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ARTICLE INFORMATION ABSTRACT
Original Research Paper Numerical modeling of compressible two-phase flow is a challenging and important subject in
Received 15 December 2013 practical cases and research problems. In these problems, mutual effect of shock wave interaction
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Available Online 30 September 2014 creates a discontinuity in fluid properties and interface of two fluids as a second discontinuity

lead to some difficulties in numerical approximations and estimating an accurate interface during

hydro-dynamical capturing process. The objective of this research is to increase the accuracy of

Keywords: . . . . . .

Twyg\fﬂuid models numerical simulation of two-phase flow using two-fluid model. For this purposes, MUSCL strategy
second order accuracy was used for increasing the Godunov numerical scheme accuracy from 1st order to 2nd order. The
Godunov numerical method privilege of this method is high accuracy, low numerical oscillation and low numerical diffusion.

two-phase flow The problems considered for the verification of the results are the water-air shock tube, a square

interf : o . ; - -

ntertace bubble with moving interface in a uniform flow and a shock wave with 1.72 Mach having
interaction with an air bubble in a water pool. The obtained numerical results showed that, the
results that have been obtained by second order accuracy have less diffusion in the two-phase
flow interface.

s b cds b goue slo by, 4 Sbicws adass Blaal 3l S 034 54l oo -1

@29 3l ded (sl slio sladas S (Kool Sl Sl 0les gl G5 5 cdl glio e e sleoplS 1l 9 slack >
ol el [ Sl (o dslan gy Juo S ite Jad b 536 95 slacky> 5l Jlo,05 5 sloolall 3gd Carmnl I sallss qolio g sloand 5 sl 3
6 Lided 5ilhgs glaue 4y Cond (58 SVgpzme 5 SYole slaai Jao g clale Jil slagias o3> o Jam 4 Glgi e oy lS ol alex
ol aslge B, et sode 5l g 09 Silgyd Jao ol Lad s lacSitige dncyblagy s sk sloolSs sl il o 5> (lbas
1- Well posed 355 o)lali 5 O 5 sl o xbas o5 ol o

Please cite this article using: S lod o3liiw! Jod @yl 3l Wlio ool @ glay wslyn

A.H. Daramizadeh, M.R. Ansari, Extension of MUSCL-Hancock method for 2D five equation two-fluid model for simulation of gas-liquid two-phase flow, 'Modares'Meehanieal
Engineering, Vol. 14, No. 11, pp. 137-150, 2014 (In Persian)


www.sid.ir

BLail Ld ) 3o 9 031) 5010 i suc

&lo OB B9 syl ya (s)wduub c (32393 sla)slee T w93 U3 sy S - Juwle (yig) Arangs

Py a,p,u

uz| %P2 | Ep_ a,pu

pu |’ pu* +P

PE u(pE +P) 1)
ou  oF
ERCE @
oo +u oo _ 0
o ox ©)

ey B (oo S lalle g e BEP U p g &S
abl, @b ol J& ol (L gipl s U5 sl o jled
atal clls doles 1ol 5 0 e sy p=(ayp, +a,p;)
8 =€ (. P), Loy 3o g5, > ol 100l Jos 4y solarul 518

9] o5 co drlons 4 aba) ol

P +y P
vk, pe, =k Tk ek
o -1 @)
el B Wales 90 4 Joho (ms (2 5L 990 alay (sl Jols Ll 50
4P,
peiz ;k 1,K
P(p.ea)=—HF T =
(p.e.ay) a,
w71 ()
y-(P+Py)
yel
1 25
r-1 Z?’i_l
y-Py, :ZamF’iw
y-1 & r-1 (6)

Y oing sl S oy ke sl Poo= OPa lsa (sl 5 Po=Be%Pa LT el

ol oo Ll A4 158 olp g 414 LT ol

w0 il T alaly Gobo (3ludinnnS B5igagS (s00e gy bl
Uit =ug-

At «qn ren 4 9
o LFU UV -FUUL U 7)
il 8 abayl, JS& [1] 9,85 dawg HLLC floy, K> Jsho (9,8 ,Lo
] 00
f(U)) 0<S,
e _) FUD=1(U)+S (U -U) 8, <0<8’
w2 | f(UR)=f(Ug)+Sp(Us —Uy) S <0<S,
f(Ug) 0>S, )

993 99y Swly slazss 4l 0 s Gl aml o Jlsl Yoy

95500 483 9 alal, 2,5 &
Sk —Uy |
S.-S"
Sk —Uy
5.-S"

o P,

A3,

[
X o+
Il

S, —U, s
S-S

S, —U, xS P,
P Sk_8*|:Ek+(S Uk) |:S +pk(Sk—uk):|:| (9)

