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SuMMaRY 

An investigation has been made to determine the aerodynamic charac- 
teristics of an NACA 4-( 5)(05)-041 four-blade propeller in corribination 
with NACA l-series and extended cylindrical spfnners for a wide range of 
blade angles at Mach numbers up to 0.90. Included are data for the 
propeller operating at negative thrust at low forward speeds and operating 
at near-static conditions. A description of the lOOO-horsepower propeller 
dynamometer used to obtain the data is included in the report. 

The performance of the propeller in conibination with two different 
NACA l-series spinners having maximum diameters of 7.20 and 6.51- tithes 
is compared with the performance of the propeller 3.n combination with 
long (14 feet ahead of the propeller) cylindrfcsl spinners having diem- 
eters of 7.20 and 12.00 in&es. The majority of the data were obtalned 
at a Reynolds nuuiber of 1.5 million per foot, based on the tunnel-datum 
airspeed. At the lower Mach numbers, data were also obtained at a 
Reynolds number of 3.0 million per foot. 

. 

Substantially lower propeller efficiency was obtained for the propel- 
ler with the NACA l-series spinners as compared to that obtained for the 
propeller with the extended cylindrical spinners. The difference in 
efficiencies amounted to as much as 15 percent at the highest Mach number 
and blade angle of these tests. This difference is attributed to a 
general decrease in the section lift-drag ratlos for the elements of the 
blade inboard of 0.7 radius, due to the hfgher resultant Mach numbers 
and the accompaeng reduced section angles of attack for these portions 
of the blades in the presence of the l-series spinner. The lower effi- 
ciency of the propeller with the l-series spinner is mcative of the 
fmportance of establishing the pitch distribution of the propeller and 

UNCiASSfFIED 
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the location of the propeller with respect to the spinner with due 
regard to the flow field about the spinner. 

The results show that, in general, the effects of compressibility 
on maximum efficiency are similar to those previously reported for the 
NACA 4-(4)(06)-04, 4-(5)(08)-03, and b-(3)(08)-03 two-blade propellers. 
For the propeller with the 7.20-inch-diameter, l-series spinner, the 
adverse effects of compressibility did not become apparent up to a Mach 
number of about 0.7 for a blade angle of 65O. For this blade angle and 
Mach number the . efficiency was 79 percent. 

INTE?ODUCTION 

- 
In response to a need for-data concerning the high-speed character- 

istics of propellers and propeller-spinner-cowlxling combinations suitable 
for use with gas turbine engines of large horsepower, two types of 
investigations have been made: the first, directed at improving the 
high-speed efficiency of propellers, and the second, investigating means A 
for providing efficient air induction to turbine engines. 

Research on the effects of compressibility, camber, sweep, thickness * 
ratio, and dual rotation-on propeller performance at high sweds is 
reported in references 1 through 8. Inasmuch as these studies were made 
with cylindrical spinners, they do not provide information regarding 
practical propeller-spinner installations. 

Data are also available for use in the design of aerodynamIcally 
efficient spinner-cowling combinations. Reference 9 presents a procedure, 
from the results of tests at low speed, for the selection of spinner- 
cowling combinations for specific high-speed requirements, the validity 
of which has been subsequently shown for high speeds in references 10 
and 11. These references present data only for the basic spinner-cowling 
combinations in the absence of propellers, and as such are not directly 
applicable to the design of propeller-spinner-cowling combinations. 

To obtain data more dfrectly useful for design purposes, an inves- 
tigation was undertaken in the Ames 12-foot pressure wind tunnel to 
ascertain the aerodynamic characteristfcs of representative propeller- 
spinner-cowling combinations. One phase of this investfgation is the 
determination'of the characteristics of the propeller-spinner combina- 
tion, in the absence of a cowling. This report presents the bask 
characteristics of an NACA 4-(5)(05)-041 propeller in combination with 
an NACA l-series spinner. Another phase of the investigation, the 
internal pressure-recovery characteristics of an NACA D-type spinner- 
cowling combination as affected by the operation of the propeller, has 
been reported in reference 12. 

4 
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Presented herein are the force-test results for the RACA 
4-(5)(05)-O&l four-blade, single-rotation propeller with NACA l-series 
spinners having diameters of 7.20 and 6.51 aches. A coqpszison is 
presented of the results obtaimzd with the propeller in combination 
with the l-series spinners, with two extended cylindrfcal spinners 
(7.20 and 12.00 inches in diameter), and with the results of other pro- 
peller investigations (references 1, 2, and 4). These tests were con- 
ducted at blade angles fram 150 to 70' and free-sizeam Mach nmibers 
from 0.9 to 0.10, at a constant Reynolds number of 1.5 miXLion per 
foot. Data are also included for the propeller in negative thrust, for 
operation at near-static conditions, and for operation at a Reynolds 
number of 3.0 mi7on per foot, 

SYMBOLS 

b blade width, feet 

3 =z d blade-section design lift coefficient 

. 
CP 

CT 

power coefficient 

thrust coefficient 

D propeller diameter, feet 

b 
fi 

blade-width ratio 

h maximum thickness of blade section, feet 

h 
I; 

blade-thickness ratio 

J advance-dismeter ratio VO 0 nD 

tunnel-datumMachnumber 

local Mach ntier 
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Mr reference Mach number used in correlation of local Mach 
number surveys 

Mt tip Mach nmiber Md 1 + 
[m] 

n propeller rotational speed, revolutions per second 

P power, foot-pounds per second 

r blade-section radius, feet 

R propeller-tip radius, feet 

Rn Reynolds nmiberperfoot 

T thrust, poundis 
* 

R! thruet coefficient T 
( ) pV?lF . 

v tunnel-datum velocity (tunnel airspeed uncorrected for tunnel- 
wall constraint), feet per second 

VO equivalent free-air velocity (tunuel-datum airspeed corrected 
for tunnel-wall constraint), feet per second 

B section blade angle, degrees 

p0.7SR section blade angle at the 0.75 radius,degrees 

efficiency (F)or (2 J) 

maximum efficiency 

viscosity of air, slugs per foot-second 

P mass density of air, slugs per cubic foot 



. 

NACA RM A52Ilga 

APPARATUS AND CALIERATtONS 

WOO-Horsepower Propeller Dymmometer 

The lOOO-horsepower single-rotation propeller dymmometer used in 
these tests in the Ames l2-foot pressure wind tunnel is shown for the 
l-series and extended cylindrical spinners iu figures 1 and 2, respec- 
tively. The external dimensions of the dynamometer are given in 
table I. A detailed description of the dynamometer is presented in 
appendix A. 

