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In the present research, the high-order DG-ADER method is used to solve governing equations of
two-phase drift flux model. The drift flux model is suitable for studying two-phase flows where
the phases are strongly coupled. This model is composed of three differential equations including
two continuity equations for two phases and a mixture momentum equation. The mixture model
also uses an algebraic relation to link the velocity of the phases. The high-order DG-ADER
numerical method, which is a new scheme to obtain high order accuracy of results, is used to
solve the governing equations. The DG-ADER is a nonlinear method in which the reconstruction
process is performed using WENO method and the time evolution part is achieved by
discontinuous Galerkine approach. The results are compared with those reported by other
researchers. Three problems including two two-phase shock tubes and a pure rarefaction test
problem are solved using this method. The results show that DG-ADER method can solve the two-
phase flow problems with a very good accuracy even on a coarse grid. The drawback of this
method is presenting numerical fluctuations with limited domain at the position of shock waves.

5 ol Jote ol tlse (s Jae) Tl L Jae lag 51 (S douio -1
olen Sy g (a3l 51 o 5o sl (S Alolan ) (Srwgey dlae LB ol (slmonsay 5 taro slao I8 5| )l 53 5350 slapl >
Sz ) So el )L Joe jocwl 5lgs Lol sl piege lyr a4 Gl ol g cnl Gleop)lS alex I st salis
s Gy Jowe ol 00,8 oo eolaiul 5B g0 ey yolo LI (6l y 55 5950 Ok, reaisS L5 e gl cslatae sla,giST, o 55lg0
2Bl 3o 3925 51 g0 Lo 698 iiSed p ol o & Slagl > [1] 0,5 o )lal 55 g s JUsl sladgd (9,0 b, 9 i slooaisSTlax
Ol sl sl Joe cnl Jle plpie 4 a0 @l (55 Sl a5 o) bgmg soaaite laJas s3lss slagl > siledae sl

1- Drift flux model (Mixture model)

Please cite this article using:

T led aaliiu! Jod &b 5l lie ol @ gl gl y0

Y. Shekari, A. Tayebi, Numerical simulation of two-phase flows, using drift flux model and DG-ADER scheme, Modares Mechanical Engineering, Vol. 15, No. 9, pp. 51-58, 2015

(In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

b e 9 )b (yuigs

DG-ADER (sYbass yo (yis9) 9 (il )l J3w jl o0 3Laianl b (5 )39 sla gl ya (533e (5 )bwdads

e o slp 05U by, pl & cwl S8 Ll Losd oo colaiul
3056 odol sl gaoge (ml g el suis eolaal suily (Le Jaw Y oles
S5 0 R eon Sy9e G5 ()
sily )l Jow oS SYolae 2 isu j0 o pl 4 o, sl
mls 7 ide ,0 005 o Byme gooe > oBs <yl sl ADER
ol @l e 8 it 0 Wl 5 rts gy cnl 5l el soa,

b DYoo -2

2NeS 1 5B 90 5o 5 Canl unSy 0Ly &5 S9b e (B2 GBSl 5o
b e GlF S95 wiles e by s jax l rizres il
Joe oSl il s ¥olas bt 3 onl 5285 a5 o b e o
poge dolee g a3l 5l SO o S OVYolee Juli a5 adl) (Lo
I8] o5 oo (1) abl, @ pg0ts (ol JSC2 40 g5 oo 1y el gl

ot X ]
ol (2) aal, &jgo 4 g el el o Hlop g ol o oS
P9 g0
( Pg%g
q= pP1a; )
pgagug + plalul (2)
098 g0 drnlns (3) alaly 90 4 g ool L5 o F
PglgUg
13 = pra;u;
pgagué + plalul2 +p (3)
gdige <y (4) bl &jgo a5 Wil o deiz 05 S izes
0
d= 0
- 2prmu72n +

Uy G5 oo S @l o> S @ (4) B (2) Ly, o

el Jlzdp g mb B o 5 JBs oy cmle oyt G sy

Coyd frois 5B 9 ke Copeun 9 JE pm eiees
Sl dgf Sdgjoun Jhd dy g 0)le0 Slasl

(5 ls; -3
ol plo 0l 09>y Joazme Caar g dlolre A (338 SYolre dcgezme o
oo Bl LSS ¥olee ol isu ol jo il 5L 58 S0 dlolre L
ag+a; =1 (5)

4 (7) 5 (6) Lly, ©)p0n b aolas 3,k 5l gl jlas 5 JBo

g o bl e K0S

P —DPio
P1=Piot ~cz (6)
l
P —Dgo
Pg = Pg,0 + ng (7)
g

sy Ce 5 58 gz yo L2 P 5 S8 o (7) 5 (6) Lals, 5o
Aibge 351G o 0 Ogo

9 o lasis 15 09 1394 )3T o3 Sl Swade

L aolio jo 00000 &l 055 sloclsr gl § ol wasSTy ol
30 3 1y 3 g0 Cas o WS A cl olB il Ls Jow (o Sen Jow
A8 &l Gl e 33 51 SO s gl g 0,50 i

