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1. TRANSONIC SELF-STREAMLINING WIND TUNNEL DATA

In the course of previously reported two-dimensional tests on
a 4 inch (10.16cm) chord NACA 0012-64 airfoil in the Transonic Self-
Streamlining Wind Tunnel (TSWT)l’Z, twenty-four runs were performed
with the flexible floor and ceiling of the test section set 'straight'.
These runs provide information on the gross boundary interference
present in a small non-porous test section (with a nominally 6 inches
{15.24cm} square cross-section), where the model blockage is 87 at
0=0. These tests are discussed here because the associated data may

prove useful in the development of wind tunnel correction techniques.

Four sets of 'straight wall' contours have been obtained
experimentally which give constant wall Mach numbers of 0.3, 0.5, 0.7
or 0.9 in an empty test section. The walls in fact diverge to allow for
boundary layer growth. However, the walls are effectively straight in
the aerodynamic sense with no model present., With a model installed,
the wall boundary layer displacement thickness is altered by the
introduction of longitudinal pressure gradients. The walls are then
no longer effectively 'straight'. Wall adjustments to correct the
_contours have not been attempted in this work. This point is raised
as a warning if the 'straight wall' velocity distributions are to be

used for any form of wind tunnel correctionms.
; The 'straight wall' runs are summarised in Table 1. Assessment

of;wall induced effects on the flow at the model have been made using

the top and bottom wall loadings. These wall loadings are determined

from the imbalance between real measured wall pressures (inside the

test section) and imaginary calculated wall pressures (external to the

test section). The wall induced effects are referred to as 'Residual

Interferences' and have been calculated in terms of induced angle of

attack (Aa), induced camber (assessed as an effect on Cj, and tabulated

as ACp) and induced Mach number perturbation (AM). The force coefficients

CL and Cp were determined from integrated model pressures. Notice that

for each run with zero angle of attack, the bottom wall supports a larger



E (average of the modulus of the pressure coefficient error between
real and imaginary flows along a flexible wall) than the top wall,
Since the imaginary flowfields above and below the test section are
uniform and undisturbed for 'straight wall' cases, the difference
between top and bottom wall E is attributed to the asymmetry of
model position between the flexible walls, This may be due to some
test 'section centreline displacement or curvature introduced during
the experimental determination of 'straight wall' contours. The
high values of E for the straight wall runs imply high levels of

interference induced by each wall at the model.

The 'straight wall'model pressure distributions are plotted
on Figure 1 and tabulated in Table 2. Corresponding Mach number
distributions along the flexible walls are shown in Figure 2., It is
evident from the wall data that the peak wall Mach numbers rise
rapidly with increasing freestream Mach number (for example, compare
wall data for the a=4° runs 66, 40 & 42)., This effect of flow
compressibility leads to choking of the test section which, of course,

sets an upper limit to the Mach number range of 'straight wall' tests.

The 'straight wall' model data (a, C1, and Cp) has been corrected
for interference induced by a non-porous test section boundary, using
the conventional technique developed by Allen and Vincenti3, Also, the
corrections due to residual interferences have been applied to the model
data (o and Cp). Several options exist regarding the application of the
corrections for these residual interferences., Corrections can be applied
independently to angle of attack, lift and Mach number. Alternatively,
streamwise 1ift can be corrected for induced camber and Mach number
perturbations while angle of attack is corrected independently. Finally,
the fhree components of the residual interferences can be related to
corrections to lift while a and M remain constant. To assist with data
comparisons, only the lift and angle of attack have been corrected for
residual interferences, with no correction applied to the freestream

Mach number.



Wall-induced errors at the model are assessed from the wall loadings
made :incompressible by use of linearised theory. In TSWT operation the
residual interferences are made small by wall contouring to streamline
shapes, even up to freestreamMach numbers of 0.85. In general, only small
model corrections can be applied with confidence at transonic speeds. Hence,
in these circumstances, simple incompressible assessment of residual

interferences can be used over a wide range of test Mach number.

The corrected model data is summarised in Figure 3 where the
1ift curve slope (dCL/%q) is plotted against freestream Mach number. Results
from TSWI straight wall and streamlined wall? tests are shown together with
theoretical curves derived from linearised theory which are constrained to
pass through the lowest Mach number data point on each data set. There is
reasonable agreement between theory and experiment, especially for the
streamlined wall case. The model data corrected for residual errors is
very encouraging considering the gross boundary interference present .in
the 'straight wall' tests. The Allen and Vincenti corrections appear too
large, partigulgrly at the higher Mach numbers, illustrating the inaccuracy
of applying:-only simple corrections to the overall model forces which take
no account of detéiled changes in the model flow pattern - for example,

changes in model shock positions.
: The sfraight.wall data was obtained at freestream Mach numbers of
approximately 0.7, 0.5 and 0.3, 'Straight wall' testing above Mach No.0*7
was impractical with this model. The walls were set to the appropriate'
'str%ight wall' contours which corresponded closely to the freestream Mach
number of the tést.. The variation of Cp, and Cp with a for the three Mach
numbers are shown on Figures 4 and 5 respectively together with streamlined

wall data and corrected data where appropriate.

The Cp, data can be conveniently summarised by the fitting of a
least squares curve to each set of data over the range -8%<a<+8° The

straight line slopes and zero a intercepts are:~



Slope : Zero o intercept

Data dCr,/4, per degree Cr,

Mach No. 0.7 0.5 0.3 0.7 0.5 0.3

Straight wall data .1563 .1197 .1091 | -.0898 |-.0752 | -.0602

Straight wall data
corrected by Allen .0927 | .0875 | .0842 | -,0519 |-.0552 | -,0511
& Vincenti method.

