[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuggoobbobbuodoogoboobbouaa

Incompressible Gas-Liquid Two-Phase Flow Simulation based on
Weakly Compressible Scheme

0o:00@O),

oooooo:0o0o0ooo,

0000:00114150,

00 000:20200 30 26001,

ooooo:0ooo,
0o0:0000,00000,0000,00,0000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1141507,

Conferred date:2020/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(f 3 AR)

Doctoral Program

m X EE

THESIS SUMMARY

HoeaA—R Btk H HRET. (U - it ( T= )
Department of, Graduate major in *ﬂ%@z a—A Academic Degree Requested Doctor of -
2z R CE L = SN

Student’ s Name Academic Supervisor(main)

fREHEA @) -

Academic Supervisor(sub)

gEE (Fi3 2000 FRRE)

Thesis Summary (approx.2000 Japanese Characters )

i%@ég%%E%@ﬁ%%ﬁmié#E%ﬁ%ﬁ:ﬁﬁ@ﬁ@v&Jv—yaVJt%b,ﬁ?@?%ﬁ
‘ 5.

1 s CiE, B R E R H AR R D . KUR AR 0 R EE 28 RAT (2 1 B P S A o iR
THETDINERN D D, FEEMIEENT FETIIR T Vo HRBREREZRBRETHS LERNH Y, KEE(LOR
MLty 772, 13EAEBTIRIEEZSE LN D TR TREE CHE TE TRV, £ 2T, 99/EH
PR R FEICE S BEBMRIEIC L 2K RO FEEZRE L, LW &8 T IE E i fE
DORBRBIEHE N WRE FEZBRT 5. RSB ER 2 HED 5 AR (Adaptive Mesh Refinement) i
DM &, KRN - ~ T o A= RA BB LZHEAE AT S Z LT, EEEHRD OROIEEER
HENTFRETHDL I L E2RL, MllE - ~5 0 = BN EELEIC S 2 AR B EET A,

%2 3 TRAPMERRIC LD < BRJEMEMEMRTAC X 2 Kk AT ) Tl JEME!E Navier-Stokes FREHIZ T Z
7 vaF e A7y TR F G BEE A A LT R IS D SRR E 7 = — X7 ¢ — /L FIEIZ &
% S R 2 ML 2B o T SR ARIRARAT A A 1R 2 L, FREMMERIR AR O R 7 X F v — 2
A fig &, BEAERFZE CORBRAEER &R0 LW —84R"d 2 LT, BEFEOZYMEZRIE L. 5%
ERIRE CHUE L EVE R RS T ENEE LD & SNDTENTZRIZ A > THRET 5 £ L O EHEIZH L,
L2T BT E AW ATHLREICHETESZ L2 RLTNA.

%3 = [EREFED Navier—Stokes HFEF % fif < 99 EMEMEAREOE A | CTlE, ZRBEORIE T 2K
E LTS EMRMEMRIE 2 BT 7 IR R T 5. 2 BEORPERARE CILE 2NN T H o 7o iR & SR O Vs 72
wEE LI N a St RGfE TR 2 L 2 ARE L 375 $25 U 7z FIEDIFEMMEREIR O KK —AHPREH R~
THWEHTRETH D Z LARL, 2 EORMIRMRE & ok U TR O B3 561 2 2140 U 72 B o [EHEME
/10 BREREMmEINS Z &t &R LT,
a4 TREICHEAT 2 ARE] TIE, ARIEOEAL GPUFROREICE L Tk~ 5. AfFiEICHES<
71y 7 REEOMAAR I KLV, RETEEC RTINS AR T 25 S E 5 2 LT, BRI AR
Lo TS D KRIE 72 B & FTREIC T 5 . R EE~ /L F B — A v MEIC AR EXEHT AL TH DY
— N CERIEERMEZ R T A FIEEREL, AR EOEAIZE 5T 1/12.3 O S5EI I LT
9.26 fFOHRFEEMAZER LT-. W—KFL& AR EZEH LSS T F~—7 BT ik 3
52 LT, BMELUETENKE TSR EHIE L7225 E IR AR A EThD L 2n Lz, BE
OB —KEIZ X AIFEREE I N AR—Z2 N T A=—aF CPU Aay FCEHE SNV v MRRHE
EARY VS—TEHEL, FFHTET 1/30 (2 AF VHEHREZHNR L2203 5EE I mEIc R Th D 2 L
ERLT. 2IRIEVYARVERR Y I 2L —2a T, SfifeERT2RmoEs SE5 2 L TER
OT.8MIEEE CIET Z2BREZERLTEY, HEHELTIELAEHE RSN TI RS ZIFEEFT T O
HH NI 2 3 B RNT S ATRE TH D Z L 2R LT D, )

