H13% 4 i 5 & 3 Vol. 13, No. 4
1996 4= 12 H CHINESE JOURNAL OF COMPUTATIONAL PHYSICS Dec., 1996

> T4 XAEHATT#E i R 57
FEEENBEEME

mER FHE

(b BRI 2S AUR K2 LA BT, 100083)

B OB ORI A K e BT HE 4 TORS U 3 Y P9 34 S RESE AR k. 2 AT 4 A
i< B 2 AR VE AR 5 2 0, B 2 W5 Rl AR 4 R 9 R RO o BT R, SR LR
SEVE CBPE . A, SOAR R Y BOR R EGE N R R T SR

KEiE AEHIOHT MO RHER AN Nk

hESES V211.3

0 51 &

143 X 7 S SRR 2 10 8 2 3 A E B B9 R Jy ], T e ikl il
A3 IK T B 9 30 b B AR 5 O o T JORE TR B0, (o 28 D8 S ) B B 05T A e 1
R, AR il b R %G8 BESFAE . Warming 5 Beam! ' #4 t) T — il 4% 2 5 MacCor-
mack 4% 28] <F 48 19 4 155 45 07 30, Rail2 48 T SF AE 2K 09 B DL RGE B T O I A9 K,
Berger > W95 T ¥ s F I A9 <SP S0 SHELE A Fbrit 2 o, 2] (4] M F &4
i AT RIS R, B AL STBL P R AL A TR FRBF ST, SR, X S ST A A AR TR
AT R A7 X AR 9 20 4T 2 W, AR ST AR Bk T BN RRE , R AR EL AR A4S i ANHE
S 0T AR SO R SR e 2 B A P 3 R T 0 AR T R R S [ 3 R O
P (1) (2], (3693 B <SP a5 R M AR A4, JF 2T BUE IS

1 BEFEEZE
S - 4 <Y A 7 R 2 A 00 ] R
U +F,(U)=0 (1a)
Ul,—6= U, (1b)

[ vdx fite, RS R0, ()%
Jimljdr - J+alU@dx (2a)

» AL FHEERBFES ML ERFEER.
1995 4= 8 H 18 HIFIEH, 1996 4 3 A 10 H W H 23k .



446 ! oW om om H13E

R fi: Udr RAFEE. X TE 1 PRHHET KR AB, XFEMETRR R

-1 .
A + A
Axy Z Vi + SLA T 08Xy 5 B VI + Axp 2 V! = const, (2b)
=%a I+1

XE V(D) BB T RS ) R T
RE L BLE M, A0 7S AR i 59 e, o2
S A% AR S B X R B B (2b) B SR -t
MR EE F ., XK AB %
ISR ERiE S
Vit = VI = (BN a— EX ), i<<I - 1 Fig.1 Patched subclomains A and b their grids.
Vitl= VI = 2p(ER )y~ EP ), i1+ 1 B1 PHET IR AB R IR
(3a)

o R 0 A A S, B

EX 1a(V, -, V)=F(V)

El1p(V, -, V)=F(V)
H2a=4at/0x, 80 HEFEAA, Ax HEFBK, BT AB S HERTFEKA B, HilRE
AT AR E RO AR T X VRS . SRTTX R IS R A S (2b), BEB Rk IR E 5
(IEAPIB IR, FOTX —4E T AW 3 Riemann (8] 551 1L K 3 3K 45 9 00— 48 To k6 0 325 5 4
I EARIRAE T — &7,

R R IX I F A, ST 1. (20 (3]0 B4R M T SRR b2 %o (8 447 966 1 0 3 i <7

fER %, HAm

(3b)

VT = Vi = A (Ef s ya— EP- 1) (4)
XH A =201/(Azp+ Axp)o (3)(4)BIE T (2b) L. H4E Lax. Wendroff (5 3E B 41 (3)
(OWEER (DM FHHRE . (OLEHRTEEMBH IS, G)THEENERKRL, (4)
HFE o X F Euler HRRA, 564 IR L AMT (4) % 50 % 09 4 30 /N1 49 B o, 78 i
SRR ARG, & W AT BELA H— 26 35 9 4546,

2 HEEH

B (1la) 2N
VI = H(VE o, VL) (5)
HAH(V, -, V)=V, p.q HIEREL, HXTWIR U4
U = H(U! 5.+, Uty ) = Aery (6)
At, Ax—0 Bf r—0, FK(S) 5 (1a) A . KB Az = max(Aza, Drg)o HAHERM(6) 4
oA EAZR,
WA 1 HEMEXG) L
2 HA(U, -, UNU, - U) = - AtF, (U) + O(&%) (7)

Hf H Y FAR e RARXE b AR RE R FE, A= max(Ae, Az), WHE R HI A4 (6) .