Sfraight wall data

corrected for .1203 .0916 ,0895 | ~,0775 |-.0672 | ~,524
residual interfer-
ences

Streamlined wall
data2

If the streamlined data is assumed correct as suggested, by
comparison with reference data, then the 'straight wall' residual
corrections seem very good. The ratio of lift curve slopes for
streamlined wall data and residual corrected straight wall data is
.97 and 1.05 for Mach numbers 0.7 and 0.5 respectively.

. The Cp data as shown on Figure 5 relates only to pressure
drag. While magnitudes are aerodynamically meaningless, the symmetry
of the Cp curves about the zero o axis is shown. Future work will
investigate the momentum defect in the airfoil wake, to assess model
drag.

The 'straight wall' data is presented here in graphical and
tabulated form to conclude the summary of current TSWI tests with the
NACA 0012-~64 airfoil section. Because of the high blockage, this
data may prove useful to those engaged in the development of
interference correction methods for transonic wind tunnel testing.



2. LIST OF SYMBOLS

a Anglé of attack

c Model chord

Cc Chordwise force coefficien;

CL -  Lift coefficient

Cb:rf ‘Pressure drag coefficient

M Pitching moment about the leading edge

CN Normal force coefficient

Cp Pressure coefficient

E bAverage of the modulus of the pressure coefficient error

between real and imaginary flows along a flexible wall

n
L1 Cpr = Cpy

n

M, .Freestream Mach number

n Number of jacks along a wall
Re Chord's Reynolds number

X . Distance from leading edge
SUFFIXES

ror Uncorrected data

'i' imaginary

‘r' real

'Top'  Top wall

'BoT' Bottom wall
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TABLE 1 SUMMARY OF TSWT 'STRAIGHT WALL' DATA
R
- Model Data Residual Interferences
g 1
g zo. | ;) f - -
o | 9 B L % ba AC, A1 Erop | Egor
'*;;' (o4 = = .
1 | 66 40 | ,706 | .5466 | .032 | +.5 .0649 | .041 | .1318 | .0665
3 |55 20 .693 .2352 | -.004 +,15 .033 .025 .069 .0417
5 68 =20 . 701 ~.4636 .0013 | -.413 | -.0491 .033 0462 .1031
6 | 67 -40 :701 -,6624 .0505 | -.654 | -.0534 .051 .089 1742
7 {40 4o .520 .4089 |-,003 .255 .0629 .015 .0751 .0236
8 | 53 30 . 505 .2697 | -.006 .302 .0692 011 .0665 .0194
9 39 20 .516 .1755 |-,0098 .863 .0288 .013 .0499 0271
10 | 36 0o . 505 -,0728 | -.0136 | -.097 | -.0057 .012 .0290 . 0406
11 | 52 -20 .499 -.3195 | -,0136 | -.222 | -,0424 .013 | .0195 .0609
12 51 -3% | .505 -.4415 | -,0124 | -.298 | ~-.0591 014 .018 0724
13 | 50 =40 . 504 -.5467 | -.0092 | -,363 | ~-.0742 .015 ,0182 .0857
14 | 44 100 .301 .9753 .0565 .719 1432 .013 .1485 0473
15 43 80 .298 .8317 .0363 .637 .1186 .011 .1253 .0385
16 | 42A 60 .299 .5872 .0133 411 0877 .009 .093 .024
17 L 42 1 49 .304 .3658 1-.0058 221 .0583 .008 .0654 .0193
18 {41 : 20 { ,296 .1608 |-.0109 .103 .0237 .007 ,045 .0217
19 | 40A: 09 ; ,293 { -.,0695 |-.0131 | -.067 | —-.0094 .006 .0265 .0385
20 | 45 -20 .297 | -.2801 {-.0119 | -.207 | -.0394 .007 ,0153 .0573
21 | 46 =40 .,296 | ~-,4871 |-.0052 | -.4 -.0631 .008 .0181 .0856
22 1 47 -69 .300 1 ~-,7399 .0095 | -.53 -.1012 .009 .0338 .1078
23 148 -80 .296 | -,9106 ,0261 | -.563 | -.1301 013 .0378 .1396
24 |49 |-10° .301 ; -1.052 .0517 | -.567 | ~.1509 .015 .045 ".1688




TABLE 2

NACA 0012-64

PRESSURE DISTRIBUTIONS

AND FORCES.



TABLE 2.1

NACA SECTION ANALYSIS
0012-64

RUN NO. = 64
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WING DATA FILE NAME = XWING1.DAT
INFUT FILE NQ. - 19

UFFER SURFACE LOWER SURFACE

ZCHORD CF LOCAL CP LOCAL
0 ~0.,0116 ~-0.0116.
1 ~0,6274 0.6042
2 -0.9894 0.3036
.5 -1.2049 0.0949
7 -1.2337 -0.0363
? -1.2423 -0.1105
15 -1.2114 ~0.2003
20 -1.2715 -0.2624
25 =1.2749 ~-0.3228
29 -1.,2822 ~0.3557
39 - =1.2805 -0.+4056
40 -1.2323 -0.4416
44 -1.2444 -0.,4812
10 ~1.2099 ~0.4964
99 =-1.2274 -0.35163
60 ~-1.1239 -0.5129
64 -0.7273 ~0.+3020
70 -0.4999 -0.47469
75 -0.3835 ~-0+4435
80 -0.2949 -0.4142
85 -0.,2085 -0.3633
?0 -0.1150 -0.2175
25 ~0.0223 -0.+1353

UFFER "LOWER TOTAL

CN 0.8644 -0.3169 0.95473
cc -0.0314 0,025 -0.0063
CH =-0.3214 0.1796 -0.1418

AIRFOIL FERFORMANCE
CL ' ch CM
0.3466 0.0320 -0.1418



TABLE 2.2

NACA SECTION ANALYSIS
0012-64

‘RUN NO. = 56 -
ALPHA = 3.0
MACH NO. =0.497

WING DATA FILE NAME = XWING1.DAT
INFUT FILE NO. - 10.

