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3 e o R - ’
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BT L, oA AR S B 2T AR R AT

du+9 f(u)=G(u). (2)
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SRS T2
P, = %, (7)
ag
A, a, AT BENGHE  m/s
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* |v]
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—, otherwise,
Hrp
o 1 >
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X N RTEARR R L R, Fielde 25 1 X IR ALERE A
X, =az,Xg=0a,,X € [0,1]. (18)
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LR
—>|—> [ ] —>|—> [ ] —>|—
J Jt1
Xj-112 Xj+1/2 Xj+3/2

B1 itRRTRER
Fig.1 Schematic diagram of a calculation unit
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+G(u); =L(u),. (19)

1
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1
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(24)
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CRRRIER/ IR
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i1 ° I e I Py |
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Fig.2  Schematic diagram of the characteristic line method for boundary cells
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AR E P 5 X L Bk AR X5 — Boks BEAS 0T3R4 5R  F T 0 v SRS B ekt DL R 3
Bl @, =1 000 m/s,a, =316 m/s, u,; =5 X 107* Pa-s, M, =5X 107° Pa-s, P sy =998.2 kg/m’,
psp =1 x 10° Pa.
3.1  Zuber-Findlay i# i & ] &%

1) FlafsiE

KFER 100 m, 42 0.1 m, WIRTIMTZEAE 1S 50 m &b, B4R 25 PR IR 1.

£ 1 Zuber-Findlay J 4 0] 801 46 451k
Table 1 Initial conditions of the Zuber-Findlay shock tube problem

variable left 50 m right 50 m
80 450 Pa 24 282 Pa
a, 0.55 0.55
Vg 12.659 m/s 1.181 m/s
v} 10.370 m/s 0.561 m/s
1.2x10° 0.60
Lo !M 0.50] - 2
o 8.0X10°" - rmmm— | 1 o .
S < 0.401 )
& 6.0x10* ] I
—ref.[22] 0301 ref. [22] -
4.0x10%4 ----1st-order 1000 cells L . ----Ist-order 1000 cells | 4
= 1st-order 100 cells 4 = Ist-order 100 cells  [ioa=
2nd-order 100 cells . o 2nd-order 100 cells
2.0x10* . . : . 0.20 , - . :
0 20 40 60 80 100 0 20 40 60 80 100
x/m x/m
(a) JEJ130TE (b) SRR RS M
(a) Pressure profiles (b) Gas volume fraction profiles
12 14
10 12 :
g .8 5 10 4 ). -
\w b f 8 uf
E 61 g
~. ~ 61
S 4 S
—ref.[22] 44 ——ref.[22]
----1Ist-order 1000 cells 3 - ---1Ist-order 1000 cells
29 & 1st-order 100 cells . 24 = Ist-order 100 cells .
2nd-order 100 cells . o 2nd-order 100 cells %
0 T T T T 0 - r r T
0 20 40 60 80 100 0 20 40 60 80 100
x/m x/m
() WA ) (d) MG 1
(¢) Liquid velocity profiles (d) Gas velocity profiles

B3 FE: = s Zuber-Findlay #8425 S50 1, —Bioks BEA% =X 100 A~B78H1 1 000 57T |
ZBRE e R 100 A2 G BRI Roe J7 i 20 000 A~HLIE 2 X L
Fig.3 Comparison of simulation results for the Zuber-Findlay shock tube problem at¢ = 1s, between
the 1st order accurate scheme with 100 cells and 1 000 cells, the 2nd order accurate scheme

with 100 cells, and the flux limited Roe scheme with 20 000 cells'??]
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A Zuber-Findlay I X 2240 C, = 1.07 v, = 0.216 m/s 18 20 EERH , THA45 R
IR 1 s 5% (R 3 2 R ) Roe 745 FX1143 0 20 000 A~ ociART T A4 1 2 A
Bl Evije fl Fjelde #2315 2| 5IE.

2) RS

3 Jis, g kb, STl A W W A EEAR S T  Ny, = 1.0.—
RS BT TS SR oG EE T S 25 SRR & S (8, AR AT 93 , B W 8e A e b 9 o4k
-, W] AUSMV 4% 2 KL 4 B4 ] I dl 312 66 . — BAS BE A% 28 1 000 A~ BT T 25 L 1L 100 A4~
TCH RS R BTG S, TR P AR 7 B i Lt B Bk A% =X 100 Aot 5
SR E S, RN AT R SRR B A T B (R A i T RE T SR )t 2
SURIBE R, BoRE BEAR X 100 AT RS SR e —BrkE EE S =X 100 S FOCTHHRGS RS S
F(E. WO A R W R 3 AN BATT, T — A AR X W PR 6 o, R Ry
i A% A O S 1 (B WA B2 R ), ELIRTDB B3 SE A & 225 (8, U2 R ) 1 T A A AR AR
FHCH R B3, A 3(a) L (b) FR.

