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(# E] 7T Hamilton-Jacobi (H-)) HEMUMBFERZEXER, # =K B0 RCE 0% Xk w A
FREH)TE, BUTEEEN H-) FERBIE. ST -SSRV RERANITES R, HPa#HF—
A1 8% B /E A T # Richtmyer-Meshkov R AIAEEEFE. HERREY, ERAABEEZSILEASHE,
MESBAELZNAABREOERETHETMN2PHRE. L TREBEEN WENOK R, A FBEAEFENK
BEAH, ATAATERESZRIKEL S H-J TEKKE.
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Hamilton-Jacobi( H-J) 7 2 7E 14 25 SEbr ol B A &R A I A, 40 & FA A9 7 187 38 BR B AR Level Set 7 ¥ # AT
MBS BB T H-] HEY ERAEHEL ST RGBS mWA S IEN A .

n BEET—RERMN H-J FER

$, + H(x,, ", x,,¢,8, ,,8 ) =0,
{ ‘ ' (1)
$(x,0) = $,(x).

FERMBEERESEN HENFELTRSCENYME, EMMERTER REER, AU &7 B
MM EE R AN EHEBAENER T, FR()EEW—B . X T HE() M FEE e — 5,
Crandall” S T & TR R .

H-] TR RSHERE & EFWMNBAR, E—BEH T H-1 7207 LU A5 5 A9 DUl B sPfe st r 2 AL
®E T —% HIHE

b+ H($.) = 0, (2)
MBS u = b, BBAITF(2) T LU%E R 0 0 SF 4 7
u + Hu), = 0. (3)

St EHFEBEEMMMELXR, BETUMNBER LK H-I FEENHAFERHR B

MTNHBTERTENKR CERBRTHRERANIOXNAER ST, ENLRAREEN Lax-
Friedrichs #& =X (LF, LLF) .Godunov Z{ & =X . B G M & IE A Roe # L (RF) % . B T H-J 7 1 F1 0l B 7 #2 R Bk
AU EFENAE H-] A EM KRB P O[3, 4] AX LR AR NER, UEFKE K ENO KL
WENO 8 ZK M H-J 78 . 3C[7 ~ 10] RS PR M BE 04 T XU BU<FHER S H-) FERN KR B HE R EMN
R A% XU RSP AE R 7 BB B B A 09 0 3 RS 3 (relaxation scheme ) 2 A T H-J H R BIK @ A SCW L LF,
Godunov 1 Roe S53@ B 7 AR X A EE, MAHA N EBARXE Y TRE H] FEMNEHENR SHETE.

1 Hamilton-Jacobi FIEHIK##
HE,RIMNAHEH I TETSRSEIANESBES—AaXESE . CEERE S AT AN E
BELERES TTHATRAECHEZRENMELATRATE AEEAREHANULE, EL R A T KE
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B8 =B 1 XUE B (UCD3)
2 E3 ES F ES
S+ g = (gor+ gotlr, @
BB R R0 KR B (UCDS)
SE SR = T (= S+ 1 44T £ 4 30), (s)

REENEF 004 =1 -f1. 00 =fur - oA s sl L g mmpts gt 2 4
X HI 78 A TR R E S AEA HRE R B 5 2 A4, A B R ER B R

BB D B L, AT B R TU A HD 7R (1S4 h 3 — 30k . 2 S48t FAAO 4 O A
TR R LA T A B SR 1y, 0)

¢+ H($ ,9) =0, $(x,5,0) = $,(x,y), (6)
SRR W

$o= L($), == H($L0,080.,0 80 0,0800), (7)
Steb [ HFU A SIE R T X T AR B0 1.3 1R R A R TR 2,4

T BRAEEK R
MIELERRTREZLBMER S RBR, AR HWREAER, Kk s m3(1,3,4].

1) /53 Lax-Friedrichs ¥ 5 (LLF)

SLIF, + -+ oy v+ u v+ _ u+—u__ v~ v
H(u w0 ,07) = H( L) ) @~ @, —5 (8)
H
a,= max |H(u,v)|, @, =  max | Hy(u,v) |,
uGI(u_.uf) uG[(v_,v+)
€lc.D; 4€[4. 8]
H(u,v) = aHgIZ’U), H,(u,v) = %%’—U), I(a,b) = [min(e,b),max(a,b)],

(A, BIFI[C,DISyHIR u* F o WIEETEE . QR LK@ 1w ,u" )M I(v™ 0" ) RIE# N[ A, B)
FlC,D],MAI18F] 2 ¥ Lax-Friedrichs # 3 (LF) .
2)BE W IEA Roe #30(RF)
H(u,v),H(u,v) FABEHFS,
Hbuw € I(u,u"),v € I(v ,v"),
H,(u,v) FREFS , K

H(u" ,v7),

" = 2 u € [A,B]l,v € I(v7,0"),
H(u U+;U )—a v _2,, H,(u,v)zii‘ﬁlﬁﬁ%,ﬁiq] +
v€[C,D],u € I(u ,u*),
HY (ur w07 ,07), Hith,,
Ko ,o" EXWTF
i v, H(u.,v) 0, . v, H,(u,v) 0,
‘o {u, H(u,v) >0, vos {u', H,(u,v) > 0.