UFFER SURFACE LOWER SURFACE

ZCHORD CP LOCAL CFP LOCAL
0 ~0.,0163 -0.,0163
1 -05707 0.5382
2 ~0.9447 0.2357
5 -1.1186 0.,0352
7 -1.,1501 -0.0881
9 ~1.1677 ~-0.1532

15 -1.1414 ~0,2237
20 " =-1.1519 -0.2783
25 . -1,0677 ~0,3276
29 -0.992460 -0.3442
35 -0.,9348 -0.3881
40 ~0.79247 -0.,4091
A4 -0.7422 -0.,4337
50 "007002 "004372
59 -0,6560 -0.4414
60 -0.,6015 -0.4309
64 "’005192 "003999
70 -0.,4482 -0 +3750
795 -0.,3658 -0,3495
80 —'002685 "‘O.o 3026
85 -0.1648 ~-0.1204
20 -0,0547 -0.0987
95 0.,0547 -0,0135
UFPER LOWER TOTAL
CN 0.,6534 ~-0,2684 0.3850
cc -0.0343 0.,0147 -0.,0175
CM ~-0,2239 0.1391 -0.0848
ATRFOIL FERFORMANCE
cL ch ()]
0.3854 0.0027 -0.,0848

- 10 -



TABLE 2.3

NACA SECTION ANALYSIS
0012-64

RUN NO, = 55: -
ALFHA = 2.0
MACH NO. =0,6927

WING DATA FILE NAME = XSTWD.DAT
INFUT FILE NOQ. - 14

UFPFER SURFACE l.OWER SURFACE

%CHORD = - CF LOCAL CP LOCAL
0 0.0059 0.0059
1 -0.3569 0.3687
2 -0.7156 0.0567
5 -0.8487 -0.1170
7. -0.8956 -0,2191
9 ~-0,8761 -0,2775
15 -0.8089 -0.3234
20 -0.7859 -0.3693
25 -0,7576 -0,4029
29 -0,7493 -0.4184
35 ~-0.,7405 -0.4485
40 ~-0.7104 -0,4538"
44 -0,7069 -0.4716
50 -0.6821 ~-0,4680
55 ~0.6417 -0.4581
60 -0.5744 ~0,43E6
64 -0.4891 -0,4072
70 -0.4180 -0,3835
75 -0.3469 -0.3455
80 -0.2672 -0.,2298
85 ~0,1767 -0,1501
90 -0,06%0 -0.0646
95 0.0517 0.0345S
UFFER LOWER TOTAL
CN 0.5383 -0.3034 0.2349
ce -0,0210 0,0088 -0.,0122
CM -0.,1987 0.1404 -0.0584
AIRFOIL PERFORMANCE
cL CD cM
0,2352 -0.0040 -0.0584

- 11 -



TABLE 2.4

NACA SECTION ANALYSIS
0012-64

RUN NO. = 54
AlLFHA = 0.0
MACH NO. =0.6831

WING DATA FILE NAME = %XSTWD.DAT
INFUT FILE NOD., - 15

UFFER SURFACE LOWER SURFACE

#CHORD CF LOCAL CF LOCAL
0 0.0077 0.0077
1 0.1891 ~0.1737
2 ~0.,1207 -0.4977
S -0.2954 -0.59200
7 =0 3765 -0.6309
K4 ~0,4000 -0.6671
15 ~-0.4307 -0.6417
20 -0.4438 -0.6526
25 -0.4615 -0.46580
29 ~0.4745 ~046350
35 -0.4907 ~0.6404
40 -0.4783, -0.6224
44 =0, 4925 -0.6206
a0 -0.4889 -0.3953
1] -0+4760 -0,5747
60 ~0.4561 -0.5493
64 -0.4182 -0.4736
70 -0,3927 -0.3796
75 -0.3286 ~0.3177
80 -0.2266 ~-0.23468
835 -0.,1515 -0.1588
?0 -0.04648 -0.0517
95 0.0386 0.0634
UFFER LOWER TOTAL

CN 0.3439 -0.4550 -0.1111

cc 0.0013 -0,0122 -0.,0109

CH ~0,1475  0.1733 0.0279

AIRFOIL FPERFORMANCE
cL (91 CM
~0.1111 ~-0.0109 0.0279

_“12_



TABLE 2.5

NACA SECTION ANALYSIS
0012-64

RUN NO. = 68"
ALFHA = ~2.0
MACH NO. =0.7008

WING DATA FILE NAME = XWING2.DAT
INFUT FILE NO. - 3

UFFER SURFACE LOWER 'SURFACE

ZCHORD CF LOCAL CFP LOCAL
0o -0.0458 -0.0458
4 0.5164 ~0.,6080
2 0.,2198 -0.9389
S -0,0035 ~ =1,1654
7 -0.,1044 -1.0958
K4 -0.1618 -1,0958

15 -0.2418 ~-1.0940
20 -0.2818 -1.1514
25 -0.3183 -1.1375
29 -0.3560 -1,1149
35 -0.3803 -1.1115
40 -0.4064 -1.0906
44 ~0,4376 -1.1062
30 -0.4585 -1.0594
a9 -0.44634 -0.92233
40 -0.4460 -0.6080
64 -0.4249 -0,5364
70 -0.4016 -0.,4785
75 -0.3712 -0.,4100
80 -0.,3345 ~-0.,3091
85 -0.2265 -0.2160
?0 -0,1080 -0,0917
?5 -0,0106 0.0234

