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NATTIONATL, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECTS OF PROPELLER-SPINNER JUNCTURE ON THE PRESSURE-RECOVERY
CHARACTERISTICS OF AN NACA 1-SERIES D-TYPE COWL IN
COMBINATION WITH A FOUR-BLADE SINGLE~ROTATION

PROPELLER AT MACH NUMBERS UP TO 0.83
AND AT AN ANGLE OF ATTACK OF O°

By Robert I. Sammonds and Ashley J. Molk
SUMMARY

An investigation has been conducted to determine the effects of two
types of propeller-spinner junctures on the pressure-recovery character-
istics of an NACA l-series D-type cowl with an NACA l-series spinner,
in combination with a four-blade single-rotation propeller. Ram-recovery
ratio was measured in the duct with the propeller removed and with the
propeller operating. The two types of propeller-spinner Jjunctures tested
consisted of an "ideal" juncture, formed by extending the propeller blade
to the spinner surface and sealing all gaps, and a platform juncture,
which consisted of an airfoil-shaped land integral with the spinner sur-
face with provisions for changing the propeller-blade angle. The data
were obtained at inlet-velocity ratios from 0.26 to 1.33 at Mach numbers
from 0.20 to 0.83 at a Reynolds number of 1.77 million, based on maximum
diameter of the cowl. The effects of the two types of propeller-spinner
Jjunctures were investigated at various advance-diameter ratios for
propeller blade angles of 60°, 50°, and 40°, with the platform juncture
beingoset to aline with the propeller blade at a propeller blade angle
.0f£:60".

With the propeller removed there was no effect of Mach number on the
pressure recovery, and for inlet-velocity ratios below 0.4 the recoveries
decreased rapidly. The addition of th¢ propeller resulted in a decrease
in the recovery at a given inlet-velocity ratio and Mach number, and also
increased the minimum inlet-velocity ratio necessary to avoid excessive
losses.

Little difference was obtained in the ram-recovery ratio for the .S
ideal and platform junctures, except for a propeller blade angle of Lo~,
where the platform juncture was superior to the ideal juncture.
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2 CONF IDENTIAL NACA RM A52DOla

With the propeller operating ahead of the inlet, the ram-recovery
ratio increased with increasing inlet-velocity ratio up to an inlet-
velocity ratio of 0.8, except for the platform juncture with the
4L0° propeller blade angle. Above this value, inlet-velocity ratio had
little or no effect on the ram-recovery ratio. For the platform junc-
ture with the propeller blade angle at hOO, the pressure recoveries
were relatively constant above an inlet-velocity ratio of 0.6. Below
an inlet-velocity ratio of 0.6, the recoveries decreased rapidly.

The effect of advance-diameter ratio and the effect of Mach number
(propeller operating) on the pressure recoveries was quite small.

INTRODUCTION

A growing interest in the utilization of the turbine-propeller
type of power plant for moderately high-speed long-range airplanes has
led to a need for data on the effects of the propeller and the propeller-
spinner Jjunctures on the pressure-recovery characteristics of a cowling-
spinner combination. The efficiency of the air-induction system has a
large effect on the power and the fuel economy of a gas-turbine engine
(reference 1). In the case of the cowling-spinner-propeller combination,
the induction efficiency can be quite low as a result of interference
effects of the propeller blade shanks and pressure losses due to the
spinner boundary layer.

Previous investigations at low speeds (references 2 and 3) have
been conducted to determine the effect of the spinner and the propeller
on the pressure recoveries in the duct. The design charts available in
reference 2 were used in the present investigation to select a cowling-
spinner combination having a high critical Mach number and a high intake
efficiencys.