145

Sl dolae S it slajl lp sl Aol 93 Jotde Joe
Seg bl Syge @ 5550 Sl dslee SG 5 (53Bgs bglie sl e
el Sty S50 &y oy Uil sl

Sl slalolas iy Jaa dyaz seni¥ged [2] (liSen 5 iy S
=55 iy o515 lagl z ibe Joe o (95 0 ,Ska ST Ja diogel
gl - Sae Jeab lp Joe Gl o Skee Jy el 03 58
5 Slloe 8o 1l gl canlie glaig, Sl (Kol oatd il
Langs Canss a5 Cunl TSI Jule (o551l 5,057 (g00e Slilugs zals
pas 5 ol o5 (Solu gy cnl slle Aoz 5ot (Byxe [3] 1
J= oley ol Gialidl poe 5 SO Ao cBo b slaaS Ll o (IS o
e L oy o )0 a8 el Sgamme 02> (hg, So (sl ol e
dmilna jglate 4 (ST - Juslo slasbg, 50 Canl 0,95 2 45 0 2 )
obts ool i 058 oo ool Pty slronisS sgase 5l laglsl S
Sllug 5l S sl o el (lroansS Sgusee ()l 8IS S weo e
9 s Gl o 1, Sl Juls b ::’l* [4] o5 [4] gl g0 (§O4s
sl SVolee Jo (sl g Gumgs lojla (o 4l (sl (Glowlne (o
Gl gove glotloil bl b lil ogai gy pdy o515 56 ST
[5] Comges 0505 ST, g, gl (Slimlome B0 (1381 5 g0e sl
Slsies sl Geilsd sl SgigasS soae by, (Slsloe s I
Seamdule (29, bg 8 S5 Glack > lp bl S¥olae (Wbl
9379 S S ooue danie slalie (Ladl IS 53 13908 (o g anlllas
OBy 28,5 )15 0l 550 g3 sy 9 Joe S 5 00l gy g0
S pbliiog,n obx oS slp Saa - ke g, 5l [6]
Vol 5 gl c¥oles (gl Sl ke bg, ol S5 0 10,5 oslital
o saims Hlis sad 0oy I goae sla e .o ooliswl JTos] MHD3
@ Comd S Mk VL S8 ogdle oud BT IS g a5 Sand
S - Jule g, 5 [7] oLKen 5 5,05 0l 8 Jasbind &Yoles el
Oleslos (o s S LESH g 4 clowlne 1o (go0e et (ol sl
Sdebe Uiy )38 8 g plendl) a0 lil a5 jsbilen dioges ssliiul
Sealos iy o515 slaplr Slalre goae cdy s S
s gyl allie pl jo goae oB s 5l canl ol il 58 ST syl
58 2y o515 gk, ile 4 610 [B] HLLC ooy, Sl 5 gigags
Sigh opl 3l el Baa el Jae 4 ool gloles z Jao b g3l
el ST 3l Sbglyr it 5o Slelxe 85 A
Oy S 5 BgigasS so0e by 5 SBue —Jule S5 pobaie
S b oolitul ped A e 4y Jol 4 ye 3l > s slas)l (gl HLLC
o 9 Pl 2 aspe s g 1 asye 2B bl g0 il 058 by @
Bk ) el CuaS g 28y S - Jule iy, 6)I,8T iee
A deglie 1o L (B9 99 gl anlie

G (93 9 Jlw 90 Yolro -2

Joe 61y [ALIJ HLLC pley; K> 5 BgigagS soae by, allie oyl 5o
Sl ceand o S Al poal ool anugy gldlolas miy (JLw g0

by 3L 1 Lalgy Gk (msle Sjge @ g |y lolae iy Joe

1-Monotone Upstream-centered Schemes for Conservation Laws(MUSCL-Hancock)
2- Slope limiter

3- Magneto HydroDynamic

4- Large eddy simulation

11 oploib 14 055 1393 i e A S oo L0s


www.sid.ir

BLail Ld) 3o 9 031) 5010 yawdlsuc

&lo OB )93 syl ya (s lwduuls w3239 sla)slee T w93 U3 sy S - Juwle (yig) Arangs

aooly g5luibs 1 lalf
250 eSS a2l b Joko W™ lawgio jlade daosls (g5l o8 5o
wedise Joo 17 alal) 050 4 45 w050 0 (030l Jsbo

vvi(x):wiu(xgxxi)Ai . xe[0.ax] )