UFFER, LOWER TOTAL

CN 0.2819 -0.7452 -0.,4633

cc 0.0162 -0,0311 -0.0149

cM -0.1463 0.2707 0.1243

AIRFOIL PERFORMANCE
cL chn cM
-0.4636 0.0013 0.1243

-15_



TABLE 2.6

NACA SECTION ANALYSIS
0012-~64

RUN NO. = 67 .°

ALFHA = ~4.0
MACH NO. =0.,701
WING DATA FILE NAME = XWING1.DAT
INFUT FILE NO., - 20
UFFER SURFACE LOWER SURFACE
%ZCHORD CF LOCAL CFP LOCAL
0 -0.0930 ~0,0930
1 0.6434 -0.8295
2 0.3625 ~1,1100
5 0.1179 -1.3611
7 0.0000 ~-1,3521
9 -0,0728 ~-1,3538
15 -0.1786 ~1.3158
20 -0.2359 -1.,3625
25 -0.2931 ~1.3763
29 -0.+3509 -1.,4087
35 -0.4047 -1.3861
40 -0.4464 ~-1.3268
44 -0.5020 -1.,4000
50 -0.5593 ~1.,4000
55 -0 5749 -1 .+3838
60 ~0.5870 -1,3245
b4. —-0 5942 ~-1.0657
70 -0,5309 -0.8328
75 -0,5507 046405
80 -0.5178 -0.4792
85 -0+4785 -0,3690
90 -0.,4097 -0,2371
95 ~0,2427 -0.,1593
UPFER LOWER TOTAL
CN 0.3611 -1.0254 ~0,6643
cc 0.0319 -0.0278  0.0041
CM ~0,2175 0.,4091 0.,1916
AIRFOIL PERFORMANCE
CL ch CM
-04,6624 0.0505 0.1916

- 14 -



TABLE 2.7

NACA SCCTION ANALYSIS
0012--64

RUN NO. = 40
ALFHA = 4.0
hACH NO. =0.5203
WING DATA FILE NAHE = ASTWD.LAT
INFUT FILE ND. - 8

UFFER SURFACE LLOUER SURFACE

ZCHORD Cr 1.0CAL CF LOCAL
0 ~Q0.3297 ~0,3297
1. -1.3940 0.7345
2 -1.,4600 0.,4416
S -1.,2476 0.,2281
7 -1,1235 0.0984
9 -1.0240 0,0324

15 -0,3608 -0.,0514
20 -0.7512 -0.,1017
25 -0,7110 ~0.,1476
29 "006775 -0 1699
39 -0, 6484 ~0,2023
40 -0,6193 -0,2258
44 -0.58%1 -0,2415
50 -0,9567 -0,2471
S5 -0,5042 -0,2504
&0 -0, 4691 ~-0,2515
64 ~0,4114 -0.,2415
70 ~0.3466 -0,2225
75 -0,2828 -0.2023
80 -0,2046 -0.1777
8% ~-0,1185 -0.,1498
?0 -0.,0257 -0.,0682
29 0.0682 0.0067

UFPFER LOWER TOTAL "

CN 0,5298 -0.,1221 0.4077

ccC -0,0495 0.,0180 ~0.0315

CH -0,1483 0.0779 -0.,0904

AIRFOIL. FERFORMANCE
CL ' _ CIh cH
0.4089 -0,0030 -0,0904

_15_



TABLE 2,8

NACA SECTION ANALYSIS

0012-64

RUN NO. = 53

ALFHA = 3.0

MACH NO. =0,505

WING DATA FILE NAME =
INFUT FILE NO. = ?

UPFER SURFACE

ZCHORD CF LOCAL
0 -0,1623
1 -0.8736
2 -1.0161
S -0.92156
7 -0.8152
? ~0,7720
15 -0.6984
20 -0.6353
29 -0 ,5930
29 ~0.,5711
35 -0.9478
40 -0,5326
44 -0 ..5092
S0 -0.4894
55 -0.s8473
60 -0.4181
b4 -0 3749
70 -0.3212
75 -0 .2628
80 ~-0,1930
85 -0.11G6
20 -0.,0234
25 0.0759
UFFER LOWER
CN 0+A3866 -0.1676
cC -0,0327
(M y ~0,1466
AIRFDIL PERFORMANCE
cL cn

- 16 -

XSTWD.DAT

LOWER SURFACE

CFP LOCAL
-0.,1623

0.5489

0.2476

0.0654
-0.0409
~0.0923
-0,1542
-0.1892
-0 ) 2219
~-0.2348
-0.2593
“002756
~0.,2826
-0.2350
~0.,27%1
~0 2745
-0.2604
~-0.2383
-0.,2149
-0.1880
-0.1261
-0.0420

0.0200

0.2690
0.0123 -0.0204
0.0874 -0.0393

-0.0593



WING DATA FILE NAME :

TABLE 2.9

NACA SECTION ANALYSIS
0012-64 '

RUN NO. = 39

ALFHA =

MACH NO.

INFUT FILE NO.

XWING1.DAT

UFFER SURFACE LOWER SURFACE
ZCHORD CP 1.OCAL CF LOCAL
0 -0.,0820 -0.,0320
1 -0.9249 0.3609
2 =0.7240 0.0645
) -0.7138 -0.0803
7 - -0.6901 - =0.1629
? ~0.6482 ~-0,2059
15 ~0.6018 ~0,2455
20 -0.5577 -0.2681%
295 ~-0.5328 -=0.2930
29 ~0.5159 =0,2998
35 ~0,4939 ~0.3156
40 -0.4876 ~0.,32469
44 ~0.4740 ~0.,3315
50 ~-0.4582 ~0.3247
.85 -0.4208 ~-0,3145
40 -0.3260 ~0.3043
64 ~0.3552 -0.285
70 -0.3077 ~0.2613
75 -0 2557 =0.,2342
80 =0.1957 ~0.1742
85 ~0.1233 ~0.1063
20 -0,0351 ~-0.,0339
?5 0.06%20 0.0430
UFFER LOWER TOTAL
CN 0.3876 -0,2126  0.,1751
cc -0.0221 0.0062 -0.,0159
CH ~0.1373 0.0973 -0.0399
AIRFOIL PERFORMANCE
CL (9] CM '
0,1755 -0.,0098 -0.0399

