeller.
(a) Cp, 0.62;
(b) CP, 0.59;
{c) Cp, 0.55;

4.30; My, 0.50; Mg, 0.62 + v o o o o » o F=32
3.4%; My, 0.50; Mg, 0.68 o + « o o o « « F-32
2.76; Mo, 0.50; Mg, 076 v o ¢ « o o o « F-32
2.36; Mo, 0.51; Mg, 0.85 « o « o v o o o F-33
, 2.25; Mg, 0.48; Mg, 0.85 . o v o o o« o o F=33
, 2.16; Mg, 0.50; Mg, 0.B9 . . o . . o . o F-34
I, 1.70; Mg, 0.48; Mg, 1.0L .« + v v o « « « F-34
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Figure 20. -~ Effect of advence-diameter ratio J aon
plade thrust load distribution at power coefficient Cp
of approximstely 1.00 and free-stresm Mach mummber My
of aprroximately 0.50. Curtiss 836-14C2-18R1 four-
blade propeller,

(2} Cp, 1.03; J,
(¢) Cp, 1.02;
(a) Cp, 1.0%;

.
w
V]

Mgy 0.50; Mg, 0,62 . « » « o o « o F-35
My, N.50; Mg, 0.66 . « . . . « « « F-35
Mo, 0.50; Mg, 088 ¢ « ¢ ¢« « « « « F-36
Mg, 0.51; Mg, 073 ¢ o ¢« o« v « o F-36
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Propeller efficiency, 7, percent
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