li b ;oW (X) 5l conlin s 0aisS dgamme ab S 5l &jle A

‘_glm)).o O Jasn).A ssxbe.n Slaise BN XZAXi 9 x=0 @LQ,.;‘ Ll ool

4 @bl bl o W(x) e ol oges latdes X 10X 1 50 Jole
i<

2

109 o Awlxo 18 d‘h") Oyg0
1 1
We=W!—= L WRawWME
i i 2Ai i |+2Ai (18)

g Swly oad Db Gap ol plore 4 @zl 0 WE g W polie &

. 3 P . .
Sgazme &l o )8 (sl T T ipme g Sl il I 0 098 00 MBI
0 eolaul ) 0SS

AW, =minmod W W, Wi, W,
AX AX (29)
iy 20 abaly 5o 4 g oolysds el o lp et gl &S
g s
minmod{q;, g, .- }
{ min(q,) S q; >0Vi
= J max(q;) S| q; <0Vi
|
[ o Oygan) ypé (20)

2 4y cds 4y Llss 2 o8
P8 50 16 alal, W™ 5 W oss ol i9 5 (650 solie di Jokoo 50 50
At

il oo 55121 abyl, 5.l P

1t

2 AX

—R 1At

Wi =WR+Z—AW )|W"-WF

" AW W] (21)

g pll (lslro gla Jsbus plad (sl al> o ()

Pk 5950 )l a1 3 o8

bl s cpesy Al b 8 abal ) Fivz, Jobo 5,0 )L aclos (sl

Wed J> 5l sleosls

W =W+~ AW, )W

—R —L
U=U , Ug=sUia

o 99) Sy Glages Sl Joho Sl g o oy e RL Sl koS

Sp =max(u_ +¢,,Ug +Cg) , S, =min(u, —¢_,Uz —Cg) (10)

09 0 0 (eSS 11 alayl u,.:Lgl »HLL (o, Sleslaul b ‘5>l~a Too &y
s :(pU2 +P), —(pu*+ P)e —S.(pu),+Sz(pU)g

(pu).—(pU) =S_p, +Sepr (11)

(o> J.MS Sl 00us oolaul )L‘;}ﬁ UMJL,:T )| J._\A U"‘ 0 dS.u‘ 4 d>gl L

12 ey sk sl e ol Sy fad L35 Job jo

al:R =R a;L =0y (12

Slon 5 sl yigas Lbg, 5l eoliil L 3 sles o (gjle &l o
1l oo s 13 alal) & j90 40 x>

ntl_ . n
alj —O!lj*

At * * " *
E[(U(Il)j% *(Ua1)j_% =0 ‘(uj% *uj_g)] (13)

e 1) (oo oS Gaile Sde (5345 35 U (giludianS 0 0l

09es 95 -3
[11] Sgds g0 0300 =, 14 alayl, 3 6
U, +FU),=0 (14)
Sl G sbel ol Gas ol goae i F(U) 5 1kl polis oy
C8S 4 1) BgignsS gl A e 1.);.39 —ol gy &S (956 4 el Fisiga
35 Mol Firzz (goae (Lo Bl 3 jsbate oy ams )l 2 4y
s eyl sl itie b ol o3 sl ovs L 3ol (gl [11]
dale gico ol el o a5 2 5 1 slaals &Ja(a,pl,pz,u,P)
3L 1 ol doles gty Joo c¥olae sl 3 arg, ool Jlosl glp 08,5
p3¥ SYslae I (nl lp 098 (omasiil ads) sl peiie Cnl ol 5 s
High by0 g (w19 D jg0 4 ple g0 4

oW

oW
— +AW)—=0
ot W) OX

W=(a1,p1,p2,u,P)T
u0O0 O 0
O uoO p 0

AW)=|0 0 u p, 0
000 u 1/p

9 dgdsn Izl adsl slo el )y (gl L ayy) (pl &5 ol S5 4 0¥ 000 pc2 u (15)
o a2 e 3 ond 35 2,580 IS JeLe s o g 16 alaly US54 SVolan (s lo ok S50 4 5
eber 4MS njTrb 4 Sole 0 o0 JopyS 50 5y
3 ik SliarJule Ubs) b 16 Luls, bl 5 adsl polie o 57U 70
Wb Sy ey el Opy O,
Gl Loalaly 0 a5 F Lol goe )i« Slaslne Jobo 550 ;0 0 @ o ox ox
035 i A1 U 8 Lulg, jo HLLC oy, ;8> 3y, SaS b s 2, P2, 2@20
) ot OX OX
B aiu_kuaiu_',l@—o
T alaly o ol oad (g3l @S 03 a5 ByigosS o, jleslil b0 ot ox pox
gl oo dawlre Lol polie wowl 0als ooy ylas P P u
s Sty 2 o 00l ‘l+u‘l+pc21:o (1)
ot ox OX
3- min-mod 1- upwind
4- Evolution 2- primitive variable