- 17 -




TABLE 2 10

NACA SECTION ﬁNALYbIS
0012-64 ,

RUN NO. = 3867
ALFHA = 0,0
MACH NO. =0.505

WING DATA FILE NAME = XSTWD.DAT

INFUT FILE NO. - 10
_ UFFER SURFACE LOWER SURFACE
ZCHORD CF LOCAL CF LOCAL
0 -0.0418 -0.0418
1 0.1371 ~0.2207
2 ~0.1429 -0, 4635
S -0.2683 -0.,4800
7- ~-0.3137 -0.4879
? -0.3253 ~0,4972
15 -0.3415 ~-0.47863
20 -0,3392 -0.+4635
25 ~0 3404 ~0.4612
29 -0.3497 ~0.s4472
35 -0,3559 -0.,44561
40 -0+3590 -0.4438
44 ~0.3578 =0, 4333
50 -0,3543 -0.4134
55 -0+ 3357 -0,3915
60 -0.3229 -0.3683
64 -0+ 3032 -0,3299
70 ~0.2776 -0.2835
75 -0.2300 -0, 2323
80 -0,1673 -0.1743
85 -0.106% ~0.,1115
?0 -0.0325 -0.0256
95 0.0592 0.,0709
UPPER LOWER TOTAL
CN 0.2539 =-0,3267 ~0,0728
cc -0.,0014 -0.0122 -0,0136
cH -0.,1049 00,1223 0.0174
AIRFOIL FERFORMANCE
cL ch My ,
-0.0728 -0.0136 0.0174

- 18 -~




TABLE 2.11 S

NACA SECTION ANALYSIS
-0012-64

-RUN NO. = 52
ALFHA = -2 0
MACH NO., =0.499

WING DATA FILE NAME = %STWD.DAT
INFUT FILE NO., - 11

UFFER SURFACE LOWER SURFACE

ZCHORD CF LOCAL CP LOCAL
-0 -0.2193 ~0.2193
1 0.5773 -1.0160
2 0.2785 -1.,1308
S. 0.1380 -0.9730
7 ~-0.0024 ~0.84654
9 "000598 "008308
15 -0,1291 ~0.7327
20 -0.1554 -0.6706
25 -0.1829 -0.6383
29 ~-0.2056 ~0.5933
35 -0.2271 -0.5785
40 -0.2438 ~0.3630
44 ~0,2510 ~0.3355
S0 ~0.2618 -0.4997
95 -0.2510 =0.4662
60 ~0.2510 ~0.4315
64 -0.+2335 ~0.3801
70 ~0.2164 -0.3239
75 -0.,1201 ~0.2654
80 =0.,1554 ~-0.1901
85 -0,1032 -0.1148
20 ~0.0394 -0.01535
?25 0.0430 0.0777
UFFER LOUWER TOTAL.
CN - 041405 -0,4594 -0.3189
cc 0.,0122 -0.0369 -0.0247
Chi -0.0735 0.1518 0.0762
AIRFOIL PERFORMANCE
CL CDh cM
-0.3195 -0.0136 0.0762
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TABLE 2.12

NACA SECTION ANALYSIS
001264 '

RUN NO. = 51
ALPHA = -3,0
MACH NO. =0,5047

WING DATA FILE NAME = XSTWD.DAT
INFUT FILE ND. - 12

UFFER SURFACE LOWER SURFACE

%CHORD CF LOCAL CF LOCAL
0 -0.3850 " -0.3850
1 0.7382 -1.5082
2. 0.4474 ~-1.5495
S 0.2849 ~-1.2798
7 0.1224 -1.0997
9 0.0506 ~1,0149

15 -0.0339 -0.8430
20 -0.0789 ~0.77924
25 -0,1142 =0+7453
29 ~0.1460 =0.6%270
33 -0.1731 ~0.6652
40 ~0.19354 -0.6382
44 -0.2108 ~0.5993
90 ~0.2249 -0.+5510
28 ~0.2202 -0,5098
60 =0.,2249 ~0.+4663
64 =0,2155 ~0.4097
70 =0.2002 -0.3438
75 -0.1778 ~0.2779
80 -0.1495 -0.1978
85 -0.1083 ~-0.1142
?0 =0.0495 -0.0141
23 0.0247 0.0718

UFFER LOWER TOTAL '

CN 0.0976 -0.5378 -0.4402
cC 0.0169 -0.0523 -0.03355
(] ~0.0654 0.1693 0.1039

AIRFOIL FERFORMANCE
CL Ch CM
-0.4415 -0.0124 0.1039
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TABLE 2,13

NACA SECTION ANALYSIS

0012-64
RUN ND. = 50
ALFHA = -4.,0

MACH NO. =0.5043

WING DATA FILE NAME =
INFUT FILE NO. - 13

UFPER SURFACE

RXSTWD . DAT

LOWER SURFACE

ZCHORD CF LOCAL CP LOCAL
0o ~0:5778 -0.5778
1 0.8512 ~-2,0069
5 0.4010 ~-1,+6170
7 0.2236 -1,2517
9 0.1428 -1,1123

15 0.0386 -0,9730
20 ~0.0117 -0.8875
25 -0, 0550 -0.,8337
29 -0.,0937 -0.,7716
35 —-0.1241 -0,7306
40 ~0,1510 ~0,6955
44 -0.1686 -0,6487
50 -0.1885 -0.,5925
55 -0,1885 -0,5421
50 -0,1979 -0,4929
&4 -0.1920 -0,4262
70 -0,1838 -0,3571
75 ~0.1663 ~0.,2834
80 -0.1428 -0.1979
85 -0.,1077 ~0.1136
90 ~-0,0574 -0.0187
95 0.0070 0.0562