The purpose of this investigation was to study the effects of two
types of propeller-spinner junctures, in combination with a four-blade
single-rotation propeller, on pressure-recovery characteristics of an
NACA l-series D-type cowl with an NACA l-series elliptical spinner.
The investigation was conducted at Mach numbers up to 0.83 for various
advance-diameter and inlet-velocity ratios in order to determine the
relationship of these parameters to the recoveries in the duct. These
tests were made with the cowl at an angle of attack of o

The results of this investigation conducted in the Ames 12-foot
pressure wind tunnel are presented herein.
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SYMBOLS
A cross-sectional area in a plane perpendicular to the model

center line, square feet
speed of sound, feet per second
propeller blade chord, feet
propeller blade section design 1lift coefficient
propeller diameter, feet
total pressure, pounds per square foot

ram-recovery ratio

propeller-blade thickness, feet

Mach number <' )

mass flow (pAV), slugs per second

P14V,
mass-flow ratio AN

(o7 E\fle]

propeller rotational speed, revolutions per second
static pressure, pounds per square foot

maximum radius of propeller measured from the center of

rotation < —]22) ; feet

radius from center of rotation, feet

velocity, feet per second

advance-diameter ratio

inlet-velocity ratio
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L CONF IDENTIAL NACA RM A52DOla
X total length along the lor.gitudinal axis of any component of the
model such as the cowl, spinner, or inner 1lip, inches

£ distance along the longitudinal axis from any reference, such
as the leading edge of the cowl, spinner, or inner 1lip, inches

o] mass density of air, slugs per cubic foot
B propeller blade angle at 0.75 R
Subscripts
o free stream
b ram-recovery rake location
e cowl
ik inner l1ip
s spinner
MODEL

The l/5—scale model, used in this investigation, was mounted in
the test section of the Ames 12-foot pressure wind tunnel as shown in
figure 1. A sketch of the general model arrangement, showing the princi-
pal model dimensions, is shown in figure 2. Coordinates for the model
cowling-spinner combination are shown in table I. The four-blade
single-rotation propeller was driven by means of a 1000-horsepower
electric motor.

.

Design Conditions

The model investigated simulates a cowling-spinner combination for
a turboprop installation having the following design requirements:

Opérating altitude, £eeti v s o s ave ool s o 5el s o e s i 35,000
Flight Mach number (cruise): « o s o o o s o s o s o's ¢« » « 080
POWer DIIhL ¢ iy be ool i SENIRI TR e i T Na alia e e BB IORIEOE

Power requirements (design altitude and speed),

RO EBROWET 077 b s o o i € dweie a7 ws b el o DSO00 OO LI
Engine air flow, pounds per second « « « « o o s « o « o o o & 4o
Maximum cowling diameter, inches S 4L el LR e bie = TeTiTe e e e ieahill TO
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Cowling-Spinner Combination

The cowling-spinner combination, selected to comply with the design
condition, consisted of an NACA 1-46.5-O47 spinner and an
NACA 1-62.8-070 D-cowl. The 1-46.5-O47 spinner was chosen as the
smallest spinner which would enclose a representative propeller hub
assembly. The NACA 1-62.8-070 D-cowl was selected, with an NACA l-series
inner lip to avoid separation at the high inlet-velocity ratios, in
accordance with design charts of reference 2, for a design critical Mach
number of 0.75 and a design inlet-velocity ratio of 0.42. Coordinates
for the l/5-scale model, as shown in table I, were calculated from the
NACA l1-series nondimensional coordinates of reference 2. In order to
vary the inlet-velocity ratio, a sliding throttle was incorporated in
the duct (fig. 2).

Propeller

The NACA 4-(5)(05)-041 four-blade single-rotation propeller was
designed, in accordance with the method of reference 4, to operate at an
advance-diameter ratio of 3.7 and a blade angle of 60° (0.75 R) at the
design condition. This design was for a full-scale propeller, 20 feet
in diameter, having NACA 16-series sections. Plan-form and blade-form
curves for the propeller are shown in figure 3.

Propeller-Spinner Junctures

Two types of propeller-spinner junctures were tested. These were
designated as an ideal juncture and a platform juncture, both having a
thickness-chord ratio (h/b) of approximately 0.24 and the coordinates
of an NACA l6-series airfoil section. The ideal type of propeller-
spinner juncture (fig. 4) was formed by extending the propeller blade by
use of filler blocks to the surface of the spinner and sealing all gaps.
The discontinuity, noticeable in figure 4, between the propeller blade
and the filler block resulted from designing the filler block from the
extended b/D curve of figure 3 with the maximum diameter being that of
the propeller shank. In order to change the blade angle, a separate
set of filler blocks were required for each blade-angle setting. The
platform juncture (fig. 5) consists of an airfoil-shaped land that is
mounted integrally with the spinner at a predetermined angle. This
angle was selected so that the propeller shank would be in alinement
with the land at the design propeller blade angle of 60° measured at
the 0.75 radius. The gap (0.025 in. between the land and the propeller
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6 CONFIDENTIAL NACA RM A52DOla

blade) was located outside the spinner boundary layer in order to
increase the pressure recoveries (reference 3).

