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The Experimental and Theoretical Studies of Transonic Panel Flutter

By Takao IsHII and Mitsunori YANAGIZAWA

The solution of the linearized differential equation of unsteady transonic flow
is obtained for arbitrary time dependent motion of thin bodies. And the
characteristics of the linearized theory are examined closely from the view point
of physical understanding of acoustic wave propagation.

By applying this result to the panel flutter problem, the flutter boundary of
two dimensional panels, which are simply supported at the leading and trailing
edges, is obtained through the Galerkin method with three modes analysis.
These results are compared witn the theoretical results for the low supersonic
panel flutter obtained by several authors, and also compared with the experimental
results for the panels clamped at the leading and trailing edges of our own ex-
periment. Our studies reveal that the critical panel thickness ratio (thickness to
length) in transonic flow also remains in the finite (non-zero nor infinite) value.
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R(k) =1296X3—1393X2(K2Y) +98X (k2Y):— (K*Y)3+ BX*+ BX?
+CX(H2Y)+ DY)+ E(k2Y) + FX+G=0 (51a)
E#E
(2Y):+ (HX+K) (YY) +J X2+ LX+M=0 (51b)
LETo FE B, CE)----M(k) DiE#X 13~ 18 iZR L1z,

BRTIEBRE 2RE L THWT, (6la), (6lb) & X, YV iZoWTRE, X, Y AHCEDOE
BThhE, FThNi7 7 sOFILRELEXDHTH D, d L, ZMHUELOEOEERAEOH
Eiebit, XOEOKZWHOME & 3DRETETH D, BERD, THHL Y ASWHFORR
BEX5250bTHHED, FENT (B1) LHEMCE L, Glb) # Y Rk Aie
LT RELE—ED X 0T 2H kY, BY: 23X, RicZhi (Gla) ZRALT,
RE) 2HEL RE)=0 &isn X D¢ KY DEZRAIROI, ZBEELOTHENS
X DEX 10 BELDTE, X=0.0~80.0 DHFHZ MR 4X=0.5 THE LA, ERTERR LI
0.1, 0.2, 0.3, 0.4, 0,5, 0.6, 0.8, 1.0, 1.5, 2.0, 3.0,4.0, 5.0 ® 13 ¥ — 2 CTH D, ZDIHED
BHIEE 19 Zrd, LEROZH|RITEE LK TH2ERAMHE X, Y 02K 20,21 R L.
2N AFAMEE, EAONIERITARTBET?Z 7 » sBRFIKROL 5L T, EHITKD
b b,

EHIZLY, W/b (REEHOREIDOK) 3, X, Y LV FREFRROZEL52b0 5,

Y bk h/b=Y-p/p, (52)
Xhbik h/b={X(24/7*) (1 —1®)pU?/2E}V/? (53)
O\ENOEG 2 b D, h/b BBARFEL BTN bnhb, GEREEFLWEBLZ LT

- T,

3 3 — 2
%%:%gmqiﬁ)g (50)
*155,

(54) KOELERFADOEBEMBHE 2 b5tk AEF 08QA—A/E &, BITRIAEEN
520503 RkB2ETF UYP EhbisoThd, (M=1 OFEE2BYVE->TBDT, Ukt
BETOZTHIZLVNAD, BEOATHED,)

LIchis T, M (E p,v) LEE (0, U=a) B526N00LEZDT7 5 5 yRRORER h/b
BROFIEZL > TRDBZEHNTE S,

(9 HEOCBHATR_-HOENE@EAELNA, (K19 2R)
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@ U=a)! &2 wEd Mk al Y YRk
232225 L TR, YaLaTINAIY, W FIOEMBIIZOWT, HE 0~20km ¥ T

DEREFRELRLI,

[ 3: 8=0, g=0, M=+1.0]

BRAACET2ETT TR~ L 51T, (B iz (36) ) FHRALUIOET RS
i, ERETOMEY UMELTELRD E W IERAIRRVIconE, BETD Runll) & 1/M
BT, S¥~y ABICRT AECERSR D, 27, (48) XD EHT bhd L 3T, BH
X Y b, HEHLEOMED I/M 5755,
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Thid, SROBSLABCLT, FHELIDO~ y " BIZFT D77 » sRANBOND, K24
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T F LHTR LT

SRBTIIRENRI T 200 BMATH D4, IHiZ<y "BOBCEFEEREEDL S
KEHEIN D035 ROWMRCRLRUILLISV,
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ST T, FEHESEMY R v (1961 £7 F) ORI, TBEE A SXINT F7 95D
HE L LTERLADDOTHBA, TOFLMLTERBHOARTDTHT,
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BEX p=171 mm, {§=100mm, FEX k=0.4, 0.6, 0.8, (1.0) mm D 4FEDOHFI K ALBE L
B, BB ETEND LI, HMIADZ L {BEXRIPIERIFT . BBRIZX T4 FLTR
T MHAE AL DONTIENTEDLIT<L5LTH%,