%4 4 RN 5 3 T BRI R A 3 ok A 447

IEB i1 Taylor B X (1a), HEER At ~Ax, B SIEH M E,
L1 EHSREE R, (D) R e R 25 a0 4% 0 R BUEE A A A, Wt 2
AR 6).
JERA : 22 k(8] oe F iR i X A — Ui R IE W AR, AT R(7) oL,
IEHER .
SE2 WTIKEABRIEHIE, RS2 (6), W NI R FER K (4R (6) ) Fr e
*MH
E} 12— Elipp=0tr) (9)
et Ar, Az—0 B 10, '
UERA .
Ut = H(UT-,, , Ulsy)
=U" = U+ A (EF s 12— EF-172)
= U3 = Uy + A(ER, 1= Ef-1p2) + L (EP- 12— Ef-172)
=Atry+ A (E7- 12— Ef-12) (10)
75 (6) 24 HALY (9) 4 HB AL
(4)RET 6 2 (6) B B LT o TR B ALB A #s AR RS A [] 19 47 O 1F
ridit.

3 BEARE
AT A, B PR, # A AE . # T s B4 518 MacCormack & :5 Lax-Wendroff
& =X

EX¥, :%(F, 4+ By = %/\CHI/z(F,-” N ANT Y (11)
B, = LRV - AR - ED 4 SR> (12)
Hdr C=aF/oV, FHKIE
EMeC, — EFY = AeO(A), (13)
H A 2 401 (4) 2 (6) o [IFE, B TVNI %34 1 400
E,‘Tyll\'}lz_E,I"m/z:O(Az) (14)
WeAE 1 45 TVNI %R 5 Lax-Wendroff & A0, (4) R (6) . X T Lax-Friedrichs 5 =,
1 1 _
Ef‘fl/zzf(F.JrF.'ﬂ)—z_A(Vin*Vi) (15)
¥ 2 5 Lax-Wendroff # 2 A0
Ef’fl/z - E,I"Zvl/zzél,i('\zcn-l/z - K)( U; 41 = U;) + O(Az) =OH{A) (16)

Heh K H AR, HE(4) R Z(6) o
B F R A B PR AR (4) AR 2R 6)/ESEBEMAE I AW dH
—ER AR, & 2a.2b2¢ A H HEERTE A S(x) =1.398 +0.347tanh(0.82 —4)(0< 2 <



448 " o R F13 %

10)9"]#5‘{?%‘WM’“gfﬁjﬁ*ﬁﬂz\iﬁ%ﬁﬂj‘Zﬁu&mﬁﬁ‘rﬁ]ﬁﬁ x =S H5 A W )32 B
—HYETCHRE W B Riemann [0 5 H 845 5 B 2 =5 4K F, BL Courant 34 0.95, L4k
HRRATAR, BRSOV BB A . R RS SF A, [ 2a PREEE SN EAHBIRE,
%W’F&W%Fﬁ(‘l)ﬁ‘ﬁ,%EK?&E(@V\]@%%B‘J&@E%%%&HE,ﬁ%f%ﬁﬁﬁﬁﬁp‘]ﬂ
TR HEESEKINAERE(E 2d). Warming 55 Beam WA ERRHMBENEALE
ma RE AR A R e N . (HA7ER 2d o ALB 42518 Lax-Friedrichs. Lax-Wendroff M,
Kfdo 2(4)W 2 (6)BF, LR shil ¥ M AE N i B bR B TN E £ XA 1 2e, 2f
Pt RS RES.

