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ABSTRACT

Results are presented of a subsonic experimental investigation of an apex flap
concept on a 74° swept delta wing with trailing-edge flaps. The apex flap
comprised approximately 6 percent of the wing area forward of a transverse
hinge, allowing for both upward and downward deflection angles from +40° to
-20°, Upward deflection forces leading-edge vortex formation on the apex
flap, resulting in an increased 1ift component on the apex area. The
associated nose-up moment balances the nose-down moment due to trailing-edge
flaps, resulting in sizeable increase in the trimmed 1ift coefficient
particularly at low angles of attack. Nose-down apex deflection may be used
to augment the pitch control for rapid recovery from high-alpha maneuvers.
Balance measurements were obtained in the NASA Langley 7- by 10-Foot High-
Speed Tunnel at M_= 0.2 and R- = 4 x 10°. This report presents the
balance data without analysis.
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LIST OF SYMBOLS
angle of attack, deg
wing span, cm
sideslip angle, deg
mean geometric chord, cm
axial-force coefficient, Axial force/q_S
drag coefficient, Drag/q,S
1ift coefficient, Lift/q,S
pitching-moment coefficient, Pitching moment /q_Sc
normal-force coefficient, Normal force/q_S
upper surface pressure coefficient, (Pu - Pm)/q°°
wing root chord, cm
rolling-moment coefficient, Rolling moment/q_Sb
side-force coefficient, Side force/q_S
yawing-moment coefficient, Yawing moment/q_Sb
drag, N
apex flap deflection, deg
trailing-edge flap deflection, deg
lift, N
leading edge
free-stream Mach number
upper surface static pressure, Pa
free-stream static pressure, Pa
free-stream dynamic pressure, Pa

free-stream Reynolds number based on ¢




S wing planform area, cm?
X/Cr x-location in fraction of root chord
INTRODUCTION

Supersonic aircraft configurations generally utilize thin, highly
swept wings of delta or related planform primarily for their supersonic
and high subsonic aerodynamic qualities. In the supersonic regime, wave
drag is reduced due to the small thickness ratio and high sweep angle.
High drag-divergence Mach number is another advantage of the delta wing
in high subsonic and transonic flight. However, the highly swept delta
wing has certain deficiencies such as poor 1ift at low angles of attack
and excessive drag at high Tift coefficients.

Recent studies at NASA Langley Research Center and elsewhere have
attempted to correct these disadvantages through vortical flow manipula-
tion. This approach consists of devising means of reordering or relo-
cating the leading-edge vortex system inherent to highly swept wings.
References 1 and 2 report extensive studies of leading-edge devices used
to enhance the low speed characteristics of a 60° delta wing by such
vortex flow manipulation. However, those studies were directed toward
improving the high-alpha characteristics of the delta; comparatively
little has been done to improve its low-alpha 1ift capability which is
important during take-off, landing and other low-speed, low-alpha
maneuvers. One of the previous devices, the leading-edge vortex flap,
has been tested in the up-deflected sense (ref. 3) to force an earlier
formation and strengthening of the leading-edge vortex system to
increase the 1ift at low-alpha. However, a large portion of the wing
(e.g., 20 to 30 percent of the total area) had to be deflected to obtain
even modest 1ift gains (i.e., AC| = 0.50) on a 74° delta wing. Flaps of
this size will pose actuation problems and severely reduce the usable
volume in the wing.

In this investigation, the apex portion of the delta wing is hinged
transversely and deflected upwards to induce vortex formation from its
leading edges (fig. 1). With the vortex 1ift primarily concentrated in
the apex region, a relatively small percentage of the wing area occupied
by the apex flap should generate a substantial positive pitching moment.
This moment may be used to trim out flow-augmented trailing-edge flaps
to yield relatively high increments of usable lift. If the apex
vortices persist in strength downstream on the main wing surface, an
additional 1ift due to the induced suction effect may be obtained.