% 5 & [FENE-CR &7 /L OE AT L 2 REHERIA#ENT | T, FENE-CR €7 MZEES MR FEOE H
& AMR VEZ M LU 72 53 ERE MR FIE~DEAZ 1T/ > TV D, FREFRIE L iE X, BHEOIEEREM: Y 13—
D& BIFR—8B &8 2 & T, 99/ X D IEAE &2 kMR & 4 5 &0 AR TR 2N /T BE T
HZEHERLTCND. EHOTLCOMRMEZ S TeiBlfENT 2 it L, FH5E L72RICB W T, RIS ) 23
FRREIEAENICHIIL 9 AER L 1T 012 WD &L, W ARRDEITLSINNT A —% NRERREEZ T
WIS DR EFFOZ L 2L L TN,

%63 TREEER O « DiEtZ2 28 L-is iRl BEE~ T o TRl A ] Tk, Wik &
Rk 2B B REEER OIS H TR L~ T o T =2 R e, AR EZEM LS8 EMEAREI AT S,
MREERHAE & L C, REiEEREET 2 LR 32 M —-K0 05 E 2170, BEEMIEORBRCERER L DR
=B ERT LT, v T VIR EEE LG EIC L A RIE AT A FRECHH Z E B L
TS, B OIE TR Z & LB 217V, WA RS 4358 < IRIRTE AR & C IS Sl b oo SLmiE MR
TREEDBIFNIR T < B, =T A= ERM << Z LI L » THIESRES T RER L EHF T 5 2
L EABIEFEIC Lo TRLTWA.

BTE S T, BRICBWTELNEEREEN L, fMmiik~XTns. FEMEET I LSV
FERBGREC K 2 RBURG R 1 O KUK _FRVRINT Fik 2 1R % L, Sl @R 286 S5 ANR i
WAL, KEERATT L, REEEAEEESOHAETFEEEA L Z L2k, BIAWEIR R
X9 B G 7R AT & ERARRIC L2 & & AR L O e LTS,

% WSCEFIE, FI3C 2000 7 & #3300 3R 2 1 RS OfetHd 50 b L <IFHI800 #54 1 L T2 &0,

Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

EE  WCEEIT IRV —F IR (T2R) IZTA U Z =Ry MARSIVET DT, AR FTRERFFHDONA TR L TEE0,

Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(I 352)

Doctoral Program

m X EE

THESIS SUMMARY

Foea—R Btk H HRa AL (M)« 1t (T2 )
Department of, Graduate major in %%WZ a—A Academic Degree Requested Doctor of

=z ) SEHE (L) -

TR - BT EORRS PR (R < HA M
Student” s Name Academic Supervisor(main)

fREHEA @) -

Academic Supervisor(sub)

S (FIC 300 GEFEAE)
Thesis Summary (approx.300 English Words )

It is important to keep mesh resolution enough to simulate the gas-liquid two-phase flows accurately.
However, the mesh convergence has not been achieved in most cases of high Reynolds number and violent
two-phase flows.

The incompressibility assumption together with semi-implicit time integrators has been widely used. The
convergence of iterative process to solve Poisson equation becomes poor as increasing the mesh number and a
large-scale simulation of two-phase flows is recognized as a challenging problem. The purpose of this study is
developing two methods to achieve higher-resolution two-phase flow simulations, those are a fully-explicit scheme
to avoid solving Poisson equation and interface-adapted AMR (Adaptive Mesh Refinement) method.

In chapterl, the background and motivation of this study are described.

In chapter2, the derivation of numerical methods for the weakly compressible scheme based on characteristic
theory are described. The accuracy and numerical stabilities for violent flows are validated by solving benchmark
problems and dam-breaking onto wet floor problem using 127 million meshes, respectively.

In chapter3, another method solving isothermal Navier-Stokes equations are proposed and the
density-weighted discretization is used for the advection term. The accuracy and numerical stability are examined.

In chapter4, the computations of interface-adapted AMR method are described. The 9.26-times speed up
under 1/12.3-reduction of mesh points is achieved on CPU-code of solving the conservative Allen-Cahn equation
using multi-moment scheme. A jet flow problem with 1/30 reduction of memory compared with uniform grid system
and the formation of a soap bubble with 7.8 times expanding from initial radius were demonstrated.

In chapter5, FENE-CR model for viscoelastic fluid is introduced and the numerical method is validated. The
effect of viscoelasticity to liquid film under the gravity is considered.

In chapter6, the transport equations of surfactants are introduced to evaluate Marangoni force. The numerical
method is validated to compare with experimental results. The formation of stable thin liquid film onto liquid surface
rising from underwater under the gravity can be simulated due to high-resolution mesh and Marangoni effect.

In chapter?, the conclusions were summarized.
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