BN, 12 RE 3 R(19914E3 B) MAMAMAOERES R
VApphed Mathematms and Mechanics ERKHBKRH: B K

AR EEHIER R ENENEE
Aok

W E
SR E A T iish i b G R IR, SR R R R R T B,
Xy —Lo A, HEERINE AT NBE, KRR RIS dpy i B IRRIRAC X 18] &, X
W EE TR H A RFRAREM, TR MR . AR, AU A R B 5
XWE Rt Fikgtsie 3l

—. Landau-Stuart 8 {H 52

HT eI E BT R TR AE NI, X Navier-Stokes i #2 RiE & 2w 1 Ky
(UYL = 4 v, V-u=0 (1.1)
Hoh u={u,0}Tt#HE, ufilo ﬁ(xﬁﬁﬁﬂéﬁx,yﬁr‘m@ o, ¢ ZuHE, pREE, Vit
BEH. ﬁﬁﬁﬁ‘]ﬂ{;ﬁabﬁx_—i—ﬁt%é@{&, fiRZ Reynolds ¥,
W LU N E— NS BER, FiZAsR LI RERKERNEE.,
{u, p} ={uy, po}” +a{uy, p1}7 +a*{uy, pa} 7 + - (1.2)
Hop ug={u(y),0}T Bpos R B R Mg, u ikl Bmg, &4 peis—u,
HERLZEEHLT, BATE
{u,, 01} ={a;(y), p1(y)} expli(ax~ot)]1+C,C, (1.3)
BUUSENBS0=ax—of, KBTRATDN EHEA LS RHEN, HRe, SR HLIERN
EAl, TS —A W5, — iR — AR e, AR SR, AT R U R B
MiEHIELIEEE, ¢ f10 ¥ /L TH Landau-Stuart 51

(j;; =wa+ A0+ Aga’+ - (1.4)
%e_=—®,+czaz+'c‘a4+“- (1.5)

Hp mf&w«mm%%ﬁﬂ S, TidkCog ) %E*ﬁgﬁﬁqﬂmiﬁﬂ%#, )20 T R

* JJ—HﬁE% E%ﬁéﬂ’%ﬁﬂ(l)lﬁi EFXBANEEERHIE.

203



204 ' <! 8
}ﬁﬁﬁﬁﬁiﬂﬁ%ﬁ
EFEEE(1.2), Q.ORADRFERE, —HaB M, WHEGER KTk
Bl AUEONBEROWE, BB A, ®Rsh A 2 ARIEK. Al 2n/a, WE—
AT ROAR R, A % R R R B B Ui, 8500 b R A BRSO 60 46 5
., BR, HESRERZ— B ARG LI 4 AR,
EEEMTE TRK HHE ,
{u, p}T={u,, po} T +a{uy, p}” (1.6)
X BA RN, EAHBHEESTEFGARKY, EHTHAO.2), (1.4), (1.5,
FE(L.2)HE o® BWIHSBE, BEAE—BABEE, MXERSE N, Fin—A3dgd, 2
RHRER, WRB A5 % Kachanov!™! SCys rim B0, 31 R L7 & 10 0 U AR B A5 LG
ROV T IERME ISR s, £ o BUA W BRI TR BOE NS, i, BEnE
PSR EAR 2 E3F, BRREEHERRER T ARG &G, HEHBA, WERK
DR F RSk M EE, NIFE Nishioka & A™ R Kachanov!™) Byszabdy, fEJ% B wisH
B, AR, b EE s Rl RSB EY, MXFERREEN. Hit,
ZKEBBEA-EERT o, ZREBRBERA—EELT o, S, milEREEiS
RIIREE, B ERBRINE ZAE—BEL— DBy NIEE, #SHERLFE, MUER
BiRE TS RELUEE,
# M Stuart'™ = Zhou( J§)™, W AEFHIELKEERKERES, TS
{uz, po}" ={020(y), P2o(y)} expl — 201+ {G22(y), p22(y )} Texp[ 2i0]
Ef{uzospzo}r'l‘{uzz;ﬁzz}r (1.7)
Hoi S8 B0 B0 B 2k 4tk T Tn) R AT B B O ) R T BE R 2 e AR 0, 6 Bi=0,
B AU HEWE AR —EE L T6®, (1.2)RNEmE EEHR Rz

bzo{ﬁzo,ﬁzo}TeXP[_zet]+bzz{ﬁzz,,ﬁzz}TeXP[2i9]. (1.8)
WIS EREE RN ERE, Uzo%?ﬁﬁﬁﬁﬁﬁfl

a a du,

s gt ugy o Vra— 5 Vlag=— 2Re[ (uy- V)U*]} (1.9)