This report documents the force and moment data acquired in the
NASA Langley 7- by 10-Foot High Speed Tunnel on a 74° planar delta wing
incorporating an apex flap and trailing-edge flaps. The test model
configurations included apex flap deflected upward, apex flap up plus
trailing-edge flaps down, and differential trailing-edge flaps as
elevons. Some configurations were also tested in sideslip. The
tabulated force data are presented without analysis.




RESEARCH MODEL

The model used in this study is constructed from aluminum and has a
root chord length of 40 inches. The leading edges as well as the '
trailing edge are symmetrically bevelled. The apex flap was obtained by
incorporating a transverse hinge at X/C. = 0.25. The force model was
also fitted with hinged trailing-edge flaps (see fig. 2 for dimensions)
capable of independent deflection in both the upward and downward direc-
tion. The hinge lines were taped to prevent leakage. A six-component
sting-type balance (NASA Model 738) was housed in a streamlined fuselage
provided for this purpose. See figure 2 for model dimensions and
planform characteristics. ‘

WIND TUNNEL FACILITY

NASA Langley Research Center's 7- by 10-Foot High-Speed Tunnel is a
continuous-flow, closed circuit, subsonic-transonic tunnel which operates
at ambient atmospheric conditions. The test section of the tunnel is
6.59 feet high and 9.58 feet wide, with a usable length of 10.28 feet.

The model support system used in this test is referred to as the
standard angle-of-attack sting. It consists of a vertical strut with a
variable pitch angle sting support system with a range of approximately
-4° to 20°. 1In addition to the pitch mode, the standard sting has a
vertical translation mode which allows the model to be kept near the
center of the test section throughout the angle-of-attack range.
Reference 4 contains a detailed description of the tunnel facility.

The data acquisition, display, and control system for the 7- by
10-Foot High-Speed Tunnel is controlled by a dedicated on-site computer.
The system includes a Xerox Sigma-3 computer, a data acquisition unit,

a line printer, and a Tektronix 4014 graphics terminal. Reference 5
contains a detailed description of the data reduction capabilities of
the system.

DATA REDUCTION

Forces and moments as sensed by a wind tunnel balance must be
corrected for external interferences unrealistic of actual flight. Jet
boundary corrections were applied to the angle of attack to account for
the vertical flow component induced by the walls at the model (ref. 6).

To account for initial balance loads due to model weight, “"wind-
off" weight tare measurements were taken at various balance attitudes
and used in the reduction of balance data (ref. 7). Balance axial force
measurements were corrected for housing pressure drag by using chamber
(base) pressure measurements. The method of reference 7 was used to




calculate and correct for the solid and wake blockage effects. Since
the angle of attack was measured by means of an accelerometer located
inside the model, no correction for sting bending due to aerodynamic
loading was necessary. Once all necessary corrections were applied to
the force and moment data, the final results were presented in coeffi-
cient form. C and Cp are oriented along the conventional wind axis,
with Cy and Cy (axial and normal force coefficients, respectively)
along the body axis. Moments are calculated about the reference center
shown in figure 2.

DATA PRESENTATION

The tests were conducted at M, = 0.2 and RE = 4 x 105, Apex up
deflections ranged from 0° to 40° in 5° increments. Angle-of-attack
range was -4° to 19.5°. Apex down deflections of -5°, -10°, and -20°
were also tested. '

Several "tandem" configurations, i.e., up-deflected apex together
with down trailing-edge flaps, were also tested. Roll control effec-
tiveness with the trailing-edge flaps deflected as elevons for positive
rolling moment (fig. 3), as well as lateral/directional characteristics
at +5° sideslip were also investigated.

