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Fig. 1 Error analysis of compact difference scheme with one free parameter

du af —_

3T R=0 S =cu, c=const. (1)
du
a =0 @

Hep ’%XT H‘Jﬁ%ﬁﬁ We>0, TEAHTE
B IER (2) BAEFT HFE RHME R

u(xr,0) = exp (ikr) 3
W= (D) W RER
u(x,t) = elik(x — ct)] (4)

RIFE AT LR 3K (2) MmN

u(x,,t) = exp [— c %t]exp [ik(r, —c %t) ]

(5)
Kb a=kAr FOUBEESEE JERBEEE
2 X

dk,(a)
da

STFHEQ) KRB, FL =0,k=0c,D@)=1,
ZRAG), TURERBEEHFESTBERXH £,
k, F1 D(a), #E WAl A3 T BE R EATHBETT A 4%
#.

MFUTFEIE—-TEHSEMWERE R

—aFj+1+%Fj+(%+a F,_,=

D(a) =

(6)

%x+%wﬁ-uw; %)
HbEHETF.

3;fj=fj_f,'—1,

3z+fj=fj+1—f,-
x=§ﬁ+&% 8 = orer

B1SHTHRO WEMRE GBUIREM
BB £, ok F D(a) BES 3 o 0 a RLEBL, AT LA

& a5 TR B 4 B BOE #% &R A R 47 8 3
BE o 35 200 A 388 o B {E AR AR S T R R R BE
K EMWEFERERDNE T ARERN S &
PR, AT B EYER G N7 £, BHAEER
BT XFBR R IR

WO M TRBEEMNEEZ TN, B
BAEAHTERDOMBERS, RER/DHEBIR
2 R K B IE B AR 4R B BT

3 HEREHBEX

X4 BRBE THAEER LSBT
BERRHEREN HEFBER - IMHBIERYS
B 7 A, B3R B M Y A% oK 7E B ET R 18 B R X
(SLW), T 7E 5 J5 2R B (FST) . AT A RL g
HBUERG = E.

St FT £ ERR

aF, .+ BF; + ¥, F, = d, (8)
Xt FIEBREHEO Bl c > 08, H

— +
a; = — gf_'_'l_, B} Y + U)—— a)‘+%
=5+

d, = %x+g*‘-—ﬂan—d;6ﬂ

WO, H

0 = o1 é , B = % — il 405l

7, =0l

d, = ig:- + ds- fi — 2[o:16F — o187 1f,
6 6 : P

HAF

3;&-;- =+ g[1 + )IOSS(uj+%)]PP)+—ICI 9)


http://www.cqvip.com

D000 http://iwww.cqvip.com|

106 it B H ¥ F R %22 %

Py — P EREHEFRXO BHS o M7Y, 558K

P+ P, g, = 0.5, = 0.9,

SS () =Sign(% : %) an .21 —BREBER
FHEAZIHENBEEER A RE—

HESRER o, V“WBREEEN1 <0, < 2,
# Euler )3 ,17, k .
B r < PP B RS0 o PV W HIEAN(0,1] 00 20
HRBENT .

B S H R T RS, BT B 2
1 =la=1,p=157 Yr<o0 258
RIS (B) TEWRATE SLW B SRR Rt T b= 0.5,u=0,p=0.57 %z> 025
FSTEQ ‘ o . B : LU = Dy p = U, xI . 0

SS (u) = sign[ (u;4 — u;)
K Ma., =2, 5FEGHEH# B 24HTt=0.15

(ujpr — wjy — u; +w; 0] (12)
REA TR ER. TUEH, HEERROAREN.
fh 2%(9) FIR (10) T &1, E MM LB K H 0,01 RMHEER, TUEH, HHERROABEY

A AR — B0 S R B L 2R LA R T [
I‘%ﬂ]iﬁﬂ . g i%- —o— velocity
W
4 Euler FIEMESBERGERE 05 ]
o 07
4.1 Euler FBNKXME g §'.§;_ ......................
L H4 BE S 45 007 o B A B3 4 ) Buler o3
FHEEW BRBZ P, P Steger Warming & i oL e c—
ﬁﬁﬁf%ﬂ% Euler ﬁﬁﬁfﬁ‘ﬂmﬁﬁ,%ﬁ%ﬂ 0001 02 03 0. 0.5x0.6 0.7 0.8 0910
P2 S BIER (8) BB RE M E SRR, UL it o SR
SER(9) e kb B0 fEL 4 o O THE S B, LA 48 R
B AR X TR 10) By Py, REFCER[4], 2 4.2.2  —% Sod FIR&
SR A B 1 B BN B AR 3P R A BB IR IERMSHERE L, TR EEHL0.1),
T A T 5 4 1 A R MRS 201, A EM F & -
p=1l,px4=0,p=1 W <050

A, oy RXRAREEA=ZHEY
p=0.125,4=0,p = 0.1 Hz>0.5H1

R -K TR .
unge-Kutta 3 #7K @ W37 t=014H8HELERELEHEF

4.2 WEAH VIE T E R CRR4] S 5. T LB, A& ik
THAHFETRY—EFE L DRBATES 3k mhia s 0 e 2 H T,

1.09 —a— Exact solution 1.0 —&— Exact solution = =
0.9F ——GVCl1 0.9 Y | = GVCl T Gy uten
Y [ ——
0sl —~GVC2 b GVe2 L | —o-GVC2
0.7
@
S o6l £
1] 2
£ 05 3
0.4
0.3
02t
0_1 Pl PP PUVDT PUUTT TUTY PRTTY PRI | 1 1 [FUTR VUUTY PUTIN | 1.4 B m
00 02 04 06 O X 0 02 04 06 08 10 08 10
3 (2) Sod B (FH) B 3(b) Sod (a) (EEE) 3(c) Sod [} ( FEF)
Fig.3 (a) Sod problem (pressure) Fig.3 (b) Sod problem (density) Fig 3 (c) Sod problem (velocity)

GVCLAZAXMBEEBEEBIHE, GVC2 AR (4] MBF AR e
GVCI: GVC scheme in present paper, GVC2: GVC scheme in Ref 4
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Fig.4 Sketch of initial value
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Group velocity control scheme and two-dimensional riemann solver

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

Abstract: It is a challenging work to simulate flows with strong shock waves and contact discontinuities
in the field of computational fluid dynamics, which are the basic elements of many practical flows. The
3" order upwind compact scheme is of the character of high precision and high resolution, but numerical
oscillations occurs when it is used to simulate shock waves. In this paper, according to the characters of
group velocity, one group velocity control (GVC) scheme was constructed based on the 3 order upwind
compact scheme, which can simulate the complex flows with strong shock waves and contact
discontinuities correctly. Based on the GVC scheme, a numerical solver was constructed to simulate
two-dimensional interface problems of high pressure and density ratio. Numerical results show that it is

an effective method to identify shock waves and contact discontinuities.

Key words: compact scheme; group velocity control; two-dimensional riemann problem
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