Propeller and Spinners 

Propeller.- The four-blade propeller used in this investigation 
has the blade designation NACA 4-(5)(05)&l. This designation indicates 
a k-foot-diameter propeller having values of the design parameters at 0.7 
radius as follows: section design lift coefficient, 0.50; section thick- 
ness ratio, 0.050; and solidity per blade, 0.041. 

The propeller blade form w-as established through use of the design 
charts in reference 13 for the following full-scale requirements: 

Operating altitude, feet . . . . . . . . . . . . . 35,000 
Flight Mach nuuiber (cruise) . . . . . . . . . . . 0.80 
Power at design altitude and speed, horsepower . . 5,600 

The full-scale propeller, selected to comply tith the design ccn- 
ditions, would be a four-blade, single-rotation propeller having a 
diameter of 23 feet, HACA 16-series blade sections, and an optimum load 
distribution at an advance-diameter ratio of 3.7 with a blade angle 
of 60~ at 0.75 radius. 
depicted in figure 4. 

!L'he model propeller blade (fig. 3) had the form 
The dashed lines in figure 4 show the revisions 

made to the portions of the blades inboard of a k.5-inch radius to 
permit the extension of the propeller blade sections to the surface of 
the 6.51-ihch-diameter, l-series spinner described later. 

Spinners.- The major portion of the investigation ~88 made using 
a spinner having a DE&HUZL diameter of 7.20 inches (15 percent of the 
propeller diameter) and a total length of 13.73 inches. The forward 
portion of the spinner, 10.8 inches or 1.5 times the spinner diameter 
in length, was contoured to the NACA l-series profile (reference 9). 
The rear portion of the spinner ua8 cylindrical, having a length of 
2-93 inches and a diameter of 7.20 inches. This spinner is designated 
as the 7.20~inch-diameter, l-series spinner and is shown in figure 1. 
The coordinates of the spinner are given in the first part of table I. 
The propeller plane.of rotation was 10.8 inches behind the spinner nose. 
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Limited tests were made with the propeller in combination with an 
NACA l-46.5-047 spinner (reference 121, designated herein as the 
6.51-inch-diameter, l-series spinner. The installation of this spinner 
was similar to that for the 7.20-inch-diameter, l-series spinner. The 
nose of the spinner was 4.20 inches ahead of the propeller plane of 
rotation. 

Additional tests were made with the propeller in combination with 
two cylindrical spinners, 
propeller (fig. 2). 

extended approximately 14 feet ahead of the 
These spinners were 7.20 and 12.00 inches in diam- 

eter and are designated as the 7.2O- and 32.00-inch-diameter, extended 
cylindrical spinners. The nose portions of these spinners were NACA 
l-series bodies of revolution having lengths equal to 3 times the 
spinner diameters. 

All tests were made with the propeller blade sections extended to 
the spinner surface and with the gaps between the propeller blades and 
the spinner sealed. 

Calibrations 

Calibrations were made of the thrust gages, the torquemeter, and 
the tunnel air stre= in the vicinity of the dynamometer. A detailed 
description of the equipment and methods used in making the calibrations 
and a discussion of the calibration results are presented in appendix B. 

TESTS 

Propeller thrust, torque, and rotational speed were measured for 
the various propeller-spinner combinations at the blade angles and 
tunnel Mach numbers listed in table II. For reference, table III is a 
tabulation of the range of tunnel stagnation temperatures corresponding 
to the Mach numbers in table II, 

Each run was made at a fixed value of tunnel Mach nu&er and blade 
angle, with the rotational speed varied to provide a suitable range of 
advance-diameter ratios. Each run was initiated near the zero-thrust 
condition, and the rotational speed was increased (or decreased for the 
negative-thrust runs, footnote 3 in table II) until one of the operating 
limits was reached. There were four factors which limited the range of 
operation of the propeller: 

1. Wimum capacity of the thrust gages (1500 or 750 pounds, 
see appendix B) 

c '6 
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2. Maximum capacity of the torquemeter (800 pound-feet) 

3. Maximum rotational speed permitted by structural chsracter- 
istics of the propeller (6000 rpm for tests with the 
7.20~inch-diameter, l-series spinner; m rpm for all 
other tests, subsequent to mc%fication of the inner 
portions of the blades, see section Apparatus and Calibra- 
tions) 

4. Aursl indication of stalling of the propeller 

With the exception of the runs noted in footnote 2 in table II, 
all tests were made at a Reynolds number of 1.5 million per foot, based 
on the tunnel-datum airspeed. 

REDUCTION OF DATA 

i 
Propeller Thrust 

Propeller thrust as used herein is the algebraic difference between 
the resultant longitudinal force produced by the propeller-spinner com- 
bination and the resultant longitudinal force produced by the spinner 
alone at the same air velocity and density. The methods used in deter- 
mining the propeller thrust are discussed in detail in appendix C. 

Propeller Torque 

Dynamic calibrations of the torquemeter, discussed in appendix B, 
show that for a given rotational speed the sensitivity of the torque- 
meter varied about 2 percent (see calibration constant, table IV) 
between the three groqs of calibrations (1 to 25, 26 to 39, and 
40 to 44, table IV) made at different stages during the tests. In com- 
puting the propeller torque, the variation of the calibration constant 
with rotationsl speed was taken as a straight line having a slope equal 
to that obtained by treating the results of dynamic calibrations 1 to 25, 
table IV, by the method of least squares and hating a value of the cali- 
bration constant at zero rotational speed equal to the average of the 
calibration constants of the static calibrations, table V (excluding 
calibrations 1, 2, and 6). 
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Datum Mach Nmber 

From the calibrations of the tunnel air stream, discussed in 
detail in appendix B, the tunnel-datum Mach number was taken as the 
average Mach number over the propeller disc area for the extended 
cylindrical spinners. The ssme variation of datum Mach number with 
reference Mach number (appendix B) used in the reduction of the data 
for the 7.20-inch-diameter, extended cylindrical spinner was used for 
the reduction of the data for the 7.2O- and 6.51~inch-diameter, l-series 
spinners. 

Tunnel-Wall Correction 

The tunnel-datum velocity (and consequently the advance-diameter 
ratio and propeller efficiency) has been corrected for the effect of 
tunnel-wall constraint on the air-stream velocity at the propeller plane 
by use of the method described in reference 1. The ratio of the free- 
air velocity to the tunnel-datum velocity determined e~erimentally 
using the method of reference 1 for a ~-foot-diameter propeller in the 
Ames l&foot pressure wind tunnel is compared in figure 5 with the 
theoretical values obtained from the method of reference 14. The good 
agreement, even at negative thrust, between the experimentally deter- 
mined values and the theoretical values confirms the validity of the 
method of reference 1. 