The test data are presented without analysis. Table I provides a
configuration summary for all force runs, and provides a key to the
tabulated data listed by run number in Table II.
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TABLE I. RUN SUMMARY

Description Run # 8, 81 (L/R) B (deg)
planar delta 1 0° 0/0 0
Apex 30 5° 0/0 0
2,3 10° 0/0 0
flap 31 15° 0/0 0
4 20° 0/0 0
deflection 51 25° 0/0 0
5 30° 0/0 0
only 52 35° 0/0 0
6 40° 0/0 0
Apex/T.E. 7 0° 10/10 0
8 0° 15/15 0
Flap 9 0° 20/20 0
10 0° 25/ 25 0
Series 11 0° 30/30 0
30 5° 10/10 0
22 10° 10/10 0
12 10° 15/15 0
29 10° 20/20 0
21 10° 25/25 0
32 15° - 10/10 0
33 15° 15/15 0
23 20° 10/10 0
13 20° 15/15 0
28 20° 20/20 0
18 20° 25/25 0
24 30° 10/10 0
14,17 30° 15/15 0
27 30° 20/20 .0
19 30° 25/25 0
25 40° 10/10 0
15,16 40° 15/15 0
26 40° 20/20 0
20 40° 25/25 0




TABLE I. Concluded

Description Run # 8, STE (L/R) B (deg)

Sideslip 36 0° 0/0 +5

37 0° 0/0 -5
Tail-On 35 20° 0/0 +5
Sideslip 59 0° . 0/0 +5

56 0° 0/0 -5
Tail-0ff 58 20° 0/0 +5

57 20° 0/0 -5
Negative 55 -5° 0/0 0
apex flap 53 -10° 0/0 0
deflection 54 -20° 0/0 0

Elevon 49 0° +15/-15 0
configurations 50 20° +15/-15 0
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11.91

13,97

15.90

17,94

19,46
ol4

ALPHA
0EG
.12

“l.92

=4,10
o111

2.03
4,01
.92
7.99
9,94

11,96

13.98

13.96

168,01

19,34
.12

ALPHA
0EG

~1.008
~4,09

2.00
3,94
3.90
7.88
9.93
11,91
14.03
15,91
17,96
19,65
«10

ALPHa
DEG

~1.99%
-4,22

2,01
6,06
$.92
7.90
9.96
11,97
13.98
15.90
17.95
19.41
o1l

ALPHA
(117

-1.83
-4,1)

2.13
4,03
9.95
7491
10.08
11.92
14,05
15.89
18.11
19,38
14

TABLE

RASA LANGLEY

TEST 108

SETA
ot

«00

TEST 106

8ETA
OEG
+00

II. continued

<o

" .0302

+0526
«0510
+0579
+«0679
0846
+1041
1297
+1691
«2032
2521
+3029
«3064
ob143
0378

co

<0631
«0381
«0361
06455
20571
20724
+0902
s11356
+1492
«190%
2364
2918
3525
24034
0462

[1:]

<0318
40273
0267
«032¢4
«0409
«0328
«0730
«1065
<1609
.1812
2307
«2840
3496
6119
#0329

"7 X°10 NIGM SPEED TUNNEL

/UM 18
cns

+025%
00124
-.0026
«0247
+03%58

0874

- 403%6
#0053
«0773
0886
«1024
o1163
#1332
«1452
0237

CRNS

«+0012
~.0010
=40017
=+0007
«+000¢

+0000

crus

«0013
~e0002
+0000
+0020
+0003
«0008
«0000
«0010
«0012
+0015
«0020
«0018
«0023
#0021
<0017

+0003

-+ 0001

cYns
=40003
«+0004
«.0006
=+00006
=+0004
-.0008
«+0009
~«0012

TTCYRS

=+0004
=+0003
=+0005
=«0004
=¢0004

=+00006

s

=e0036
=e00306
=¢0032
=~ 0049
=+0054
- 0064
=e0064

-+ 0087
=+00%8

cvs
=.0028
~.002%

-.¢0023
~.0C30

cys
=+0018

cyr

=:0026
«.+0020

Ccvy

=e0042
=s0061
=+0038
=.0062
=+0043
~e 0049
=.0035
=+0040
=.00%6
-.0069
-.0078
~.0087
«.0090
=e0000
~.00862

(4]

1127
<0474
=-.0212
1156
1058
2504
3122
«3830
4703
3339
6312
« 7622
«8473
«9108
«1101

#0317

+0260

11



RACH
NURB
+200
+200
«200
0201
201
«200
«200
200
+201
«200
«200
«200
«200
201
«201

[]