2 Sl olas 6 50 o5 dseST B b 5 Sy Sl o
Oopet Ol ) SYslae plals solgdde tale i) (Lo Jow
Gooe s gy (ol soddde Yol goue > gl cly ol
il olo vy, a4 olg oo gl des 5l a8 [3.2] o ls sg>g (goumio
SR B RS S I YR NVIIC SR SJOCI |
Cowl ol Jo 0,8 Slo, Ko aiz 5l oolawl b pubbons 51 golaws
o 5l iSTas b g SO A e 30 glyls sad 45,1 sla g, el [6-4]
sl B30 sz @ Gy lp bgis, (ol 5o aiies 90wy
5 oo Gl el cal et 08 oolitl 53k Slomlone slo Jsbos olass
Sl Pn Bl ez 9 sl slapl,r el Sllre 4 pe
Py o (53¢ sla by, OMSie (ol 5l LBT L el b Slsi
losgs bl s ade el o, Sol, ] Loy olyan iz

FYL 8o L) YU 4 50 o0 sla g, 5 oolinl dla STl cnl 51 (S
Glacusgaze b YU s b slo s, 5l oaliiwl ailawlio .ol 0353 (59
Joe 0 s Slleg 59 gl (piste &5 Ceol axlee (o0
s gy e «yblS 428 s ol ooz i (sl Kiagel
o 4055 7] il 1955, 5 4ty Sy e 1 3Vl 85 oS 503 35
Sz Sl el s300 g, g bt By 438 8 age
Conl Sao 5 s Bl BgiblE aad oSSl By e e s,
Sl S Gl s i e 10,8 Sgaome | Sllug aials seruiar g
b e sla gy potde 5l sl oSy A ye 5l YL glacds 4 o,
Dgad ool

b e Gla g, oged Al ) e aal BaiblS asil 5l e
sy, 4 Glei e by, pl alex 3l Ll culs &l goasie
ot Shl5e pside [B] 555 ol F S dube S5 5 v
Ol g cnl pgo a6 5l goae o Wl by, ol aen jo b
@ Oty Sl S cnl @8 sl o)l v92g SYL Slacds 4 o,
o 5 osliial b a8 w3,5 gl 1, jgl g, ol g 5,95 5V slacds
Loy i 5o g,y ool [12-8] il cons sl slocds 4 oy e
@l sl gy ol YL glacds 4 s, (gl STSiam fule S
s o58iee Jlasl g st JISal SNoleo b 5 ot (slopie
alox 3l a5 Cewl axlgo (gouaio OMSUL b o 1 SVolas piew 10

e Dl o (o Dlitin dlne (oAb oz 4 Ol 0 0]
S5 By o) odle 05 o8l (Subgllys g5 b, Sl eslinl L
G B Gy, opl wlls e, e SVolre (0 09z e o> Ojle
slostiial byl Ghg) ol b (hlSes g junegs s 0Ly (Foniin
Groed 5 233,5 Al] lingy Jlews g Sdx () dlugnl (S G,
Gogy ol gl J17-13] Sl 1y ol OMCee Syl by, bl sl
Sl sl Uy, sases ol 5l pols miss s [13] wiosl DG-ADER |,
5 S Jae 55 b s3ligs ol Jles Jor sove 2 il

1- FORCE

2- Roe

3-TVD

4- MUSCL-Hancock
5- ADER

52


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

b e 9 )b (yuigs

DG-ADER (sYbass yo (yis9) 9 (il )l J3w jl o0 3Laianl b (5 )39 sla gl ya (533e (5 )bwdads

X=Xj_12 HEAX ;  t=t"+ 1At (14)
a2 )0 G Sloj (yge3l @b 50 s o Jewilyins dolae wiyo b

SeS 4 e 9 Tp 55, 2 a9 SIS L 5 0k(§i7) (e N
el Cows (15) abaly 4 ol o0 ‘@Lo) o 3l 232 4 252 (6,5 1Sl

[Qk’ h] _< 91«%) (O, §f (Qh»
= [0, w}1° + (6., 5" (Gn) ) (15)
45@[? )o
£(dn) = —F(qh) §*(Gn) = AtS(dy) (16)
9
[a, b]F = f a(Z 7)b(E, 7)dE,
,b) = . T)b(&,7)dEd
(a,b) fojoa(f T)b(E, T)dEdT a7

o5 Oley o M ax s S laSS Glalezais SO wyp O)le
Slwlxe Jsbo 59, » (10) (roge o58 altus adsl byt 57=10
Slosl al> e plea byl (i) Jol al e 5l Sl &b cpl o]
Db oo Ok L (18) adal, &jgo 4 9wl o Cawsds SleMb|
wy =wi(§,t") = w(t™)$:($) (18)

w0 LS5 )b 90 a8 cwndll (59) p il @e (gl 5l Gl 50 &S
silen silorsls o aitinl (slo gl 51 osliil b W anl o oaliiol
s sl adgl b5 ol 230 b Jlo e sy g5 b 5“5l
sobie (s 0gh o Jobe (rdge g0 wo2lz 65, 2 (10) (o555
& 0= 0ET) oseil @by ST 5 f Ty G Sy lazy
(N o 00l baww (19) alayl, & jg0