UFFER LOWER TOTAL

CN 0.0598 -0.6046 ~—0.5448

cC 0.,0198 —~0.,0672 —0.0473

Ci ~0,0556 0.1836 0.1279

AIRFOIL PERFORMANCE
cL ch CM
-0,0092 0.1279

-0.5467
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TABLE 2,14

NACA SECTION ANALYSIS
0012-~64

RUN NO. = 44
ALFHA = 10.0
MACH NO. =0s3011

WING DATA FILE NAME = XWING1.DAT
INFUT FILE NO. - 3 »

UFFER SURFACE LOWER SURFACE

ZCHORD CP LOCAL CF LOCAL
0 -1.46738 ~-1.4738
1 ~4,3475 0.929220

2 -4,2293 0.9842
S =-2.4619 0.79280
7 "200895 006295
9 "‘108058 005409

15 =1.44639 0.3372

20 ~1,2531 0.2926

25 -1.1172 0.2187

29 -1.0137 0.1626

35 =-0.92221 0.1064

40 -0.8423 0.,0521

44 ~0.7714 0.0207

S50 -0.6975 -0.0089

as -0.6088 -0.0384

60 ~0.5379 -0.,0650

64 ~-0.4581 -0.0828

70 ~0.3665 -0.0857

75 -0.2808 -0.0975

80 =-0.2010 -0,0%944

85 -0.13560 -0.0946

?0 ~0.0944 -0.0798

25 ~-0.0650 -0.0709

UFFER LLOWER TOTAL
CN 0.86546 0.1047 0.9703
cc -0.13735 0,0238 -0,1137
CH ~0.2318 0.0068 -0.2250
AIRFOIL FERFORMANCE
CL co CM
0.9733 0.0565 ~0.2250
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- ZCHORD

NGO

CN
cc
CM

0.8317

TABLE 2

.15

0012~
RUN NO.

ALFHA =

MACH NO.

UFFER SURFACE

CF LOCAL
-1.1472
~-3.3088
-2.9586
~1.92935
-1.7117
-1.5125
~-1.2559
-1.0848
~-0,9812
-0.9027
~0.8393
=0.7759
~0.7215
~0.6642
-0.G947
~0.5374
-0.4710
~0.3225
-0.,3110
~0.2294
~0.1449
~-0.04634
0.0000

UFFER LOWE

10,7511 0,07
~0,1028 0,02
~0,2157

ch
0.0363

_23_

NaCa SECTION ANALYSIS |

64
= A3
8.0

=0,298

WING DATA FILE NAME = XWING1.DAT
INFUT FILE NO. ;

- 4

LOWER SURFACE
CP LOCAL
~-1.1472

1.0144
0.8994
0.6732
0.5042
0.4166
0.2808
0.,2023
0.1328
0.0904
0.0423
0.0060
-0.0211
—000483 N
~0.,046464
-0.0815
~-0.0875
~0.,0845
-0.0785
-0.05634
-0.,0423
-0.0121
0.0091

R TOTAL

76 0.8287
31 -0.0798

0.0063 ~0.,2095

AIRFOIL PERFORMANCE

CM
-0 3 2095




TABLE 2,16

NACA SECTION ANALYSIS
0012-64

RUN NO.
ALFHA =

MACH NO.

WING DATA FILE NAME = XWING1.DAT
INFUT FILE NO. - §
UFFER SURFACE LOWER SURFACE
ZCHORD CF 1.OCAL CF LOCAL
0 -0.6414 ~0.6414
1 22240 0.,9411
2 -1.,9632 0.7044
S -1,6155 0.4676
7 -1.3158 0.3117
4 ~-1,1210 0.2348
15 -0,94681 0.1289
20 -0.8482 0.0659
25 -0.7793 0.0120
29 -0.7253 =-0.021¢
35 ~0.6804 -0.,0629
40 -0.6414 ~0.0869
44 ~0.6024 ~-0,1109 -
90 ~0.:5635 ~0.1229
55 ~0.3095 -0.134%9
60 ~0.4646 ~0.1439
64 -0.4106 ~0.1409
70 ~0.3477 ~0.1349
75 -Q.2817 -0,11929
80 -0.,2048 -0.09359
85 -0.1259 -0.0719
20 ~0.0360 -0.0450
?9 0.0480 ~0.0270
UFFER LOWER TOTAL
CN 0.59209 =-0,0055 0.5854
cc ~0.0706 0.0224 -0.0482
e ~0.,1771 0.0357 -0.,1413
AIRFOIL FERFORMANCE
CL Cch
00,5872 0.0133 ~0+1413

- 24 -
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TABLE 2.17

NACA SECTION ANALYSIS
0012~-64

RUN NO., = 42 %
ALFHA = 4.0
MACH NO. =0,3042

- WING DATA FILE NAME = XWING1.DAT
e INFUT FILE NO» - 6

UFPER SURFACE LOWER SURFACE

ZCHORD CP LocaAL CF LOCAL
0 -0.9558 -0.5558
2 -1.2679 0.,4342
S -1.0624 0,2229
7 ~0,2333 0.0984
? ~-0.8656 0.0405
15 ~0.7411 -0.,0347

20 -0,46542 -0,0782
25 -0,6050 -0.1158
29 -0,5732 -0.1390
39 -0,3471 -04+1650
40 -0.35240 -0,18G3
44 -0,3008 ~-0,1997 .
50 -0.4748 ~-Q.1997
59 ~-0.4313 -0.2026
60 -0,4024 ~-0.2026
64 ~0.3320 -0,1882
70 -0.3069 -0.1766
75 -0,2518 -0.1534
80 -0,1332 -0.13G3
85 ~0,1129 -0,1042
?0 -0.0289 ~-0,0782
?5 0,069 " 0.0145