A
2760.3
276448
2780,9
2797.8
2787.6
2177.8
2703.8
276743
278446
277002
2708.5
277244
270295
2776.8
277607

°

ra
2781.7
2781.8
278744
278%.1
2791.9
2775.0
2775.6
276442
2790.3
276349
2780.2
2758.8
277849
279444
279046

275047
2760.8
276343
276849
2762.3
2769.2
27723
2779.6
276141
276040
2771.8
2763.5
275047
2706604
27634

277%.9
278043
277449

2777.1
2768,0
2770.1
2765%.2
277%.8
276242
2774 .4
2776.0
2778.1
2753.8
2768.2
2791.3
278842
2782.9
2767.3

ALPra
DEG

=1.93
=4.13

11.08

15,086
17.92
19.38

#09

TABLE II. continued

NASA LANGLEY -

TesTY

TEST
BETA

TesT

BETA
0€G
~.00
«01

108

106

108

106

4]

«0216
«0210
00232
«0236
«0308
00413
0378
.0821
1140
1497
201943
«2635
#3052
01642
0234

7 X 10 MIGH SPEED TUNKEL

crns

© =e0004
=+0003
=.0003
-.C003
=.0002
«0001
«0009
«0007
«0009
«0007
+0010

v k0017
.0016
<0018
-+0009

«0012
+0011
«0012
«Q018
-+0003

(4L }H
+000%

Crns

«0009
«0010
« 0608
<0009
+0009
+0008
«0006
«0009
+0009
«0000
~¢0007
=+0005
0005
=+0001
«0007

cres

=¢0002
=+0001
=:0002

LYAS

«+0002
=¢0000

cvs

=.0012
=.0006

=+0000

(32}

=.0006
~.0007
=+0009
-.0012
=.000¢
-.0011
=+0009
~+0012
-.0009
-.0011

«0016
=+0009
=.0001
-+0013
-.0001

cvs

-.0011
-.0019
-+0013
=-.0017
«.0019
- 0020
=.002b
-.0042
-.0035
-.0017
-.0033
00029
=«.00%0
~e0043
=+0021

cvs
=e002¢

-.0021

crs

«.003%
«.0031
=.0027
-.0029
-.0013%
~.0033
-+ 0029
«e0026
~.0031
=.0038
=¢0055
-e0037
=.0082
-+0064
=« 0032

<0648
0196
-e0419
204889
sl216
21807
«2570
3416
04326
31064
6109
«7087
+8151
«8979
0659

+0207
«019¢
+0108
<0203
0218
0232
<0269
«0293
«0311
«0333
«03%8
+0373
«03935
«0810
0200

Ca

+0117
«0107
«0099
SOlte
<0128
«0136
+0153
0172
«0184
+019¢
40206
«0219
00232
+0243
«0119

12




2780.1

2709.1
2773,0

275103

27%3.8
2764,8
2741,9
2781.9
2771.%
2750.9
2759.6
2776.4
2762.06
2759.2
2737.2
2752.4
277%.6
2748,2
2739.0

2004.0
2718.0
27723
217743
2793.)
2768.1
2700.7
2761.3
2793,0
27682.1
279%4.3
2001.3
2011.0
2020.0
2783.3

ALPHA

ALPHA
(119

=194
=4,32
(33
2.02
4,01
5492
7.89
9,99
11.91
14,00
15.94
17.95
19,38
o131

ALPHA
113

=le98
=403

1.91
3.93
5.01
T.79
9.86
13,81
13,92
15.01
17.07
19,40
«03

TABLE II. continued

MASA LANGLEY

TEST 106

BETA
DEG
«00
01
02

~.03
=.06
-e05
.06
-.07
=07
=08

«00

TEST 106

TEST 108

BETA
0EG
=.00

ct
«1358

T€3T 106

BETA

OEG
=.00

«01

«02
=-.00
=01
-e02
=¢03
e 04
-.093
-¢09%
=06
-407
-.08
=08
«.00

<o

«0604
0541
«0923
« 0604
«0713
<0682
1002
+1374
01732
«2138
2640
3172
«3013
4258
+0803