As used her&n, the tunnel Mach numbers (Md, Mz, Mr, Mt) are not 
corrected for tunnel-wall constraint. The free-air Mach number, however, 
can be obtained by applying the tunnel-wall corrections (fig. 5) to the 
turnel-datumMach number. At Mach numbers above 0.59, T&-Md2 does not 
exceed 0.15, so the tunnel-wall correction is less than 1 percent. In 
the exact use of the propeller data presented herein, however, the 
tunnel-datum Mach number should be corrected to the free-air Mach number 
wherever small changes in Mach number produce 
results * 

Accuracy of Results 

Analysis of the accuracy of the separate measurements of thrust, 
torque, and a%r-stream velocity has indicated that errors in the propel- 
ler efficiencies reported herein are probably less than 2 percent, but 

large changes in the 

c 

. 
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c 

. 

could be as large as 4 percent if a maximum error in the indicated 
torque is ass-d as a possibility from the torquemeter calibration 
data. Repeat tests have shown consistent agreement of the propeller 
efficiencies tithin 2 percent. 

* 

The characteristics of the NACA 4-(5)(05)-04X pmpeller in com- 
bination with the 7.X)-inch-diameter, l-series spfrmer are presented in 
figures 6 through 9. The variation, with advance-diameter ratio, of 
the propeller thrust coefficient, power coefficient, efficiency, and 
tip Mach nmber is shown in figure 6 for various blade angles at tunnel- 
datumMach nunibersbetween0.~ and0.M. Figure 7 shows the negative- 
thrust characteristics of the propeller for blade angles of 15O, O", 
and -15' at datum Mach nunibers of 0.20 and 0.10. The results obtained 
in operation of the propeller at blade angles of 20°, 150, loo, and O" 
at near-static conditions are presented in figure 8. Figure 9 presents 
a comparison of the thrust coefficients, power coefficients, and effi- 
ciency of the propeller for a blade angle of 50° at Reynolds numbers 
of 1.5 and 3.0 million per foot and datum Mach numbers between 0.59 
andO.*. 

The characteristics of the propeller in combination with the 
6.5l-inch-diameter, l-series spinner, the 7.20~inch-diameter, extended 
cylindrical spinner, and the 12.00~inch-diameter, extended cylindrical 
spinner are presented in figures 10, ll, and 12, respectively. 

For the propeller with the 7.20~inch-diameter, l-series spinner, 
the variation of maximum efficiency with Mach nlfmber tip Wch nu&er, 
and advance-dismeter ratio is shown in figures 13, 11, and 15, respec- 
tively. For the propeller with the extended cylindrical spinners, the 
variation of maximum efficiency with Mach number and advance-diameter 
ratio is shown in figures 16 and 17, respectively. 

Figure 18 presents the effect of Mach nusiber on the maximum effi- 
ciency of the NACA 4-(5)(05)-041 propeller, in combination with various 
spinners, compared with the results from the propeller investigations 
reported in references 2 and 4, all for a blade angle of 60° at 
0.75 radius. 

DISCUSSION 

I c 
The data presented in the figures showing the characteristics of 

the propeller (with the 7.20-inch-diameter, l-series spinner) in negative 
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thrust (fig. 7) and in operation at near-static conditions '(fig. 8) are 
believed to be self-explanatory and therefore are not discussed in 
detail. It may be noted, however, that values of 2.3 and 1.4 for the 
ratio of the thrust coefficient to the power coefficient, for blade 
angles of 5O and 20°, respectively (see fig. 8(b)), correspond to values 
of 6.0 and 3.7 pounds of thrust per horsepower, respectively, for the 
design value of nD (211). 

For Mach numbers between 0.59 and 0.29 and for a blade angle of 5C", 
increasing the Reynolds number from 1.5 million to 3.0 million per foot 
had a negligible effect on the performance of the propeller (fig. 9). 

Propeller Efficiency With the NACA I-Series Spinners 

Effect of Mach nuniber on me~imum efficiency.- In general, the effect 
of Mach number on the maximum efficiency of the NACA 4-(5)(05)-041 pro- 
peller with the 7.20~inch-diameter, l-series spinner (fig. 13) is 
similar to the results reported for investigations of two-blade propel- * 

lers (references 1, 2, and 4). For blade angles greater than 4-O", the 
highest values of maximum efficiency obtained at each blade angle . 
showed a progressive reduction with increasing blade angle, decreasing 
from 86 percent at a blade angle of 40° to 79 percent at a blade angle 
of 65O (fig. 13). The Mach number at which marked efficiency losses, 
due to adverse compressibility effects, became ap nt increased tith 
increasing blade angle, up to a blade angle of 6 59"" . The highest Mach 
number at which the propeller operated without marked compressibility 
losses at a blade angle of 650 was about 0.7, at which condition the 
propeller efficiency was 79 percent. With the occurrence of severe 
compressibility losses, associated with supersonic resultant section 
Mach numbers and consequent reduced section lift-drag ratios, the rate 
of loss of efficiency increased with increasing blade angle. 

Figure 14, which presents the variation of msximum efficiency with 
tip Mach number for blade angles greater than &Co, indicates primarily 
that the loss in efficiency due to compressibility began at about the 
same tip Mach number, approximately 0.8, regardless of the blade angle. 

The variation of maximum efficiency with Mach number for the propel- 
ler in combination with the 6.51-inch-dieter, l-series spinner was 
essentially identical, within the limits of experimental accuracy of 
these tests, to the results (fig. 13) shown for the propeller with the 
7.20-inch-diameter, l-series spinner. 

Effect of advance-diameter ratio on maximum efficiency.- The effect of . 
advance-diameter ratio on the maximum efficiency of the RACA 4-(5)(05)-041 c I 

I8 
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propeller, at constant Mach nsmibers (fig. 15), was also Mmilsz to the 
results reported for investigations of two-blade propellers (refer- 
ences 1, 2, and 4). Figure 15 shows the same general phenomena dis- 
cussed in these references; namely, that for operation of the propeller 
at subcritical Mach nunibers, highest efficiencies are obtained at 
relatively high advance-diameter ratios but, as the Mach nu&er is 
increased to supercritical values, the highest efficiencies are obtained 
at low advance-diameter ratios. The Mach nu&er for the change from 
operation at high advance-diameter ratio to operation at low advance- 
diameter ratio for highest efficiencies was about 0.75 for the propeller 
with the 7.204nch-diameter, l-series spinner. As in the investigations 
reported in references 1, 2, and 4, maxirmrm. efficiency at Mach numbers 
above 0.8 was obtained in operation of the propeller at the lower blade 
angles and advance-diameter ratios (figs. 6(a), 6(b), and 6(c)), for 
which conditions the resultant Mach number was greater than unity for 
most of the blade elements. 

r 
Analysis of the da.ta presented in figure 6 fndicates that at the 

design conditions (0.80 Mach number, 5600 horsepower, 23-foot diameter, 
3.7 advance-diameter ratio, 35,000-foot altitude) the propeller blade 
angle at the 0.75 radius would be 62-i/20 and the efficiency would 
be 55 percent. This efficiency is about 2 percent less than the maxi- 
rmrm that would be attained tith this propeller at the design Mach number 
and advance-dismeter ratio (see fig. 15). Further analysis of the data 
in figure 6 Fndicates that by operating the propeller at a lower value 
of advance-diameter ratio, 2.4, the-same power could be absorbed by 
a 13-foot-diameter propeller with an efficiency of 6l percent. 