0.1 T T T T 1
0.0 20 40 6.0 8.0 10.0
X —A xs
00 20 40
subdomain A ,
5.0 70 9.0 50 7.0 9.0
subdomain B subdomain B
[ 2(a) & 2(b)
28 3.2q
. 4
o o
E 207 > 2.4 o
©0
2 B
A 1 = e
1.2+ 1.6 + °
°
~ A
04 T T T T T 1 0.8 ' T 1
00 20 40 6.0 8.0 10.0 0.0 20 4.0 6.0 8.0 10.0
X —-AXIS X —AXS
T T T T -
00 20 40 60 00 20 40 | 60
subdomam A subdomain A
T T T 1 T T
6.0 8.0 10.0 6.0 8.0 10.0
subdomam B subdomam B

€ 2(¢) A 2(d)




55 4 7 FER S R T4 AU TORG I P9 00 7 ST AR SRk i A A 1 449

0 44 28-
i . )
e o
g 0.3 E 20 4 ¥ R
029 A 121
] ]
0.] T T T T T T T l T 1 o-4 T T T T T a0 | T 2 T T 1
00 20 4.0 6.0 80 100 00 20 40 6.0 8.0 10.0
X —AXIS X —-AXIS
r T T T T l LU T T T T 1
00 2.0 4.0 0.0 20 49 60
subdomain A subdomam A
so 70 90 - 60 80 100
subdomain B subdomam B
& 2(e) A 2(f)

Fig.2 Numerical solution obtained with algorithm (4) and different schemes in each subdomain. Azxy = Azp =
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fig.3  Numerical solutions obtained with algorithm (4) and different scheme in each subdomain. a) Az, = Azy =
0.1, Lax-Friedrichs scheme. b) Az = 0.1, Azg = 0.0025, Lax-Friedrichs scheme. c)Axy =0.025, Azy =
0.1, Lax-Friedrichs scheme.d) Az, =0.025, Az =0.1, Godunov scheme.
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fig.4  a)Solution of the problem in fig.2d by using(23);b)Solution of the problem in fig. 2d by using(22);c¢)
Solution of the problem in fig. 3b by using(24) ;d)Solution of the problem in fig.3b by using(22).
P4 a)ld 2d 1 (23) R0 930 4085 b) 1 2d oF T (22) SR8 4 i 402 o) 181 3b o T (24) S e Py 30 L 4 5

d) 1 3b oF(22) KA P 30 18

&% &

LRSS BAE T R, 1 4 K7 B Euler 77 FREERT, X P00 5 50 86 (04 2 5K 5
BESPAER AR T8 DA 11 5 5 5 10046 R[], 3 < 4 59 T B 5 4 2 4 AR 2 98
B IERE ., TR TEE SHAEN R — R &,

BOM  ASSCSE T R P R B WL R R T R B S FE B, R R

sExH

Warming R F, and Beam M. AIAA J , 1976, 14.,1241-1249.

e = RV e e O

Rai M M. AIAA Paper 84-0164.

Berger M J. SIAM J Numer Anal, 1987, 21:967-984.

TR, B2E0E L R Eh SR, 1991, 9:330-337.

Part E, and Sjogreen B. Computers & Fluids, 1994,23:551-574.

Wu Z N. SIAN J Numer Anal, 1996,33(4).

VTR . DB AR AEOL TT F40 5E 2 0A0 30 b 58 MR K2 4 S B R4, 55— 364), 1995
R 42, JB % B . Rt B <F A A 7 R R B2 0 W L ST B2 AR AL, 1991, S %,

Harten A, J Comput Phys.,1983,49:357-393.




& 4 3 V% FEHN S . Do T4 KRBT RS L 930 <P A B A AT A 453

ON THE CONSISTENCY OF CONSERVATIVE ALGORITHMS
FOR INTERNAL INTERFACE IN THE SIMULATION
OF INVISCID FLOW BY ZONAL METHOD

Tang Hansong and Lee Chunhian

(Inst. of Fluid Mechanics, Beijing Univ. of Aero. & Astr. )

ABSTRACT Conservative algorithms for internal interfaces are investigated for simulations of compress-
ible inviscid flows by zonal methods. Analysis indicates that the conservative algorithm of interpolation
type may be inconsistent with governing equations of the flows, and calculations show that this will cause
severe numerical errors, and even ruin the stability and convergency of the computed solutions. Therefore,
self-adaptive methods are proposed for internal interfaces and numerical examples are also presented.

KEY WORDS compressible inviscid flow; conservative algorithm for internal interface; consistency;

self-adaptive method.