PLERER R )M NELE JHPK v, o S HAERNEBREITETEL, MERT
%t H-J 77 B2 B9 25 (8] B # Ak ; 7] B %F e 6] 5 0B B HOCR A Z B A8 E A9 Runge-Kutta £ 3X .
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@mt A B4, R A =/ TVD B Runge-Kutta 7358 ¢, HHH 677
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2 HEEG
THEHABIJL BB -8 AHERF .
B 10
¢+ H($,) =0, #(x,0) = - cos(nx), -1lgax<l, (10)
H
Hew) = St (Burges i, AR E )
£

H(u) = -cos{u + a) (3 M HE B R .
HESIR o=, FHBABHBARELE B1AHT t=1.5/7" B TELE R, B 1(a) ~ (¢c) X Burges H# i1
BER BHIONENHERREMNTESR KPP 5 —-ER i AN/DERERE XS/ F K. E 81
AR SR T (B 1(a)), =B (ucD3) #AE B (UCDS ) il KL E kg 2 FLBY WENO #5 2X 8T 5 4% 1 #% ( Exact)
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Fig.1 Numerical results of Example 1


http://www.cqvip.com

D000 http://iwww.cqvip.com|

120 it -3 7] H FnH

WI&RITREF, TR 41 DRIAR T SR04 T (B 1(b)), ZEM B 3E B8 X 8, UCD3 #1 UCDS BB A i+ 4y &
2R, WENO R LA A BRI FE R, X iT LB 1(DFTEAE & B 1(e) % TR A UCDs # R 7
EHEBROBEATHHESER . TLURN LF X EARKXWFER, M LLF,RF 1 Godunov ZEMITH LR
HEA - FEEHBKE,LLF # RF B H Codunov X ERSEFLH, MATEHEER.

BB 2 Richtmyer-Meshkov(R-M) 5 [ A& € # 6] iR

Richtmyer-Meshkov AR E MR MBENERH AR FZEEN T ERENZT AR SFENEBIALR, BHEBR
HARAGRE(ICE) BHERKEREIHEE ZHMATRE™ .

FEFAEUT MG EHHBE S 2R MR IR EHEELERARTEN RM ABEHEAR ED
B2 i, K1), (2)ZEAMEGEa M DHEN 1.1 WAFEE,(2),G)ZRA—1TRAESHEZNS
WARE, R FEELA S MEEEAMT x=0.1 4, W FHEAPOMT x=0.16 &b, T ShHRIEH 0.04. B %
AR R BRI e AR X (1) b T E XA (2, y)€[0,1] x [0, 1], MAERI 434 161 x 161 ; T & 994690 16 &%
HHhHEEQBEEMENINL,BEE u=-0.1882,v =0, KB(DMWETHEEXZHE  KEG)BREEN
X (2)8 1/5 50, HARFI(2) X .

B AR R AT IE4E Euler 5772, R R A Level set'™ H BB REEE . H H Level set TH Y

o0b  dpub | g _
ot T ax T By =0. (11)

Xt Euler T Level set T HIT @R H)G, %5 6] T HOR A 1 Wi K& B0# 3 (UCD5) AL L B WENO
#& 2R BB, B 8] 7 6 R A = B Runge-Kutta J7 35 .

TE Level set MR MITE P IRIF Level set RY AT SHEHERE+AHEEN"  HEXFATLES
FREMEMEE HRRX WRRTEASEN—EE, B ATE Level set J5 s o 5% FI BE B9 ok %0 AT IR FF X —
BEAE FERMITHERLI Level set BE NEHRAK, AXCRARBERM—FFE" L R\IE
(I2)MEEBRERKBHSER R,

{(p, - sign( @) (1 -1V e 1) =0,
o(x,y,0) = @, (x,9).

FE(12)H— H] B, EEABRAITEFEIEH Godunov B, 25 8] S HCR A A K0 M EHHE R,
8] A7 a1 R = B Runge-Kutta FE B3 AE T Level set REMFEAIT EH VLIS B Level set PR ¥
AL NFEME), KA HER A RA #ITEH D IRCH Level set REL, TUFRHENH LR SHAE K
BE XK EERBEANHTES, FE2) B ATER 1~ 3 Rl E B RRER.
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Fig.2 Initial value distribution Fig.3 Level set function after reinitialization
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Upwind Compact Schemes for Hamilton-Jacobi Equations

TIAN Bao-lin, FU De-xun, MA Yan-wen, LI Xin-liang
(LNM , Institute of Mechanics . Chinese Academy of Sciences , Beijing 100080, China )

Abstract: Based on the close relationship between Hamilton-Jacobi(H-]J) equations and hyperbolic conservation laws, a high-order numerical
method is developed to solve the H-J equations in the 3rd order and 5th order compact schemes.The upwind compact schemes are tested on a
variety of one-dimensional and two-dimensional problems, including a problem related to the Richtmyer-Meshkov instability accelerated by
planar shocks. Numerical results show that these schemes yield uniform high-order accuracy in smooth regions and satisfactorily resolve
discontinuities in the derivatives.Moreover,since the present methods have less numerical dissipation than WENO scheme with the same order,
they could be used to solve the H-J equations more accurately in the simulation of multi-scale complex flows.

Key words: Hamilton-Jacobi equation; upwind compact scheme

Received date: 2003 - 12 - 01; Revised date: 2004 - 03 - 06


http://www.cqvip.com

