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Some Effects of Taper Ratio on the Transonic Flutter Characteristics
of a Series of Thin Cantilever Wings
Having a Sweptback Angle of 45° and an Aspect Ratio 4.0

Eiichi NAKAI, Toshiro TAKAGI, and Yasukatsu ANDO

An experimental investigation of some effects of taper ratio on the flutter
characteristics of a series of thin cantilever wings having a sweptback angle of 45°
and an aspect ratio of 4.0 has been conducted in the N. A. L. transonic blowdown
wind tunnel for flutter testing at Mach numbers between 0.872 to 1.206.

The results are presented as ratios between the experimental flutter speeds and
the reference flutter speeds calculated on the basis of incompressible two-dimen-
sional flow. These ratios, designated the flutter speed ratios, are given as functions
of Mach numbers for the wings tested. The flutter speed ratios were character-
eized by the minimum values at around Mach number 1.0 with the increase in

the speed ratios in the range of subsonic and supersonic speeds investigated.
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A TAXRT MK
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4.1 HEBEORRKRE L UHEE

BROFERE (K1) S HONRREL 0 Y BikEOBRB A1 45°, HEDO A3 0 21.9%
NIABRRIZIZ o T B B2 B EDEANRNVED T AT P A 4.0 T, 7— 3% 0.4,
0.6, 0.8 LU 1.0D4AFERTH S, [MFHORAL, 77—~k 1.0 O NACA 65 A 006

=1 EEOTHE, zof

| 44504 | 44506 |  445-08 | 445-10
MmO A ] NACAG65A-004 | NACAG65A-006_
A 4
A 45°
A 0.4 0.6 0.8 { 1.0
Ap 0.467 0.657 ' 0.836 | 1.000
B RN 13.7cm -
Ay 1.726 | 1.653 |  1.605 | 1.566
l 19.37
by 2.585 2.804 2.963 3.004
bs 5.43 5.000 4.64 4.38
Sq 108.7cm? 113.3cm? 117.0cm? 119.8cm?®
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BIEMAS°, 7 2R 7 VHAODE WK EBEOESEH Y 7 v 5 Bz 5
R T 7 — S OB O EBZR

BOMOWEE, Vi A ¥ FORSOMO~= X T = / ~LVREIERIEA LA iR 25 L e
HEERTE OB OSMINIZ, BEE 0.07mm O 7 ABHEA IR THEE L Qv b, ORI, miloR
BT 70 5 7 0 LR < DR T RETT 70 5 7 0 RN E - T BEICEAICE 5 A
L, BROMG~ “F 73y (FTRF 57 - 2F~L) BHLAAT FHRIZ EE SR Tl
Bo ZLT, RIRAT 70 7 GBI H A BB ORRAIHICE 21C X » TRIE Sh 5o

12 WEOWEREE

W A EOTRIENSR, 250 FHOTRS X OCERET — 2 ¥ } DA b U HES
HOE L LEL, FHHEOBERMNT — N HIZHE » TERBIZESE SN0 OMBRE—ThHh D L\ 51K
RS TSN, ¥ 72, WML E RS D 2 HEC SRR 2 MR RS a0 LY %
T b I T & RV CEBIT 5 2 212 & U Kbt BELOMBRMLE DA 2R 2 10R LT B, 7

