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—#SERERBRESEN
AUSMV HiE#F 5%

tREIm, FEEWET, HHMN, F R, Hes

(1. R EAME RS RE TRABRA A E MRS 28w, K 300280,
2. VHEE AT IR I AU BTk TR E 5 5 Se B s, R 610500
3. PHARIE R B2e 515 828, )1l B9 78 637000)

WE. SWHHHER AR R AUSMV (advection upstream splitting method combined with flux vector
splitting method ) 2:%E AU [A] 254 32 FR T CFL( Courant-Friedrichs-Lewy ) 2514, 8 T 32 55 i+ 5005, &
ST — Rl AR AUSMV BVE K Al SO P AH I RS B R A AUSM 48 X455 FVS(flux vector split-
ting) 8 2CH 3 4 T RZ BT B 0% IV RCETE i, AUSM. A 2 Fo3s Fi UL Bt B RS
TR ARG I R AL, SR 7S B Newton (4R00) ¥4 45 A $01H Jacobi H BE R fift. 1T 2 LB ] Zuber-
Findlay J A P80 52 A B0 O R A2 B i sl ()l , 45 5RO BT R B . 2 R =0 AUSMV 33032 (B
BN TERAERR G, VSRS B e A R B R A 25 R, P R S 2E4R im T Ae  FE IO/

X 8 W ORI, AUSMV M, eRaUEE; ASHY Newton 5 BUH Jaco-

bi JH [
FE SRS 0359.1; 0241.82 XHERFRERD . A DOI. 10.21656/1000-0887.390110

C1—

KR WA EERSAR A (drift flux model, DFM) fx#] Hi Zuber F1 Findlay $2H AR RS
VR A A ELAE T 20 50 S J0H SRR S (R A AR KOG 3, AT 45 440 7 B I R A S A
TSN BRAR A B, 1A ] D sBE G XU AR (two fluid model , TEM ) $1-58 o 25 5 v H B4 X
PR L RNl ST I 75 BRI I S A ) L, AR 0 () A AL 26 R P A B R )
AT S AR I, W] L 8 A 2 AR IR AL T LA, DEM 76 3 S I 65 008 A 3 sl 5
W)z HAUE SR AR T it 2 H 2 A A 5 R

AUSM Z5#% 3 (AUSMV . AUSMD ,AUSMDV AUSM*  AUSMPW AUSM*-up %) A4 Ri-
emann SR #2508 Jacobi A B A4 A (ELE 1, Fe W FH Liou Ml Steffen $2H , A Z5HIfij 50 ST &
ROR IR R R AR MR R T AUSM. R B 3 d5c ) T 15 BAR T R 46 1A, Evie
SERLTKE AUSMV AUSMD | AUSMDYV | AUSM ™ A% =X 9™ & 28 159 A5 0 7 4 38 sl A Y ( TFML
DFM) , 5% & B33 TFM 55 00 [ A £ flt P 55 T3 { Riemann SR 4% , 7155 DFM 1 A2
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TR Z2 A 3 ) RSP RS JE 8 , 235 SR AR 53T B Riemann SR ff 2540 W] Niu 5 S5 1B 58 AUS-
MDV [ AUSM*-up #0318 7 HRE TFM, B 5 % % 25 5 1R A R IR 78 5 Riemann SR 4R 9 AUS-
MD #2873 R, (R % 5 T BRI Reo V- BEE AL IR i HES 0 AR AT
Z101 Kitamura F1 Nonomura i K AUSM" -up W PREGES Godunov ¥5 1l Riemann 3K fi# 2%
BT 40 e 2314 HLLC ( Harten-Lax-Van Leer-contact) Riemann >R f#t#s , b T 118 TFM, oF
GRS = TR G s VRO B 5 T J5UG AUSM -up A% 2002