(N+1)?
WED= ) 8EDE =0
(N+1)?
fa€n= ) 0E0f =0
(N+1)?
S*h(ET) = z 6,(¢,7)S, = 6,5, (19)
x 1, (20) oo Slgieee (15) alal, 1o o ue cpl 58,5 o) b
3 5] Cawd
[0, 6,%,4, — (% Ok, 01 )7, 41 + (O, 6{ 01 ), fi
~ {0k, 0, )5, = [0y, 912, W, (20)
Ol 5 p) 00,88 Ojge 4 ]y (398 alaly Olgioe (o ple B o
oS
Ky — MS*(q"*") = fow, — Kef*@7") (21)
45,9k
K, = [ek’ez]i - (%ek’gl ),
K¢ = (6, 6€ ) )1,
M =(6k,6, )1, fo= [0 013, (22)

e gl LKe g p b TM el 3 aaly o
Sl o pxio Jlop olg5 oo G amlxe g (21) dolee Jo> b ool oo

2-ENO

53

Ug — U = (D(ag’pvug) (8)
485 3,5 5l (9) ally ©js0a i s 1 B98 alail, 5 I o
[18] ool jptie (Jazylo 5 5 ala
uy = co(aguy + ayu;) + vy 9)
by E8 4 &S aie glysllbvg e al, cpl oy A

DG-ADER 59 -4

S3besl Jsl e o el onls LSS ol al e a1l s
oo Al e 53 o ndyn Syyo sy (el iy, 5l eolial b Sledlbl
-l ez aiz Ky B ond Lialans oloj 45 e (gjluil el
Sly Sledbl ol 5l pgw al> o 50 0] Cawddy asuie e b S
0 ogdes osliial waz Sloj a8 50 Gl Jbewl lapite dslone
Sl 5o S (3lwainnnS 005 oo Ll by, (nl 5l sy LS Al
S glo; Sy w2 o 55 2 @SSl an (1) dola
:J.Jksc Coawdts (10) alaly &g 0 [xj_172, Xj1172] x [E7,E7F1]

- - At - - -

Jade el At = [t "] g Ax = [xj—llz’xj+1/2] ol e &S
09500 ol (11) abaly ©)50 0 Jshos Lawgio

1 Xj+1/2 ( )
qr = f q(x, t™)dx (11)
! Ax Xj-1/2

o dealns (13) 5 (12) Laly; @50 4 aez 5 Lo &jle JISl

R

. 1 gn+l ) . ’

Fj% :E . g(qh (x 1,t>,qh(x. 1,t)> dt (12)
Xj+1/2

j AihAx ftn f y S(Gn (x, t))dxdt (13)

@ ol S S L) SedlS” s00e L g(Q7,07) &S > o
- Slej 00liS 58y G G iz 0Bl oo (Bilyy, s Jle lgie
sl Moaz)s 5l (S Gloj slalex siz slad 5l (mdge Sl
5 ool Lol o Johw lawgie Jlaie @ SewdlS dgome > iy,
A 45 9 se Ll SIS dgazme x> () 50 Jeh Lawgie polie
AT 05 e 3l e S8 @ oy sl 5L 9,50 Sl I gl
o9y <85 plgige s (Rl ) Sl (nl anlre <85 (92 4l
31 @ole (I DG-ADER g, ;o couidn g |y aid, 1K oguome poe
il Cemsa Glle Jsho 2 gy, p oSl S¥olee ns )b
[19.17-1513] el 10 olgse |y G dmmslms o5os 1 ol Sl
255 50 518 (0 O)30 Egdee (nl LSl 4 amy i .4l

Vb 4 0 (Sl 50 &5 o) (5 3usdiuns” -5
o $LIDG-ADER g, Ol i dan [lasl cole; Jdo 4 allae ol o
A3] exlpe 50 5550 by, 00 Ol O IS wszlr L 5 o5
DG-ADER g, ;0 ol 3,5 )3 )y 0,90 Jwats & [19,17-15
e e Sley axly Joke az e Gozile 4 WSl SYolae ol
o3lisl LT 5 € oo p3a T 5 €l Slaie LTy = [0,1] % [0,1]

o bt gx 4 i 4 dailg

1- WENO

9 o lass 15 093 1394 5T o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

b e 9 )b (yuigs

DG-ADER s¥Lass yo (yi39) 9 (sl )l 3w jl o 3laiaml b (5 )39 slayl ya ($33e (5 )bwdads

S 3 2 o 5 gy S I L 5 s a2 1 Jga

SI. a),.
1 15 5
210 18
1 8
2 18
1,35 5
2 10 18

N ol o a5 asb e (N+1)x(N+1) olol sl M sl
el BLEY Oldg o gladazais ax o
dle I digde dle wlie s, b lagm il ple
ooliiul b (Fuals YL j5 00l S35l eoliial b jlis s slo o ile
LS o e n polio o amlone 5l Gy 09 aculne ¢ (21) dslas
Sgy 5 eolitel b ol 5l e b oo dmle (19) alasl; 51 eolail
ok 5oy e 55, 2 o0 [l (6,500 [l arule g, ;2 b 5 S5l
Jlade (10) akal, 5l oolawl b al> o ol 51 o &l oo Canty  Slawle