2.1 BMOYBEEE (ER 445-04-1)

-3 -3 -3
7 grrflsi:clz(}cniz I§;< sle(:)c2 gf?sﬁclr"o/cm Xa cZ;n a Ta
445-04-1
0 5.418 29.701 —7.114 —0.151 4.347 0.180 0.539
0.1 4.849 22.436 —6.022 7 4.112 " 0.523
0.2  4.313 17.804 —5.050 " 3.877 " 0.524
0.3 3.804 13.806 —4.184 " 3.643 1 0.522
0.4 3.331 10.594 —3.428 " 3.408 " 0.523
0.5 2.887 7.954 —2.766 " 3.173 " 0.523
0.6 2.476 5.867 —2.196 " 2.938 " 0.524
0.7 2.095 4.223 —1.710 " 2.704 " 0.525
0.8 1.749 2.897 —1.306 " 2.469 " 0.521
0.9 1.429 1.981 —0.964 " 2.234 " 0.527
1.0 1.148 1.270 —0.693 " 1.999 " 0.526
= 2.2 BHBOYIAME (ER 445-06-1 ¥ L U 445-06-3)
mX1072 I,x1078 SaX1078 X b
7 gre-sec?/cm? | gresec® | gresec’/cm @ cm a Ta
445-06-1
0 4.343 19.496 —5.386 —0.164 3.780 0.208 0.560
0.1 4.050 17.624 —5.144 —0.174 3.651 0.228 0.571
0.2 3.767 14.901 —4.430 —0.167 3.521 0.214 0.565
0.3 3.495 12.480 —3.817 —0.161 3.391 0.202 0.557
0.4 3.233 10.410 —3.290 —0.156 3.262 0.192 0.550
0.5 2.981 8.710 —2.799 —0.150 3.132 0.180 0.546
0.6 2.739 7.168 —2.337 —0.142 3.002 0.164 0.539
0.7 2.508 5.651 —1.901 —0.132 2.873 0.144 0.523
0.8 2.286 4.574 —1.468 —0.117 2.743 0.114 0.516
0.9 2.075 3.615 —1.193 —0.110 2.613 0.100 0.505
1.0 1.874 2.837 —0.922 —0.099 2.484 0.078 0.495
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-3 -3 -3
7 grﬂ-lsifclz(/)cm2 I;? 2202 gf y s>;c120/cm Xa cfn @ Ta
445-06-3
0 4.089 21.142 —6.089 —0.197 3.780 0.224 0.602
0.1 3.814 17.786 —5.264 —0.189 3.651 0.258 0.591
0.2 3.547 14.683 —4.494 —0.180 3.521 0.240 0.578
0.3 3.221 12.660 —3.99 —0.179 3.391 0.238 0.578
0.4 3.044 10.381 —3.178 —0.160 3.262 0.200 0.566
0.5 2.808 8.097 —2.619 —0.149 3.132 0.178 0.542
0.6 2.579 6.560 42.123 —0.137 3.002 0.154 0.531
0.7 2.361 5.191 —1.656 —0.122 2.873 0.124 0.516
0.8 2.153 4.108 —1.263 —0.107 2.743 0.024 0.504
0.9 1.955 3.187 —0.918 —0.020 2.613 0.060 0.489
1.0 1.765 2.477 —0.614 —0.070 2.484 0.020 0.477
%+ 2.3 BEOWMALE (EH 445-08-1 # L 00 445-08-2)
-3 -3 -3
K g1r7-ns>e<clz(/)cmZ Igi;r>f slgc2 gf?sﬁclz(}cm Xe c?n @ Ta
445-08-1
0 3.389 10.750 —3.603 —0.157 3.384 0.220 0.526
0.1 3.293 9.696 —3.277 —0.156 3.336 0.200 0.514 -
0.2 3.171 8.731 —3.025 —0.141 3.273 0.188 0.507
0.3 3.064 7.8G8 —2.779 —0.134 3.218 0.174 0.499
0.4 2.960 7.248 —2.604 —0.130 3.162 0.166 0.495
0.5 2.857 6.531 —2.376 —0.123 3.107 0.152 0.487
0.6 2.756 5.972 —2.182 —0.117 3.051 0.140 0.482
0.7 2.656 5.271 —1.901 —0.105 2.996 0.116 0.470
0.8 2.558 4.802 —1.748 —0.101 2.940 0.108 0.466
0.9 2.463 4.117 —1.349 —0.081 2.885 0.068 0.448
1.0 2.369 3.735 —1.187 —0.074 2.829 0.054 0.444
445-08-2
0 3.389 10.906 —3.671 —0.160 3.384 0.226 0.530
0.1 3.293 9.989 —3.429 —0.156 3.336 0.218 0.522
0.2 3.171 9.276 —3.219 —0.155 3.273 0.216 0.523
0.3 3.064 8.533 —3.018 —0.153 3.218 0.212 0.519
0.4 2.960 7.958 —2.865 —0.153 3.162 0.212 0.519
0.5 2.856 7.311 —2.644 —0.149 3.107 0.204 0.515
0.6 2.755 6.793 —2.472 —0.147 3.051 0.200 0.515
0.7 2.655 6.225 —2.201 —0.144 2.996 0.194 0.511
0.8 2.557 5.686 —2.105 —0.140 2.940 0.186 0.507
0.9 2.463 5.100 —1.888 —0.133 2.885 0.172 0.499
1.0 2.369 4.722 —1.784 —0.133 2.829 0.172 0.499
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+x 2.4 EROYIAME (BR 445-10~7 & X U0 445-10-9)