V-Up=0

0 Ou, d 2 ’

‘“';:z—'i' 0 auxz Vg dy &t Yoz — R' Y uzz=—2RC[(“1'V)“l]} - (1.10)

VeUzp=0

Hip o« RREAEE S, Re ZRBERMLHI .
B Zhou( R HL ik, TRRRAFG, SR Y

1 diayy doy
2outtae — g B 2Re(»1 } (1.11)
010=0
du d  ” 1( & )
_"21‘(01‘122’{' Ziaul‘ﬁzz“}“ OZZ d 0 + {21(1, ’d;y } ?zz - R( dy’ —4az)ﬁzz
—"_ZRe [(laﬂl—{—t), d )\J‘J ' . } (1,]2)
{ZIa, dy }u,,'——-O




 REREEBRAEBICNER K s

H%ﬁﬂ]ﬂlﬁzo%“%ﬂﬁ’l’ﬁﬁhﬂ s BLIRE AEORIES IR BRI 45 R,
LR, RLEE Qa0 FLRS IR, (B RAVREOGEBES FHRE A ER R EIENE
BIE AL, X, R AU R HLLBUR(L, 2) A 0 S IAE X &k
B20(8)1020(Y) s D2o(Y)} T+ b22(1) {822( 1) s Baa(y)}” (1.13)
FHOBIR LR, AH G (E b0 B bao W vl WA [ T 1B BE, &1 @ ABEE,
WAL 13) R B —BRN(1.9), FH bogllye HF(L DR E—N, K blor, &
RS R N SEE R 5 A BB, S0 T Hb. i B

d'z;o' =By1b30 + Bysa* (1.14)

HEIEER i, WIS H 60975
dg;Z — —lebzz+Bz a® . (1. 15)
M b e (1, 11) k@1, u), AAERLY]
By + Boy= By + By =2wi (1.16)
Wik s N —2, WE R mLandau--Stuart 3 L% BN

3;1 =wsa + (AsleO +A32bzz)a (1_]7)

HuREU8 W 0 i hfe, A, #hik, IS EZAHE014), (1.16) ®A.17)L
HUR R — A R (1, 4D, Tl 2R i B F 3 Wi IR R AL e 5 e e !,

oK,  LRB G AREHBUT &, BRI S 1 SR R AR R AR £ RO R T R

S ), (LI EQANLRETEN, ROWHURB Y, XENES, &

byg=by,=a"

W1, 17) A gk o] SR AY Landau-Stuart 512, Hi FH(1.16) X, X bu=by=d"Iif,
dbyo/db2 0 Jodbyy/dtxe0, AL, BiEoi=0, HWHE(.14), (L 15) (1. 17)K BV d 4
L ]E kg Landau-Stuart 75 &R HAR—B, 1h T KR Landau-Stuart Jj5fe 2 3AE
o AR — R, (L. 14) B (1. 15) AR N R AR S R, X0 95 JE AR s A
HRBREIERN, FE LS E—AE0, HIEES N gy JEG 0 Be R e H gt 10 B <
MRS K, WStuart™, Watson™JEkE, R AN 2k, nZhow (JHWARK:, 4
BE4 H NS AT R AT N B A H W R R B AR I . 9%, AR SRk 4k B o
5% By ELEETIE ) 5 R B0l 650, Wl sk W) 4 oo 0 I WA A HIB M, BZE S HEBEH AR
B3~ M ,

— BRSNS R T B AR, BTG TR
T ¥ Poiseuille iRy & THlF, HEBHRBETRERR, UERITUE PERLE
FEAGED, X EHT, RRENESEH%Landau-Stuart HiE 3 HERZ K, X
BATHEEBIERY, BELKERG.