11 opleib 14 055 1393 i oo SHlo uwis

146


www.sid.ir

BLail Ld ) 3o 9 031) 5010 i suc

&lo OB B9 syl ya (s)wduub c (32393 sla)slee T w93 U3 sy S - Juwle (yig) Arangs

1E+09
R T Jol 4o 283
8E+08 [~
I o Py Ae s
| — e
6E+08 [~
S
< L
S} L
~
N |
Q
4E+08 |-
2E+08 |-
0 I ~ 1 1 1
0.2 0.4 0.6 0.8 1
X(m)
10005
800 |- ~
L ‘|‘o
I “,0
L \
o \
600 |- |
S S Jol 4o 8o
(=] L
X
N—r | .-
Q O P9d Ao S
400 |-
. p
i [ Geds J> ]
200 [~ \
: 4
! i
- O“‘
T T T T Il
0.2 0.4 0.6 0.8 1
X(m)

(5 ) 3o @l b (Urams) 5200 gl aglin . ulom 5 425 ol5) B S
CFL=0/8 41000 s sluas [10]

Sl g l9m ar o algl alts (gl adgl Lyl 5 g Isaigla S5s 1 Jgur

0/7<x<1 x<0/7 S Cuxdsn
I ol lgo Al Jhe
1 1000 1 - 1000 p
0 0 0 0 u
1° 1° 10 10 P
1-10%  10% 10° 110 a

[10] sedo Jo mbs L2 g1 agpe cds b oove ol amlio 3 5o 4o
455 gon Sl Jule gy 3,08 Liws o )fo 335 U b g2ty 3ilas
ol 00,55 slool > 30 (6,lubl g awlesl lugs

P Ol 2 53 (Hp0 S o Juad gun 90 &S > -2-4
SIS Gz o Ise JS8 grye Sl Sy 25 o ol alis
o9y 5 Sexd oo 2Uls Dbyl cgoae ialesT cnl plnil 5l Gas
Lis Ul g S i Jab S gangs Cuxdge 535 Geend 0 g3
4 IS 0 altiee ol o Glase owii slal el C3 15 by 50 o
ol v @l ol 2 Jgur G T g Igp (sl 5 T sl Ll

|

147

D5 ca dnmlzeo 15 00l (65l ainS alay 5l o0l b 55 oz oS @
dojls JE> asle adl ol smicie oled oz oS drlns j oy @
Ale s (5550 ey
20,5 oo dulore D alayl 5l eoliul b bglsa JLid o
D oo dumalzee 6 alayl, 5l oolitul b (55390 bglste Cigo o ps @
e ley p5 )0 Jsl al>ye 4y (25, 0
s slaylsp U= ((ap)y, (@p)a, pu, pv, pE) (gamgs = o
Cyyas 22 abal) Ojgo 4 g el o)l 5uss HE (F, G) oz ol
Dy
F :<(ap)1u,(ap)2u,pu2 +P, pvu, (pE+P)u)

G :((ap)lv,(ap)zv,pvu,pvz+P,(pE+P)v) (22)
ol o 0010 LS (0 35,15 Gl 50 (65l S 0o 1 S o

Sibe wnS S 35800 bage g308 LS S ok 50 2
Sygo 4 G b o dpase > gy 50 Jll (IS aloles ouls
(g o Alingi 23 alayl,

At At
umt=ur+—|F, —F, |[+—|G , -G
BT Ax{ i1 iéJ Ay{ it i,j+J (23)

dolbe 23 Jsop sk i Sleslre Jsho jo UG (:Sike ke
diloe BB 8 ablal; 5o)b e 50 so0e b polie oghie

S mli -4

T 194y 5 gt -1-4

s Al mbo b o) G s a5 ol a0 gl Sy ol alis ol
s gl el 00y pianadl L b a5 el b T ey a9 YUy
bug gle Jlw [10] el 335 Jo lyls 5 axils (6,985 i i s
e Jlosgl 5 el doles g 55 Sl ¢ 3=t cll> dolas
ool gl JB T Jpar 52 S5 3o el ) ey Ll 355m

y AGij/2
A .

