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Abstract

In this paper, a new kind of finite volume scheme is developed for Lagrangian equations
of hydrodynamics. By use of ENO (Essentially Non-oscillatory) interpolating polynomials on
structure grids, the high accurate finite volume scheme has been constructed by modifying
a first order finite volume scheme on rectangular mesh. This scheme not only does well in
single material calculations, but also eliminates the oscillations due to common conservative
scheme in multimaterial calculations. Finally, with the remapping method, some numerical
experiments are made with an arbitrary Lagrangian-Eulerian method and results show that
the method is effective.

Keywords: remapping technique, ALE method, ENO interpolation, finite volume scheme,

Lagrangian coordinate
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1. 5

i3

Wik H vt H O KR A Euler APRRER Lagrange 4 FRFR A] 43 %4 Euler 755/ La-
grange 7P A . Lagrange 755 M BRM R Z 3, Xt T £A F ek B F e -
—FEARN . Euler kP KRR E K, X ATH B HLERE, 28X F @A
BHEATHEMS RN A TRRE BRRE, RBTRRENG4KT% BAR
FHERR 1974 4F Hirt 25 AR H 19 ALE (Arbitrary Legrangian-Eulerian) 7 M. %4588
WHAB L, B%R Lagrange 5, BN AFRE G iz NGRSO EW, £3hRT
BREARG—NZGR. RE By ERP2plNgETES ERABRE LK
YEBRXBEBIIFFE LY RIERCIRE. WG, BAKT ALE FEFR T AREOPR
T B9 Riff-—RHSERE ALE AR LN RTES UK Buler. At
B YR ERHER RS (0. AXARSERN 4 Lagrange A NEHBRAH K, R
F E.47 Euler 778K %+ 18 3 il hiz A 4 ¥ H 3 ENO(Essentially Non-oscillatory) # 44
B s B, % T —2 Lagrange HRABHE R, 44 ENO BHEMGELER 2 FE
Epya 100, #TTRAN RSN RITENTE. & REDN RO B/ R ER
FRFEVEBR, B AT LIES 0 A Sh, B 5 Y2 5 B R RN R .

2. ENO HR&REAME

2.1. {2HAE

HRIAE, EDERGPE, TS SOOMAE, I BB SN, R LUZRE B J1, T
Lagrange 4R R T/RE. shE. ERTEARTURNMLA:

d

= = 1
dt VLpdV 0, ( a)
d =
—/ pvdV+/ gradpdV =0, (1b)
dt Jy, Vi
d o
—/ pEdV+/ pv - ndS =0, (1c)
dt Vi St

XB Vi & Lagrange S E4R, S, REKARERE, § REEME. 7 REEOIER A
ik, p REHE, v REE, ERLEI E=e+37-7,e RILARE, p AKEMR, p= (Y- 1)pe. X
HHBRTEESEENHE A RARLEAREAEN, FEYERYREMKES O,
BEHRHE A R R A 5.

2.2. ENO H® WA HiE

BEANEREAEFEZHRAN A BEART S, BEANEET AN ED, DI
A3 EERE], 2636 3 X O 0 4 (L A A DX AR, 7 L 36 DX 4SS A4 3 () B
BERY v(z) £ E+1AE i, Tigr, -, Tipk EHIE, W
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(1) ISRk v(z) XM (zi, zivx) BRI, W) v(z) HE

(k)
oo zunk] = TG, el £ € (o1, k) @

(2) MBES o(z) ERF (20, 7:0x) LHARE, WA
e+ ,zoss] = Oz ®

R, AR, ERRFFN, MEIHEWMZ, ZHM Az - 0 TETEFK,
Jr BA T LA FH 22 189 K M 38 5 a1

LIRS o0 AR i, Wi ENO HES IR MARITAERHIG Q1 EMEESH
R U216, 33 i = 1,9, 3) EMRETHEN T RERT O L, B f(2,y) HFHERN:

(oo =g [ feudods, Rk 10 wimh o BB O

Xt FEMBEEIR, 78
(2, y) = go + ¢z= + g, (5)

Uil daE

Pz, v)e, =02 , (6)
(pl(xa y))ﬂ; = U;