co

20492

0413
«0398
0492

w28
“cns

0204
«0074
=e0064
<0204
0314
<0617
0492
«0591
«0703
0017
«0932
«1100
1266
1373
«0202

aun 27
cus

<0179
#0003
-s0171
0182
0323,
0412
+0499
0577
«0673
<0792
«0950
«1126
#1313
1441
0177

cns

=+0154
=.0229
~s0324

7 % 10 WIGH SPEED TUNNEL

=+ 060%

cars

«0006

CRAS

~¢0007
=20007
~+0011
=.0007
««0004
«+0004

=+000%

CYNS

«0001
+0002
=+0001
+0001

crs

=.0038
-,0038
=.0038
-.003¢

=.0048

cys

=¢0035
-.0027
«+0034
=.0044
=+0031

«e0049 |

~e002¢4
=.0027
~:0045
-.0056
=~.0061
-+0080
-.0069
~e0078
~s0062

cYs

«e0009
~.0011

cys

«+0008
-.0017
~.0014
-.0013
«.0012
-.0017
=-+001%
-+0018
=-.0016
-.0007
=+0009
=+ 0006
=.0020
=e0022
~:0012

-.0011

(1]

«0074
-.0038
~e1130

+0039

«09%40

o1172

1837

029060

«3423

27

3216

+6142

07228

+8030

«0093

ca

+0601
0362
«0321
+0600
+0639
«069¢
0747
+0810
<0883
«0992
1021
«1089
«1157
«119¢
<0602

Ca

«0489
«0431
+0380
0490
20543
<0588
0627
«0679
«0743
+0798
«0856
0912
«0972
«1008
+0490

ca

0287
<0228
0231
«0285
L0311
<0336
0377
«C4l17
<0453
<0491
.0529
«0%69
0611
«0b48
0287

Ca

0178
0189
0154
0174
+0187
«019%
«0219
«0239
0256
«0269
0285
«0301
«0316
«0330
0170

ca

+0003
«0079
<0071
«0084
+0088
«0090
0094
#0097
«0090

13




RACH
NUMB
«200
+200
«200
«200
«201
«201
«200
201
+200
<199
+201
«200
«201
+201
«201

nACH
NUR3
$201
#4200
. 200
«201
201
+201
«201
+201
.200
200
+200
+200
+200
«201
.200

‘nACH
NUNS
+200
«200
«200
+201
«201
«200
»200
«200
+200
.200
+200
«200
«201
«200
200

HACH
NUNS
«200
«200
+200
200
«200
«201
«200
«200
«200
+200
«200
«201
#2013
«200
<200

278¢8.0
2702.%
277C.1
2003.9%
2785.8
2708.8
2795.0
27R6,.0
2757.9
271241
2778,1
27%8.0
2781.4
2785.4
2r81.2

]

4]
2771.8
278349
2763.2
2807.2
2800.9
279543
2775.9
2787.0
2778.5%
2776.8
2784,2
2809,2
276848
2800%.2
2786.0

277044
277%,.0
27°3.0
2786.8
2792,2
278240
2779.7
2702.9
2773.1
2771.0
277943
2773.8
28C4 .4
2768.8
2773.4

Pa
2760,4
278145
277743
2784,0
2700.9
278643
2767.4
2779.5
2782.8
2773,9
2776.1
2793.8
279,11
27182.7
2783.2

