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SUMMARY 

Tests were conducted in the two-dimensional channel of the United 
Aircraft Corporation 8 foot wind tunnel at Mach Numbers from 0.30 to 
0.80 to determine the surface pressure distributions on a Sikorsky H-34 
main rotor production blade section.   Twenty-nine static pressure taps 
were located on the upper and lower surfaces of the model. In addition 
three component force and moment measurements, were obtained, along 
with a limited amount of wake survey drag data.   The pressure coef- 
ficients are tabulated for each Mach Number and angle of attack.   The 
variation of force and moment coefficient with angle of attack at each 
Mach Number is also included./ As the data are intended primarily for 
use by the National Aeronauticlrand Space Administration, no detailed 
analysis has been made of the results of this test program. / 
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TNTRODUCTiON 

Sikorsky Aircraft, under sponporship of the U. S. Army Transportation 
Research Command, USA TRECOM, (Reference l), has recently instrumented 
a full scale H-34 rotor blade with miniature electrical pressure transducers 
to permit the measurement of surface pressure distributions at various radial 
stations.   The aircraft will be flight tested by the National Aeronautics and 
Space Administration to obtain instantaneous air loads on a full scale rotor in 
flight. 

A previous wind tunnel investigation of rotor blade aerodynamic loading 
conducted by the NACA (References 2 and 3) showed that for a thorough 
evaluation of the three dimensional effects that are present on a rotor blade 
in flight, a knowledge of the steady-state two-dimensional pressure distri- 
butions on the same airfoil section v'as required as a reference,   A similar 
basis for analysis is even more necessary for the flight test program re- 
ferred to above for two reasons.   First, the test is to be conducted on a 
production rotor blade with certain physical deviations from a true NACA 
0012 profile, and consequent differences in surface pressure distributions 
from published data on the 0012 airfoil.   Secondly, adequate pressure 
loading data are not available even or. a true 0012 profile, in the Mach Number 
and angle of attack range which will be encountered in flight test. 

The purpose of the present program therefore was to obtain chordwise 
static pressure distributions on a Sikorsky H-34 helicopter production main 
rotor blade section.   As an addition to the primary purpose of the program, 
three component force and moment data, along with limited wake survey 
drag measurements were obtained. 

This work was performed under the sponsorship of USA TRECOM, 
contract DA 44-177-TC-657.   The results of this investigation will be 
used in the evaluation of the flight test data obtained from the full scale 
H-34 test described above. 
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TEST EQUIPMENT AND PROCEDURE 

DESCRIPTION OF TEST FACILnY 

The United Aircraft Corporation two-dimensional channel is composed 
of a special insert in the U. A. C. large subsonic wind tunnel.   This wind 
tunnel is powered by a 9,000 horsepower motor and has interchangeable 
octagonal test sections of 8 feet and 18 feet across the flats.   The two- 
dimensional airfoil test channel consists of two identical sidewalls which 
are inserted in the 8-foot octagonal test section to form a rectangular 
test region and two trapezoidal outer passages (see Figure 1).   The channel, 
125 inches long, provides a test section 93 inches high and 33 inches wide. 
Airfoils are mounted with their pitching axis 66 inches downstream of the 
channel leading edge to insure minimum effect of model attitude on test 
section velocity.   Linkages and support struts connected to the electro- 
mechanical balance beneath the tunnel extend up through the hollow side- 
walls and are attached to the model spar by end fittings.   The mechanical 
balance measures lift and drag forces directly.   A Baldwin-Lima-Hamilton 
bending beam equipped with strain gages is used to obtain pitching moment. 
A wake survey rake had been installed! for a previous test and was used to 
afford an alternate means of obtaining drag measurements.   It consisted of 
46 total pressure tubes and 2 static pressure tubes located 39 inches down- 
stream of the model supports. 

