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Transonic and Supersonic Flutter Characteristics of Low
Aspect Ratio and Sweptback Thin Cantilever Wings

By Eiichi NAKAI, Toshiyuki MoRITA, Takao KIKUCHI,
Minoru TAKAHASHI and Masatoshi TOOKUBO

An experimental investigation has been conducted on the transonic and supersonic flutter
characteristics ‘of thin cantilever wings having sweptback angles of 42.5° and 10° at
leading and trailing edges, respectively, an aspect ratio of 1.344 and a taper ratio of 0.63.
The experiments have been conducted at Mach numbers from (.757 to 1.5 in the NAL
0.6mX0.6m transonic blowdown wind tunnel for flutter testing, and from 1.5 to 2.009
in the NAL 1 m X1 m supersonic blowdown wind tunnel.

The flutter boundary of the experimental stiffness-altitude coefficients is characterized
by having a maximum value at around Mach number 1.05in the transonic speed range, and
by increasing the value with the increase of Mach number in supersonic speed range.

The experimental results of transonic and supersonic speed ranges are compared with
the calculated results employing the aerodynamic force according to two-dimensional incom-
pressible unsteady flow theory, and according to quasi-stedy second-order theory, respectively.
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REZ | 11m) |(mm) | (mm) | (%) | (gr) | HHE

Wing-1 184.8 205.8/ 69.2 11.97 {1 86.0 | 1.10

-2 176.4] 196.5/ 66.0 [ 2.04 | 77.9 | 1.05

-3 168.0] 187.1] 62.9 1 2.13 1 70.8 { 1.00

-4 159.6| 177.71 59.8 1 2.23163.7 1 0.95
-4.5] 155.4] 173.11 58.212.30 | 60.2 | 0.925

-5 151.2{ 168.4] 56.6 | 2.36 | 67.0 | 0.90
-5.5 147.0| 163.7] 55.0 | 2.44 | 53.0 | 0.875

-6 142.8| 159.0| 53.5 1 2.50 | 49.9 | 0.8
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BE O 7 — -8 H: 0.336
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% 2. BROYENHE

Wing-1 Wing-2

mx10-3 I,x10-3 SaX% 1073 mXx10-3 I, x10-3 Se X103
g gresec?/cm gresec®.cm gresec? 7 gresec!/cm gr-sec?.cm gresec?
1 16.24 1156.4 —100.78 1 14.752 949.2 — 87.11
2 14.85 817.1 — 78.08 2 13. 497 671.2 — 67.56
3 13.41 535.5 — 56.12 3 12.242 454.9 — 50.27
4 12.02 334.4 — 37.70 4 10.986 285.9 — 34.13
5 10.67 195.8 — 22.19 5 9.692 161.2 — 19.20
6 9.18 106. 2 - 9.32 6 8.318 84.9 — 7.56
7 7.79 59.5 0.22 7 7.062 48.4 2.04
8 6.40 40.4 6.91 8 5. 807 39.5 8.63
Wing-3 Wing-4

mx10-3 I, %1073 S2X10-3 mX10-3 I,x10-3 Sax10-3
7 gr-sect/cm gresec?.cm gresec? 7 gr-sec?/cm gr-sec?-cm gresec?
1 12.79 728.3 — 72.34 1 11. 40 598.8 — 63.06
2 11.71 521.8 — 57.52 2 10.55 446.2 — 51.60
3 10.63 359.2 — 43.82 3 9.55 302.7 — 38.91
4 9.51 222.6 — 30.09 4 8.55 188.2 — 26.99
5 8.32 124.7 — 18.28 5 7.55 106. 2 —17.11
6 7.25 65.3 — 8.18 6 6.43 52.1 — 17.16
7 6.12 33.2 0.10 7 5.56 28.1 0.02
8 5.00 24.1 5.67 8 4.48 19.4 4.67
Wing-4.5 Wing-5

mx10-3 I, %103 Sax10-3 mX10-3 I,x10-3 SeXx10-3
7 gresec’/cm gresec’.cm gr-sec? 7 gresec?/cm gr-sect.cm gresec?
1 10.92 508.5 — 55.32 1 10.37 447.8 — 51.53
2 9.97 378.1 — 45.19 2 9.43 326.3 — 40.26
3 9.04 265.2 — 35.13 3 8.56 230.9 — 33.46
4 8.11 170.3 — 25.13 4 7.65 146.3 — 22.15
5 7.16 99.5 — 16.02 5 6.75 83.9 — 13.63
6 6.27 51.7 - 1.74 6 5.87 43.9 — 6.28
7 5.27 25.0 — 0.93 7 4.97 22.3 - 0.23
8 4.32 16.9 4.01 8 4.10 15.8 3.71
Wing-5.5 Wing-6