RENOBEMBHBCZEEREO R L, FR RNV MERSV LRI L 5 2 902
Zk, X5z, RIATARE 80~90°C 0BEBIWMZ D LY ZRL T, BEIFEXALFIA
Lo Ticbb, RFADOHLET 6 FCEE llmm OEbe SHREFE (IR DFHML
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Wl oT, FRTHDHI L eI D, (BREACE D KiFEL AV, RBBIT vy AT7Y
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[EBH ]

FEREENRIVRABRLENIET, v » " BMEBELHIBEL, 777 yFLXHbbhik
RELD “RBEN hHT7 Ty ThHBILE—NERL, IHIKA y ¥y uaR—"—ZERLT,
EDF—shb, 779 SREFLERDI,

% %
[a]l H, BEOEED7 797 LY, BEHLRKREZLAE,

13 2
membrane stress= (Eh/2b) So( aaf: ) dx

2, @RHE L THRATHLHOE, BEAARCHLZON, b2 ) Iy b4 708D,
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fluctuation (2 & ZEIED M- TWBDT, THIZHTEROBEE, 77 » s EBORA LT
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[b] 775 53EbOTDERNLANT LOETHELRET 5, Lirl, HDARMCE— FO
BEBEANEI DI ENH B, ‘

[c] WD7 7y 5 DERBBUIFIRO ZROFBEE L O 0F G EBTHD, Rk 23) o
CRBZIDOZ LDV TRL TRV, G20k F—~shb FHTHEALZ Eoiby
%)

[d]l 77y sBRAYEBL THELENIED L, T~ FRAEVRENISILS DI 2XAH D,
(X 2A =D -+ED)

[e]l] REM77 vy 5 fEIED L, WOBERHNEEL, RIZRET 5,

[{] WEBORFPFCIIFEGTL - UL, THLOH TN ETE (traveling impulse) i+
BT ENDH D, HFEKRE ME¥R I MBI FOBEEERTOLRABORE RSO b, Zhic s
DEF ISR E L T (BROHE) REZ7 )~ 7T0EHFNEZD bzt BNTW 3,
GuE) ZOHRLELATRTH D,

(gl =uv B logwpU?%%/D HT, BEFEDPHEAEIBERORTEBOITESNER
bho THEBROITLLEDE, (M2A2R) EBRELT

278
P%b .=1,22X 102024 (Af>1)

*%B2,

(& ]

(a) 77y sBRFE M~log(pU%*/D) i L TREEBLTH D, Licdi-T, ZhEcFa
ENTVWLBEETIV T ILTHDEV3Z i3V,

(b) %%/ higher mode OWEITH 5,

(c) “FZNT779 3EROE, RDO7 7 v 5 &R0V, ThHBIBENTIILWIAHKD
FHEBE, TR THEBCEL LD S, o, MIBEARSCYLEBEELRETHAS,

(d) EEOZRILAFLOEMIBRREDTE L, BLEC KT DEVRTHHDTRL,
span HFENZHI|ET2ELEZ2DND, Lehis T, chord K L X span FENWZIEET 5 3%
NELT, ZRTEERNEEZERT S LENRD D, span HADOEEHT— FrO BB ERTHE, I
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DOBEMNS, 77 v FTRIhsTceHEREL T2,

(1) MBEASHALTRLE, EHCEEIELT 5, 29, MBTREIN TV ENE
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(4 & B]

AHETER L Fresnel EOWIFO - FHII| - —45F ME¥ARM (BHELE) i3
DTH 54, Fresnel BFIZIIMDOERDH D, 72 & 21¥ Johnke-Emde-Losch 3 Tables of Higher

Functions.

fiEDEHRY S@), Clo) &L, BEDIDE Si(x), Ci(x) £T2L, MHEITRROZL %
BfRAIH %o

S(z)= 5 :sm (%ﬁ)dt:sJ(%xz)
Se@) =1/ 2 5: imm::s(J 2o )

C@) =£:cos (—gtz)dt=c.; (%ﬁ)

CJ(x)=\/—_i:S:;C082 tdt=C(\/:—72;—)

(42) (43) TREEL LI OHE
e sinaf . A2 2lalx
50 v E =t 3|a| S(\/ T )

JovE e eV 25E)

g VLER, 1L a<0 DF XREEOTROEESL & 5,

(+ & C]
RmnR = Kﬂl—ﬂR + LmnR+MmuR

Rmnl = K-mnl + l/‘m,ﬂlr + Mmﬂl

KpaF= —Q’%’f—z”%@ [— (SSP)ma-t (SCP) et (SSQ)mnt (SCQ) s
— (CSPYma— (CCPYmaF (CSQ)mat (CCQIma]
Lnn®=—nn/ 2k [ —(SSP)ma+ (SCP)mnF (SSQ)mn— (SCQ)mn
—(CSP)n— (CCP)mnt (CSQmn— (CCQ) n]
MuaR =+~ 7 2l(/a) DIn—(S/A " Inl
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.......................................................................................................................................................................................... a-
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