IRWFSE T AUSM A AR 29 T T vr i Bk AR W = = Y g IO R 5 4 T
B 5 TR (R R IUE 2 CFL A5 0F R BRI 735808, Evie 5542 2R 220 WIMF
( weakly implicit mixture flux) #0315 TFM F1 DFM , B (8] 25K /N g 3SR 35 2 CFL 20%6F 1, {5
SR ST 1A AL R (R ) ARG Ze Ak LR A 142 T 4Bt
) SIMF ( strongly implicit mixture flux)#&3X, AT LAifE—20 580 CFL 454 r BRI, 34 Rt ] 204
HR A% T A 8K 5 6 S Ak 7 21 Colonia 45 % FH 52l AUSM™ il AUSM ™ -up #% X315 5
Mach ( Sl ) BT FR4iimiiAs , THEa e 8% 45 R 5 | (ELR A B IO T 2 2H SR At R A AT Jacobi 4H
B4 M S B o E 24 Onur F1 Eyi 128 T Euler J5 72 Newton 153K % HH80(E Jacobi % 4 F11
fi# BT Jacobi REFERYSZNR , RWIMEAT Jacobi FEMERYME ST RE S 2%, JUH R g [ 2 )RS B % X8
BT REBISAT Jacobi HE R HE S BE 52 2% | TR A I % Al LR R 37 4L Jacobi REF A9 HE
TR, RIS BE I I B AR ) Zeng ZEHFSE T B M 238 AUSM® | AUSMDV | AUSM* -
up & THEE TEM, BIEOT RRZE R A FER FEUA Jacobi JEME, faifk 7 RTRIE S, AF5E P LA
TS IO RS R [ 57 PR A B B R s, 2 SR AR B IR AU v LA 4 Aok, el
I [E] el SR T2 5 R X0 A ), A L ) 5 A B80T A8, SR RS 5345 SR AR TR
&%[—%_‘[17-18] .

IRAFTE 3 E S B AUSM 2% R M TFM, Bt el AUSM 2646 2R fift DEM 19 BF 58 52
A E N e MR A SORSCHR 19 | i — D50 42 T —Fh LT AUSMV A% 200 DFM 42
Fa Xk aZ B R A R AUSMYV 48 K dE DM B 40(E 38 &, [ 07 A% 25 ks il B4
R 7S B Newton 1545 5 80(H Jacobi i FF R i B O ARG T2 5l b 28 BB 35 ) 96 0IF T 4>
B AUSMV Bk i SORE e e R AR 2
1 SIWPAH DFM

DFM J&—Fi TEM AR ABRL, P35 19 FEZEXOIAE T TFM A 2 Nz sl R (RAHIZ 3 7 i
MWALIZZh TTFE) 75 18 T AU SRR Z RN A BT, T DEM A 1 ANz sh 5 #e, % A RR
FAUE , 83 51 A 2250 M 1 OB 2 T Y BB OC 27 478 1 R/ Y AR 22 [ AH EL A FH DG 2R AH
FC TFM, DFM B80T LS5 BTG /5, 1R/,
1.1 E=HlHEA

— YA IR IR AR DFM AR 22 FEANRAHIZ 3 5 18 3 7 B2

WS T/

%plal + &Plaﬂ)] =0; (1)
ST
J

o
oy Pl T 5Pt = 05 (2)
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IRAE B
d d d
(Tt(plotl1jl +p,a,n,) + a(plalvf +pgagv§,) + S P =T (3)

X, p, HEHEE kg/m’ 5 py FBAHEE kg/m’; o, HHIATRE, TR ; o HWAHIE
FRARE TR 5 v, J MR, m/s 5 o) WIRARTE , m/s 5 0 W], s 5 x AL m; p N
71, Pay q, HE 41 Pa/m; g, ARSI 1508 Pa/m .
1.2 HEHE
N T BT, TSI LN B R
SRR ] A DG 2y
v, = Cpv,, + v, (4)
Horp
v, =0 +ao,, (5)
L, Co MRS BB, TC N 50, T IIRAE Y RE , m/s 5 v, AR HEE  m/s MR
PEAF TR, C, Fl o, FIR AR Y2285 8 Nk 2 50 A 2R 15,
WAH AR R IH— R A

a +a, =1 (6)
FRAE A [R) TARZ [, YRR AN AR IR TR AN R, 8 T S uE 37k, SR H A 2R i #0256
AR T2 .

P ~ Psr

P =Pisy T 29 s (7)

€

:T»K:EFI’ pIYSTp ﬁ$ﬁﬁ?i&*ﬁ%§,lxlo3 kg/m3; Psrtp ﬂ‘:’*ﬁ“%)j_-{jj ,1X105 Pa; C jﬂ?&*ﬁﬁﬁiﬂﬁﬁi
B 1X10° m/s .
ARSI

p, = ﬁ (8)
A, e, AR T HH 316 m/s .
2 4zt AUSMV #% X S s

2.1 £k AUSMV &=
AUSM ZE#% X F 0 R s ETE U E 0, DFM K fE .