DESCRIPTION OF MODEL 

The model was made from an untwisted portion of a production Sikorsky 
H-34 main rotor blade, consisting of an extruded spar and three trailing 
edge pockets.   The outer two trailing edge pockets were formed of bonded 
"honeycomb" covered with a sheet aluminum skin.   The center pocket con- 
struction consisted of one stainless steel rib in the center of the pocket and 
four aluminum ribs, evenly spaced and covered with sheet aluminum skin. 
This center pocket construction provided the space necessary for the instal- 
lation of the twenty-nine surface static pressure taps consisting of .0625 inch 
diameter stainless steel tubing, which in turn were plumbed to a manometer 
board.   The pressure orifices were located at half span at the following stations 
(upper and lower surfaces), expressed in percent of chord: 0, 0.8, 1.7, 4.0, 
6.5, 9.0, 13.0, 16.8. 23.3, 33.5. 50.0. 62.5. 76.9, 91.5; and 96.0.   The 
trailing edge pocket was then filled with plastic foam to stiffen the skin   and 
prevent any possibility of panel flutter at severe loading conditions.   The 
model has a total chord of 16.4 inches and a span of 32.70 inches, with an 
NACA 0012 profile based on a chord of 16.0 inches, modified by a 0.4 inch 
trailing edge tat extension . 096 inches thick.   (This trailing edge tab may be 
deflected upward to approximately a three degree angle during production 
testing of the full scale blade to assure proper track and balance).   A view 
of the instrumented blade section is shown in figure 2, and a comparison of 
the contour at half-span of the test airfoil with the contour of a true NACA 
0012 section is presented in figure 3. 



\ 

TEST PROCEDURE 

The model was tested at nominal Mach Numbers of 0.30, 0.40; 0. SOj 
0.60, 0.65. 0.70, 0.75, and 0.80, at angles of attack ranging from -4 
degrees to 26 degree? at the lowest Mach Numbers.   The maximum angles 
of attack at the higher Mach Numbers were limited by the tunnel power 
available.   The Reynolds Numbers corresponding to the test conditions 
are shown in figure 4. 

The model was also tested with the trailing edge tab deflected upwards 
at the standard production test angle at Mach Numbers of 0.30, 0.40, 0.50, 
0.60, 0.70, and 0.80.   This was done to obtain data to aid in the evaluation 
of results from the full scale rotor blade test, for which the trailing edge 
tab was deflected for a short spav'v/ise distance near the tip to provide 
proper track and balance. 

The static pressures or. the mode! were recorded by photographing a 
mercury manometer board.   The values of force balance   lift, drag; and 
pitching moment were manually recorded.   A wake survey rake had been 
installed in the test section for use in the preceding test program, and the 
pressures obtained during the early portion of the present test were recorded 
to afford a check on the drag obtained with the balance.   However, the wake 
rake supports failed after a Mach Number of . 6 was obtained and no further 
data could be acquired. 

DATA REDUCTION AND REPEATABILITY 

REDUCTION OF DATA 

The magnitude of the manometer tube pressures were recorded on 
IBM cards by means of a manually operated electro -mechanical film reader. 
An IBM 704 electronic data processing machine program was then used to 
compute the corrected pressure coefficient, corrected Mach Number, and 
corrected angle of attack. 

The force balance data were immediately reduced to corrected co- 
efficient form by the use of a small electronic computer.   The force coef- 
ficient data were continuously plotted to produce a current record of the 
results during the program. 

The wake drag data were reduced using the tables and charts of 
Reference 4.   This method assumes that the wake drag coefficient is 
proportional to the total head loss in the airfoil wake, and further assumes 
that the variation of total head loss across the wake has the typical form 
(resembling a cycle of a cosine squared curve). 