ALPHA
OEG
.05

=1.91

=102
06
1.9%
3.91
15.06
T8
9.90

11.87

13,946

15.87

17.9¢

19,55
<06

ALPHA
0€C
«02

1494

~4,20
«05

1.92
3.9%0
5.8%
7.80
9.95

11.83

13.98

15.82

17.90

19.17
«03

ALPHA
0FGC
«03

=1.91

~4.18
«06
1493
3N
5.91
7.87

10.00

11.91

14. 00

15.92

18.12

19.43
06

TABLE II. continued

NASA LANGLEY

TEST 106
BETA ct
0152
-. 0438
-+1097
<0159
- <0636
1211
«1050
22644
<3477
«4280
3181
8009
«4626
« 7396
017
TEST 108
BETA (18
0€6
=.00 0751
.01 .0077
02 | ~.0457
+00 +0665
-.01 «1239
-.02 «1817
.03 2652
~s04 «3307
06 «4Ce9
-.0% <4951
=-.08 .3017
=07 8641
=08 « 7586
-.08 8322
«00 «0665
TEST 106
cL
<0047
0228
~.0401
+0880
<1337
.1910
2707
+3671
chalé
5244
«6080
6626
7862
«B8560
0720
TEST 108
DEVA “Cu
DEG
-,00 004356

=00 206461
=01 «0897
-e02 «1628
=03 2314
~e03 «3027
=04 +3932
=e05 04724
~e006 «3673
=07 LELT
=e08 « 7337
-.08 8127
«00 «0333
TEST 106,
BETA (48
OEG
~4.99 #0112
-4,.98 -s 0483
4098 ~e1098
~4.99 +0115
=500 «0656
«%5.00 01236
-4,99 «1867
4497 02332
-4.95 3437
-4,92 6187
~4.80 «3071
4,85 «30735
~4,80 0810
-4.27 «7364
499 0096

co

+0143
«0138
20184
<0142
<0180
202359
«0383%
+0583
<0848
1164
o138
+2026
2589
+304)
0143

¢

0173
+0133

co

«+0190
0176
«0202
#0191
0240
«0332
«0474
<0667
«0967
.1283
«1710
2160
2766
«3165
20299

7 % 10 HIGH SPEED TUNNEL

LT B )}

=e0057
=¢012¢
~.0196
=+0050
«0026
«00e1
#0177
«0292
«0630
«0369
«0739
« 0907
+1097
1222
=+0029

RUN 33
chas

«0209
<0082
=00047
0211
#0337
0641
«03559
+0698
10852
+3008
1108
$1338
1972
.1702
+021%

(4111

=-+0010
-40007
=+000%
-+0011
~e 0004
~+0002
=:0001

«000¢

© «0004

«000%
#0010
«0014
+0011
#0013
=.0010

({4111

~+¢0009
=+0009
~+0016
=-e0017

CRAS

“«0006

«0000
-+0003
=+¢0003

(4} 31

«¢0006
«+0003
«0000
« 0004
-«0007

cyns

«0011
«0010
«000%
0012
+0008
«0010
«0007
«0004

~¢0002

Qres

0004
«0003
«C003
0004
«0001
«0006
«0005
+0004
+0004
+0003
=«0002
=-s0008
=+0013
=¢0007
«0008

(AL}
~eC0T76

~.0083

cvs

=~ 0004
=+0006

cvs

=+0010
=~+0009
=+0017
-.0027
~+0028
=-+0029
=~¢0034
~.00406
=¢0040
~e 0043
~e0047
«e0031
~+0033
=:0040
«¢0030

Lrs

«0199
+0208
<0227
#0194
0156
«0130
«0089
«0079
«0110
0138
«0120
20064
«0006
~+0038
«0187

(4}

#0751
0072

0663
21240
«16316
2409
«3374
+4162
5129
6077
7006
+8100
<8977
0069

-

14




AACH
U]
«200
«201
«200
+200
201
«201
+200
«200
«200
201

«200
0201
+200
«200

RACH
NUNB
«201
201
«200
«200
«200
«201
o201
201
<201
«200
«200
+200
200
«200
«200

Q

PA
277400
276645
2762.9
2780.6
2790.0
2785.9
2775.0
2776.8
27767
27704
2004.6
2708,9
2760.1
2786.9
278341

[}

(43
2768.2
2779.%
2T66,4
2707,
2191.9
280C.7
2773.4
2769,.8
27703
2781.3
2758.6
2778,1
2765.5
2773.8
2771.8

2786.2
2700.0
2791.3
2790.0
2707.1
2793.5
2790.5
2781.2
2787.7
2784,8
2782.9
2807.1
2783.3
2791.3
2003.9%