Propeller Efficiency With the Extended Cylindrical Spinners 

As shown in figures 16 and 17, the general effects of Mach number 
and advance-diameter ratio on the maximum efficiency of the propeller 
with the 7.20- and l-2.00-inch-diameter, extended cylindrical spinners 
are similar to those previously discussed for the propeller with the 
I-series spinners. The Mach number for the change from operation at 
high advance-diameter ratio to operation at low advance-afameter ratio 
for highest efficiencies is about 0.82 for the propeller with the 
7.20-inch-diameter, extended cylindrical spinner (fig. 17(a)) and about 
0.83 for the propeller tith the 12.00~inch-diameter, extended cylindri- 
cal spinner (fig. 17(b)). 
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Comparison of the Maximum Efficiency of the Propeller With 
I-Series Spinners and With Cylindrfcal Spinners 

Comparison of the max%um efficiency of the propeller in combina- 
tion with the cylindrical spinners (ffg. 16) with the max3mum efficiency 
of the propeller with the l-series spinner (fig. 13) shows that generally 
higher efficiencies were obtained for the propeller with the cylindrical 
spinners, and that the highest efficiencies were obtained with the 
12.00~inch-diameter, cylindrical spinner. Values of the maximum effi- 
ciency for the various propeller-spinner combinations at datum Mach 
numbers between 0.85 and 0.60 are shown for comparison in the following 
table: 

VALUESOF~I~EFFICIEm~,~-,ATSEVERACI 
DATUM MACR NCMBFRS FOR TEE VARIOUS SPINNERS 

[Values in parentheses are estimated by extrapolation] 
Blade angle at 0.75 radius, gO*=R 

(deg) 
Md 65’ e-o0 55O 

0:;; 0149 (&g) (&) et- -t-m -3-m -‘,s -:m -3-s 
-57 070 .72 
-68 0:3y (o:A~) 

(0.69) ---- ---- ---- 
-75 -78 l 79 0.64 
l 70 l 79 .82 -83 -76 .82 

J; ‘0:~’ ‘0:~’ 

.60 -79 085 -85 .81 I .84 -85 :E .86 .86 

Row SPm 
1 7.20-inch-diameter, l-series spinner 
2 7.20~inch-diameter, extended cyl%ndrical spinner 
3 12.00-inch-diameter, extended cylindrical spinner 

, 

In general, the increment in efficiency between the cylindrical and 
l-series spinners increased with either increasing Mach number for a 
given blade angle or increasfng blade angle for a given Mach number. 
The dffference in performance of the propeller with the 7.20-inch-diameter, 
cylindrical spinner and with the 7.20-inch-diameter, l-series spinner is 
primarily attributable to the different radial Mach number distributions 
in the plane of the propeller for the spinners, as discussed in appendix B. 
The difference in propeller efficiencies KFth the 7.20- and 12.00-inch- 
diameter, cylindrical spinners is partly attributable to the different 
radial Mach number distributions in the plane of the propeller with the 
two spinners (see appendix B) and partly attributable to the enclosure of 
a portion of the thick, inner portions of the propeller blades within the 
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larger spinner e 9s use of the method of reference l5* calculations 
were made of the distrfbution of thrust and torque loading on the blade 
for the cylindrical and I-series spinners of the same diameter. Although 
only of qualitative value, these calculatfons indicated that the lower 
efficiency with the I-serfes spinner was due to the fact that the blade 
elements inboard of 0.7 radius were operating at lower lift-drag ratios, 
brought about hy the higher resultant Mach nmihers and the accompanying 
reduced section angles of attack for these portions of the blade. As 
shown in figures 15 and 17, the maxiram efficiency decreased from 
about 67 percent for the propeller with the 12.00~tichafsmeter, cylln- 
drical spinner to about 65 percent with the 7.20~inch-dieter, cylin- 
drical spinner as& to about & percent with the 7.20~inch-diameter, 
l-series spinner, for Mach mm&~ers of 0.83, 0.82, md 0.78, respectively 
(Mach mmbers for tiich there was little variation of maxImum efficiency 
with advance-d&meter ratio). This decrease in mmimum efficiency 
indicates that average values of the section lift-drag ratios were lower 
for the propeller in conibfnation with the l-series spinners than for the 
propeller with the cylindrical spinners. 

In figure 18 the variation of maximum efficiency with Mach number 
for the NACA 4-( 5) (05) -041 four-blade propeller, with various spUners, 
is compared to Hmilar data reported in references 2 and 4, for the 
NACA 4-(4) (06)x& 4-(5) (&3, and 4-( 3) (08) -03 two-blade propellers 
with 13.00~inch-diameter, cylindrical spinners. The Mach nlrmber at 
which losses in efficiency due to compressibilfty began was about the 
sane (0.7) for the NACA 4-(5)(05)-04lpropeller tith the X2.00-inch- 
dismete:, cylindrical spinner and the RACA 4-(4) (06)-04 propeller with 
a 13.00-inch-diameter, cylindrical. spinner, as might be expected in 
view of the small differences in casiher and thickness between the two 
blades. Also as might be expected for the thinner blades, at Mach 
nuuibers greater than about 0.7 the rate of loss of efficiency with 
increasing Mach number was not as great for the NACA 4-(5)(05)-04lpro- 
pelier as for either the NACA 4-(4)(06)-04 or 4-(5)(o8)-03 propeller. 
The trend of the data indicates that at some Mach number in excess of 
0.8, the NACA 4-(5)(05)-041 propeller with the 12.00~inch-diameter, 
cylindrical spdnner would have a hfgher maximum efficiency than either 
the IWCA b-(4)(06)-04 or 4-( 5) (08) -03 propeller. At the subcritical 
Mach numbers at least part of the difference in msximue efficiency 
between the NACA k-(5) (05)-041 propeller with the 12.00~inch-diameter, 
cylindrical spinner and the NACA k-(k) (06) -04 propeller is attributable 
to the difference in total solidify of the two propellers. References 16 
and 17 indicate that Increasing the solidity of a propeller by increasing 
the number of blades, in this case from two blades to four blades, can 
result in a decrease in maxImum efficiency of the order of 3 percent. 
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CONCLUSIONS 

An investigation of an NACA 4-(5)(05)-&l four-blade, single- 
rotation propeller in combination with NACA l-series and extended 
cylindrical spinners at Mach numbers up to 0.90 and blade angles 
of TO0 to 15O indicated the following results: 

1. Substantially lower efficiencies were obtained for the propel- 
ler in combination with the NACA l-series spinner5 as compared with 
those obtafned for the propeller in combfnation with the extended 
cylindrical spinners. The difference in efficiencies amounted to as 
much as 15 percent at the highest Mach number and blade angle of these 
tests. 