mx10-3 I,X10-3 SeX10-3 mx10-3 1,x10-3 S.x10-3
7 gr-sec?/cm gr-sec3-cm gr-sec? 7 gr.sec?/cm gr-sec?.cm gresec?
1 9.76 403.8 — 46.54 1 9.22 384.8 —~ 45.13
2 8.98 301.3 — 37.91 2 8.40 271.2 — 35.23
3 8.10 205.4 — 28.70 3 7.58 188.8 — 27.25
4 7.26 130.4 — 20.28 4 6.82 119.4 — 19.09
5 6.37 73.7 — 12.23 5 6.00 68.6 - 11.96
6 5.49 46.2 — 5.51 6 5.24 30.4 — 5.48
7 4.70 20.1 — 0.46 7 4.44 18.1 — 0.37
8 3.76 13.3 3.17 8 3.63 12.3 3.02
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W, RE®Z BRI 7 oy 7 R BV i3 REBT HERZI->TKDBRT,

Wing-4 {22\ TEBETR - TRODEORKERIIES 5.3 RESH

KRENRTW S, 723 Wing-4 DUIOREHIZN L 77y SEBEITR ST TN TORERIZOWT,
Tix, Wing4 OBFSREENLUTIERZEZERLT 75y yHERNEPHRBERY * AV CEHRRLYT

* 3 HEHORBAERZEAFK (Wing4d o EHiHE) (X 10-%cm/p)
\ # i &
HE 8
123l a|ls]sei7|8lo]lw]|1un|12]13]14]15]16
1 | 0.04 0.03 0.20 0.16] 0.36] 0.28) 0.52] 0.41] 0.68 0.53 0.84 0.66] 0.99 0.78 1.16 0.91
2 0.12 0.31] 0.64] 0.87| 1.16{ 1.48| 1.73| 2.12] 2.27] 2.77 2.84] 3.46| 3.47] 4.17] 4.12
3 2.05 1.30 3.90{ 2.57 5.70| 3.52 7.85| 4.91] 9.35 6.02 10.0| 7.41] 13.0| 8.89
4 3.21| 3.83] 6.80] 8.00(10.6 [12.2 | 14.5 | 16.2 | 18.4 | 20.4 | 22.4 | 24.5 | 26.7
5 7.80 7.5912.0 [11.6 {16.0 | 16.4 | 19.5 | 21.3 | 24.2 | 26.4 | 28.4 | 31.5
6 16.0 [15.6 126.5 (25.9 | 36.8 | 37.0 | 47.0 | 48.1 | 57.7 | 59.2 | 68.5
7 23.0 [25.8 [34.5 | 35.2 | 46.0 | 46.7 | 57.5 | 58.3 | 69.0 | 69.9
8 50.0 |44.4 | 69.9 | 66.6 | 90.7 | 87.0 111|111 [132
9 58.0 | 64.5 | 83.0 | 85.0 [108 (106 (132 128
10 100 |98.1(134 {134 [169 [172 |oo4
11 123 131 [164 |169 |203 |204
12 181 185 231 247  losy
13 224|237 |287 305
14 311 {328 [380
15 363|402
16 470
# 4 EBREAREES JUCHZHEC I 2EEREK
5} <] *® .26 ¥
%5 — X 5 - X 5 = ®
E OB == g
# (- # E #H = A
£ B x B £ B
Fel | F¥2 el | Fy2 FaEl | FE2
Wing—1 53.2| 51.6| 55.4| 198.9] 212.7| 203.0] 290.0| 306.4 303.4 | 0.0151
Wing—2 59.5 | 56.7| 60.8| 226.6 | 234.8| 222.7| 325.5| 337.4| 343.8|0.0131
Wing—3 62.7| 64.8| 67.1] 241.3| 275.1| 245.6] 347.3| 388.9 | 379.3 ] 0.0160
Wing—4—1 71.6 274.1 398. 1 0. 0090
1.8] 74.4 303.0 | 272.3 432.0 | 420.4
Wing—4—2 25| 7 265.7 383.1
Wing—4.5 75.9| 75.5| 78.4| 288.9| 316.5| 287.0| 418.3| 456.7 | 443.1] 0.0135
Wing—5—1 82.2 I 302.0 435.1
Wing—5—2 81.2 300.9 440.8 0. 0095
Wing—5—3 78.3| 79.3| 82.81 295.1| 339.2| 303.2| 426.5| 479.5| 468.1 0.0109
Wing—5—4 77.3 276.1 431.2 0.0118
Wing—5—6 79.2 296. 3 436.3 0.0110
Wing—5.5 85.2| 85.2| 87.6| 322.1] 346.9| 320.9| 464.5| 500.2 | 495.4 | 0.0127
Wing—6 89.6 | 89.5| 92.9| 339.4| 382.5| 340.2| 490.7| 541.4| 525.2 | 0.0131
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5T, BRED 3 >OHEREFESHBI L/ ~ F§
ERDI, ETRFEOEBHALREBICEEY D &
TOREE TG 1 ROBEREMR D ORDHERE
PREERERKE LTV, Zhon#REFESNK
BIUEEHERK o 2K 41, TLETHORER
D) —FEPE2KEBTRL TS,