Instrumentation of the Model

In order to determine the ram-recovery ratio and inlet-velocity
ratio, six survey rakes were located in the duct at a station 2.8 inches
aft of the leading edge of the cowl. These consisted of four shielded
total-head rakes located 90° apart and two static-pressure rakes
located 180° apart, as shown in figure 6.

Total-head rakes.- Each total-head rake consisted of eight tubes
disposed radially across the duct and spaced in such a manner that each
tube wag located in the center of an area equal to one-thirty-second of
the total duct area.

In order to eliminate the effects of air flow rotation on the rake,
the total-head rakes were shielded. It was felt that the shielding was
only required in one direction, normal to a circumferential rotation,
due to the rake being located far enough back in the duct so that any
angularity of the flow due to the inner lip was eliminated. On this
basis, the shielding was designed, in accordance with reference 5, as
two cambered airfoils spanning the duct from the inner surface to the
outer surface (fig. 6). Calibration of these rakes indicated that
the rakes were reliable within 1 percent of the impact pressure at angles
of attack up to 40° for Mach numbers up to 0.85.

Static-pressure rakes.- The static-pressure rakes consisted of
eight tubes disposed radially across the duct with the tubes being
located at the same radial stations used for the total-head rake. These
tubes were alternately displaced circumferentially to prevent interference
in the flow about the individual tubes. No attempt was made to calibrate
the static rakes as they were considered to be within the accuracy
required for the calculation of the inlet-velocity ratio.

TESTS AND REDUCTION OF DATA

Pressure-recovery surveys were conducted with the propeller removed
and with the propeller installed (ideal and platform propeller-spinner
junctures). With the propeller removed, tests were made at inlet-velocity
ratios ranging from 0.26 to 1.33 and for Mach numbers from 0.20 to O. 83.
The tests with the propeller operating were made at three blade angles
for various inlet-velocity ratios, Mach numbers, and advance-diameter
ratios, as tabulated:
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Propeller blade Mach Inlet-velocity Advance-diameter

angle, degrees Juncture number, rat}o, ratio,

= 6870375 B) type Mo V,/Vo Vo/nD
| 60 Ideal 0.83 0231 to-1.00 3.20 to L4.15
| 60 39 3lte 1102 BT to .29
‘ 60 .69 Pl T o ey O T 3.06 to 4.36
60 .59 42" to 1.27 2.90 to 4.50
‘ 50 5519) -39 to:1.29 2.44 to 2.96
50 .39 -39 %6 1.28 2200 to' 3.05
4o .39 Ne il 7o N BT 1.67 %0210
40 .30 <36 o 1206 .50 %0 2,12
4o y <20 ST 6 1.2k 1<30:%0 2410
60 Platform .83 .30 to .8k4 B.15to k.16
60 Ry(e 2716 .80 3.48 to &2k
60 .69 B0 to Lok 3.05 %o 442
60 .59 320" 81 2.95 to 4.4k
50 .59 3T %o 107 2,36 %0 2596
5 50 .39 .39 %0 1.27 2.06 to 3.00
40 .39 <38 tol 1528 1.68. to 210
- 4o .30 35 %0 ' T.26 1.50 60 &5
40 vV .20 sHL ko 1,24 1.30 tqo 2.10

Conversion of the inlet-velocity ratio to mass-flow ratio (ml/mo)
can be readily accomplished by the use of figure 4 of reference 6. The
thrust coefficient (T.) varied from O to 0.040 for a propeller blade
angle of 60°, 0 to 0.066 for 50°, and O to 0.143 for L0°.

A1l of the tests were conducted at an angle of attack of 0° and a
Reynolds number of 1.77 million, based on the maximum diameter of the
cowl.