2. As a corollary of item 1 above, it may be concluded that the 
efficiency of a propeller in combination with a practical spinner, such 
as the NACA l-series spinners, fs likely to be considerably less than 
that indicated by wind-tunnel tests of propellers with cylindrical 
spinners, unless the pitch dFstribution and the location of the propel- , 
ler with respect to the spinner are established with due regard to the 
local flow about the spinner, or unless the spinner is shaped to provide' . 
more uniform flow in the region of the propeller. 

3. For the propeller in combination with the 7.20-inch-diameter, 
l-series spinner, the highest Mach number at which compressibility had 
not caused a decrease in maximum efficiency was about 0.7 for a blade 
angle of 65'. For this blade angle and Mach number the maximum effi- 
ciency was 79 percent. 

4. In general, the effects of compressibility on the maximum 
propeller efficfency were sintilqr to those reported for blade designs 
such as the NACA 4-(k) (06)-04, the NACA 4-( 5)( 08)-03, and the NACA 
4- (3) (08)~03 two-blade propellers. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif. 
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APF'EX?DIXA 

TBE lOOO-HORSEPOWER PROPELLER DYNAMOMETEROF'TRE 

MSl2-FOOTFBESSURFzWINDT'CRWEL 

GENERAL ARRANGEMEWT 

A drawing and photographs of the single-rotation pmller dyna- 
mometer are presented in figure 1. A cutaway view of the internal 
mechsnism is presented in figure 19 and the external dimensions are 
given in table I. The dynamometer has a rating of 1000 horsepower 
at &%O revolution5 per minute. Speed control of the 2-pole induction 
motor is accomplished by means of a variable-frequency power supply. 

The dynmmeter is made up of two major subassemblies, the fixed 
external housing and the floating dynamometer unit, interconnected 
structurally at two flexure-pivot supports. The fixedexternslhousing 
is comprised of the shroud, main housing, tail cone, support struts, 
shroud for the box beam, thrust strain-gage members, and motor-stator 
torque-restraining member. The component5 of the floating wter 
unit are the spinner, propeller-hub assesibly, drive shaft, torquemeter, 
motor box beam (for support of electrical, lubrFcant, air, and coolant 
leads 5 , inside m&her of the mercury seal, and the dynsmometer housing. 

The flexure pivots carry, in tension, the wefght of the floating 
unit and provide restraint against lateral motion. When the flexure 
pivots and their stqports are deflected longitudinslly by a thrust load, 
they produce a moment equal and opposite to the moment produced by the 
weight of the floating dynsmmeter unit. This suba55embly, as suspend& 
on the flexure pfvot supports, is thus neutrally stable longitudinally. 

Restraint of the floating aynamonteter unit agafn5tlongitudinal 
motion is accomplished by means of a paFr of cantilever beams with 
strain gages. These beams sze fixed to the ma-housing and linkedto 
the dynamometerhousing. Thelfnks are parallelto andequidistant 
from the dynwometer center line. 

Themanner inwhichthes&,or stator fsmountedinthe dynamometer 
housing permits nearly frictionless longitudinal moveme nt of the float- 
ing dynamometer unit tithout the motor-stator torque reaction being 
transmitted through the flexure pivots to the fIxedhousing. Themotor 
atator is supported on trunnion be~u3ngs and is restrainedagainst rota- 
tional movement by a pair of forked torque arms which are attached to 
the motor stator and fit over a corresponding pair of radial bsll besr- 
ings supported by the fixed structwe. The reaction forces in the srms 
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form a couple about the center line of the dynsnxxnet-er. The inner 
races of the radial besrings are contfnumsly rotated by a motor drive 
in order that only the difference between the rolling friction of the 
bearings is present in the thrust system. 

Control of the air pressure inside of the Nter is maintained 
during its operation. Air is introduced for operation of the torque- 
meter and through the oil-mist lubrication system for the motor and 
drive shaft bearfngs. Air and oil mist is scavenged from the dynsmom- 
eterbyvacuum pumps. Three pressure seals (see fig. 19) are employed 
to separate the inside of the dynamometer from the wind tunnel. A 
flexible, neoprene pressure seal joins the floating dynamometer unit 
to the fixed shroud a short distznce behind the propeller spinner. A 
carbon ring, bonded to a molded-neoprene diaphragm and spring retained 
against the back face of the rear propeller-hub taper collar, provides 
a pressure seal between the dynamometer housing and the rotating drive 
shaft. A mercury pressure seal, beneath the box-beam slrroud and the 
floor of the test section, separates the interior of the dynamometer 
from the wind-tunnel balance chamber. 

AU. electrical., lubricant, air, and coolant leads entering the 
dynamometer pa35 through air-tight packing glands in the floating 
meniber of the mercury pressure seal. The leads SKing freely'in a long 
loop from the floating member of the mercury seal to brackets which 
secure them to statfonary structure in the balance chamber. 

INSTR-TION 

Thrust 

The thrust acting on the dynamometer is measuredbymeans of two 
resistance-type strain gages mounted on cantilever beams. Two alternate 
sets of strain gages are in use, having thrust capacities of 1300 and 
750 pounds per pati. The output of the strain-gage system is indicated 
on a self-balancing potentiometer. Calibrations of the strain gages 
(see appendix B) are made to ascertain the factors relating the poten- 
tiometer readWg5 to the applied thrust loads. 

