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Preconditioned numerical method of compressible flow is advantageous in
analyzing the gas-liquid multiphase flow with both compressible and incompressible flow nature.
However, there are some difficulties to make clear the unsteady behavior because the time derivative

term in the conventional preconditioning method is corrected. In this study, a time consistent
numerical method for unsteady multiphase flow was developed. In this method, time and spatial
accuracy, numerical stability and convergency are improved by proposing a method which the matrix
used for precondition does not affect the unsteady term and can fully exert its role in the
computation of the advection term. Through some numerical simulations for steady and unsteady
gas-liquid multiphase flows, the validity of the developed method was verified, and the
effectiveness and applicability to the problems with strong unsteadiness such as cavitating flow
were confirmed.



# X C—19, F—19—1, Zz—19 (5@

1. WFZEBIAE Y D =

FIREEREE F CHAETHXF Y ET — 2 a VI TIEF vy BT — v 3 URIEDRAEEIC L 0 7
BIE A5 & 2 UVIRISEER - s O REMICE@S R85 % 5 2 5 78 S OPERE I B
ERIEFT, TORIRFYET—a VRUEHEOREEBGIC BT 22 EEE RIC XL D
BREE LTV D, L L, KIEOZEERDSIEIE —BEfE — AT CIEEFENELS . 2
O DGR % G Lo AUIEIAVELPH D% & F A 2 14 O A — FEEME MR TR AL OPERS ARAE
L1, ARG A N— A L U ERE S U < IXFRERFERTA B 0O 38 1L Tl E OBl AT 23
IEFICREETH D, £ 2T, ITEARMFIEE 72 E%ONORZE 7 N — 7 BIERENER N O Fag i
BB R A EE Ui (Preconditioning method) AT A FIEAIRET S Z LT,
ZOMOFRNDOMEN 2 FREL L=, Z ORMLETFEIL, EfMERNOMIEZ V-~ v B3Ik
AN S VRS TN ZFHE T B8, Fl 2l & [/ UA— & — @ & 2 FEEMEMER
B O REACRICERT 5 15T, JEMENE — FEEREMEIRE OO EIEE NV, 25
2, T OFEFIEEMEIERN T 2 D K 5 REFMO BB TR A2 N 2 2 72 O IETE T 28 O fi
DL IEERMZED & LTHIFDRNTH Y . F - BA AL Rl B DRIz L -
TR DB REZEN AL BN G H D, 2D OMBEE R 5720 DREITE
R4 7= 5720,

2. WHEDHK

ARBFFETIE, Bl O m s R 2t O RAATURIT IS8 1 2 BB 2 R4 5720 BB A
R BRI B AL D ATLEATHI, B AATSIC BV T, HEEF IR~ v " EEihIC 350
W5 stiff BBEZ R TE D22 EERR L, RRIOBAMEZ R HLEME, PURME L bk
BTSN IREH RBIRAAE D 7o ORAEME A PRFET D, Z OITHIORERIZIZE A, A~
VKL MBI & BUERFRI A 7 — L DT KD RZEMR E . ~ v I D 5 IR L
BpH e BLL TG L, IKO#EPHO~ v ~"BUTR LR RIEZ RN L 9 BRT D, £2Z0
B, BUABATH & @R LML TOY 2 BT L DR S THAG L AEGZRT 5720, &
K7 VA L THLDIEPY —~ R ERESIZE T, RELD T2 D OAIMESC AR OE D
TZOWTHARZEMZ MRS D, T7b b Eiftbd &k 2 M IEEEE O Z N Z T RE
DLZEMCRETHELZHLNIT D & &b, LiitAS L NHRBEBOMAEDOENEZE
PEC G2 5508 W< DD @ERKEEA X — L &I NRT A MY v 7058 %2 LB L THERR L.
ZEIREE . REME, DRMEZ R OBUEMNT > AT D 2T 5, 18- L7 2 b OBUEffE A
RARIRFT DN DD EF - IEEF B E LB LT, ZORYMELE AL REET 2,