Ll oo Casots wax Sy o5 5o q

=-7

2 6B slopl > Judos 0 DG-ADER i) ol ) jolaie
alis 35l 39 n o3liial (53lBg5 455 Ayl 93 5| o2, Ls Je al
iz goae gl by, Sl ol Glis (gl orelize I Sy awgs
Lilass 3108 oolaiwl 5490

sl a5 gl -1-7
5 20,5 > mle 523 0515 (2,3 L [20] (S 5 (ol | s (0l
- obee S0 Ly L 5l a5 el ;20 100 Jobo 4y glalg) Lol alie
Gl )2 29790 adsl Llyh 09h e el Cusly 5 i B 90 4 s
Il doles gl el )b 2 Jsoaz o el o ools las 1 S o alles
alal) ol 5 g5 ally 53 d3mse s Grizmen el oad S
Dgd o 48,5 a5 o vy = 02162 g¢, = 1.07 ol (o34

5 bl goe o lays gee S ol Gl i Al )
ool ool sols i 2 S e Gl Slealbee slaaSid gg,

p(Pa) AYYAYD S1AL pPa) ) [A-vass

g .10 g <100
ug(m/s) = Ya/b\YA I'g(nl/s) | Y/OOAY
u, (m/s) | | YEVVE u,(m/s) | | vy
. T, =0-m .
L = oo,

ol iy g e o g Ll 1 JSC

450 Ayl sl el dslas sloyial )y 2 Jou

k m .
PreoD) G5 %
0 300 it
999/916 1000 sl

9 o lasis 15 093 1394 )3T o3 Sl Swade

995,50 o (6,1, Ojgo 4 dolae () i0ged deslxe |y 1 (6, T) m
a2 Cawyd Jo s JLSSN + 15l o aS oo oold Lis (6,655 &g
Lly, ;0 [15-13] cul ilojb Glabomsiz ax 0 M o] 4o oS 545
Slosse @y 510 &ly s il sbglaber wiz 5l Ysere b il Y

[19] wgs o bl 51,5V Sl Sloj

4ol 9 (51> i 59831 -6
aoM> sk DG-ADER by, (sly2l (sl 8, J10 ool (Ao ol o
10,5 50,53
sl Jge s 5l oolatul Lfy oM K Ky slo o le aculze 1
559, 3 eolatul b s ey yile ol polie (22) alal, ;o oais @il
0376) Wigh oo drmlne gusS bl )0 5 wsS (5,515l
ol e ( K5x ) Glaiged plore 4 M ple Al
(el 00 ools Toy LS s sleil o by Slo
Sl polen €975
s 0319 i oy 35 Lo dnslono
CFL L% jleolaiawl b Sy o5 avssloes
WENO g, 3l eolaiwl b Jelw Sledbsl g5Lusb
(21) ala 31 ssbisial b § amsbone 511 (5,155 e plox
s 5l oolitul b blie slals 5 gl (sl it dnmlone
B al> 1o 5l ool s
b Gl Jsho sloje 55 52 go0e glajls awlxe 8
[ al> 1o Sledbl § GBgilsg, b, 5l eolaiwl
(10) adal, 51 oslizwl b sso> Sloy 5 jo b o al> 9
w38l pges o8 4y css 10

N oo o W

b o dalol a5 5550 yloj ds e, B o l)d ol 11

M s yile dcwloee ogn il o)Ll 55 gl p5 0 a4 45T len
oM b (22) akal, gilas Dgd o 03lo 7 el o Jlk olsie
09 g0 i (23) abaly & )j90

1 1
M = (80, )r, = f f 0,6, D)6,(E, D) dédr 23)

HAY (e 5 loy @b) olisye @l 01 50k gl bl ool o

Bl asbe LY G az e @y Jlse plgie 4 aies
0,6 1)=1-5)A-7); 6,(&7)=1-&)
0,(8.7)=(1-7)¢ ; 6,(87)=7¢ (24)
il (hlod Sjg0 4 ] 398 JISHN ls oo s cnl 5l eslinal b
2> gl ge ooliul JYL 4z 0 b glaglaler iz 5145 (Bg Jyro S
Ly oo &ygoar JILSGI pl Cdel g oals oy (Lo sl L] slass
S5 I Ghg) 5o 09,5 o0 dmloe 2 poleS ™ GueS by, 5l eoliil
ol ol polie sl a5 wijle 0gmg sattine LG > 0lsS= 08
Colgs 40 g oo blas I b blis sloyje 10 (o 0dd dwle bl

S 385 oo (Brre SISl Jol> lgie 4 0 po Jol> (ol ggece
nGp nGp

M(k, 1) = z z w;w; 0y (s;,5:)0,(s;, ;) (25)

i=1 j=1
Oz 1wl eSS (6,8 LGl hg, bl slaws NGP doles (! 4o
Slaad dw weS g,y Jle Glaie a4 aiiin cwsS ol oW g bls's
g g dale 1 Joaz Gllas bls5 5 ol 5