The inlet-velocity ratios were calculated in accordance with the
method of reference 6. The ram-recovery ratios were obtained from an
arithmetic average of the total-pressure readings, which is equivalent
to an area-weighted average. For the radial distributions, the recov-
eries were obtained from an average of the four total-pressure readings
at each respective radial location, and for the remaining figures the
recoveries were obtained from an average of all 32 total-pressure
readings.

CONF IDENTIAL




8 CONF IDENTIAL NACA RM A52DOla

The effects of constriction due to the tunnel walls on the free-
stream Mach number and dynamic pressure were estimated by the method of
reference T. -

RESULTS

The data have been presented for the two types of propeller-spinner
junctures in such a manner that they are readily comparable for the
parameters investigated.

Ram-recovery ratios across the duct are shown in figure T for
various inlet-velocity ratios and Mach numbers, with the propeller
removed. TFigures 8 through 16 show the variation of ram-recovery ratio
across the duct, with the propeller installed, for various inlet-velocity
ratios, Mach numbers, and propeller blade angles. Figures 17 and 18
show the effect of advance-diameter ratio on the recoveries in the duct
for several inlet-velocity ratios, Mach numbers, and propeller blade
angles. Figures 19 through 22 show the effect of inlet-velocity ratio
on the pressure recovery for several advance-diameter ratios and Mach
numbers. Figure 23 shows a comparison of the ram-recovery ratios
obtained as a function of inlet-velocity ratio with the propeller oper-
ating, ideal and platform junctures, and with the propeller removed.

DISCUSSION

A comparison of the recoveries obtained with the ideal juncture,
the platform juncture, and with the propeller removed (fig. 23) shows
that the addition of the propeller to the basic cowling-spinner combi-
nation resulted in an appreciable decrease in recovery due to thickening
of the spinner boundary layer and other propeller interference effects.
Little difference exists between the recoveries obtained for the two
types of propeller-spinner junctures except for a blade angle of L4o°.

At this propeller blade angle, operation with the platform Jjuncture
resulted in increased recoveries over that for the ideal juncture.

The reason for the superior recoveries obtained with the platform-
type juncture may be ascertained by a study of the recovery distributions
presented in figures 8 to 16. It may be noted that at a blade angle
of 40° (figs. 14, 15, and 16), higher recoveries were obtained near the
inner gurface of the duct with the platform juncture than were obtained
with the ideal. This increase in recovery is believed to have resulted
from either of the following conditions or from a combination of both:
the spinner boundary layer becoming energized due to a vortex generated
(reference 8) at the gap between the fixed and movable portions of the
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propeller blade, or to this fixed portion being operated at a more
favorable angle than the equivalent propeller section for the ideal
Juncture.

A further comparison of the recoveries presented in figure 23 shows
that, with the exception of the platform-type juncture with the propeller
blade angle of 400, the recoveries with the propeller operating decreased
rapidly at inlet-velocity ratios below 0.8. At inlet-velocity ratios
above 0.8, the ram-recovery ratios were not affected by further increases
in inlet-velocity ratio. In the case of the platform juncture with
the propeller blade angle at MOO, recoveries remained relatively constant
at inlet-velocity ratios above 0.6. Below an inlet-velocity ratio
of 0.6, the recoveries decreased rapidly. Recoveries in excess of
90 percent were obtained (figs. 19 and 20) at inlet-velocity ratios
above 0.6 for propeller blade angles of 60° and 50°. For a propeller
blade angle of 40°, recoveries in excess of 90 percent were obtained at
inlet-velocity ratios above 0.7 for the ideal juncture and 0.5 for the
platform juncture. With the propeller removed, the recoveries decreased
rapidly at inlet-velocity ratios below O.4 with recoveries greater than
96 percent being obtained at inlet-velocity ratios above 0.4 (fig. 23).

The effect of advance-diameter ratio and the effect of Mach number
(propeller operating) on the ram-recovery ratios was quite small
(Figs.-17 to 22), resulting in minor increases in recovery with either
a decreasing advance-diameter ratio or a decreasing Mach number. The
largest change in recovery with advance-diameter ratio occurred for a
propeller blade angle of 40° due to the wider range of thrust coefficients
at which this blade angle was operated. With the propeller removed, no
appreciable effects of Mach number were apparent.