UFFER LOKER TOTAL

CN 0.4576 -0,0731 0.3645

cc -0.0457 0.0144 -0.0313

cM ~0+1456 0.0614 -~0.0841

AIRFOIL FERFORMANCE
CcL ch cM
0.3658 -0,0058 -0.0841

- 25 -~



TABLE 2,18

NACA SECTION ANALYSIS
0012-64

RUN NO. = 41
ALFHA = 2,0
MACH NO. =0,2961

WING DATA FILE NAME = XWING1.DAT
INFUT FILE ¥NO. - 7

UFFER SURFACE LOWER SURFACE

ZCHORD CP LacAL CP LOCAL
0 ~0.1715 ~-0.1715
1 ~0.3113 0.3400

.2 ~0.6615 0.0521
) ~-0.,6309 -0.0796
7 -0.,4033 ~-0.,1501
9 =0.3635 -0.1838

15 ~0.3206 ~0.:2144

20 ~0.4808 -0,2358

29 -0.4594 -0.2573

29 ~0.4471 ~0.2634

35 ~0.4380 ~0.2726

40 -0.4288 ~0,2818

44 -0.4163 -0.2818

a0 ~-0.4012 ~0.2756

S5 ~0.3736 ~0.246464

60 -0.3583 =0.,2573

64 ~-0.3338 -0.2389

70 -0,2818 -0.2144

75 -0.2297 -0.1899

80 =0.1715 ~-0.1654

85 -0.1103 -0.,1317

?0 -0.0337 -0,0061

25 0.0643 0.0704

UFFER LOWER TOTAL

CN 0.3430 -0.1826 0.1604
cc -0.,0207 0.0042 ~0.0165
CH -0,1219 0.0823 ~0.03%96

AIRFOIL PERFORMANCE
cL co CM
0.1608 -0.0109 -0.03%96
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TABLE 2.19

NACA SECTION ANALYSIS

0012-64
RUN NO. = 40
ALFHA = 0.0
MACH NO. =0,2934
WING DATA FILE NAME = XWING1.DAT
INFUT FILE NO. - 8
UFFER SURFACE LOWER SURFACE
ZCHORD CF LOCAL CF LOCAL
0 =0.0507 -0.0571
1 0.1203 ~0.2344
2 =0.1419 =0.4349
9 ~0,2437 ~0.4472
7 ~0.2838 -0.,4411
4 -0.2868 -0.4411
15 =0.3023 -0,4195
20 -0.2961" -0.4102
295 =0.2961 -0.4040
29 -0,3053 ~0.3917
35 =0.3115 -0.3884
40 -0.3115 -0.3855
44 -0.3115 ~0.3763
50 -0.3033 ~0.,3578
9% -0.,2899 -0,3424
60 ~0.2776 -0.323%
64 =0.2560 ~-0.2992
70 -0.2313 ~0.2714
73 ~0.2066 -0,2437
80 ~-0.,1320 -0.1666
85 =0.1234 -0.08%24
?0 -0,0031 -0.0183
9?5 0.0709 0.0617
UFPFER LOWER TOTAL
CN 0.,2225 -0,2920 =-0.,0695
cc -0,0017 -0,0114 +~0.0131
cM -0.09215 0.1097 0.0182
AIRFOIL FERFORMANCE
cL ch cM
~-0.0695 -0.01351 0.0182
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TABLE 2,20

NACA SECTIOM ANALYSIS

0012-64

RUN NO. = 45 .

ALFHA = ~-2.,0

MACH ND. =0,2972

WING DATA FILE NAME =
INFUT FILE NO. - 3

UFFER SURFACE

XSTUWD.DAT

LOYER SURFACE

ZCHORD CF LOCAL CF LOCAL
0 -0.1746 -0.1946
1 0.5343 -0.9236
2 0.2475 -0.9900
9 0.1177 -0.8391
7 -0.0121 ~-0.74%56
4 -0.0604 ~0.,7123

15 -0,1207 ~-0.6309
20 -0.1479 ~0.5856
25 ~0.,1660 -0.5584
29 -0.1871 -0.,5222
35 - =0.,2022 -0.5041
40 ~-0.2143 -0.4250
44 -0.2243 -0.4648
50 ' =-0.2294 ~0.4316
a5 ~0.2203 -0.,4015
60 -0.2173 -0.3743
64 -0.2053 -0.,3350
70 -0.1871 ~-0.2898
75 -0.14630 -0.2415
80 -0.,1328 -0.1781
85 -0.0875 ~0.1147
?0 ~0.0241 -0.0241
23 0.0543 0.06464

UFFER LOUWER TOTAL

CN 0.1232 -0.,4026 ~-0,2795

cc 0.0105 -0.0321 -0,0217

CcH ~0.0649 0.1344 0.0695

AIRFOIL PERFORMANCE
CL cho CM
~0.,2801 -0.0119 0.0695
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TABLE 2.21

NACA SECTION ANALYSIS
0012-64

RUN NO. = 46
ALFPHA = -4.0
MACH NO. =0.2959

WING DNATA FILE NAME = %STWD.DAT
INFUT FILE NO, - 4

UFFPER SURFACE LOWER SURFACE

ZCHORD CP LOCAL CFP LOCAL
0 ~0.4750 -0.4750
1 0.85795 -1.8075

.2 0.5583 -1.,6625
9 0.3979 ~1.3325
7 0.2375 -1,09192
? 0.1604 -0.9870
15 0.0617 -0.8205
20 -0.0123 -0.7372
29 -0.0339 -0.7002
29 ~-0.0648 ~0.,6570
39 -0,0936 ~-0.6200
40 -0,1234 ~-0.38%1
44 ~-0.1357 ~0.,5552
50 -0.1450 ~0.5059
59 -0.1511 -0.4596
60 -0.,1542 ~0.4287
64 -0,1573 ~-0.3701
70 -0.,1542 -0.3054
75 ~0.1265 -0.2498
80 -0,0936 -0.1820
85 -0.0771 -0.1110
20 -0.,0216 -0.,0123
?25 00,0463 0.0679
UFPER LOWER TOTAL