7 m X 120"3 I,X1078 SaX 1072 X, b a T
gresec’/cm?| gr-sec? gre-sec?/cm cm
445-10-7
0 3.618 16.463 —5.796 —0.259 3.004 0.410 0.689
0.1 " 15.770 —5.576 —0.249 /" 0.390 0.675
0.2 7" 14.662 —5.218 —0.233 " 0.358 0.651
0.3 " 13.969 —4.,945 —0.221 " 0.334 0.635
0.4 " 13.831 —4.881 —0.218 " 0.308 0.632
0.5 " 12.445 —4.415 —0.194 " 0.280 0.599
0.6 " 11.752 —4.053 —0.181 " 0.254 0.583
0.7 " 11.061 —3.738 —0.167 " 0.226 0.565
0.8 17 10.507 —3.470 —0.155 " 0.202 0.5561
0.9 " 9.952 —3.203 —0.143 " 0.178 0.536
1.0 " 9.398 —2.797 —0.125 " 0.142 0.521
445-10-9
0 4.288 17.215 —6.104 —0.230 3.094 0.352 0.648
0.1 " 16.393 —5.836 —0.220 n 0.332 0.632
0.2 " 16.393 —5.785 —0.218 n 0.328 0.632
0.3 " 15.900 —5.597 —0.211 14 0.314 0.622
0.4 " 15.409 —5.413 —0.204 " 0.300 0.613
0.5 " 14.751 —5.201 —0.196 " 0.284 0.599
0.6 /" 14.259 —4.963 —(.187 " 0.266 -0.589
0.7 " 13.931 —4.855 —0.183 4 0.258 0.583
0.8 1 13.767 —4.721 —0.178 ” 0.248 0.579
0.9 1" 13.274 —4.,485 —0.169 " 0.230 0.569
1.0 1 12.945 —4.354 —0.164 " 0.220 0.562

7 v RBIREE A THEBEMEOEEEA RS L O — VEEIL, £, Bilkkkh
DEMOHMRERB 2B A v > 07 7 7508k L, TOREPREMG L 0 Rod 7RG R ERE
R OMT B L0 LY EERKE LT 25, BEEOKENCMET 2R/ME2E 31, RO/ —F
ErR21IZm L T2, RETY Z o 5 HEOHFI AV B EAREE RS L OCEABHL,

MR 1) OFEAITRN TGS HFFETRD 72
+® 3 BHMOEBEETHHI: I OCEERERK

1 w2 w3 Wn1 Wh2 Wa W1/ W« g
445-04~1 492.0 | 2,532.7 | 3,424.2 495.1 3,039.7 | 2,329.7 0.212 0.018
445-06-1 449.2 | 2,001.8 | 2,647.7 449.8 | 2,444.0 | 1,815,8 0.247 0.023
445-06-3 483.8 | 2,153.2 | 2,954.3 485.7 | 2,596.8 | 2,131.8 0.227 0.024
445-08-1 456.1 | 2,118.6 | 2,892.7 461.8 | 2,669.6 1,972.2 0.234 0.022
445-08-2 443.0 | 2,090.4 | 2,712.4 446.7 | 2,486.8 1,876.1 0.238 0.021
445-10-7 342 .4 1,657.2 | 2,370.5 344.9 | 2,116.1 1,477.6 0.233 0.041
445-10~9 375.9 1,801.1 2,469.2 379.5 | 2,239.9 1,543.1 0.245 0.030
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7.1 75 v4aXER