Pre55ur5 meas urements, made to determine the pressure forces on the 
system, are described in appendti C. 
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Torque 

The torque produced fn the propeller shaft is measured by means of 
a General Electric Company variable-inductance-type torquemeter tith a 
capacity of 800 pound-feet. EssentiaIUy, the torquemeter consists of 
a torque-transmitting shaft tiich is flanged at each end to permit 
attachment between the drIv%ng and driven tits of the dynsmometer. 
Between the end flanges, the ah&t is housed concentrfcally within a 
reference tube, one end of +hi.ch is rigidly attached to the shaft. The 
other, or free, end of the reference tube is held concentric with the 
shaft by means of a spoke-like flexure -pivot arrangement and contains 
a series of windings about a ststor core. A toothed flange, integral 
with the shaft and alined with the stator core, constitutes the rotor 
portion of the torquemeter. Twisting of the shsZt under a torque load 
results in an angular displacement of the toothed flange with respect 
to the stator core. The magnetic field between the stator and rotor is 
thereby altered and a change in current in the exciting windings occurs. 
This current Is trsnsmitted through slip rings to brushes and is ind%- 
cated by means of a msnual-balancing potentiometer. CXLibrations of 
the torquemeter (see appendix B) are made to ascertain the factors 
relating the potentiometer readings to applied torque loads. 

Rotational Speed 

The, rotational speed of the drfve shaft is measured by means of the 
frequency of the current produced by a variable-reluctance alternating- 
current generator mounted on the back end of the motor shaft. The 
current is transmitted to a frequency meter which indicate5 the rota- 
tional speed within an accuracy of 0.05 percent in the range between 240 
and6600rpm. 
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APPEBDIXB 

CALIBRATIONS 

CALIBRATION OF TBE TERUST GAGES 
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Calibrations of the thrust gages were made by applying known thrust 
loads to the propeller shaft after the dynamometer was installed complete 
with all fairings, leads, hoses, etc., in the tind tunnel. All calfbra- 
tion data were treated uniformly by use of the method of least squares 
to obtain straight-line calibrations (reference 18). For the most part, 
the error in indicated thrust was within 1 percent of the applied load, 
except in the small-load range where larger percentage errors would be 
expected. 

CALIBRATIONOF TKE TORQUEMETER 

Calibrations of the torquemeter together with a potentiometer were 
made to determine the characteristics of the torquemeter when subjected 
to torque loads while stationary (static calibrations) and while rotat- 
ing (dynamic calibrations). In each calibration the ratio of applied 
torque to the potentiometer reading was constant for a given rotitional 
speed and the data was treated uniformly by the method of least squares 
for fitting a straight line. The results of typical dynamic and static 
calibrations are presented in tables IV and V, respectively. For indi- 
vidual calibrations, either static or dynamic, the error in indicated 
torque was within l/2 percent of the applied torque, except Fn the 
small-load range. The dynamic calibrations were divided into three 
groups (l-25, 26-39, and 40-44, table IV), each group having been made 
at a different stage of the test. For each group of calibrations, the 
calibration constant varied linearly wfth the rotational speed, tith a 
probable error of about l/4 percent. However, there was a variation of 
about 2 percent in the general magnitude of the calibration constant 
obtained in the three groups of dynamic calibrations. The calibration 
constants for zero rotational speed as extrapolated from the dynamic 
calibrations showed fair agreement with the slopes obtained in the 
static calibrations. There were no signiffcant differences between 
dynsmic calibrations made with the propeller shaft rotating under com- 
bined thrust and torque loads and dynamic calibrations made with no 
thrust loads. 
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Figure 20 shows the loc8tions of the survey-tube and wall static- 
pressure orifices at tiich the local Mach number was determined by 
stream surveys for both the l-series and extended cylindrical spinners. 
The local Mach number distribution on the surface of the l-series 
spinner and the forebody of the dyn8mometer was measured on a mock-w 
of the dynamometer. 

The 25 st8tic-pressure orffices along the tunel wall (see fig. 20) 
were the only orifices common to all the stream surveys made for the 
v8rious dyn8mometer lRst&llations. As a means of correlating the vsxious 
surveys, the average of the local Mach numbers at the ffve wall oriTices 
on the left side of the dyn smometer and immediately adjacent to the 
propeller plane of rotation was used as 8 reference Mach nlrmber. The 
regular variation of the local M8ch nwiber along the tunnel wall for the 
vsrlous spinners may be seen by c~arison of the data listed in table VI. 

. 

c 

Typical longitudin81 M8ch nuniber variations at several radii and 
for sever81 reference Mach numbers are shown for the T-20-inch-dismeter, 
l-series spinner, the 7.20~inch-diameter, extended cylindrical spinner, 
and the l2.C&inch-diameter, extended cylindrical spinner in ffgures 21, 
22, and 23, respectively. The longitudinal and radial local Mach nuziber 
variations obtained with the dynammeter mock-up are shown in figures 24 
and 25, respectively. Figure 26 was derived from the data in figures 21 
to 25 and shows the radial variation of the local Mach number at the 
propeller plane of rotation. 

In order to obtain a theoretical confirmation of the radial and 
longitudinal Mach mm&r gr8dients measured by tunnel air-stream surveys, 
the dynamometer body was represented by a longitudinal source-sink dis- 
tribution of vary2ng strength in 8 uniform flow field. C8lcul8tions of 
the radial and longittinal Mach number gradients induced in various 
planes by the assumed source-sink distribution were m8de using the 
equations developed in reference 19, modified for compressibility effects 
8s indicated in reference 20. The results of these calculations conffrm 
the general magnitude and trend of the radial and longitudinal Mach 
nuriber gradients and fndicate that the radial variation of Mach nun&r 
in the plane of the propeller, for the extended cylindrical spinner 
installations, was due to the presence of the dynamometer body down- 
stream of the propeller. 

The tunnel-datum Mach rnmiber was taken 8s the aversge Mach nwiber 
over the propeller disc, obtsined by integration of the local Wch 
numbers shown in figures 26(b) and 26(c) replotted versus the squsze of 
the radius between the limits of the spinner surface end the propeller 

B- .i 
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tip. Figure 27 shows the variation of the d8tm Mach number with the 
reference M8ch number for the extended cylindrical spinners. 

From figure 26 it is apparent that the difference between the 
radial variation of M8ch number for the 7.20-inch-diameter, l-series 
spinner and the 7.20~Inch-diameter, extended cyIk~drical spinner 
(figs. 26(a) and 26(b)) w8s due to the local effects of the l-series 
spinner, since the local Mach numbers between 25- and 72-inches radii 
were identical for both spinners. Since any difference in propeller 
perform8nce caused by these local effects of the l-series spinner should 
be chargeable to the propeller-spinner combination, the variation of 
the datum Mach number with reference Mach number for the 7.2O- and 
6.51-inch-diameter, l-series spinners was assumed to be the same as 
that for the 7.20-inch-diameter, extended cylindrical spfnner (fig= 27). 