S uw) + - F(w) =5, (9)
Horpr, U, w 250 g~y As UG S
poy p 0
Ulw) = P, ,w=|a, | 8= 0 . (10)
pioyy tpon, V) 4, ~ 4

G A B A )y RS A AL AR 1 XA SRR AR FE 30
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poy 0 0
F(w)=F(w) +F(w) +F (w)=| 0 + P, | +|0], (11)
P10 pgagvz
A, Fi(w) FoRBAHXRI,F,(w) R TR, F (w) 2 ORIR AR TR 3.
R 2, B EATT B T 14 8 {0 2y
F(W)'Z:ll/z = F(w)'i:'al/z + F(W)gilﬂ/z + F(w)'];,:n/z- (12)

458 FVS DA FRE S ) RS 2y 5 BRI S UR ) AUSM J5 ik AL 3| )
AL B, AT AR AR
LT R IR 1

<pa7])],;ii+1/z = (pa)"JJL( V+)JJJL + (pa)][;:fi< v )ﬁlfR; (13)
12 Bl 7 RE AL AR (A

(Pavz)ﬁfwl/z = (paw ]lernlL< v ]lernlL + (paw JJ:R( v .SITR; (14)
SE) W e A BB =BT

Pl =P (PO + pd (PR (15)

A (13) ((14) ' ph RS ARTAR, L R J3000)27m B WU oT FLm ag 22 5 400, j Rosig
I i Fonas b, LA 1—Bras s A% X LA R 20500 ¢« Ali + 1 2kEat AUSMV A%
eI RS e N W PN

1 2 3 i-1

i+1 s n-2 n-1 n
LIR "
i-1/2 i+1/2
1 TR EE
Fig. 1 Schematic diagram of discrete cells
XFE(13) (14) P EE PR R EL VT, V- MIE(15) IR SR eRE P, P, Evje S5HfEAE R
FH R H I

U 7 2L R AR
Vi(v,c)+(1—/\/)vi21j, it |v|<e,
Ve (v,e,X) = (16)
v * ‘1]‘ .
s otherwise;
2
JE 7153 5L R B
1
(12—1]), if Jv[<c¢,
c c
P*(v,e) =V*(v,c) ) (17)
—, otherwise,
v
/\qj
. 1 2
VE(v,e) =%—(v xc¢)". (18)
4¢
A (16) B R L0 2
Xy =ag, Xy =a, X e [0,1]. (19)

TRA T30 53
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¢,, if a, <0.001,
c=1c,, if 0.001 < a, < 0.999, (20)
¢, if a, =099,
W5, 4B -3 AUSMY F SRSy FRAL OB DP9 2 st U B OB
OO = Uw)! + TR, = FOn/) = Mis(w) (21)
X

ARG ATk AT LR A0 AUSMV A% U758 B #0772, (H HA I8 B v J R 2 1 4
g IRE W (22) TR EE RS L

U<w)lz:+] = U(W)]L: - %[F(W){Hn - F(”’)Ll/z] + AtS(w)é . (22)
x
22 BABHABRHETERE
SPEAR S U BUEE & F RIS 302 0C T 5l h A8 & w i Rk, =8 (21) SO FR4lE ¢ T
JRhAr e w AR TR R B EUO R ik 22 K im , X LLRoR
R(w)’*! = U(w)j;+l - U(w)é + %[F(w)’lfri/2 - F(w)ﬁ‘l/z} - AtS(w)f:” . (23)
x
Newton-Raphson ( ¢¥)ﬁ-fﬁi’i?@) IR AR M T R R 2 L 7k , BA SR e sk,
K FHECGHE G 7S BY Newton 23R Al B 05 BR A, $2 S BSO8R 0 A — st 8] 25 (3 B4 SR 0 R —
B 1] 25 A 0 R UL, L 28 38 BT 3R ) Sy Ak

75B Newton 35 .

y(wh) =wh = [J(w") ]'R(W"), (24)

2w =y(w") —7[Jw") ] 'R(y(Ww")), (25)

wh=z(wh) - [J(Wh) ]TR(z(wh)), (26)
Hrp

=20 - [J(wW) ] T(y(w")), (27)

K, b FREAEE A AR S wh - wh 19250 2- B0 AN SRR S
w' R S TR R A A
W —=wh | < e, (28)
K, e, WAEXRZER, TEH.
I KRR R T (w) N Jacobi JEFE , J& R(w) KT RGASE w B9— R, B