54


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

DG-ADER s¥Lass yo (yi39) 9 (sl )l 3w jl o 3laiaml b (5 )39 slayl ya ($33e (5 )bwdads

oib Gle 9 ol g
0.56 T T T T T T T T T T T T T T T T
E e - == e asadi ) ; &
0.54 - VR —mms ez e o Yo =
s [ RS P NI ;
0.52 F " TS 3
: g Mezs 5
0.5 . e =
0.48 ' L
SY » ]
S o4 3
0.44 -
0.42 {
04f -
: L L | I L L L I L L L I 1 L L I 1 | L B
0383 20 40 60 80 100

X(m)
A 89y 2 Jgl 4o o) alius (51 DG-ADER b, ol Sod anlllas 2 JSCi
Pl 4 e B9y by Al (Slowle sla

Sy g lid sbaasin hhuwg Lo [lis Sldlbl o5 cul oo
Jile datin dw o lhuwg b st plo Gledbl Jg .00ed oo Jiie
Cle aigd oo s o e ol 3l Heee 0 i ple (Jg oS o

1100 , , . T
1000 |- #— .
900 |- ) .
= [ ]
a L b .
X800 -
—~ 800 ]
i [ Johasipe Jolu Ve ]
N T I — o pgs e Jola¥e o ]
i /. P dnipe Joko Yoo i
i I )Rz i pe Joko Yoo ]
600 I~ N
‘_é‘ ———— I I I ]
50045 20 20 60 80 100
X(m)
Sled o
Z5qﬂ T T T
B . ] Jsl e Joko V- 0 .
20~ $ e P30 sy Joke Yoo 7]
] e pov i ol Voo
. - Pl aS e Jobo Voo 1
- 15 N
N , B 3 ]
= | |
< - ]
S - . ]
10 . ]
sk _
oL 1
0 20 40 60 80 100

X(m)
@Lo 38 Ce i

o oedlS goae Dllwg aiely Sl (0,5 S, b aS 09l oo ada>dle
wbee gl gl Gl 8 (g b

ssalie B (G coom) Jol e zoe Joe o Sllegs 0l
ala>de (wog HUasl BB a5) oo jalb cllug 5l laics o .ouiws
cds @ gy Jolw 800 5400 slaasis ;) oolatul b a5 54 oo
Cawddy Sl Jolo 3200 ;I oslexul b [21] &0 0 Al S g,
ol oda]

200 oSt G (59, p 5 3590 wpo Ay Jlow s 3 S o
ol o0 &3] Calisee glods L DG-ADER g, 5l oolaiwl b g Jolw

Wy e iy, S8 il b S jebay a5 0ad e b
592 DG-ADER by, cand abaii iyl o Cuwsty 5380 slaclsr
adlas cal by Glaws Gla Kowgul Jore jo dgase aials L Slilugs
JAS Baa ()] )0 a5 0,5 oo Atz (002 by Cule I ans ()l
ool Casddy slalyz oy ol 59 (B3, (65 0 b Sllugs assls
o S5 5B oz S 5 mle B S Gla g 5o 45 ded e LS
90 L JLad mjei 9 5 5B Ce g 50 (Jg 09d o onalin (Shwgnl
s sloaasin 4 a5 b Gl ) ol cnl 000 3529 (Siwsnl
L blis dasin g0 a5 o)ls Aub> daduin dw bl Jow 0,5 aog
Al oo owled Siwgob b bl dasine SO g (blul 5 5,La8 zlsal

0.58 I L 1 1 L 1 1 1
™ Jol e Jobo Y-
_______ iy D 59 ‘-—-’;‘ JﬁL.u Yoo

0.56

)

0.54

0.52

o
4]

O\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\

S .48
0.46

0.44

0.42

©
~

0.38

20 40 60 80 100

30

Pl A pe Jobo V-

25

20

15

ug(M/s)

10

0 L I L I I L I L
20 40 60 80 100

X(m)
3556 e T

o

=055 ;o ,o DG-ADER g, cilises slacds b g Jokw 200 Slowls 4t G (59, » J3l 40 po dlg) e Judoss gulis 3 S

95

9 o lais 15 093 1394 )3T o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

b e 9 (5L g DG-ADER (s¥Lass yo by, 9 (il sl J3wo )l 0 3Ll b (559 slaglya 33e sibwdab
p(Pa) A-¥D- 515363 p(Pa) YEYAY il Gl Joe o as el gl e cpl jo 5B 5B e pn i pae
o, ,

g 100 {4 <100 ) . A& s - . 2. )
ug(m/s) = \Y/F04 Hg(l]l/S) =y -A-»Sso J)} )lf )ls Sy b ngl.o; u.i,...uﬁ_._,b

u (m/s) | | y-fvy- u, (m/s) - [B%
' . S & pd Aol -2-7

T, = 0om °9° Ry

I F—— > Sy [23] pd )5 g oalxdl g [22] oaldl § axgl lawgs iy dlgd oyl

P90 Lo 4.19-‘ o ° 4—:—’5‘ “‘”‘)‘*‘"4 ‘JS.w

a0 Ayl gl b doles (sla el )y 3 Jgu

k m .