K3ZRT ERVERRTR 07y AHOEHTIE, 77 9 FFEHIZIVThOT —t0E
HLTH? o " L0 DEHETREMEEZ LY, £OHIZT — 4 0.4, 0.6, 0.8 LU 1.0 0¥
IR LTENEFNF0.9, 1.0, 1.17THKLV0.86 THd, BFABLUOBEFRIZBVTUTI LR T
ZEERLTEY, TOLARIEFABLVBEETHIRT 235088 Thbd. 72, 77
FEBEHAL T — 0.4, 0.6, 0.8 DEDMFIIE > T B2, <o " EHLILETEF—A
I 0.4 AEBEEFE I TAKII LR T 50O TIOMEAIE Thde 7~ H1.0DBEDT 5
v B IL, OWThO7 — oL Vv, EBIZ, 7 HOEOKREVITZY, BEH
BRIUBERRIKT 57 7 5 s EE LB OEMID 20T 2,

T4l 75w EBMEL X CMEHER (&8 44504-1)

Model 445-04-1

: T -
i ! H ‘/‘

M kg s‘gcz/m‘ m}sec rac(lu/esec% ke ' fre ! r%/;ec jrada;ssec! Ve/Vs | @e/ws E bswi]\; Ue
0.872 | 0.2566 | 278.4| 1,308.7, 0.1216 = 35.57 : 272.1/1,332.0, 1.023 | 0.983  0.386
0.635 | 0.2092 | 280.71,215.8 0.1085  43.64 300.0 | 1,222.0° 0.938 | 0.995 | 0.362
1.000 | 0.1638 | 312.0 | 1,132.8 0.0939  55.74 | 346.2 | 1,201.9 0.901 | 0.942 |  0.345
1.032 | 0.1532 322.3|1,137.2 0.0012 . 59.60 . 357.7 1,200.7, 0.901! 0.947 |  0.345
1.053 | 0.1500 , 328.4|1,185.6 0.0034 ' 57.42 | 351.2 1 1,204.5 0.935 0.984 |  0.358
1.114 | 0.2043 . 338.2 | 1,308.7, 0.1001 © 44.69 i 313.3 /1,220.8 1.079 | 1.072.  0.418

Fd4.2 779 5sERBES IOCMEHEE (R 445-06-1 ¥ X U8 445-06-3)

Model 445-06-1

P v Ve m/sec ’ w;s rad/sec Ve/Vs ‘ We/ W5 . Vv
M 1 kgX ¢ :]’)/" ke | e : : : : o
' sect/m w“ﬁwﬂm seq 3d | 24 | 3d [2d 3d | 2d ‘Bd ' 24 ;%wﬂ#e

63.13 269.9 254.9) 893.4) 982.2] 1.067

0.914: 0. 1535 288. 11 977. 60 0953l 1.130 1. 004 0. 995 0.399
0.935? 0. 1298‘ 298. 8‘ 924. 9I0 0905! 74.70 292.9! 276.7 873.3i 965.2! 1.020 1.080: 1. 059! 0. 958i 0.381
0.978: 0.1186) 305. OJ 865. 8:0 0797; 81. 77; 305.1:! 289.3 875.2: 953.3 1.000 1.054 0.989, 0.908  0.371
1.087; 0.0289, 339. 8‘ 904. 10 0747, 98. 06; 332.5’ 317.5 859.5{ 950.2i 1.022 1.070| 1. 032 0. 951' 0.378
1.162§ 0. 126’7§ 353. 7[1022 210 .0811; 76.50; 295.9, 279.7) 873.3 962.1] 1.195 1.265 1. 171| 1. 062 0.445
1.206; 0 i1148 50.0829 60.60 265'?’; 249.5. 897.2 984.7 1'352i 1.437' 1. 280 1. 166 0.507

. 1600. 358.6

l Tl |

Model 445-06-2

| [ i i y ]
0.893 0. 1898 283. 81088 20 108 [ 48.08i 269.9l 255'6f1051.8I1134'2 1.0514 .110i 1.035, 0.959. 0.381
0.943 1630 297. 6 997. 10 0941 56.00, 290.5|’ 272.5‘1038.6‘1121.0 1.024 .092; 0.960, 0.889 0.373
0.989, 1390 310. 8 929. 30 0841[ 65.66 308.6; 294. 7| 997.7,1110. 3 1.007; 1.055, 0.931] 0.837, 0.359

i T S o S P

.035' 0.953 0.877]  0.359
118 0.977] 0.897,  0.381
149, 0.990 0.910°  0.391
1309 1.106 1.020  0.447