The data of reference 3, presenting the effect, at low Mach numbers,
of an eight-blade dual-rotation propeller operating ahead of the
NACA 1-62.8-070 D-cowl, show less effect of the operating propeller and
greater effect of advance-diameter ratio on the ram-recovery ratio
than do the data of this present investigation. This is believed to
be due to the difference in shape of the single and dual-rotation

. spinners and to the differences arising from the operation of single

and dual-rotation propellers. However, the results showing a comparison
of the effects of the ideal and platform (with gap out of spinner bound-
ary layer) propeller-spinner junctures of reference 3 are similar to

those obtained with the two types of juncture used in this investigation.

There is a possibility that the recoveries obtained with the ideal
Juncture might have been influenced by the abrupt change in thickness
ratio at about 15 percent of the propeller radius (figs. 3 and L4). It
is felt that higher recoveries might be obtained with a smoothly faired
extension of the propeller, in order to eliminate the possibility of
seperation resulting from the oblique angle of air flow relative to the
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discontinuity. In the case of the platform juncture, it is believed
that this same discontinuity in thickness would have no effect on the
pressure recoveries at propeller blade angles other than the design
condition.

CONCLUDING REMARKS

The following summarizing remarks can be made for the effects of
the propeller-spinner junctures on the pressure-recovery characteristics
of an NACA l-series D-type cowl in combination with an NACA l-series
spinner.

For the basic cowling-spinner combination with the propeller
removed, the ram-recovery ratio measured in the duct inlet was greater
than 0.96 at inlet-velocity ratios greater than 0.4 and was not affected
by compressibility within the range of Mach numbers covered in this
investigation. At inlet-velocity ratios less than 0.4, boundary-layer
build up over the spinner caused large losses in recovery at the inner
surface of the duct.

Little difference was obtained in the ram-recovery ratios for the
ideal and platform junctures, except for a propeller blade angle of 40
where the platform juncture was superior to the ideal juncture.

The addition of an operating propeller to the basic cowling-spinner
combination resulted in a decrease in pressure recovery and required an
increase in the inlet-velocity ratio in order to avoid excessive losses
in -the - ducls

With the propeller operating ahead of the inlet, the ram-recovery
ratio increased with increasing inlet-velocity ratio up to an inlet-
velocity ratio of 0.8, except for the platform juncture with the
40° propeller blade angle. Above this value, inlet-velocity ratio had
little or no effect on the ram-recovery ratio. For the platform juncture
with the propeller blade angle at hOO, the pressure recoveries were rela-.
tively constant above an inlet-velocity ratio of 0.6. Below an inlet-
velocity ratio of 0.6, the recoveries decreased rapidly.

The effect of advance-diameter ratio and the effect of Mach number
(propeller operating) on the pressure recoveries was quite small.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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TABLE I.- COWLING-SPINNER COORDINATES

[Coordinates in inches]