FElo, BEER Wing-1 & T X 6 12 i~ T

3 ‘193, EAOEERC I > TRAEDRYD 3K
DE—~FEXRD, TOERILENEREFASIVR
HAHmERER O, 0.2, 0.4, 0.6, 0.8 XU 1.0
ONBIZONWTE 5. 11, £ REHGOAEO0.2,
0.4, 0.6, 0.8 X 1.0 ik 5 BREHADE —
FER3IZRLTI S,
HENORPOEBHEIIRD 200 HETITE -

WING-2

WING-5.5

—_—
——— HH( D OHE L)

K2 F#HEMUOEAKREIETZ/ - F#H

# 5. 1 EH{b®—~r&F (Wing-1 ¥ HvioERE)

F O — K

et 0.0 0.2 0.4 0.6 0.8 1.0
0.0 0.0 0.025 0. 150 0.320 0.544 0.772
0.2 0.0 0.040 0.179 0.360 0.585 0.820
0.4 0.0 0.055 0.209 0. 400 0.625 0.865
0.6 0.0 0.067 0.234 0. 440 0.665 0.910
0.8 0.0 0.078 0. 260 0.478 0.702 0.955
1.0 0.0 0.090 0.285 0.510 0.745 1.000
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7 2~  HESBAARPREOE - @#5HE7 7 v SR 7
#5651 » v &
B8 Z X
oL 0.0 0.2 0.4 0.6 0.8 1.0
0.0 0.0 0.075 0.451 0.828 0.590 0.313
0.2 0.0 0.113 0.410 0.612 0.368 0.046
0.4 0.0 0.109 0.315 0.358 0.145 —0.210
0.6 0.0 0.070 0.157 0.065 ~0.130 —0.476
0.8 0.0 0.000 —0.068 —0.220 —0.449 —0.730
1.0 0.0 —0.098 —0.325 —0.555 —0.778 —1.000
g2 = K
et 0.0 0.2 0.4 0.6 0.8 1.0
0.0 0.0 0.025 0.135 0.080 —0.335 —1.000
0.2 0.0 0.053 0.171 0.108 —0.285 —0.925
0.4 0.0 0.692 0.268 0.168 —0.200 ~0.835
0.6 0.0 0.165 0.420 0.290 —0.085 —0.732
0.8 0.0 0.305 0.618 0.480 0.040 —0.625
1.0 0.0 0.515 0.835 0.750 0.180 —0.510
%52 ERLr-vR GHE: 2)0FECLY)
£ — ®
el 0.2 0.4 0.6 0.8 1.0
0.0 0.0 0.010 0.091 0.275 0.549 0.850
0.2 0.0 0.023 0.128 0.324 0.588 0.879
0.4 0.0 0.038 0.160 0.365 0.627 0.910
0.6 0.0 0.049 0.189 0.406 0.665 0.940
0.8 0.0 0. 060 0.218 0.442 0.701 0.969
1.0 0.0 0.072 0.246 0.477 0.738 1.000
g K
ol 0.0 0.2 0.4 0.6 0.8 1.0
0.0 0.0 0.091 0.427 0.707 0.591 0.142
0.2 0.0 0.129 0.411 0.552 0.341 —0.065
0.4 0.0 0.127 0.312 0.329 0.080 ~0.317
0.6 0.0 0.086 0.158 0.070 —0.213 —0.543
0.8 0.0 0.009 —0.052 —0.218 —0.489 —0.766
1.0 0.0 —0.088 —0.291 —0.532 —0.767 ~1.000
F = K
e XE | oo 0.2 0.4 0.6 0.8 1.0
0.0 0.0 —0.014 —0.100 —0.041 +0.341 +1.000
0.2 0.0 —0.040 ~0.145 ~0.101 +0.276 +0.926
0.4 0.0 —0.080 —0.240 ~0.209 +0.177 +0.838
0.6 0.0 ~0.142 —0.385 —0.377 +0.039 +0.732
0.8 0.0 —0.243 —0.593 —0.594 ~0.123 +0.623
1.0 0.0 —0.391 —0.874 —0.869 —0.307 +0.508
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# 6.1 77y s EBRERCEEHEHE BFH)