1.078 1352 333. 5 993. %o .0837, 7.4@ 317.2 298. 41017 21106. 5*1 051"
1.104 1392,337 91000 .00.0840 65.56‘312.9'294 21019. .111108. 4 1.080
1.197. 0. 1522;368 7.1140. 40.0870

0.
0.
1.027; 0. 1294 321. 9 965. 70 0843 70.53; 324.1' 305.01012. 8i1100 3 0.993,
0.
0.
i 59.94i 299.5' 281.6/1031. 0|1107 2 1.231i
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Model 445-08-1

. v bove ‘ V
M !kg sepcez/mi m}seec "rac?}esec ke o e ng/;ec ;radC?;ecs Vel Vs l we/s mﬁ
0.921 ' 0.2061 | 290.1| — — | 45.71| 236.5| 940.6 1.2271 — | 0.468
0.933| 0.1918 | 292.9 | 989.6 | 0.100 | 49.11| 243.5| 936.2 1.203  1.057 = 0.456
1.007 | 0.1570 | 313.4 | 919.8| 0.087 | 60.00 | 264.9 926.1 1.183 0.993  0.441
1.040 | 0.1536 | 322.1| 936.8| 0.086 | 61.35| 269.4 | 911.0 | 1.196 | 1.028 | 0.449
1.075 | 0.1510 | 331.2| 948.1. 0.085 62.38 | 271.5| 907.9: 1.220 | 1.044 | 0.458
1

1.199 | 0.1710 . 359.4 1,081.9 i 0.089 . 55.39 | 257.1 + 919.2 .398 | 1.177 0.527

Model 445-08-2

0.918 | 0.2035 287.4 11,016.0 = 0.105 : 46.31 | 237.8| 948.7 1.209 | 1.071 0.485
0.944 | 0.1706 298.4 | 966.3 © 0.096 f 55.22 ’ 257.0 | 932.4 1.161; 1.036 0.461
1.023 | 0.1466 319.7 ‘ 917.9  0.085, 64.25| 277.8 | 918.6 . 1.151 | 0.999 0.458
1.075 ) 0.1432 332.7;, 943.7 0.085 65.81' 281.2 | 914.8  1.183 | 1.037 0.470
1.095 | 0.1493 336.4 g 975.7 | 0.086 63.11; 273.5| 912.3  1.230 | 1.070 0.486
1.197 % 0.1840 360.3 ﬁ,154.8 | 0.095 ‘ 51.21 | 248.6 [ 939.3 1.449 é 1.229 0.578

Fd44d4 7799 ERESIOMEHEM (BR 45-10-7 5 L U 445-10-9)

Mode! 445-10-7

. o, 1 f . Ve, - | y i Ve
! kg- qecz/m| m/sec rad/sec' ¢ | He mg/csiec ‘rad/sec | V¢ Vs @elWs U bswaY e

0.855 | 1.744 | 279.3| 7477 10.0828  80.160 309.3 | 779.0 0.903 | 0.960 | 0.462
0.945 | 1.307 . 304.9| 747.7|0.0750 106.962 360.4 760.8 0.846 | 0.983 | 0.437
1.010 | 1.267 . 316.5 729.50.0713 | 110. 339 366.0 | 755.8 0.865 | 0.965 0.447
1.070 | 1.172 . 336.2 = 766.50.0705 | 119. 283' 579.8 | 751.4 | 0.885 | 1.020 0.450
1.090 | 1.242 | 341.2 772.8 0.0701 112.560 369.6 | 757.1 0.923 | 1.021| 0.476
1.141| 1.287 | 353.7 | 826.8 | 0.0723 108.674 363.1 760.2 . 0.974 | 1.083 | 0.503
1.150 | 1.203 | 356.2 | 831.9 | 0.0723|108.120 362.7 | 758.4 | 0.982 | 1.097 | 0.508

Model 445-10-9

0.893  1.232 | 289.9| 795.4 0.0849 95.698 314.3 | 683.6 0.922 | 1.164 | 0.458
0.902 | 1.145 | 291.6 | 770.9 { 0.0818 102.969 325.6 | 679.8 0.896 | 1.134 | 0.445
1.170 | 0.979 | 362.7 800.5 | 0.0583  120.799 351.4 | 664.7 1.032 | 1.204  0.510
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