J(w)=%R(w). (29)

AUSMV A% B I8 1 Y 56 B B AT AR, Rk BT i S o - S o PR AR 5 % il o 50
o] UKW TR TAER (w) T RIAAS & w BBE— B e nl AR
R (w) R(w +ee,) = R(w)

o (30)

n

&
S, e, RAPH 3 x NIGRIGRLATRE N R SRR OSTE R R n ATER N 1 SIS
o O, HH i AHRIITEL N 1 3 x V.o SEHEBHIL IUE RO 225 G (1 i 2
e WRMROMER K, X SR Jacobi S PR FSE 2. Onr 1 Eyi 2214 & (93
fi

e=2/%,. (31)
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3, AN R, i ALRE RS TR i e/ N, TR PR B
1
ZM - 27’ (32)

o m R R R 0 e
3 BUME %

BAET I N Evie T Fjelde 42 H 19 22 45 . Zuber-Findlay #i 4 In] 801 &2 4% 8% K 2R R
ALE S AT DRFIE T ) R R RS RSO RS R SR S E | BT
XS, B DFM ISR B p oo, vy, BITRLRORE LG g f) T OAH A AR 28 5000 T ATRAH
TR LB E S50 1) H I TE TR I 4 Fai el AUSMV SR H8ERS B R e M FeR o THE T4
Br, F e R 46 S I 3 EM (explicit method ) 1 IM (implicit method ) 4351 267K .2 AUSMV &
AR AUSMY Bk,

3.1 Zuber-Findlay &R & o] &

1) [l A

K 100 m, 42 0.1 m, FIEGRE IR ST R4S AR AE 50 m Ab A7 7[RI , B4R 25 DL
1, @8 TICRE AT He 4 =0 W AH B 2 i

F 1 Zuber-Findlay S04 [ B4 46 4514
Table 1 The Zuber-Findlay shock tube problem’ s initial conditions

p/Pa a, v /(m/s) v, /(m/s)
left 50 m 80 450 0.55 10.370 12.659
right 50 m 24 282 0.55 0.561 1.181

A5, Zuber-Findlay 8 5 2250 C, = 1.07 v, = 0.216 m/s .i1E 2 BERH | 245
BHEA 1s, &, =1 x 107° S5 R SCHR 21 12K MC BRI #2549 12 20 Roe S75 B THH 45

2) iR

25 A B Ax = 1 m, Fe KRR AP ¢ = 25 m/s, EM 8P CFL %04 T 0.25,0.5, Bl As
=0.01,0.02 s;IM 5 CFL 3% 0.25,0.5,1,5, B0 Ar = 0.01,0.02,0.04,0.2 s, 31545 40
2 s (42kas AUSMV B3k 100 5505 B30 AUSMV 57k 100 S50, 454 MC BR il
() 3K Roe 3232 3 200 A~ HIC > 1yxt L) .

At =0.01,0.02,0.04 s s, 75 H 7 & T AR AR 28 85080 T 0 0 AH D ) T v, R 22 A ]
Wi i A 2 A AE BT BE AL , EMOFD IM TS5 R S5 S22 AR E WA, THA0R BE &L 6 3 T 1
Ze AT, Ar = 0.01,0.02 s B, EM 4357558 6 A4~ MR i HE a7, 0K E 5 5 Ar = 0.01,0.02
s I IM 730 75 52 8 A WIASAHPLAI T , THIAAS FE R R 5 Ar = 0.04 s I IM 430 75 22 16 > I H& 4
FEME) T, ] T 1L BE S0 5065 Ar = 0.2 s BF TV ASBESE 44412 5] 0BT, 100 DR 4l B2 sk SR e 2 A AR AR
R T PR I 0 T P 1D T AL EML R I ) T BT 4R B T 5 0 TR B 45 SR A R B
AR,

EM SR Av = 0.02 s B, F 0 0 VAR FR 22 S50 1 R RORH 8 38 ) v ) 2 e T Ak | A5 4%
T BUERZ 7, R 70 O IA S (ZRAE P ), Ar = 0.01 s B BU(ELRE 3% 0 55 S [l s ) A5 K 2 1
T IM TSR TOBUE R G A AR, (OB A i 55 , e M TR A W] CFL 4544 F , 7 [l 7
b TM TSRS FE IS SR T EM L5 B [R5 (R 3, 7R (B WAk , T (%) 31 550K5 JE REAIK, 1) WBp &k
PEHITE. M Ar = 0.2 s, BRI CFL 305 T 5 B, AOR AR 22 5080 1f v 9 4 ] B 1T Ak B S 437 5 ( R AE
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PR, G VROAH 7 S 350 1T 1 /DN B B 50 4 AT (RAE PN ) , 2R B IML % RE 0800 B A 1eF ] 25 K
FSE TG I T LA TR B R 0 P s AR /N B IR AR At [ LRSS, 25 X6 3 TR B 2K e i, IM
HEm CFL BRI K.