Pro2) Ce() B

0 3161227 s

999/90 1000 b
0.6 I T T T T ]
- = =R = \. :I -

s 1
05F \&‘E“E“Eﬁﬂ —
L sk adedile e if |

L B h
[ et ey
4 — = ol ase Jobo Toe

i
I
i ) ym ] ]
i Pl 4 Jsbo A | i'] |
u

= O [Y \ ] c-?)n !j | 1

i i |
03} b _

* o *

i § .'"p 1

i b |

i | I | | I | | I | | I | | |
025 20 40 A0 80 100

X(m)
pgo o dg) aliw gl DG-ADER g, (ol Ko anlllas O JSi

o=l 5 goae Dl 5o el eag; SYL (goae g, Zds juix »
L oy e b 5 o 5T o33 5 gl o Jlin olsis & s
Al oo Camdas T s 10 00 ools )Lid ol 048 pay oleiS 3
aels Jg wloals lug o Glojluil U gl aS 0gd oo ali>de
arals (0,5 sgaze il sy sla S 5l (S lnls el 250 o]
FSosS Al 0,8 S, b ollug cpl adels cowl goae clilug

110 [~ T L | T -
100 |- -
- - ]
90 |- J -
80 -
~ N ]
S - i .
~ 70F (] Johaipe Jybo V- I\ =
E - .
: ————— e ‘nﬁ._‘.c\.._.ch?J.wY“ :
60 [~ . 7
[ pg ded po Sk Vo0 ]
50 |- el adpe Jobo Vo -
40 |- -
: | | I | | I | | I | | | | I | | | | I

20o 20 40 60 80 100

X(m)

9 o lasis 15 093 1394 )3T o3 Sl Swade

! 92 29290 adsl lulyh 09h o pendi Coly g G A0 g0 4 s
el 0o o0ls 4 IS o aluse

Colpo fizmed ol sals ;S8 Cl> dolae oyl )b 3 Jean o
Vg = 9C =107 plp (Go5a) abl) Janls 5 g5 abal, 10 2525
Ngu g0 48,5 lai 100.2162

5 eolitwl b p,laz 45,0 DG-ADER by, ol Ko 259, 0 S 5o
Cawloads osls ylid 515 51 ceoe> oS (6l ilizee Slwle slo ol

75 &9 Slwbre sbashw slass Gl L a5 998 o0 ali>de
[21] a0 51 595 29y Loy 00 i1l slacslyz e o > 2,5 092
SO0 by, A 39 o oddlive el 009s  Joh 3200 s G (g9, g
J= Ohy 8o 4y pladler Clpe aSLl S (g9, p iy sy IS
QS Al g, ALl G (g9, 2 ez e
vy o by &1 6 S o caliswe slacds L DG-ADER g,
‘)’lf 58 T S &l C"L‘J Ll 00l anslan [23] &y oS
a5 09 oo abado Ll oy sols yLias o] S i lid g 5 g0 ey
09y el 0als ol (65380 slallex goae yhg, s ulil b
Joee yo a5 all o0 Bgilig, b, DG-ADER (g, o b, jl5ay Jol as
CBs a8l b asS o Jo 0)ly goae ieiis (g lade slae slazge
sdal Cewody @l a5 04d 0 ali>de 09l o sadlin soas Dllug
Sl Jokw 200 Slowlme 4 (59, 2 [23] a0 o b (295 caisllas

os.w Sgdsme uuw.»y aold aS col U”‘ 5 U“’)L o)b.o.b )».L!‘ L;’ﬁ) O

0.6 T T T T

6530'47_ [ Joh e Jobo V- ‘.Q ]
T = E f,ﬁg;‘_._';)_cJ91~,\'H 3 X -
[ ———-———— po b pe Jobo Vo E- |
03— pelz sl BV .
[ A Il Jbute E@j |

023 ‘ 2|o ‘ ‘ 4|o ‘ 6IO ‘ 8I0 00

X(m)
356 s> S ]

56


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

b e 9 (5L g DG-ADER (s¥Lass yo by, 9 (il sl J3wo )l 0 3Ll b (559 slaglya 33e sibwdab
121 T T L . 7 14r | | | | 7
10 - 2= -

[~ 0\ -1 - .

- i ] 10 f~ i

8t B - [ ]

[ ; ] > | m Jit by Jslo Voo | ]
Qs m Jshasdpe sk Vo 1 < oL 7
é 6; N fa A fjJ‘\-ufngl.wY" ; ggn : _______ o PR fjoc""’)‘cJ9L"" Y-. :
e Py o Jgko Yoo 2 ] Y o Ay Joko Vo - ;

- ol asipe Joko Vo . i P ard e Joko Vo ]

B AN LA PR N A ] L i
2 ,_ _, 2 R _
0 i | [ ] [ T T T T S T I 0 i ] . . ] . | | . . l ) ) ]

0 20 40 60 80 100 0 20 40 60 80 100

X(m) X(m)

@La)'lé VORI

t=1.0's :\Lsj ;5 DG-ADER 35, calies slacds b g Jsho 200 Slosls aSes Ky (55, 2 po dpo> als) alioe Lolod gls 6 Y

slocds L DG-ADER kg, 5l eolaiwl b g Jobo 100 Slowlxe aSiis
R PRI QL:;J9 J&&p(}@gb&ic\gﬁ)’\) calisee