HATBRA(1.15) R, 7 o B Kachanov 5L Iy EWKHT, WHIKEENELD
2. Kachanov LB FNEELET v=250mm i, & & 11& K EEWIBEEZL N
%, RIPFET RO IDXPORE, X5 BRERSHFER ZIRPEOE & b2, FHA]
RBEEx=350, HEMSSTEMHERBAATEY., FEXR—~MRLEE, KKEEZD



206 , ) R ‘Lﬁ_

&i?(&ﬁﬁiﬂﬁ(t’e/{ fﬁiﬂﬁﬂiﬁ%ﬂﬁﬁtﬂﬁﬁ"ﬁ?, Iﬁ%%ﬁ(ﬁi&??ﬂ@{’ﬁﬁﬁ%fﬁLﬁT,
G RRS IR
WAOTE ARSI FipitE, FABERBHN ZKERERE £2GHMAT.

Z. PIESREL PR IRTE S

SIS AT BRI R R A B NREEEENEA, £ LT enEEn, Ty
%P,
BRAASRZE R R — AT, FRAZ

d1(y)expli(ax—wt)], ¢a(y)expli(ax+pz—awyt)] } (2 1)
¢a(y)exp[i(azx—ﬁy—wzf)3 )
al=2a21 a)lf=2w27‘a (1)1¢=CL)2¢=0 (2.2)

MBS, BB RER (2.2) RPRIESA AN, BRFARENRK GADELE
., BRTETEMN, XERNRABEX—&F, BONEREAHR, DESESIHE
MR, M RIEHE B,

18R RE P M IR A, RUZERR B 9 76 7 R B T Y P03 A0 ) LB oA RS BREG, TR
RO RE AT, ER AR A AR Taets, BE—BRERES, SAg A2 ES
B, BRI REEN, FIRR 25t A K SRR, IR SRR i
mﬂwﬁmﬁmﬁm@a%ﬁ X, MEEANEENRSSH R A AR, 4
m, HEEZEZENID, WES NMERTEEN, AHBEAEZEH 0,37, XAEBEXE
Tﬁ&zﬂ%%a%&i,ﬁﬁﬁﬁﬂ,%%T%B%&i. |

B—FH, REESEAN—ARS, W—EEREHE, WEEROMERLEL
MBERBEENE S, RTHERE, &5k kESTH R AR5 RERES B
HT— kMl B, BNS2%0XRmaRwRTEn, B, JREEL0E—
AMBERCHRRBE—AHE, SEE LB a8 %R A —p—0 B4R 5 bR E R
B — AR B RAK T 0 — AN BB e 2 80 7T A6 T BRAIE 151 245 10 6 2 57 140 18 b R 9 i
EhER.

R P SEIRIE AR 958 AMBIE B ST IR, £ 06,80, BIEHER
Bip, B b—WHR, WEARE, LELTE, DEETE, BTEERES, RA5RN
AR M — R BRI, KBTS LT R,

—MERNBRTLUMFRR, B, RITTUE (2.1) RIRO=ITHE, BLER
EEEEERBENER, RE, SIEREEE, TR RPN E TR E.

Bu(y)explil(a—a,)x— (o~ ol )t + P21}, ¢s(y)expiil(a—az)x
—(oy—o¥)t—F21},  deexpl2i(ax—wit)] ‘ (2.3)
T 230 2 ST 5 R0 AR A L R A B 2 [ o 5 P > R AR B .
. RRORAE—HRRHTE RATUSHE BRI, RERS2, UIRENEE
Bk, SR BT B O — e B Sk B LR,



| RARERERAERCORESE o7

=, REPHE RS RS R R

ERBAREELBTLBRTOABNIRN, E2FH—/EE, BERITRELT
TR E, WRATERF0 TH P T RE Eta(y)R
R e RO (3.1)
A H SR RS AR EE S IR R 7 A2 1) Reynolds R )@ B0 ), mRB 5L FL, W
BB —A Y y>oo R FRANBIFHRBIE, XBRAETELRERFH, X—FR>ER
RER (3.1 AREHF—MEEWH I, MA—REXNE R mw, MERELAN, A%
S AERF B IE, FUR RiFARIEE AT 42 Reynolds B 7576 & PRI A PN 44 A
HHRER, XBARSESTRN—MEASE, FRX—FENMNERSH—AEHT
KRS WA R TR, D HEE SR G EEEHRNORITREN, RITEEFH—
TIER NI, REEARRK, EERIBREEBRERD, WEkTEFHLE,
BAVE R B EFH B ER T e