1.10x10° 0.6
I AT TR
\ For. 5 o
8.80x10" 5 3
. .| ——ref [21] ; ref. [21] 39\,_
£ 6.60x10  —+—EM Ar=0.01s 2 S 041 —-—EMA/=0.01s a F
A, - EM Ar=0.025s ; . EM Ar=0.02s I
.| Mar=o01s ! . IMA=0.01s I
440<10°{ - IMA=0.02s 03] - IMA=0.02s L3
. IM Ar=0.04s -~ IM Ar=0.04s %
IM Ar=0.2s e IM At=0.2s L]
220x10" : : e 0.2 . : . :
0 20 40 60 80 100 0 20 40 60 80 100
x/m x/m
(a) HEJ33m (b) SRR Z H] i
(a) Pressure profiles (b) Gas volume fraction profiles
4
12 107 T ——A1=02s
o]
1077 . . . .

4
2 :34 WNWWWWW\ ——Ar=0.04s
!\ 10712

T T T T

—ref. [21]
1T —+—EM Ar=0.01s

- EM At=0.02s F ' e ——Ar=0.02s
49 .+ IMA=0.01s } Jpe

v,/ (m/s)
(=)}
residual r
2

IM Ar=0.02s

21 - IMA=0.04s k 10 ——Ar=001s
-~ IMAr=02s . 10
0 . . ; : 10" . ; . 1 |
0 20 40 60 80 100 0 40 80 120 160 200
x/m iteration step number m
() VARV HT (d) AR EIT R
(¢) Liquid velocity profiles (d) Residual value records during iterative calculation

B 2 Zuber-Findlay #4155 2% 5350
Fig. 2 Comparison of simulation result profiles for the Zuber-Findlay shock tube problem
AT R 22 (1L SRR W IM AT AR S B, WSk 2506/ .36 2 7R, Y CFL $/h
F 1, IM EGEAREEUE EM TR 2 6% 825 CFL L, CFL 0% 1 1, IM BB HUE EM
f CFL % T 0.25 1924 1/2,5 EM J5IL4E CFL 304 T 0.25 WA IM J77% CFL 8% T
RGERA B EM 7E CFL 205 T 0.25 B2 1/5, & EM 7€ CFL #(%F 0.5 £ 9/25.IM J5i
E@J%ﬁu%ﬁg&ﬂ//f‘%ﬁ
CPU I J7 10, CFL 025 T 0.25,IM 1Y CPU I E] 242 EM 1% 28 4% ; CFL 304 T 0.5, IM 11
CPU Hf[RIZ& EM 1% 19 f5. 8L, 24 CFL UM F 1B IM B3GR LT EM ik IM £
CFL (%5 F 1 1Y CPU H}[E)JE EM £ CFL 305 F 0.25 92 5 %, J& EM 7 CFL $0%F 0.5 194y
7.6 555 IM 7E CFL 30%%T 5 ) CPU I [E]J& EM 7F CFL 302 T 0.25 9249 1.6 5, /& EM 7£ CFL
AT 0.5 92 2.5 5. Zuber-Findlay S0 8, CFL 8055 F 5, IM TR RCRMIET EM .
LIRS HT A Zuber-Findlay S AS 1E AH L EM,IM IR B 8 42 = 380, R R 1
FABR, SAHARFRREOR, KB Sk ¢, =25 m/s, T A, U 1 s, EM Hrstfa]
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ARBUERE, 1T IM B [R]85 B3GR A PR AR I A sk AP o b (R R — kP
TR R (TR EUE Jacobi FEI ) | /N S8 R E] 20K IUMEL, A BEMR L IM P2
F 2 Zuber-Findlay #k & )8 EM A1 IM #HHEACRN [
Table 2 Comparison of computational efficiency between EM and IM for the Zuber-Findlay shock tube problem