Jo o Ay gz G 4 (bl zge S a5 0500 Al
DG- b9, 55,54 b aS aas o ylid sl s & ol .ol &5 >
Lol ooy allS” go0e J>  foian i 5l YL cds L ADER
slals 5l eolitul b jlad 3 oz S a8 s 10 UKo o
ools Lis pylezr a5 ye DG-ADER (b5, (5,5 54 L g alidee Slowloxs
ol oa anslio [20] azpe o sus @l 5Bs > mlo Lo end
G sy 5l Glewle la ol olaws 201581 L aS 04l o ala>dls
Sl 0l [ Ko 380 o 4y (g00e o bl g aluls g,

S 5 4oxis -8
09y S by il HL Jow sle p 3lgs slagl o Julos

AL Ll dlls gl Il aloles glo el L 4 Jgim

10

|
! .

- ek e e T 1
|

- I I -
40 60

X(m)

S5y 2 P30 dyo ) Allie (gl Ayl ailn )5 oy g5 loiS )5 1 S
t=15 Loy ;5 DG-ADER g, p)lez 4o <o b g Jok 200 a5t S

K m ” b o ol ] il 3 Jg 0g
pk,O(m_gg) o) 55 0 oRIP gl W8 Jg 95 oo
0 100 s A blucs! Wl =3-7
999/924 1000 sl
069 T T 1 T 1 | 1 T 7 1 7 LI — OM OQ‘Q 8 “_J&“J )O dJL"‘“'Q Q‘,’,‘ AT‘JS‘ ‘b‘)““ -L-M»J‘ OM dj‘)‘ [20] Q‘)IS'A'Q
0.68 f- - f |
0.662— _ Co =113 =0 =0 Jx 3,l5059 iad lasls 0
" 0,652— Jol astye Joboo V- - —- (S ) D92y oy Ll oS Sedioe 8 Al nl o
9 = . ] -
0.642— said i Jls oo _ &idﬁ)ﬁdmdlgﬁomlwog@t;s.c(,:lgvd:O‘q’):O
— oy adye Jolo Vo ]
_— e e Jsk) p(Pa) | [\ssssv. S1A pPa) ) (Vivsev.
E ] g 7 IR
061F & 4 - trg(m/s) = YE/FYYY ug(m/S) = b
- é-‘".-_._,.-’ E u,(m/s) | | YF/FYYY u, (n/s) A
s R (A S A A ] = 8o,
0'590 20 40 60 80 100 le :Ld el >
X(m) L =\Yoem

o7

5B sem S A

A blcl allas o adgl byl 5 8 S

9 o lais 15 093 1394 5T o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.10275940.1394.15.9.14.6 ]

b e 9 )b (yuigs

DG-ADER s¥Lass yo (yi39) 9 (sl )l 3w jl o 3laiaml b (5 )39 slayl ya ($33e (5 )bwdads

Joe oae J> 0 gy ol cublB cpols lis glp b cpl jo L]
oo odw! Cewddy C—’L‘-’ Al oolaiwl (g5l8gs w s algd g0 @i;.lb Sl

L placlsr 56 ey claals s, » Slgee Ghy, ol &5 aed e
$wlo b gooe Sllug 590 by, ol cars alai wuS &l canlie <80
Sllog awly Jb o cwl Gla,o slozse Jow ;0 dgae L

009y ool elple ol acaless saslice i Sllwg (pl o)l 0929 L >
Dy oo dliin 6925 5560 slapl > s sl

&l -9

[1] M. Ishii, T. Hibiki, Thermo-fluid dynamics of two-phase flow, West
Lafayette: Springer, 2005.

[2] R.J. Leveque, Finite Volume Methods for Hyperbolic Problems, Cambridge
university press, 2004.

[3] E.F. Toro, Riemann Solvers and Numerical Methods for Fluid Dynamics,
3ed., Manchester: Springer, 2005.

[4] S. Evje, K. K. Fjelde, On a rough AUSM scheme for a one-dimensional two-
phase model, Computers & Fluids, Vol. 32, No. 10, pp. 1497-1530, 2003.

[5] T. Flatten, S. T. Munkejord, The approximate Riemann solver of Roe
applied to a drift-flux two-phase flow model, ESAIM: Mathematical
Modelling and Numerical Analysis, Vol. 40, No. 04, pp. 735-764, 2006.

[6] S. T. Munkejord, S. Evje, T. Flatten, The multi-stage centred-scheme
approach applied to a drift-flux two-phase flow model, International
Journal for Numerical Methods in Fluids, Vol. 52, No. 6, pp. 679-705, 2006.

[7] S. K. Godunov, Finite difference methods for the computation of
discontinuous solutions of the equations of fluid dynamics., Mathematics
of the USSR, Vol. 47, pp. 271-306, 1959.

[8] M. R. Ansari, A. Daramizadeh, Slug type hydrodynamic instability
analysis using a five equations hyperbolic two-pressure, two-fluid model,
Ocean Engineering, Vol. 52, No. 0, pp. 1-12, 2012.

[9] V. Titarev, E. Toro, ADER: Arbitrary high order Godunov approach,
Journal of Scientific Computing, Vol. 17, No. 1-4, pp. 609-618, 2002.