It is of interest to note in figures 21(a), 21(b), and 24 that at 
the propeller plane of rotation (10.8 inches behind the nose of the 
7.20~inch-diameter, l-series spinner) the inner portions of the blades 
were subjected to about the maximum Mach numbers measured. A more 
uniform r&dial velocity distribution, approaching that for the 7.20~inch- 
diameter cylindrical spinner, would have been obtained had the propeller 
been somewh8t f8rther from the spinner nose. 

. 
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APPEXDIX c 

PROl?ELLERTHRUSTASAFFECTEDBYSPIRRERDRAS 

21 

AND SPINNER PREESURE FORCES 

,As used herein, the propeller thrust is the indicated thrust @ 
the propeller-spinner combination plus the spWner-drag tare and minus 
the thrust created by pressures acting between the floating 8nd fixed 
members of the 8pperatuS. As an aid fnidefinktg the various forces 
contributing to the resultant propeller thrust, cutaway views of the 
various spinners sze presented in figure 28. 

The folloting equations were used in the reduction of the propeller 
data.: 

For the 7.x)- and 6.%-inch-diameter, l-series spinners (fig. 28(a)), 

% = %G + ?3 - TPl. - TP* 0) 

For the cylindrical spinners (figs. 28(b) and 28(c)), 

Tp =%G +Ds -TP= - %s + ?P8 +%a (2) 

The notations used in the above equations represent the quantltfes 
listed below: 

For the 7,2O- and 6.51-inch-dmter, l-series spinners (fig. 28(a)): 

?F propeller thrust, pounds 

TsG reaction force exerted by the thrust g8ges on the floating 
portion of the dyn8mometer, pounds 

spinner-drag tare force measured at the same airspeeds and 
densities 8s those for the propeller tests, assw&Ig 8 
spinner b8se-pressure equ8l to the free-stream static 
pressure, pounds 

(P, - PO) Al 

Tp2 (P, - po) A2 

f 
i ’ 

4 cross-sectional area of the portion of the spinner outsiag\the 
neoprene pressure seal, including half the front8l area-of the 
neoprene pressure seal, square feet 

-8 
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A2 

PO 

Pl 

p2 

cross-sectional area of the portion of the spinner inside 
the neoprene pressure seal, including half the front81 
area of the neoprene pressure seal, square feet 

free-stresm static pressure computed using the datum Mach 
number,pounds per square foot 

static pressure outside the neoprene pressure seal, pounds 
per squere foot 

static pressure inside the neoprene pressure seal, pounds 
per square foot 

For the extended cylindrical spinners (figs. 28(b) and 28(c)): 

?P&GJp, 
Q2rA1,A2 

i 

same as for the l-series spinners 
PotP13P, 

DS spfnner-drag tare force measured at the same airspeeds and 
densities as those for the propeller tests, pounds 

Q3 

TP4 

A3 

(p3 - po> A3 

(P4 - P,) A4 

cross-sectional are8 of the portion of the spinner outside 
the labyrinth, including half the frontal are8 of the 
labyrinth, square feet 

A4 cross-sectional are8 of the portion of the spinner inside the 
labyrinth, including half the frontal area of the labyrinth, 
square feet 

p3 static pressure outside the l&byrinth, pounds per square foot 

p4 static pressure inside the labyrinth, pounds per square foot 

All pressure measurements were indicated on multitube, liquid-in- 
gl8SS m8nometers 8nd recorded simultaneously by photographic means. For 
all the spinners, the static pressure p, w&s measured 8t a Single 
lOC8tiOn outside the neoprene pressure se81 (fig. 28). 

c 
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For the l2.C0-inch-diameter cylindricsl spinner, the static 
pressure p, was measured at 12 additional locations, 6 radial loca- 
tions at each of 2 positions 180° apart, just behind the rest face of 
the spinner. The variat-ion in the pressure p 
waslessthanlpwndper squsre foot. For a& 

at the 13 locations 
spinners, the pres- 

sme P2 was measured inside and fmmediately 8djacentto the neoprene 
pressure seal and also at three widely separated locations inside the 
dyua,mometer. Ro d8t8 were recorded until the static pressures 8t a31 
four locations inside the dyn8mometer were equalized. Control of the 
intern81 dynamometer pressure (appendix A) w8s maintained in 8 manner 
such that the pressure p2 inside the neoprene seal u&s 8lwaya less 
than the pressure p1 outside the se8l. For both cylindrfcal spfnners, 
the pressure p, was me&sUred at 4 locations, equally spaced circum- 
ferentially outside the labyrinth. Also for both cylindrical spinners, 
the pressure p4 was measured at 4 locations, three of which were 
equally spaced circumferentially inside the labyrinth with the remaining 
one on the axis of rotation, There was no significant circumferential 
variation in pressure either inside or outside the labyrinth, but aver8ge 
values of the pressure p4 were generally 2 pounds per square foot less 
thanaverage values of p3. 

The sptier-drag tare forces were measured by operating the dyna- 
mometer, complete except for the propeller blades, in the wind tunnel 
at conditions nearly identical to those for the propeller tests and were 
computed from the preceding equations tith Tp equal to zero. For 
the l-series spinners, with and tithout the propeller, the spinner-drag 
tare (and, consequently, the resultant longitudinal thrust) was 8djusted 
for computational purposes to correspond to 8 spinner-b8se pressure 
equal to the static pressure of the free stream (see definition of T 
and Tp2). Pl This procedure determined the magnitude of the spinner-drag 
tsre but h8d no influence on the propeller thrust. It maybe notedthat 
the spinner-drag tare forces for all the spinners except the l2,00-inch- 
diameter cylindrical spinner include the skin-friction drag of the 
cylindrical portion of the dynamometer behfnd the spinner, back to and 
including the cover plates over the neoprene pressure seal (see fig. 28). 
The spinner-drag tare forces as evaluated from the tare runs were found 
to be independent of rotational speed and, for constant Reynolds number, 
dependent on tunnel Mach number only. Figure 29 shows the variation of 
the spinner-drag tare forces with datum Mach number for the vsxious 
spinners. While these data are somewhat erratic, the scatter for the 
most part is only of the order of l/2 pound, which is the order of 
accuracy of the thrust gages. Values,of the spinner-drag tare force 
from the faired curves of figure 29 were applied in computing the pro- 
peller thrust. 
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. 
Maximum and average values of the spinner-drag tare and of the 

four spinner-gap pressure terms are listed in the following table 8% 
percentages of the propeller thrust for the vario&%$&ers at condi- 
tions near maxlmti tifficiency operation of the propeller: 

Spinner 

7.20~inch-diameter, 
l-series spinner 

6.51-inch-ameter, 
1-serfes spimer 

7.20-inch-dfameter, 
cylindrical spimer 

l2.00-inch-diameter, 
cylindrical spinner 

&Less than l/2 percent. 

