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INVESTIGATION OF THRUST LOSSES DUE TO SHANKS OF
' A FLARED-SHANK TWO-BLATE PROPELLER ON
A SLENTER~NOSE AIRFPLANE : R

By Jeroms B., Hammack
SUMMARY

Flight measurements of thrust losses due to shanks have been
mede on a flared-shank two-blade propeller mounted on an airplane
with a streamline slender nosge.

Thrust losses due to the shanks were found to be highj; they
were of the order of 9 percent at en sirplane Mach number of 0.7
when the propeller was operating at the highest test power coefil-
clent of 0.l7 per blade. Loss in thrust due to shanks was a function
Primarily of alrplane Mach number and was relatively independent of
blade loading. A l9-percent-larger-diameter spinner, used with the
game propeller on another airplane, reduced shank losses by .about
60 percent. oo

INTROTUCTION

Previous flight tests(reference 1) have shown large thrust
losses, especlally at high speeds » ¥ith round-shank propellers.
Attempts have been made to reduce these losses by various methods
such as the use of propeller cuffs or of shank sections giving
rapld transition from thin airfoll sectlons to round blade roots.

The propeller blade tested represents a design obtained by the
method incorporeting the rapid transition from thin airfoil sections
to round blade roots, as illuastrated in figure 1. During e general
investigaktion of this blade, thrust losses due to propeller shanks
were investligated. This paper presents measurements and a discussion
of these losses. Tests were made at airplane Mach numbers from 0.3
to 047 for power coefficients per blade of 0.07 and 0.17 with a
Propeller speed of 1120 rpm. -
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Some limited measurements of shenk drag with the same propeller
blade design on another.airplane were made %o determine the effect
of increasing the spinner dia.mater.

SYMBOLS

blade width (chord)

design lift coefficient

P
propeller power coefficlent (;I?—E)

propeller thrust coefficient (;_QE;EJ
. . : . n

element thrust coefficient

préﬂa’lier diameter
blede~section maximim thickness

advance ratio (v/nD) | "

forward Mach number

propeller=-tip Mach number

propeller rotationel speed, revolutions per secound

engine power supplied to propéller, foot-pounds
per second

impa.ct pregsure

propeller- tip rediug ' : ) _.

radius to a blade ‘element
radial distence from thruat axis to survey point
propeller thrust | | .

forward speed

Q!_,’- i
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x fraction of propeller-tip radiuve .Lx/R)

Xg fraction of survey ra.d-i;;s (rg/R)

g blade angle at a.ny radius, degrees

AH. : . chenge in total pressure

1 propeller efficiency ( G, /CP) ;
p density, slugs per cubic foot : o

An loss in propeller _efficiéncy (%—V = %)

AT negative propeller thrust o

APPARATUS AND METHODS

The propeller was tested in a two-blade configuration. Blade-
form curves for this propeller are shown in figure 2. -Figure 3
shows details of the shank sections and spinner Juncture. The.
propeller had a dlameter of 1l feet 1 inch, NACA 16 series alifoil
sections, a design lift coefficient of 0.5, and a blade sctivity
factor of 130. ' '

The airplane used was a Fighter alrplane with a sireamline
slender nose. Figure 1 shows the propeller mounted on the alrplane.
The spinner was modified slightly by feirings used to cover the two
vnused stubs of a four-blade hub. These falrings projected above

the contour of the - pinner by a meximum of gbout l%'- inches.

Propeller thrust was measured by the slipstream total-pressure
survey method described in reference 2. The survey reke was located

about 31'2— feet from the plane of the propeller end is shown in figure l.

Additional survey ‘tubes were installed nesr the fuselage to measure
more accurately the total pressures in the ghank-survey region.
Propeller torgque was measured by en NACA hydraulic torgue meter.
Stenderd NACA recording instruments were used to determine engine
speed, lmpact pressure, static pressure, and free-alr temperature.

Tests were made at airplane Mach numbers from 0.3 to 0.7 for
power coefficients per blade of 0.07 and 0.17 with a propeller speed
of 1120 rpm.
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RESULTS AND DISCUSSION

Thrust=distribution curves for a typlcal low-speed run and a
typical high-speed run are presentéd in figures k(a) and 4(b),
regpectively. The negative areas have been hatched to indicate
thrust losses as defined in this paper. These thruat losses are
composed of losses attridbuted to the blade ghanks and an apparent
~ loss due to the fuselage boundary layer. Theoretlcal calculations
indicate that this boundary layer is less than 1/2 inch in thiclkness,

Shank losses, as determined by integration of the negative
thrust aress (excluding the boundary layer), are presented in
figure 5(s) as the varlation of AT/q, with airplane Mach number.