Tunnel wall corrections were applied to all the foregoing data using 
the equations of Reference 5. 
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REPEATABILITY OF DATA 

Previous tunnel balance calibrations have shown the balance to be 
repeatable to ±1.25 pounds of lift, ±0.3 pounds of drag; and ±1.5 foot 
pounds of pitching moment for steady loads.   The average zero shift 
for all runs was ±0 8 pounds of lift, ±0.5 pounds of drag, and ±0.5 
foot pounds of pitching moment. 

The estimated average variations in aerodynamic parameters with 
Mach Number; as determined from analysis of the present data, are shown 
in the following tabulation: 

Nominal Mach Number 0.4 0.6 0.8 

:■ 

M ±.003 ±002 ±.002 
a ±    20 min. ±   20 min. ±    20 min 
Cp ± 026 ±.014 ±.009 
CL ±010 ±006 ±004 
CD ±.0013 ±.0010 ±.0010 
Cm ±.003 ±.001 ±.001 

Although all of the data obtained during the test have been presented for 
the sake of completeness, care should be taken in interpreting the data 
at high angles of attack, due to possible interference caused by the tunnel 
walls.   Discrepancies between the force balance and wake survey drag 
coefficients are discussed in the section entitled "Presentation of Results. 

PRESENTATION OF RESULTS 

A portion of the pressure data has been plotted in the form of surface 
pressure coefficient versus chordwise distance from the airfoil leading 
edge at four angles of attack for each of eight Mach Numbers.   Figures 5 
through 20 present these data obtained with zero tab deflection and figures 
21 through 32 present similar data for the production tab deflection. 

The force and moment data are presented in figures 33 through 46 in 
the form of lift; drag, and pitching moment coefficient versus angle of 
attack.   Figures 33 through 40 present data obtained at the various Mach 
Numbers with no trailing edge tab deflection.   To afford a correlation 
between the measured lift coefficients and the pressure coefficients a 
certain amount of the plotted pressure distributions were integrated to 
yield the normal  force coefficient.   Multiplying this normal force co- 
efficient by the cosine of the airfoil angle of attack yields an approximate 
Ci   which was then sported on the curves obtained with the force balance. 
The agreement is generally quite reasonable although the approximate 
lift coefficients determined from the integrated pressures are frequently 
less than the balance data. 
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Figures 33 to 36 also compare the drag coefficients as determined from 
the force balance and those measured by the wake survey rake for those con- 
ditions where both measurements were obtained.   As discussed in Reference 
6, it is inherently difficult to obtain two-dimensional drag data from a force 
balance, which measures the average drag on the model, where three dimen- 
sional effects such as the end gap and the sidewall boundary layer are 
present»   Therefore, the wake survey data are more representative of the 
true two-dimensional drag forces at low angles of attack.   At high angles of 
attack or in the presence of shocks however, the procedure used to compute 
the drag can lead to excessive errors.   Inasmuch as the wake survey data 
were limited to but a few conditions^ both sources of data are presented for 
the sake of completeness.   Above a Mach,Number of . 65 the force balance 
data agree favorably with previous Sikorsky tests of production airfoil 
sections. 

Figures 41 through 46 present data obtained with the trailing edge tab 
of the model deflected upward at the standard production test angle, ap- 
proximately three degrees.   Results for those data points which exceed 
the figure limits are presented in Appendix I.   Although no wake survey 
drag data are available for the deflected tab condition, differences between 
the balance and the wake survey drags similar to the undeflected tab con- 
dition would be expected. 

All of the pressure data obtained during the investigation are presented 
in tabular form in Appendix II in the form of pressure coefficients at each 
chordwise location.   Also listed are the Mach Numbers and angles of attack, 
both corrected and uncorrected, the dynamic pressure, and the free stream 
static pressure corrected for tunnel wall effects.   The run number is also 
listed to facilitate correlation of pressure distributions with force balance 
measurements. 
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APPENDIX I 