T 
iiGi 

?S T% 
:Av. MaxIAv. 

1 4 2 

-& 1 I 

!L 1 4 2 

2 4 3 

T T 

izE 
Tp3 

iv. Max Av. 

2 - - 

4 - - 

5 -a -8 

5 4 2 

7 

1 

8 

- 
. 
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WLFI rv.- SmYOF TEFaRESVLTS OF DYCUMIC CXGIBRA~ONS OF THE ToRQUEMETEiR . 

Oalfbfation Rotational Calibration Intercept Aobable hhber cb 
8pCd ccnstant BrroT points 

(scpm) (Ibft/couny (lb&) (lbft) defining line 

% 1ooo 1000 1.1483 1.1415 I:*; 

-1:2 

0. i 

13 1000 1.1 7.0 1 1s 

16 16 

16 loo0 1.15 -3.0 :f 

? 
z 1 

loco 1000 1000 1.1543 1.1588 1.1663 -1.1 -1.1 -. ':5' 158 16 1 % 
1000 1.1727 .i 1.5 i5 

1 2m :::;it -1.1 
; 2000 2000 .6 

.7 
I.1525 

;::: 
:57 

if 
16 

17 2000 1.1549 16 
s 2000 2000 1.1552 1.1632 -. -4 

:47 
16 

zo 7 2000 2000 1.1723 I.1678 -1.7 3.6 '5 1.6 16 2 

2 3000 1.1492 .g 16 
7 3050 I.1532 

-* .z 
1.0 15 

10 3000 1.1591 05 16 
18 3000 ::; 1.0 16 
2 3000 3000 ;.;$I 1:1743 1.5 l.P; 2:: 16 

z2 3 3cQo 3000 1.1769 1.1810 1.4 2.0 I.4 .6 2 15 

$I: 3500 3600 1.1789 1.16e;s 2:; :t 2 

L % :::gi z :Z 1.6 .6 16 16 

14 4000 
%i 1:1674 ::; 

1.1 16 
2t 1 4000 4000 1.0 -9 16 

;f 35' 

4000 1.177 

4000 4000 1.17 1.1852 s;f 

;:;i 1.0 2 

3*1 3 3.8 1.1 .g 16 15 
5 4500 4600 1.1sn 1.1858 2:; 1.1 .7 16 16 

4 5000 1.1704 4.6 
12 5000 1.1764 :; 

16 
16 

15 6000 .C 16 
r?ll 6000 1% 

2 6000 5000 1:17g:, 1.18x) 

i:; 

2 l - 

:; 16 

16 16 
44 5000 x976 7.7 ::4' 15 
39 6500 1.1933 2.1 .6 16 
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!ll!AmE v.- SUMMARYOFTBERFSULTSOFS~~CC- TTONS OF TEE MRQ- 

Calibration Calibration Calibration Intercept Probable Calibration Intercept Probable mnlber of mnlber of 
oonstant oonstant 

(It-ftjcmnt) (III-ff) (lbftjcadnt) (III-ff) (EZ) (EZ) 
p0inte p0inte 

defining line defining line 

1 1 1.169s 1.169s 0.0 0.0 1.0 1.0 27 27 
2 2 I.1706 I.1706 

1.1306 
1.1306 

3 3 

z z 
:1:0 
:1:0 - . 

:; 
:; 

27 27 
l.lp3 l.lp3 5; 5; 

56 
56 ?gT ?gT 

- . 93 
-0 -0 -0 -0 93 

:; 
:; 27 27 

7 7 1:13 3 1:13 3 - . 59 - . 59 1:: 1:: 2 2 

; 
; 1.1290 1.1290 1.3283 :2 :2 .4 .4 l 21 21 

1.3283 l 

10 10 1.1419 1.1419 -0 5 -0 5 2 2 u” u" 
11 11 1.137G 1.137G -1.0 -1.0 2 2 21 21 

I I 

- - 
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Nofe; lXn8nshw shown k, inches 
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Figure 

(a) General arrangement of the dynamometer 
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(b)Phot&phs of the dynamcrmeter. 

Figure l.-Conoluded. 
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IWet Dinmsbs shawn in krches 

(a) General arrangem& of the extended cylindrical spinners. 

Figure P.- The extended cylindrrlccd spinners with the fOOO-harsepawer propeller dynamomefer. 
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Figure 3.- ‘The RACA 445) (09-041 propeller. 
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figure 5 .- Tunnel - wall-interference correction for u 4- foot - diameter propeller in the 
Ames /2-fmf pressure wind tunnel. 
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Ftgure t3.- The effect of blade angle and Mach number on the maxtmum efficiency of the NACA 

4-(5)05}-04t four - bta& propeller with the 220 -inch-diameter, I- series spinner . 
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Figurs /4.- The variufion of mox/mum efficiency with tip 
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220 - inch- dome fer, / -sef ies spinner. 
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FIgWe i5 .-77te efri9ct of Mach number and advance-diameter ratlo on h+e maximum efficlgncy of 
the NACA 4-(5x05)-04/ four-blade propeller with the ZFO-hn+dianIeW I-serfss sphn?er 
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Figure 16.- The effect of blade angle and Mach number QD the maximum efficiency of the 
NACA 4 -(5)(05)-041 four-blade propeller wifh the extended cylindrlcol spinners. 
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Figure 17 .-The effect of Mach number and advance-diameter rat/o on the maximum 
efficiency of #e NACA 4-(5)(05)-041 four-blade propeller witi the exfended 
cyllndrlcaf spinners, 
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- 4-(5/(05~-041, ZZO,-f&h, / -series spinner 
- - - - - 4-(5)(05)-041, Z20 -inch, cy/ndficcr/ spinner 
- - 4-(5)(05/- 041, 12.00 -inch, cylindr/ca/ winner 

1 - -- 4-(4)106)-04, interpofafed from reference 4 
- --- 4:~5~t’O81-03 and 4-(3)(08)-03, reference 2 

.6 .7 .8 

Datum Mach number, Md 

Figure /8.- The variation of maximum efficiency w/th Mach number 
for the NACA 4-(5,&05)-041 propelfer as compared with ihe 
resuIfs of prev/ous invesfigofions. &J--R = 60: 
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(b) The 7.20~Inchdiameter; extended cylindrical spinner. 

/nsu/afiqf shim I L abyrin fh I 

(c) The l2.OO-inch-diameter; extended cylindrical spinner. 

Figure 28.- Detail8 of the flexible neoprene presmre BeaL, labyrinth, 
an,d statfc-preseure ta r the varioue &me&. 
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