CFL At /s scheme iteration step total m CPU time Tpy /s
EM 100 0.163 033
0.25 0.01
M 200 4.680 525
EM 50 0.106 836
0.25 0.02
IM 100 2.075 726
1 0.04 IM 51 0.812 385
5 0.2 IM 18 0.265 952

32 EFEBXRTHRERINEH
1) [l AR
KPR 1000 m, 42 0.1 m, B NP AR (W16 o, = 1 x 1077) LR RIS
1x10° Pa, A H I i s 4 2281k, DL 3.
R3AHIA DR AL

Table 3 Change of inlet mass flow for each phase

time T /s liquid mass flow rate Q,,, /(kg/s) gas mass flow rate Q,, /(kg/s)
0 0 0
10 12 0.08
50 12 0.08
70 12 0
175 12 0

TR TR OC TR R B bR A, AR E R W A5 G R MRS R B2 2K
Cy=1,v,=05x%x/T-a,. (33)
PR T R T A SO AR S T S )R, Y ARG A3, =5 X 107 Pass, u, =
5 x 107" Pa-s, iz gy i Jy 4 s M BH ) 43 1 43 5 3R Ry

q, = (pya; +p,a,)gsin(6), (34)
320, (o, + )
e Rt (35)

K, d AEENE ,m.

TR 175 s, 2% SCHR[ 21 ] >R MC BRI 4519 53X Roe FIE AT ZE IR,

2) G5R5rHr

23[R BB Ax = 10 m, F KB ST % ¢, = 1 000 m/s, EM #4474 CFL %1% F 0.25,0.5, )
At =0.002 5,0.005 s; IM 8 CFL %04 F 10,100, B0 Ar = 0.1,1 s, &5 R4 3 Fios (4
Faal AUSMV B3k 100 4005 38 AUSMV 575 100 4~ 350, 454 MC BRI #5912 38 Roe
3 200 A~ ECY BRTEL) .

JE 30 YA T W EM 7E CFL 4025 T 0.25,0.5 iR 45 5, DL &% IM 7F CFL 0% T
10 WAL R S S B EAEw WG THEAE B & CFL 805 T 100 B, IM 7E 550 m Z J5 13t
B S5SZEAEE WA AE 550 m Z TR R S5 S 5l V) G547, w5/ T AR 25
B TR B A SRR R G T , S5 (8 B A A s A 3 ) T, R R A AR
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FRR BRI E P AR R R BEACH | AR 7E 550 m Z 0T, EM Fl IM (9315545
FILTF—, 52 FEYE BRI, AEUERE D 78 550 m Z )5 ,IM 7E CFL 0% T 100 Y35
O K T AT AL ARSI 5 S % HW) & R AT SRR R 80 i 22 A 1]
EM F1IM 355350 T5 22 18 AN PIRS Ho HE 0] W7, () DB 4l P K5 88 B 3 YRR 3 3t 35 1T 7P, 7E 550 m 22
HILEM FIIM BIHREE AR 5 2% (HW) & R AT 76 550 m ZJ5 EM Al IM AT 25 A fs KT
SHEAZHI EM M TR R S S W) & R4, JCHR R i, R R .

FHE25 SR L B B0 T A B0 ), I 40K B 5, B CFL 3045 T 100 B3] L
YERF ST B 1 VBT, FE TR, Bt 25 A ) 2 A 98 K T 34 4 3.

3.5x10° 0.700
ref. [21]
—+—EM Ar=0.0025s
2.8%10° 0.525 =M Ae=0.0058
IM Ar=0.1s
IM At=1s
£2.1x10° & 0.350
Q, ref. [21]
—+—EM Ar=0.0025s
1.4%10° --v-- EM At=0.005s 0.175 1
’ IM At=0.1s
IM At=1s
7.0x10°" . ; . ; 0 ; ; .
0 200 400 600 800 1000 0 200 400 600 800 1000
x/m x/m
(a) FEJIHITHE (b) SARMFR R0 H
(a) Pressure profiles (b) Gas volume fraction profiles
22 g 10
=
o s 1 —Ar=0.1s
2.0- A 10 4 Ar=1s 10°
xS
o
1.8+ 3 1 WJJJJJJLUM[
— ~
\; 164 -7§ 0 120 240
= ref. [21] 2
2 144 —+—EM Ar=0.0025s 2
--v-- EM Ar=0.005s
124 IM Ar=0.1s
IM At=1s
1.0 T : : T 1 T T T T T
0 200 400 600 800 1000 0 300 600 900 1200 1500 1800
x/m iteration step number m