2783.6
2774,
2780.7
2798.0
2803.5
2809,3
2787.1
279440

ALPHA

0FG
~.02
=1.97
-4,11
=.02
l.88
3,86
3.79
T.78
9. 8¢
11.81
13,9
15,82
17,93
19.29

«00

ALPHA
DEG
«03

=1.93

~4e26

1.93
3.90
5.05
7.83
9,89
11.087
14,03
15,86
17.95
19.30
«08

ALPHA
DFG

=~1.90
=3.76
07
1.96
3.93
5487
7.84
9.91
11,87
13.9%
15.07
17,93
19,48
08

TABLE II. continued

RASA LANGLEY

TEST 106

TEST 1048

4.9
4,61
4,87
4,83
4,78
47
4067
4,62
3.00

TEST 108
BETA

<L

-,0029
-e 0493

-+0037

co

«0063
0082
<0142
+0063
«0078
<0132

co

«00064
«G077
«0143
«0063
+0079
0134
«0235
«0398
«0626
«0919
«1307
1707
#2248
2628
0064

(1]

«0l19
<0132

«0317

T % 10 HIGK SPEED TUNNEL

RUN 36
(4.}

+0008
~.0039
-e0139
«0009
«0073
«0153
«0245
«03%8
«0490
«0640
<0810
+0980
o107
«1318
#0013

RUN 27

cns

+0022
=.004%
~.01%0
+0019
<0082
«0183
«0260
«0384
«03518
«0680
+0833
«1016
1219
1348
«0020

0483

21264
olé40

01759
«0338

CRAS

«0027
«0016
=+0003
«002¢

cans

-+ 0024
~.001¢

«£00%
~«0026
-+ 0040
~.0062
~¢0085
~s0102
=.Cl21
-+0138
=40155
=.0171
-.0187
-e0197
~e0027

“e0lb4

cyns

=.0001
=+0004
=+C001
~«0004

+0003
=e0002
=¢0011
~+0019
=.0004

«0001
~eCC05
-.0013
=-.0010
=.0018
=«0008

«0l41
20252

(441

=e0241
~.C247
~e0232
=e0244
=.0244
=.0238
=e0244

=+0233
- 0225
-.0200
- 0174
=+0152
~e0237

cys

=«0036
=.0043
~+0041
=.0022
=+ 0060
~. 007
=+0100
- 0087
=-.0052
=e0106
=-«0118
«e 0091
-«00089
-.0103
- 0073

cys

=.0053
=¢0057
«+005%8
=« 00352
=e0052
=¢0069
=+ 0051
=«0074
=+0088
-+0052
=+0032
=¢00392
=.0074
-+010%
~+0025

crs

«+0013
=+0020
-« 0016
=¢0020
-+0013
~«0031
-+0029
=0022
=. 0054
=e0047
-« 0064
=+0038
=+00%6
=e0061
=+0036

(1]

-+0029
-.0493
~e1109
=.0037
«0445
«10%9
1721
2457
3297
X3y 1
3169
«0042
<7159
« 7838
-.0037

(1]

«0063
0089
+0003
«0003
«0063
+0081
«00%9
«003%
«00%0
20047
«0030
+0031
«0022
«0013
«0080

Ca

+00064
oCCo3
0058
«0003
«C082
«0059
«C05¢
«+00%0
«0047
«0042
«035
«0029
0018
+0011
«0064

Ca

<0119
«C119
$0126
06134
«C138
<0131
£0129
<0130
«C134
«C132
#3120
«0123
0114
<0106
«0139

Ca

+ 0259
«€233
«0214
«0260
«0296
«0319
«0353
40394
00437
0608
+0%09
0364
<0588
«0616
0272

ca

+0310
G271
«0233
20309
G368
0307
<0620
<0473
0322
«0373
0819
«069%9
#0710
<0744
00316

15




rACH
s
+200
«200
»200
«200
»201
«201
«200
«200
«200
«200
201
«200
«200
+200
«200

MACH
NUnB

+201

MACH
Kune
«200
201
«200
«201
201
0201
«201
+200
«200
«200
«201
«200
200
«200
«201

w250

AACH
NUNB
+201
+200
+200
«201
<201
201
+200
.201
+200
«200
«200
201
200
201
s201

]

ra
27947
2783.0
2778.2
27938
2764.1
2789.5
278348
2794,3
279¢.9
27793
21913
2709,
2788.2
27%0.7
2793.0