Buyg(y,t) _ 1 Uy 9
ot = R ayz ay <ulvl> (32)

HTXR—7 BAGE, HETSH

CR((T 1 8 \
tz0 (Y, t)='2 p/.'&'jioj_%,\/{:}' ﬂay N T
R —7 N
. exp [—»~Z%¥::g%f]dndr | (3.3)

RS, U—BAGERG, BRNEAE-NEFG, EZLFHRBEENE. RE
- ATt R, WT-Sik, HEHERNASLGNE, REEMRETRRE, HHit
EEREE, FALRERNEELER YEREE, KE 4 (3.3) RBSBS, HOSK
REBEPRIENEE . XA, ROTTEE —ANy->oBERBHWFHRBE.

AT LR B — R AES (3.2) ANEREH BRI EE R IR, s
ERARMBLS RS (3.3) R, BEEEBRBEANEH, HEHXLBAH, RJEM MRS
FRE N B ORBTE., ER%Xs LREERKROEMETENE S¥EEENT,

B fhE 7 19804F AR EANEMEE NSF g8y (Grant INT85-14196) F b2
Brown K#ijla 8, ¥4 Brown K#iJ T, C. Liv R EFREZRZH MM, T,
Stuart FIZwh P RYRNEG 38 A RR0ITi6, EEE, BRI — ¥ 4 ¥ F IUTAM
Symposium on Nealiear Hydrodynamic Stability and Transition (jEE, 19904)
L4, 1?%&?%%07’35%1&?&?%%%%?}%, BB ML, E B,



208 : . = .

[ 1] Kachanov, Yu, S., On the resonant naturc of the breakdown of a laminar boun-
dary layer, J, F, M., 184 (1887), 43—74,

[ 2] Nishiekn, M,, S, Iida, and Y, Ichikawa, An cxperimental investigation of {le
stability of plane Poiseuille flow, J_ F, M., 72 (1875), 731—751,

[3] Stuart, J, T,, On the non-lincar mechanics of wave disturbances in stable and
unstable parallel flows, Part |, The basic behaviour in plane Poiscuille flow, J,
.M., 9 ('960), 353—370,

[4] Watson, J , On the non-linear mechanics of wave disturbances in stable and
unstable parallel flows, Part 2, The developement of a solution for plane Poi-
seuille flow and for planc Couette flow, J, F, M, 9 (1960), 371—389,

{5] Zhou, H,, On the nonlinear theory of stability of plane Poiseuille flow in the
suberitical range, Pro, Koy, Soc, Lond,, A381 (i982), 407—418,

[6] Craik, A, D, D., Nonlinear resonant instability in boundary layer, J #, M,
50 (1971), 393—413,

[7] RiE, Lhsyt-La Poiscuille =g EdtE fae thim M—C I ) LB RREHE),
%k, 16 (1984), 1—9,

(8] AE. Firl, WiERFE Poiseuille FAI=4E dEekthfaye v M ——( T )Fde it
La) 8, jj?ifﬁ, 16 (1984), 205—=2i5,

The Re-examination of the Weakly Nonlinear Theory
of Hydrodynamic Stability

Zhou Heng

(Depariment of Mechanics, Tianjin University, Tianjin)

Abstract

The weakly nonlinear theory has been widely applied in the problem of Lydre-
dynamic stability and also in other fields, However, although its application has
becn successful for some problems, yet for other problems, the results obtained arc
not satisfactory, especially for problems like transition or the evolution of the vor-
tex in the free shear flow, for which the goal of the theoreiical investigation is not
seeking for a sieady state, but predicting an evolutional process, In this paper,
we shall examine the reason for the unsuccessfulness and suggesi ways for ils

amendment,

Key words hydrodynamic stability, weakly nonlinear theory, resomance