(c) WOk #I
(¢) Liquid velocity profiles
B3 AR O S A U ) S 5 L
Fig. 3 Comparison of simulation result profiles for the variable mass flow problem in complex drift relation

AR ZE 1D s R W IM SR AC TR IS S50k B2 e e ik 25 B/ 36 4 R, IM 7E CFL

BT 10 B, BaEAEHUE EM 78 CFL 504 F 0.25 1924 1/40, /& EM 7£ CFL (55T 0.5 94y

1/20;IM 7£ CFL %0%5F 100 B, B3R 050 EM 78 CFL 3055 T 0.25 (944 1/250, & EM 7

CFL 55T 0.5 929 1/125. 585K . IM AT LUK FEAR B R AR5 CPU I W) 7 1T, CFL $0%6 T

100 A, IM /& EM 78 CFL 8% T 0.25 1924 1/10, /& EM 7£ CFL 505 0.5 4 1/5, KiEHE =
TIHAERE.

IR HT R, B AR S R AR B AN A, Gl A R IR R R, IM TR

(d) EACHER 2 EIT R

(d) Residual value records during iterative calculation
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BFERRE, H CFL ST 100 B RS R B R N AE T ARG b e R T G ¢,
=1 000 m/s, EM FFE] K BUEAR /N IM 78 CFL 505 T 100 (9] K & EM 78 CFL 8% T
0.25 [ 400 7% , R T IV 388 ik A 49 DR s i) 2054 i i oo T H B8R B AT 3
R4 HREHCFEFUT SR EM A IM TR
Table 4 Comparison of computational efficiency between EM and IM for the

variable mass flow problem in complex drift relation

CFL At /s scheme iteration step total m CPU time Tpy /s
0.25 0.002 5 EM 70 000 62.669 629
0.5 0.005 EM 35000 31.131 551

10 0.1 IM 1772 68.708 935
100 1 IM 291 6.087 007

4 4% 1w

AN T —Fh—4E DFM B —Fr 2 Fazl AUSMV 83k 128 8 R 2Bl AUSMV 4% =
g iy AR 2H A BB £ (W)L AR B, JF 2R FH 7S B Newton 745 5 40 Jacobi i 43K fi
BT PRl 1T 2 B BB TE i 2 el AUSMYV Bk B DL TR

1) RN/, WA SRR

2) AEFPERE IR B, CFL 8080 NS THRRS BE 45 &7, Bl CFL 03 K, FE 80U B
RO, A [ U R ) W S Bl r T 8T, AR Tl e e kG

3) FhPETRAS R R B T, REECUN FE R CFL BAY 38 i i 55 48 K, s | A5 K BUE
B, RIS B B8 s b , RERE RS B L 586 8 (R B, 31 B30KS 8 5 5

4 He T3 R A Il R 38 e R M RS B) 254, AT DA 2 G R R SR,
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Research on the Implicit AUSMV Algorithm for the 1D
Gas-Liquid Two-Phase Drift Flux Model
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Abstract: The time step of the explicit AUSMV (advection upstream splitting method combined
with flux vector splitting) algorithm is limited by the CFL ( Courant-Friedrichs-Lewy) condi-
tions. To improve computational efficiency, an implicit AUSMV algorithm was proposed for the
gas-liquid two-phase drift flux model. The numerical flux of convective terms in the continuity
equations and motion equations was set up with the AUSM scheme plus the FVS ( flux vector
splitting) scheme, while the numerical flux of pressure terms in the motion equations was built
with the AUSM scheme. The nonlinear dynamical discrete governing equation system was solved
numerically with the 6th-order Newtonian method and the numerical Jacobian matrix. The clas-
sical test examples were simulated, which involved the Zuber-Findlay shock tube problem and
the variable mass flow problem with complex slip relation. The numerical results show that, the
implicit AUSMV algorithm has small dispersion effects, no numerical oscillation and high com-
putational accuracy. Under the condition of high pressure wave velocity, the algorithm has su-

perior calculation efficiency with low dissipation effects.

Key words: gas-liquid two-phase drift flux model; AUSMV ; implicit algorithm; 6th-order New-
tonian method; numerical Jacobian matrix
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