ERBUEBEFRBOWRLT, THE—BE — AR 90,929

—BAERT, {,, %} TIRRGHFEERIELAMNE, BA FFHEFOTE XE,
BABERAPH—4 {0, 2, U}, 5 02| + gy BEABR/D. ET LA ET7 M B E S
AR EEANEEEM. (8, T _KHESTR, #4:

{ (pl (xvy))ﬂx = ITI

P1(Z,Y) = Qo + @=T + QY + GzyTY + G222 + qyyy? )

R 9092091 9zy: G2z, Gyy NRERY, AN RABBEAANNTERM, FrUASERRERA
5L R I

3. KRB TEME ENO it H&XHiE

HXRBRPLE (1) #THHMETOREEEANE SHWRBRIG: o = idzy; =
JAYta = nAt. BT RERERAZE), LA REARBHARE REHEATERBIL
T RER-SEERRERGAR, FrLlgteR Bz R TR T Ritie s 8Bk,

HABEBRRIEORM X T MEEROMBRT Q, 2 F=(pu,pv) H

| |
- Edxdy = — F.nid 8
B o, P ,gl‘. nyds (8)

Hp T FR58 k %38, v A T BBRAISME ).
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id
(Ua, =01 = |9| o Udzdy 9)
Hep | Ak o EB, A (2] 2K (5.18) B
’Qﬁ. = / F - nds & —Pk je41Un,k k+3 Sk, k41 (10)
Tx

HA per1 HRKEAR LER, & AAREEMES [T SKFS, Dt b F. HTFER
ARG BRI RN FEIE 5, &1 7 TLIHE ARG ELAK p(z,y) KEMU 5. HTFRE
BRiE p(z,y) LR ERZEN, BY poen PREENAZEHBESHR p(z,y) KB,
X BEWEM—A Riemanu i f, JH: KB Riemann 8, ATLARHY prrvr MIE. T ME
FE un FORREONTE R0 SR BIBUA:

1
Un ke k15K k41 = El(uk + et 1) Wk+1 — Yk) — (Vk + V1) (Ths1 — Tk)] (11)

Kb we FRFEH & TURK o FAEE, ve BRFEH b QI TURK y 77 0EE, (06 vk)
RARFSH k BRI SIR{E.

g
at(pE)ﬂl = ,9 ' kz-:lQﬂl
= %W ;pk ka1 (ke + 1) W1 = k) — (Ve + Ok (Th41 — Zk)]- (12)

Btk R R EE. MERGRRE O # TR, B

8 1 8 o, e /
at(pu)n, Tk n‘pud::: IQI 9z dxdy |Ql|k§=) 5 Drr+1dy,  (13)

d B ap _ 1 =
( >9| = IQ ]6t b pvdzdy = |Qll n‘ dzdy = lQll kzﬂl‘kpk,k+lw- (14)

FIA (12)-(14) TLARA At BHEJS, HHOEE E, NP OB 6, 9, 4T 885 H
PR L BT B BE AL, A TUE At I (B /5 P R BT B A B, (LR RO R R B B PR N
i, X F —4E A ERATT LAEA Riemann ##13 H FI# < LR HBE, HEX T 24 HBERIR
AETR Y Pl R, oS8 RO #E A R O TRE. O T MR — R, RAME R R
BAR, @bt H R X EET W R A SRR, R O KRR R RN T:

-
sssssss
ol -

A1 BRI
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MR R O AAEEEHEAE 1 PREFNE. X8, BRI 2] PHBHTRE
B, RATTLIRE
LA . . L [y LYy

i} 1 0 1 op I o~
B = o= g = B 09
e T REBERHE Q) 8933, n REFHGEIANONE, WASAIH—SRTEI PR
T, AXF n FF 4 MECLABIMNERENE THIREFHER / OEEZTR
p(z,y), MEWMTL %

F3 U RENBRAKEEEZIRA p(z,y) = g0 + 67 + 9y, BALKBHSEHE
z=m+ @ -2t y=n+ (2 — n)t Fx, H

/r.. i /r. pley)dy = /rk (40 +¢=2 + gyy)dy

= (02 = 1) ((0e1 + @421 + ) + (002 = 22) + ylz ~ ). (17)