Shank loss appeers to be relatively independent of blade loading.
The increase of about 50 percent in AT/q. with Mach nunmber

over the Mach number range is considersbly less than would be
expected from two-~dimensionel tests of thick sections, and this
result is believed to be due to three-dimensional rellef effects
experienced at the propeller shanks. S
In figure 5(b) shank losses are presented as losses in propeller
efficlency Ans In the determinastion of the loss in efficlency, the -
power sbsorbed by the shankes was assumed to be small. Efficiency
lose is shown to increase rapidly with Mach number. For example,
at a power cocefficlent of 0,17 per blade and an airplane Mach
nuber of 0.7, a loss in efficiency of 9 percent due to shanks was
measgured. This efficlency loss is due in part to the Iincrease in
gshank loss with speed and in part to the reduction in total thrust
with speed at. constant power (fig. 5(c)). Because of this latter
effect, the efficiency loss would have increased with speed even if
the shank loss had been independent of Mach number (see fig. 4);
the increasing importence of reducing shank losses as the speed is
increased ls thus emphasized. Figure 5(b) also shows that efficiency
loss due to poor shanks increases as the power ls reduced because of
the corresponding reduction in total thrust.

- Measured propeller efficlencies (corrected for slipstream
rotation) including shank losses for the two test power coefficlents
are presented in figure 6. Also given are the propeller efficlences
with shenk losses neglected. These results indicate that, even at
high speeds, efficiencies of the order of 90 percent can be attained
if shank losmes can be eliminsated, )

Shank losses can be reduced elther by éoverihg the thick shank
gsections oxr by improving the sections gerodynamically. Thick shank
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sections may he covered by increasing the spinner diameter. Arbltrary
increases in spinner dlameter tend i incroase structural problems
but, since the worst region of shank loss occurs in'board., relatively
sma.'l.l increases in spinner diameter can.redupe shank losses appreciably.
An idea. of the effects that could be accomplished by Ilncreasing the
spinner dlameter was obtalned from some limited measurements of
shank drag with the same propeller blade design on another slender-
nose fighter-type airplene which has a. 19-percent-larger spinner.

In figure 7, a comparison is glven of. the loss in totel pressure as
a fraction of free-stream impact pressure with radisl distance for
the two installations. In order to make the messurements directly
comparable, the two sets of data are plotted along the propeller
radius rather than along the radiuas at the survey plane. Survey
deta obtained at any specific distance from the fuselage side were
assumed to apply to a propeller section an equal distence from the
spimner surface. By use of a larger-diameter splmner, part of the
inboard negetive thrust waes eliminated. At an airplane Mach number
of 0.67, negative thrust was reduced about 60 percent. (See fig. T.)
Although the spinner shapes of the two alrplanes werxe slightly
different, a slight difference is probably caused in radial veloclty
d.istri‘bution in the plane of the propeller; this difference should
not eppreciably change the measured 60~percent improvement.

The larger-diameter spinner required slightly largsr cub-outs
for the propeller shank sections. The effect on propeller efficiency
of cut-outs merits some discussion. If the spinner diameter were
Increased to a propeller radius at which sections were producing
1ift and thrust, the effect of the cut-out would no doubt lower the
efficiency of the section and a suitable seal at the spimner-shenk
Juricture would be regquired. A suitable geal is-especially needed

" 1f the sections are thin at the spinmer juncture. For points at
which 'the propsller sections produce mainly drag, the-cub-out may
relieve the pressures producing it end therecby increase the over=sll
efficiency. If these factors are teken into account in the design
of a propeller-spinner combination, & better design might be obtained.

CONCLUSIONS

Tests of a flared-shank two-blade propeller mounted on & slender-
nose airplane led to the following conclusions:

l. Thrust losses due to the shanks of the propeller blade were
high; they were of the order of 9 percent at an airplane Mach number
of 0.7 when the propeller was operating at the highest test power
coefficient of 0.17 per blade.
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‘9. Loss in thrust due to shanks wes a function primarily of
airplene speed and was relatively indepéndent of blade loading.

3+ An increase in spinner dia.meter-of-l9 percent reduced
thrust losses at the shank sections by. about 60 percent. .

Langley Memorial Aeronauticsl Leboratory '
National Advisory Comittee for Asronautics
Langley Field, Va., June 19, 1947
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Figure 1.- General view of propeller mounted on airplane showing
rapid transition from thin airfoil sections to round blade roots.
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(a) Low-speed run. J= 1.899; Cp = 0.323; Cq = 0.141; 7 = 0.837;
A7 =0.011; M= 0.396; M, = 0.765.

Figure 4.- Thrust-distribution curves.
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(b) High-speed run. J= 3.416; Cp = 0.336; Cp = 0.079; n = 0.815;
an = 0,094; M= 0.709; M; = 0,961.

Figure 4.- Concluded.
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Shank losses measured with a flared-shank two-blade

propeller on a slender-nose airplane. Propeller rotational

speed,

1120 rpm.



Fig. 6 | NACA TN No. 1414

With shank loss
— — — — Without shank loss
100
90 — B e i I8 o
\ 1-\\\ o
n  so T~

70 N
AN

60 >
(a) Cp per blade = 0.07 at 1120 rpm.

/00

0 R e
’7 80 /’1///"'/—*’ \
P>
//

70 ,/ NATIONAL ADVISORY
4 COMMITTEE FOR AERONAUTICS

‘o ™

2 .3 # 5 & 7 B
M

(b) Cp per blade = 0.17 at 1120 rpm.

Figure 6.~ Propeller efficiency curves for the propeller blade tested.
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