[10] V. Titarev, E. Toro, ADER schemes for three-dimensional non-linear
hyperbolic systems, Journal of Computational Physics, Vol. 204, No. 2, pp.
715-736, 2005.

[11] E. Toro, V. Titarev, ADER schemes for scalar non-linear hyperbolic
conservation laws with source terms in three-space dimensions, Journal
of Computational Physics, Vol. 202, No. 1, pp. 196-215, 2005.

[12] E. Toro, V. Titarev, Derivative Riemann solvers for systems of
conservation laws and ADER methods, Journal of Computational Physics,
Vol. 212, No. 1, pp. 150-165, 2006.

[13] M. Dumbser, D. S. Balsara, E. F. Toro, C.-D. Munz, A unified framework for
the construction of one-step finite volume and discontinuous Galerkin
schemes on unstructured meshes, Journal of Computational Physics, Vol.
227, pp. 8209-8253, 2008.

[14] M. Dumbser, C. Enaux, E. F. Toro, Finite volume schemes of very high
order of accuracy for stiff hyperbolic balance laws, Journal of
Computational Physics, Vol. 227, pp. 3971-4001, 2008.

[15] M. Dumbser, A. Hidalgo, M. Castro, C. Parés, E. F. Toro, FORCE schemes
on unstructured meshes IlI: Non-conservative hyperbolic systems,
Computer Methods in Applied Mechanics and Engineering, Vol. 199, No. 9,
pp. 625-647, 2010.

[16] M. Dumbser, M. Kaser, V. Titarev, E. F. Toro, Quadrature-free non-
oscillatory finite volume schemes on unstructured meshes for nonlinear
hyperbolic systems, journal of Computational Physics, Vol. 226, pp. 204-
243, 2007.

[17] A. Taube, M. Dumbser, D. S. Balsara, C.-D. Munz, Arbitrary high-order
discontinuous Galerkin schemes for the magnetohydrodynamic
equations, Journal of Scientific Computing, Vol. 30, No. 3, pp. 441-464,
2007.

[18] N. Zuber, J. Findlay, Average volumetric concentration in two-phase flow
systems, Journal of heat transfer, Vol. 87, No. 4, pp. 453-468, 1965.

[19] M. Dumbser, Advanced Numerical Methods for Hyperbolic Equations
and Applications, lecture notes, Trento, Italy, 2011.

[20] m. Baudin, Berthon, c., Coquel, f., masson, r. And tran, g. H, a relaxation
method for two phase flow models with hydrodynamic closure law,
Numerische mathematik, Vol. 99, No. 3, pp. 411-440, january 2005a.

[21] S. T. Munkejord, Analysis of the two-fluid model and the drift-flux model
for numerical calculation of two-phase flow, PhD Thesis, Department of
Energy and Process Engineering, Norwegian University of Science and
Technology, Trondheim, 2005.

[22] S. Evje, K. K. Fjelde, Hybrid flux-splitting schemes for a two-phase flow
model, Journal of Computational Physics, Vol. 175, No. 2, pp. 674-701,
2002.

[23] K. K. Fjelde, K. H. Karlsen, High-resolution hybrid primitive-conservative
upwind schemes for the drift flux model, Computers & Fluids, Vol. 31, No.
3, pp. 335-367, 2002.

9 o lasis 15 093 1394 )3T o3 Sl Swade

1—7_| T 1 ] T 1 1 I 1 T T [ T T 1 l T 1 I—
16 Jol e Jolo Ve ]
i p9o ariye Jolw Voo
15 Py e Jolw Voo ]
= Pz e Jolw Voo
o " .
E:M__ ]
= [ ]
13 o
12 .

- .
11“. R NN I SR (N T T
1o 20 40 60 80 100

X(m)

Jled o

Ly Jobo 100 aSis i (59, alls blocl altos Llow s 9 JSCb
t=08's loj ,o DG-ADER g, cikizes glacds

Oeg: T T T l T T T I L} T 1 I T T T I T
o_esf_ - sennoacEEnDanOpaEDOoaEE0oacd
067k 3
oesf RS P N S
B 065 - == pkzade Jekw Ve _
C ——— Pl adpe Jobw Y 1
064 ) -1
- plez i Joho Feu ]
063f A Wlgmpgdsge 3
062 -
061 —
06 —
] L i ) ]
0-595 20 40 60 80 100
X(m)
3B 5B sez oS A
17 1 T T | T T T | 1 T Ll I ] T T ]
16k 2
i o plkzase i 00 ]
i e > A Yo i
Gl e Pz 4o Jobo Yoo ]
= ol ey Jsbu Fee
14 -
i A Y] gz ado J> 1
13k ]
12k _'
i :m;aaat
gabi a4 o o e 5 g s € o g o 1 g i
0 20 40 60 80 100
X(m)
Jr

5l osliial b calises sloaSids g5, 1 oAl bl allie Julo s 10 S
t=0.8's :lo; ,> p,l 43 ye DG-ADER s,

solglda SVolae goue Jo lp il Cdo 4 o ln b e

58


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.14.6
https://mme.modares.ac.ir/article-15-1806-fa.html
http://www.tcpdf.org