[ E15:
/n = /r. p(z,y)dz = /r i (g0 + 9= + gyy)dz

= (z2 — z1)((g=21 + @11 + q0) + %(qz(-’cz - z1) + qy(y2 — 1)) (18)

KPR (21,11), (22,42) K3l Tr MEAMAR. FEMREAMESRUXRE O TFH, A
SBMRAEML RN, KEUER FRBRIZN.
211 (17)-(18) K93+, R T R A R IEAE, ATLLR Mk A R sh o fr B

Z;; = zi; + At (19)

Uii = vij + Aty (20)
MNP AKFOLR (£,5;), TEARBEAN R IT AT AR f’.‘+ Li+d M
A LUK HY 37 R #E B,

p M. 1/V. 1

et My o ARERTRE.

BXSL G2 (12)-(14), (17)-(21), Z49MIHE T 9 ENO BB XM B AR TUS Bin T
R
a

EUI = L(Th) (22)

Hh U = (pu, pv, pE)T, p = (v - 1)p(E — (u? +v%)).

EHEAE (1) ORBHECLEUI— MBI TBRAKB T, %8 TBANE
{E>R MR 7T LAF B Runge-Kutta 5%, SR =Kt TVD Runge-Kutta gk 13, AT

7 =a, (23)



" |
’

4 % EKEE %: —K Lagrange 457K T8 ENO FRABHER 255

oM = 7@ + AtLE), (24)
. 3- 1 1 i
Ul(new) = _:]_;_01(0) 4 gﬁl(?) £ gAtL([jl(Z))' (26)

RHERTER T —4 Lagrange i+H. IMERA=M K ENO #HE TR 1= F =R,
B RI=Hr R EHE ENO R4S,

4. QK

Xt —E &, N8 SR EARRERE %, —#REid K Riemann #§3K78,
H—FA R AR, AESTERR RO FIRETHRERD, RE MBS
-3

\ J (pyu,p) =(1,0,1) <05

R { (p,u,p) = (0.125,0,0.1) z>05
ERZFHREEH 1L, YR, BRI 7L = vr = 1.4, BRI 7L = 14,78 = 1.67, fff
FZBr ENO m# i8R, 2K [0,1) LB 200 /N5, BHE] t=0.18 &, M A S E R
Riemann %, i H 42 1LHE 2, ZMH 5, HHERLE 3.

FHK A, AU ERBARNEE, SR IA 4, 5.

MEERB S RRINTUEHARI T ERAREEN T BT HERERTLHR Y
HAEH Riemann kA A HBENSREN. T AAERGHEKRASRBEN SRR B
B Z4H 0L, A Riemann @KRARHERN T EER D%, MEHRANBS), REKRE

R A RBSALE, AN FRER. B, ACERERARTHERA RN T
= (p,u,p,v) = (0.445,0.698,3.528,1.4) z < 0.5

(8,u4,p,7) = (0.5,0,0.571, 1.67). £>05
5 —Fr ENO BoREBE i+ 38 X0 ENO SRR BBy 3%, X4, [0,1] EHR 400 M, B

Bl t=0.14 B+ HLRNE 6, FEABRA LN BHORY;.
(p,u,v,p) = (0.8,0,0,1.0) z<0,y<0

(p,u,v,p) = (1.0,0.7276,0,1.0) z<0,y>0
(p,u,v,p) = (1.0,0,0.7276,10) z>0,y<0
(p,u,v,p) = (0.5313,0,0,0.40) z>0,y>0
R v = 1.4, A ZHr ENO #R B+ HE XM ENO LR -FEEBRA &%, X (0,2] x
[0,2], M5 200 x 200, B} [H) t=0.52 it & FELSEHL N H 7.
i (19 (p,u,v,p,7) = (1,0,0,1,1.6) (z-12+(y-1)2>025 .
(p,u,v,p,7) = (0.125,0,0,0.1,1.2) (z-1)*+(y-1)*<0.25

fF ENO RoHSRE i+ S R0 ENO TR <FEEBR T i, X4 (0, 2] x (0, 2], M 200 x
200, BHE ¢ = 0.2 BFE ML WA 8. SEMAINE RS [15] FRYSIA Level-set!'s) 3k
BRI SRR

@ =: —# Riemann [/
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