3. WD IikE

RFZETITE T, H LWL ZIRET D 72 OISR ORI LB E 2 Bfet L=, JEMEhE—
FEIERGHEIRAE D RIRIRAATE 245 L < 3 AT 2 - OIIXEM RN OfiflE 2 ~N— 2 & L7 BT
ByEAZ WD FIERARITH D3, BiRo &880 GBI THIN 6 72 5 LRI 3 2 840k
DOFECHE R DTN IZ L - T Z W 155 L ENE & NARMED DL KX 728 & 7o 7=
LTHD, €I T, FRFL ARICIVELNZHRE S LI, 2O DORBESANSEIND
U WEBAEARE O BIFICER D $hh o T2, ATLER TN K F R ORFMFE S I B R0 . =
OFVLEZ L A MEITF IR OEESERM b A OIXERZRZ LT, KEEEICEETT
stiff MEZRT BHEE TRTDHDMLENDH D, £ 2T, AL CIIi B L R0
EHIZRBWTC, BIE TR LI FETER L BIERFA TN DB E O IO T b R O PR
WIS REE 2D THEOLZECHFS T2 HiEE T IR L, B, 22/ & HEAMEE#D
FEE w3 U 7258 LW BB RRE OFRR D 7= OWF T A HEdE L=,

WIZ, $B% LT fiiys: 2 O KIIR AR LR O B 8 RO B A A 0 DK~ » LD
R EEs « EEFREEZ Y I 21—y a L, BEMIEO L2 REET 5 & & HICHEE
B RIRIRMROMEICEA TX A0 A NRRIETHD 2 L MR LT,

4. WF7EEE

(1) FEEFEZIKIRFTE DT D OBUEfEE DR

RIRABR O IEEF NI O 720 fERD X 5 2Tl CId e < . BEREICHRT LA
R HRE R IEEFIRMTROF R ISE Uik 2R Lz, TR E CICHGEE DB L
T X - RIRIRFTE D 7= O DEFEDBRZAIC & & S < JEFMES AF — A Z AT LA A2 L. §i
TR D 715 CHERK L 72 RTAVERA T SO BB A T4 2 O RTALERROE R e (e B L=, Zha
—WRTAA T—FHFEATEKTLUTOEY TH 5,

W 9o with w= YT and r-1=29
ot Tox -~ M =lpwTY]" an ~ow

ZIZT. Q=[ppuepY]'. E=[pupu’+p (e +pupuY]" T, YIZXMHOEESLRTH 2,
ATLBATA 28 < 7= IEEF H A FERAAE TR L Z o FRE, ) —~ U fifikz A

r



WEDILD, T OBSBEIREOFRIL, BIZIE Roe BURIEL B XD & & BMETEKE 41,2 LT
DEIITHRET S,

Ei+1/2 = (1/2){E(Q%+1/2) + E(Q§+1/2) - Fp_i}l—l/Z(Lp|A|L;1)i+1/2(wf+1/2 - WiL+1/2)}
ZIZT. A&Ly. LMAT,0E/0WDEAME L EA N2 b, Ty HTETLETHITH %,
Z OFAEF AR P OB, fEOLEMED T2 O OIETEIE Tdb 5 7= O RTVERITH & iR Y
A EITHIE DREFE TREADRWE D B2 &L B U TER L7z, —J7. BILEATHI, M
1THIP U RTALER & it L CE LD 28, ARBFZE TIIIAFIFH O~ » BRIk LR MR 72 X 9
[p,u,S, Y], [pu,p, YT 72 E DRIERAR Y FAWDREDHTRLZNBIZ L VRSN D ¥ = elT
FIOEAE, AT ME, KA T — U2t 3 5 ZEMEMTE ORI 2 & B LTV, &
& 13 Runge—Kutta {572 E ORI TN LD, ZO X ) ICHIEEMEET 52 LT, A
SLBRIE N RF BRI 52289 5 2 & 7 AR~ v RIS KT 5 stiff BN MER C& | IRl %)
L CHEAEEE R OREMEIC e D,