32 EREBXRTHR=RINEM

1) FlAksik

AR 1000 m, B4 0.1 m, BNBILA AR Ch T IRFEVIR AR E o, = 1 X
1077) .0~10 s, AR B A B 530 0 MRS Ry 12.0 kg/s F10.08 kg/s .10~ 175
s, TR I A4 12.0 kg/s .50~70 s, MY B I 52 1 0.08 kg/s ZePEIB/D % 0.0~ 175 s,
B HEIRFEN 1x10° Pa .S % (200 FH 8 i FR I Roe J5 448 X434 10 000 4~ H70
IR 45 1 A A AR 175 s A B Evie Il Fjelde $2 1, Jf H 2 22 Flatten,
Munkejord S — AP IAIE R,

A R FHARZME (IS AS R A% T R OC T AR IR R B0 el 43, MR A R4
A5, = (30) Bk

C():l,vt:O.SXﬁm/s. (30)

2) RS

Bl 4 R4 2 S m ik b T8 SR B B BB TR Ny, = 0.5.8F0
PR S AT A S % (. — Bk BEAR 3 1000 BT Bk EEAR X 100 N BROCRTTE
B ARARBR B I . R RTEE S TE  AR T ) I RTARAE A S M, i — Bk AR
3100 AT A LS 55 % (0 22 SRR OK B IR B BAS BEAs 00 75 1 18] 06 4l
iz
3.3 e

DL BB 25 B W AUSMV A 231530 BE A v, (o sk s i £csss , Jd Fry i
Vi) 1(3.1 /15 ) B AUSMV A% CREHCRION T35 , 18] W7 AR 23 R 9 s T B =X LA
AR F T RORE R, AT B R BE in s e 45, i/ S IrRE IR (B) B4 2.(3.2 /N ) A7
RSN, B T A g, SRR TR 280 Y BT % R A — RS B RS X, kG
s A A BE T, W B I A A ) S e 0 A AN A0, FEAY R T AUSMV A%
AR AR A AL I A ) R e .
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3.5x10° .
0.7 s, —— Tef. [22]
0.6 r ."\q‘.. %\ - - - Ist-order 1000 cells
3.0%x10° ’ - . %\ = Ist-order 100 cells
0.51 ou ‘-. 2nd-order 100 cells
5 N
5 2.5%10°] 0.41 -
~ N b
= 2.0x10° 0.31 .
ref. [22] 024 - Ve
- - - -1st-order 1000 cells . e
15101 {gt-order 100 cells 0.14 "] Y
o 2nd-order 100 cells ’ i .
1.0x10° T : . . .y ' 3 "h, ‘
0 200 400 600 800 1000 200 400 600 800 1000
x/m x/m
(a) FEJym (b) AMAARFR R
(a) Pressure profiles (b) Gas volume fraction profiles
2.29 2.70
2.0 2.55-
= 1.8 _2.40-
~ [
~
£ 167 £ 2251
- ~
S 141 = 510 '
—ref. [22] o ——ref. [22]
1.2 ----1Ist-order 1000 cells 1.95 - ---Ist-order 1000 cells
= Ist-order 100 cells 72 = Ist-order 100 cells
1.0 > 2nd-order 100 cells 150 > 2nd-order 100 cells
0 200 400 600 800 1000 70 200 400 600 800 1000
x/m x/m
(e) WA (d) A3 ) T
(¢) Liquid velocity profiles (d) Gas velocity profiles
4 1 = 175 s BV 2 00 FR AL T e Ui B o) A 0 4 R, — B BE A% =X 100 ANBRITAT 1000 4SBT

T B EEAR S 100 4SBT, Tl R Roe J73E 10 000 /SEATEI) AYXT LE

Fig.4 Comparison of simulation results for the variable mass flow problem in complex slip relation at¢ = 175 s, between

the Ist-order accurate scheme with 100 cells and 1 000 cells, the 2nd-order accurate scheme

with 100 cells, and the flux limited Roe scheme with 10 000 cells?!

4 4k

i

EEX IR PIAHTERS Y AR SCRAIAR T AUSMV A% AR s 50 (8038 8 9 ik, #8517 i st )
FZS (ARG BE B T3 B T 2 I SR P AR S TR, 5 AT SR I 2 5 (B R L 43 T
AUSMV g EA DL T 4R

1) B fHE B R R A PO R O #2019 (81 Riemann K i 25 5% Ja-
cobi HilF , NTFEREIE 1T RBOR .

2) TR R, FERURSON A BN /N, A I R BB IR | (BT 9 9 s
BRI T SR RE SRS 1 bl A8 [ 1T

3) WK EEAS S E— Bk B A 2 A0RS B B I B R TR BT HE e ) B4

T LA FE SR P ARAE It ) TR () U U E A Horh , AUSMV A% X B 12 19 g i 5t
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Research on the AUSMV Scheme for 1D Gas-Liquid
Two-Phase Flow Drift Flux Models

XU Chao-yang, MENG Ying-feng, WEI Na, LI Gao, WAN Li-ping
(State Key Laboratory of Oil & Gas Reservoir Geology and Exploitation
(Southwest Petroleum University) , Chengdu 610500, P.R.China)

Abstract . Application of the AUSMV (advection upstream splitting method V) scheme was ex-
tended from gas dynamics to transient 1D isothermal gas-liquid two-phase pipe flow problems.
The method of numerical flux for the DFM ( drift flux model) constructed with the AUSMV
scheme and treatment of boundary cells were stated for the simulations. The numerical calcula-
tion method of 2nd-order accuracy in time and space was obtained with the classical Runge-
Kutta method and the monotonous MUSCL ( monotone upstream-centred schemes for conserva-
tion laws) technique combined with the Van Leer limiter. The numerical examples including the
Zuber-Findlay shock tube problem and the variable mass flow problems with complex slip rela-
tions were conducted and comparatively discussed. The results indicate that the proposed AUS-
MV scheme, with advantages of high efficiency, high precision and low effects of dissipation
and dispersion, accurately details the discontinuities of 1D gas-liquid two-phase flow problems

under low flow velocity conditions.
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