xg/Xg Distance NACA Distance NACA Distance NACA
from 1-46,5-047 from 1-62,8-070 from l-series
xc/Xc leading spinner, leading cowl, leading inner
edge of radius edge of radius edge of 1lip,
x1/Xy spinner cowl cowl radius
(xg) (rg) (xg) (%) (xq) (ry)
0 0 0 0 4,460 0 4,460
= .013 .156 .020 I | T e L | S S
.4 .026 216 .039 (R S| P MR g (Rl
.6 .039 264 .059 ARG D I o R (PSSt
8 053 .30l .078 LS GOl Gl LU e e
1.0 Cc6b .328 .098 Bl R e R o
1.5 099 Ly .147 4,783 | eeeem | meeee
2.0 .132 479 .196 L. 83 .008 4,439
a.o 197 .596 294 TR L asE S ] e
.0 263 .699 .392 5.005 .017 4,429
5.0 329 193 4 5.018 |  ——=o= | —=m—-
6.0 395 .879 .588 BolU6 " ey NS s
8.0 .526 1.035 . 784 5.268 o34 4,415
10.0 .658 Lt . 980 5.377 ----------
12,0 .790 1.305 1.176 5.478 050 4. 403
1.0 .921 1. 0PY 1,372 BEEEY LTS SE0tS T NN
16.0 1.05 1.526 1.568 5.651 c67 U, 394
18.0 1298 1.624 1.764 e A S R
20.0C 1,316 1.715 1.960 5.798 o8k 4,386
22.0 1,048 1.802 2.156 ELgRE- | s a e S e
24,0 1.579 1.88 2.332 5.931 101 4,378
26.0 1.711 1.9 2,548 5.993 |  me=== | meeae
28.0 1.842 2.0 2,74k 6,052 118 4, 372
30.0 1,974 2,112 2,940 GEIom I e e ot
32,0 2.106 2.182 3.136 6.162 134 4,366
34,0 2,237 2,249 3,332 v e e B R L R T LS
36.0 2,369 2.31& 3,528 A R e I e =
Eg.c 2.500 2.37 3.724 6.313 |  ——mee [ eemee
.0 2.632 2,433 3.920 6.359 168 4,35
42,0 2,764 2.&53 .116 6003 |l ==m—o ShEss
iy o 2,895 2.5 4,312 GLliE el Mgt SR e s S
46,0 3,027 2.526 4, 508 6.usE ----- ————
ug.0 3,158 2,645 4, 704 6.52 .202 4,346
50.C 3.290 2.692 4,900 6.560 | | ————= | = ==Z--
54,0 3.552 2.781 5.292 6.630 | @ eemem | eeeee
ZS'O 3.51 2,863 5. 68l 6. 694 2ul 4,337
2.0 .080 2.938 6.076 (2 o v R R ] I
66.C 4,343 3.001 6.u468 6.802 277 4,331
70,0 4, 606 3,058 6.860 GLAITE SN = XSS et
74.0 4,869 3,108 7.225 6.885 .311 4,326
78.0 5.132 3,151 T 6,918 v <oTas M s
g2.c 5.396 3,186 8.036 6.946 34l 4,323
86.0 5.659 3,214 8.428 6.968 S T | AR M
90.0 5.922 3,235 8.820 6.985 .378 4,320
94,0 6.185 3,250 9.212 659967 ] SvacCal Bl N Sa S
98.0 6.uLg 3,254 9, €04 6.999 | @ ceme= | —meee
100.0 6.580 3.255 9.800 7.000 420 4,320
‘W
C
X
.{ [} s
i BE R
boritads
)
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=

o . A-16176

Figure 1.~ The model mounted on the 1000-horsepower dynamometer in the
12—foot pressure wind tunnel.
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NACA 4-(5)(05)-04/
Single rotation propeller

[_ (developed plan form)
‘ .
Note: Dimensions shown in inches.
| —t——NACA /6 -series sections
24.00
6‘.5|8
~4.18 980 —
o ______NACA 1-628-070 Cowl
Platform _/'uncfure—\ T
2 80 700 Sliding
Opco> : ¥ throttle
360 / //3 s |
¥ A i Model center /ine

Z/V/lc,l-l /-46.5-047 Sta. (1) (Ram-recovery

Spinner rake /ocation)

Figure 2. — Mode!/ arrangement.
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Blade thickness ratio, h/b

Nv/mc,a 1-465-047 spinner

NACA 4-(5)(05)-04! propeller

NACA 1-628-070 cow/
Cow! diameter, 0.292 propeller diameter

09 i
7= ~N
22 o8l N b/0 B g4
N\ ;
B
28 07 C |80 .,
N °
24 06 \\ 76~
N b % 5
20 05 o 72
- N | — I~ D
16| ® 04 N \ B S
< / N \ >
£ 7
3 - N 3
A2 3 03 S 64 @
< N \\ \
08 § 02 . e A = N \ 60 2
/ h/b—/ s & <3
OF| - o1 4 B 56 N
3 W
STNAEA
o] R R o N5z ]

O il 2 o AT 6 VA 8 29 O

Fraction of tp radius, r/R

Figure 3 - Plan-form and blade-form curves for the NACA 4-(5)(05)-04/
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Figure 4,— Ideal propeller—spinner
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Figure 5.— Platform propeller—spimmner Juncture; B, 50°.
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Figure 6.— Close—up of the model showing pressure-rake locations,
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Figure 22.-The variation of the average ram-recovery ratio with inlet-
velocity ratio for various Mach numbers, platform junctures.
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