V. o q broalpe|  f Vin Jin

Me | (/5 |kestmd)| (kg/mb)| 2 e | @rs) | Ke | sy | s | Koo | Ve/Vin
Wing—3

0.757 | 241.5 | 0.1851 | 5396.0 | 17.49°| 0.934 | 150.9|0.1844 || 213.9| 157.5]0.2172| 1.129
0.771 | 246.2|0.1801 | 5458.2 | 17.98 | 0.947 | 146.8 | 0.1759 | 216.0| 156.0 | 0.2144 | 1.140
0.794 | 251.8 | 0.1707 | 5410.9 | 18.97 | 0.979 | 140.2 | 0.1643 | 222.0| 155.0 | 0.2060 | 1.134
0.802 | 254.4|0.1628 | 5268.7 | 19.88 | 1.001 | 138.1{0.1602 | 225.0| 153.0|0.2019 | 1.131
0.821 | 259.710.1529 | 5156.6 | 21.17 | 1.037 | 137.4 | 0.1561 || 232.0| 153.5!0.1958 | 1.119
0.8341 263.1{0.1492 | 5164.9 | 21.70| 1.052 | 135.5|0.1515 | 234.0| 154.0 | 0.1941 | 1.125
Wing—4—1

0.804 | 254.8 | 0.1863 | 6046.7 | 18.25| 1.037 | 158.2|0.1741 | 227.0| 175.5|0.2167 | 1.123
0.836 | 263.8|0.1701 | 5616.9 | 19.98 | 1.089 | 154.2{0.1639 | 236.0 | 172.0 | 0.2042 | 1.118
0.848 | 267.310.1793 | 6408.2 | 18.96| 1.062 | 154.5|0.1621 | 230.0| 174.0| 0.2111 | 1.157
1.089 | 330.6 | 0.1208 | 6602.7 | 28.14 | 1.342| 142.7|0.1210 | 274.0| 163.0 | 0.1656 | 1.206
1.170 | 349.3 | 0.1417 | 8645.6 | 23.98 | 1.262 | 152.9(0.1227 | 254.8 | 167.0 | 0.1835| 1.370
Wing—4.5

1.013 | 313.1]0.1201 | 5888.1 | 28.62 | 1.366| 128.0|0.1116 | 287.0! 169.0 | 0.1607 | 1.091
1.105| 334.6 | 0.1334 | 7468.3 | 25.75| 1.323 | 150.8 | 0.1230 || 273.9 | 170.8 | 0.1702 | 1.222
1.234 | 342.3|0.1440 | 8436.5 | 23.86 | 1.277 | 158.3 | 0.1263 | 264.7 | 171.7 | 0.1770 | 1.293
1.166 | 349.5 | 0.1626 | 9927.2 | 21.14 | 1.210| 173.9|0.1358 | 251.0| 176.0| 0.1913 | 1.392
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% 6.2 77y s ERERCHEHEH (BFH)

Ve o q by@atte Je V. S
(m/s) (kg827m4) (kg/em“) He = | (/s K, e s Kin | Ve/Ver

M. (m/s) | (c/s)

Wing—5—1

0.817 | 259.5]0.2283 | 7685.3 | 15.67 | 0.998 | 173.9|0.1779 | 221.5; 197.6 | O. 2368 | 1.172
0.941 | 295.6 | 0.1389 | 6070.1| 25.75| 1.296| 141.7|0.1773 | 247.5] 181.0 0.1750 { 1.077

Wing—5—2

0.829 | 260.510.2115 | 7175.0 | 16.67 | 1.037 | 166.6 | 0.1698 | 229.0 | 196.0 { O. 2272 | 1.138
0.847 | 269.8 | 0.1857 | 6660.5 | 18.99 | 1.101 | 162.0 | 0.1608 1 243.0( 192.0}0.2097 | 1.102
0.940 | 294.0 | 0.1409 | 6090.7 | 25.03 | 1.278 | 141.1|0.1274 | 272.9 | 197.0 | O. 1916 | 1.077