FORCE AND MOMENT COEFFICIENTS 
SUPPLEMENTARY DATA 

I 
M RUN CL CD c m 

.3 2 16 1.073 .2255 -.102 

.3 2 18 -955 .2834 -.113 

.3 2 19 .992 .3193 -.117 

.3 2 19 .992 .3193 -.117 

.3 2 20 .965 .3456 -.120 

.3 2 21 .930 .3656 -.118 

.3 2 22 .890 .3818 -.116 

.3 2 24 .853 .4253 -.131 

.3 2 26 .923 .4936 -.170 

.3 2 28 1.023 .5846 -.216 

3 15 1.095 .2109 -.071 
3 16 1.079 .2438 -.097 
3 17 1.033 .2757 -.111 
3 18 .986 .2978 -.118 
3 19 .939 .3095 -.112 
3 20 .888 .3292 -.113 
3 22 .844 .8617 -.113 
3 24 .861 .4189 -.133 
3 26 1.003 .5332 -.173 
3 28 1.055 .5929 -190 

.5 13 1.014 .1674 -.057 

.5 14 1.017 .2014 -.069 

.5 15 1.012 .2316 -.084 

.5 16 .996 .2594 -.095 

.5 17 .982 .2875 -.106 

.5 18 .968 .3136 -.118 

.5 20 .909 .3481 -.119 

.5 22 .877 .3857 -.129 

.5 24 .994 .4667 -.171 
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M RUN a CL CD 'm 

6 20 12 .950 .1860 -.072 
6 20 13 .982 .2352 -.085 
6 20 14 .998 .2398 -.095 
6 20 15 1.006 .2644 -.103 
6 20 16 .997 .2915 -.115 

65 8 12 .916 .2030 - 091 
65 8 13 .955 .2308 -. 103 
65 8 14 .971 .25^5 -.107 
65 8 15 1.005 .2824 -.116 
65 8 16 1.011 . 3080 -. 133 
65 8 17 1  035 .3247 -.138 
65 8 18 1.048 .3359 -. 145 
65 8 19 1.0-r>2 .3492 -   156 
65 8 20 1.051 . 3588 -. 163 

7 9 11 .907 .1934 -.090 
7 9 12 .918 .2180 -. 103 
7 9 13 .927 .2434 -   116 
7 9 14 .965 .2633 -. 122 
7 9 15 1.019 . 2845 -. 148 
7 9 16 1.111 .3047 -. 167 

-3D. ■gree Tab Defle«. .tion 
4 29 16 1.025 .2386 - 086 
5 25 14 .968 .1945 -.048 
5 25 16 .953 . 2575 - 078 
6 26 14 .928 .2218 -.068 
6 26 16 .942 .2802 -.092 
7 27 12 .864 . 2087 -.075 
7 27 14 ,883 .2583 -. 103 
7 27 16 1.024 .3039 -, 145 
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APPENDIX 11 

TABULATED PRESSURE COEFFICIENTS 

Pressure measurements-trailing edge tab not deflected. 

Run No. Nominal Mach No. Angle of Attack Page Related 
Range, Degrees No. Fig.Nos. 

2 0 .30 -4 to 26 58 5 ,6 
3 0 .40 -4 to 28 61 7,8 
4 0 .50 -4 to 24 64 9,10 
20 0. 60 -4 to 16 68 11,12 
8 0.65 -4 to 20 70 13,14 
9 0. 70 -4 to 16 74 15,16 
18 0.75 -4 to 10 77 17,18 
19 0. 80 - 4 to 5 80 19.20 

Pressure measurements - t rai l ir.g edge tab deflected. 

Run No Nominal Mach No. Angle of Attack Page Related 
Rar.ge. Degrees No. Fig. Nos. 

30 0.30 -2 to 16 83 21, 22 
29 0. 40 -4 to 16 84 23 24 
25 0. 50 -2 to 16 86 25,26 
26 0. 60 -2 to i6 88 27,28 
27 0.70 -2 to 16 90 29,30 
28 0.80 -4 to 5 91 31,32 
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