Fit1/2
A-F-» --4»

AGjjay2
1
|

A

»
»

Ax

» X

P Gl 10 Sg0mme pa (6l aenS 1 ISl

oaisly Cond
(10° PaLes L alls )

ol oo

(3 o8 5L s slsa)

)lf'(':-LA L_g}lég.) Qo dywo)‘?)bzﬁ

1- Shock tube

11 oploib 14 055 1393 i e A S oo L0s


www.sid.ir

BLail Ld) 3o 9 031) 5010 yawdlsuc &lo OB )93 syl ya (s lwduuls w3239 sla)slee T w93 U3 sy S - Juwle (yig) Arangs

///// y oy ryryryry. 1~
\ 08l
T ‘l s:ai =
Vol | 06
Lo
Sl é
=
; 7 04f
5 Slre zoe e Sl 5l Altne Sleadlo lase slal 5 4yl Codse 6 JS0
ol 5o le ol -
02f
2 S fe Juad &8 o dlie (sl sl Bl 5 le 5 5 sl S35 2 Jgu
CHlgS jlad g e b b xS
. L L L 1 f I L 1 L L 1 1 L L
&gl &0 030 S Coxdge 0.2 0.4 0.6 0.8 1
& T b Jows X(m)
10 1000 10 1000 p S fie b &S 1o (amgd i Slewle oo slal 5 adsl CosBge 4 S
100 100 100 100 u =SSl 7 g
100 100 100 100 v

10 10 10 10
1-10° 10° 10° 1-10°

S

ol o lgm o 5 (slarys g Jlite b Alins sl gl bil;2 3 Jgur

Y p U P Po b
4/4 1000 0 0 1x1®  6x108 1o
44 132316 -68158 0 1/9x1F 6x1F 2o
14 1 0 0 10 0 oo

Jab 5 00d ol 505 e 2 adye <85 b Slbre Sl 4
o 2 4 0 280 by Olaslme 3l ool ol o ottt imols S i
Slawbre aSs slass 4y 5L pae o 4 Slaslrs Gloy oS pii ialS
0398 S i Jad zgdg (e p Aot haad it by biogd oo ol

D9 se

Sl 30158 ol S b sl 5o g0 2,955 Jiliie @l 51-3-4
Toe il Sty lse 5 O g0 JBG ol st s 4 alies 0
Olye & pol> Jl 5o 5 oaal Gl & ez flas 32 Gl b glays
Gyl Sl Ky el ol alis goas gla g, Cond bl S
S by Ol cpl ojls 18 O sl S5 5950 yie (ao B 48 @ lga
So Jels goue Jo lane 098 g0 (oD 172 gl b sla,s zge
s 15 (12512 ) Jome ys s 55 50 5 29%24 mim2 sle & larce
el @Bly Sl 3 50 ;o 3l (6520 oo 16 Al 5 (sl 5 250
sl B Jgaz 58 4 Altane cpl gl Lol

9 w7 S S0 kil g olens D90 @ Gl 5 Vb 50 Ll
IR Condgy Sl ol w8 S s LSl 8 D50 4 S,
ol oy 61,1 B S 4 alinss

2 adpe s L adye cds b olbe mls (o slaalia 7 S5 4o

0.2 0.4 06 08
i Sl rizren g a8l oo BT S e Jad 3 (5505 300 X(m)
S USE Gileand 50 o Gl 4ol alaadle LB L s by Ol o S ide fab oS o alie oz 1S g gove i S JSB
el S Gl Ol s 100x100 aSos olaws gl a5 9SG

11 oploib 14 055 1393 e oo Silo uwdiis o 148


www.sid.ir

BLail Ld ) 3o 9 031) 5010 i suc

&lo OB B9 syl ya (s)wduub c (32393 sla)slee T w93 U3 sy S - Juwle (yig) Arangs

Jgl o 2B

R pgal o

p9d 4o S

Jol 4o 230 P> &y B3

t=Tusec =Tusec

o7 S 2598 1l

435%360 _lslre a5t 2 o 1 as e s b gulss amylin 7 S0

ol 5 oue mls-o

[12] soue gols -l

[12] sose mbs b yol> 5 sode b (oS amlio ol 1ol Ll 5 Slo 1S juil Jlas w59 ,g0l5 8 Ui

Fol> 5 soue mls-o
ol 5 soae ol 5 [13] bgS- 5, gl (S JIE by, 609 (65l dnd gl dmglio ( I LolF) ke pgas 9 UK

oy aSed YU w515 ol & a8 [12] Pass llal ool (ol
6oas@ulg,bl>)lfdoas@mw)iiowuﬁ&59JSJ;;)o
P . e 3. z . . = .
b (S alie b pdy 050 [13] Tbg5- ) atwgl S JE s,
&5 6 g Syiie Jad CumBse Lo G o Loy St Ko
ool Ol b SLE 8,55 5l (B6 ()L 5 (ol (oulSil 5l
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3- Rung-kutta discontinuous Galerkin method
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