CN 0,0315 -0.5170 -0.4836
cc 00,0121 -0,0383 -0,0392
CM -0.0392 0.1569 0.1177
AIRFOIL FPERFORMANCE
CL Ch CH
-0.4871 -0.0052 0.1177
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NACA SECTION ANALYSIS
0012-64

RUN NO. = 47
ALFHA = ~6.0
MACH NO. =0.3004

WING DATA FILE NAME = XSTWD.DAT
INFUT FILE NO. - O

UFFER SURFACE LOWER SURFACE

ZCHORD CF LOCAL CF LOCAL
0 ~0.2486 -0.92486
1 1.0107 ~-2.9079
2 0.8097 -2,4912
S 0.7654 -2.,0775
7 0.4374 ~-1.4303
? 0.3487 -1+3151

15 0.,2305 -1.0905
20 0.1655 -0.9732
25 0.0827 -0.8777
29 0.0473 -0.8097
35 0.0059 ~0,7683
40 -0.0118 ~-0.7063
44 -0,0325 -0.6561
90 -0.,0650 -0.,6058
29 ~0.073% ~0.5467
60 -0.0827 ~0,49465
64 -0.,0857 -0.4167
70 -0.0887 -0,3576
75 -0.0768 -0.2837
80 -0,0680 -0.2098
85 -0.,0443 ~-0.1300
20 ~0,0089 -0.0414
25 0.0296 0.0207

UFPER LOUWER TOTAL

CN -0,0623 -0.6746 ~0.7369

cc 0,0232 -0.09211 =-0.0679

(M| ~-0.,0098 00,1242 0.1845

AIRFOIL PERFORMANCE
CL CD CcM
-0.7392 0.0095 0.1845
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TABLE 2.23

NACA SECTION ANALYSIS
0012-64

RUN NO. = 48
'ALFHA = -8,0
MACH NO. =0.2959

WING DATA FILE NAME = XSTWD.DAT
INFUT FILE NO. - 64

UFFER SURFACE LOWER SURFACE

ZCHORD CF LOCAL CP LOCAL
0 ~1.4744 -1.4744
1 1.0215 ~3.9703
2 0.92485 -3.5812
S 0.73585 ~2.2010
7 0.5685 -1.8362
? 0.4682 ~1.,6842

15 0.3405 -1.3498
20 0.2523 -1.1765
25 0.1246 -1.0579
29 0.1398 ~0.9576
35 0.0669 -0.8725
40 0.0456 -0.8056
44 0.0091 -0.7539
90 ~0.0061 -0.6627
99 -0.04264 -0.6019
60 -0.05783 -0.5320
64 ~0.0851 ~0,4449
70 -0.07%90 ~0.34678
75 =-0.0730 -0.2888
80 -0.0851 -0,2189
85 -0,0578 —0.1125
20 -0.0304 -0.0578
95 0.0000 -0.0122

UFFER LOWER TOTAL

CN -0.,1001 -0.8053 -0,9054

cc 00,0225 -0.1234 -0.1009

CM -0.,0013 0.2199 0.2185

AIRFOIL PERFORMANCE
CcL (L CH
-0.9106 0,0261 0.2185
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#ZCHORD

SNuUN= O

CN
cc
CM

TABLE 2.24

NACA SECTION ANALYSIS

0012-64

RUN NO. = 49

ALFPHA = -10.0

MACH NO. =0.,3013

WING DATA FILE NAME = XSTWD.DAT

INFUT FILE NO. - 7

-1.0524

UFPER SURFACE L.OWER SURFACE
CF LOCAL CP LOCAL
~1,9572 -1.92572

0.9213 -4,9058
1 00062 "4 08939
0,9228 ~-2.,6881
0.6206 -2,1880
0.9775 ~1.9677
0.4138 -1.56598
0.2530 -1,2205
0.1905 ~-1.,0746
0.1340 -0.9824
0.0625 ~-0,8811
0.0387 -0.7918
0.0000 -0.,7055
~-0.0268 -0.6102
~0,0625 -0.5269
-0.0893 -0.4376
-0.0923 -0.3453
-0.1027 =-0.2620
-0.,1131 -0.,2114
""001161 "001786
-0.1121 -0,1429
-0,1191 -0.,1280
UFFER LOUWER TOTAL
-0.1119 -0.,9335 -1.,0454
0.0241 -0.,15%9 -0.1318
-0.0098 0.2460 0.2362
AIRFOIL PERFORMANCE
ch CM
00,0517 0.,2362
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FIGURE 1

NACA 0012-64

SECTION PRESSURE

DISTRIBUTIONS AND FORCES
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TIGURE 1,1

NACA 0212-64 Section
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FIGURE 1.2

‘NACA ©8212-64 Section
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FIGURE 1.3

NACA B812-64 Section
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FIGURE 1.4

NACA B@12-64 Section
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FIGURE 1.5

NACA BR{2-64 Section
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FFGURE 1.6

NACA BB12-64 Section
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FIGURE 1.7

NACA BB12-64 Section
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FIGURE 1.8

NACA BB12-64 Section
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FIGURE 1.9

NACA 2812-64 Section
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FIGURE 1,10

NACA 8012-54 Section
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FIGURE 1,23
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FIGURE 1,24
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