276444
2768.8
2769.5
2700.9
279%.1
2795,
27r2.3
2777.8
27173.9
2773.8
2792.2
2771.9
2763,8
2779.3
2720.3

2707.%
2768, 4
2760.3
2790.3
2802.3
2789.4
2775.1
2774.9
2767.4
2783.1
2792,.1
276742
2793.7
27068.8
2786.0

2776.5
2789,
2772.2
2787.1
2791.2
2793.3
2792.0
217%.0
2768.6
2761.9
2797.7
2770.2
2772,2
2773.8
2785.9

277¢8.7

ALPHA
113
o131

~1.06

=4.39
13
2.07
4,00
3.9
T.91
9,93

11,70

13,96

15,87

17.93

19.35
12

ALPHA
bl
00

~1.93

-4.37

1.90
3.e7
5.83
Tel8
9,11
11.77
13.86
1%.72
17.78
19.31
+03

ALPHA
DEG
=+03
-2,03
~4,.58
=04
1,86
3.03
5.20
772
9.73
11.76
13.75
15.67
1T.72
19.20
=03

ALPHA
DEG

TABLE II. continued

NASA LANGLEY

TEST 106

8ETA
(43
«00
«01
02

TEST 108

[43

«00Frs
- 0647
-e1173

+0019

<0547

1139

1826

2580

3277

XY LE]

«4982

«3796

«6739

+ 7490

#0097

cL

-.0099
-.0805
~.1394
-s0106
.0328
«1106
«1770
2607
«3186
+4001
4644
«3700
« 6639
« 7343
~.0111

33863

«6868

«0078

cns

«0466
0305
<0129
<0873
+0621
20734
«0816
+0916
1024
1149
1285
+1430
«1599
1716
#0470

fUN 3
(L.}

=+0020
=-.0083
~e0103
~. 0016
20052
<0127
«0184
+02%0
<0369
0692
«0667
«0821
«1013
<1168
=¢0033

RUN 5e
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0580
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$0067

«0142

«0241

+0339

10496

<0643

+0812
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.119)

01339

.0000
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«0024
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«+0007
«.0000
‘=.0009

=+0030
0004
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~+0021
~.0027
-.0022
~-.0023
=+0010
=-.0C20
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=.00Cs
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~.0007
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+0C03
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2757.4
2791.9
2796.6
2780.3
2780.1
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2173.0
2775.6
2799.6
27689.6
2797.9

27%8.0
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2792.4
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]

ra
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2700.6
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2706.7
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27717.8
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«04

-1.9%

-4.17
«03
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3,88
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9. 9¢
11.90

ALPHA
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1.9¢
3.94
3.90
7.82
9.00
11.86
13,99
13.90
17.9¢
19,80
04

TABLE II.
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-3.00
4,99
~4,97
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3.01
3,01
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4.9
4,91
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4,03
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472
4.66
4.6l
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(137}
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%.01
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3.00
4.99
4.97
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4,008
4,84
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0162
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+0l66
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«0700
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«03351
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«1229
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+1208
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«0010
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~+0006
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~.0132
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=+0180
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=+0020
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«s0016
«s0011
=+6008
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+0038
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=+0032
~.0058
=»0033
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=e0006
~+0087
~.0120
~e0167
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=.0025
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-¢0022
-.0018
+ 0024
0043
+0021
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«0058
»0092
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cys

=.0048
«.005%
~+0045
=.s0052
~e 01045
=e 0045
«.0052
=.0049
-.0038
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#0317
«0335
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Figure 1.- Apex Flap Concept.
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