Wing—5—3

0.846 | 262.9|0.1762 | 6090.4 | 20.01| 1.128 | 154.8 | 0.1563 | 248.5{ 183.0 ) O. 2005 | 1.058
0.847 | 264.410.1623 | 5676.1 | 22.03 1 1.178 | 153.9|0.1546 | 257.8 1 186.0} 0. 1915 1.026
0.868 | 271.3|0.1457 | 5359.4 [ 24.21 | 1 142.8 | 0.1397 { 268.0{ 181.0 | 0.1793 | 1.012
0.806 | 278.1(0.1402 | 5420.0 [ 25.16 | 1 144.3 [ 0.1378 { 273.6 { 181.0{0.1951 | 1.016

3 &

Wing—5—4

0.836 | 270.91 0.1873 | 6870.2 | 19.10
0.852 | 275.1}0.1515| 5735.0 | 23.60
0.855 | 276.6 | 0.1680 | 6425.8 | 21.28
0.862 | 278.4]0.1589 | 6158.4 | 22.50

.061 | 158.7 ] 0.1556 {| 242.0{ 190.0 | 0.2316 ] 1.119
.183 | 155.0 | 0.1496 || 266.0 | 184.0 | 0.1837 | 1.034
121 ) 162.2 1 0.1657 || 255.0 ) 188.0) 0.1957 | 1.085
.154 | 155.0(0.1978 {| 260.0 | 184.8 | 0.1887 | 1.071

—_ e

Wing—5—6

0.1527 | 255.7 | 181.6 | 0.1886 | 1.090
0.1790 | 280.0 | 180.0 ] 0.1706 | 1.072

0.858 | 279.6 | 0.1653 | 6413.8 | 21.64 | 1.127 | 160.2
0.936 | 300.2]0.1327 | 5982.7 | 26.94| 1.272| 145.8

#* 6.3 75y s ERERUCERTER (BFH

VG o, Qe b-rwam f V f
Mo | i laiimsl gfn | #e |2 @l | K | e | ey | Ko | VeV
Wing—5.5—

0.908 | 282.8 | 0.1506 | 6020.4 | 24.04
0.912 | 287.6 | 0.1534 | 6342.6 | 23.60
0.944 | 292.4 | 0.1463 | 6253.5 | 24.74
0.952 | 294.0 | 0.1509 | 6521.7 | 23.99
0.958 | 297.2]0.1484 | 6554.4 | 24.39
0.963 | 301.3 | 0.1403 | 6368.8 | 25.81
0.971 | 301.1 } 0.1411 | 6396.1 ] 25.65
1.005 | 309.8 | 0.1485 | 6646.6 | 26.14
1.032 | 316.5) 0.1366 | 6839.5 | 26.50
1.041 | 306.1|0.1361 | 6908.2 | 26.60
1.048 | 305.7 1 0.1329 | 6819.7 | 27.23
1.052 | 321.20.1361 | 6018.4 | 26.61
1.060 | 321.10.1365 | 6040.0 | 26.51

.309 | 149.2]0.1362 )| 278.0| 194.0 | 0.1801 | 1.017
.281 | 155.510.1395 | 276.0| 196.0 | 0.1832 | 1.042
.335| 148.10.1307 | 282.0| 193.0{0.1766 | 1.037
.318 | 147.310.1293 | 278.0| 193.0 0.1792 } 1.058
.324 | 144.9]0.1208 | 280.0 | 193.0{0.1779 | 1.061
.350 | 144.9 | 0.1241 | 287.0| 193.00.1735| 1.050
142.2 | 0.1219 § 286.0) 193.0} 0.1741} 1.053
.379 | 143.9|0.1199 | 288.0| 191.0{0.1712} 1.076
.397 | 146.010.1191 || 291.0| 191.0|0.1694} 1.088
.401 | 145.6 | 0.1228 | 292.0| 183.0 | 0.1661 | 1.048
.420 | 147.0]0.1241 || 295.0| 183.0 0.1601 } 1.036
.405 | 149.3]0.1200 | 291.0 | 192.0{0.1703 | 1.104
.413 | 148.7 1 0.1195 | 292.0 | 192.0 | 0.1697 | 1.100

R T = e T e
g

Wing—6

0.843 | 264.8 ) 0.2062 | 7228.1 | 18.03} 1.151) 166.6 | 0.1578 ) 257.0 216.0 } 0.2107 } 1.030
0.964 | 298.210.1524 | 6774.6 | 24.40 | 1.360 | 151.9{0.1778 j 291.2 208.0 | 0.1990 | 1.024
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