(2) BfEfRIEDRRGE

1% L 1= BUEARE O BGEIXE B E RE 2 R ) ok~ v ~Eifin e ERHFE O W <D
DOEHR - JFEHEFECIT o 7o ETIXHMMM CHEFMELMR L, a2 KR AEAICHR
iR L7 X1 ICEAR SRR OB RIRE O FHRFTER OB 27797, #&F30100 2 lIVEHR L7
AR K D IFEH DM L FRETHLON TV D ZE PR TE %,

120000 14 350
Exact — 200 |
Roe 12 N
1oooco Present o . aso |
T 50000 E )
a = ‘E 200
[ 50.3 = t
= 60000 = £ 150
4 306 S ok
& 40000 @ g
Q04 50
20000 02 of
0 ] I | 0 I I I 50 L
-10 5 0 5 10 -10 5 0 5 10 E 10
X X

B 1 BEARSUR OB A I O FHRAE R (Void 3 =100%)

X 2 (I SIRIRAR AR O T A R O FH G 2 /83, W1 Void 2 50% OIRARBEARIZ 3
HE BRI T Z OB B IIBENEE LR W20 B 428 10000 12882 LETALEE 72 L @ Roe
AFx—LEHWENRELND XD ICTEIZEE LR &L 100 s WA 7L & o ki ¢
H D, RFERICBWTHEAIETE L O FER LR OB v BEsh
% Void FEOFEEMNEL I 2 b—hSNTW5D, K 31T Void 3 0% DO (K) (k3
HEEEMEOE/{RTH D, KITHT 2 FHOZECHEER O L 5 2ERENBIND 2
DRNERDHENELBMON TIN5,

120000 1000 r 08

Roe ——
100000 Present o

Pressure(Pa)
- oy o0
5 2 2
g 8 8
o E=1 (=}

T

20000 -

I
5

B
e
1

0

!
0
X

2 IR OEEREREOFRER (Void =50%)

120000 0.035
3 Rog — 995.36 |-

[ —
100000 —n% Present 9 0
I —~ 99535 | 0.025 -
o« _—
80000 [ £
b posf E 0.02 |-
= 0015}
0.01F

40000
0.005 -

Pressure(Pa)
T T
Density(
S
Velocity(m/s

20000 - 99531 | 0 " a

! 995.3 L - : -0.005 -
10 -10 5 0 5 10 10 5

Ko |-
>
o |-

K3 RIROEEEEREOHEKE (Void B=0%)



*7-. xm&izﬁﬁr'sﬁﬁr ENO. WENO A % — A7p &|Z Wﬁf& EMEDEIS
DBRRET &7z, PRfFE. AR, Kk #%Wﬁ%ﬁkbf%ht %n%m#
%%@ﬁﬁ@m& %%é%H«é@k%ﬁm&ﬁ&TKmﬁ%@ﬂbto

(3) F¥bET—v g Hin~DiEH

WOoONDX Y ET—2 a3 UIRNOBEY I 2L —2 3 028D ZIKﬁEF/f@FL;)EH ikﬁ)‘j M % fife
BLTZ, ZO—HNIK 41, AT a2a—FHNDOIEXR v BT — 3 g VRN DEGE OMREf R & =
T ARFRIEZ A CEE LT fE RITER T — X ICIERITEWEREZ THIL TV A Z &3 A
Tﬁﬂé F v BT — g URAREOMRARIIK S IR, ZOXF Y BT — g ViiLDEF
BEMETIIF Yy BT — 2 a SAREN 0.02 (2725 F TIEWEAMEREDIZIE—ETH o720, Ih
FOELS D L RAHMITIKT LT VA 2 X0 VBB E R LT, F£12, Ty 7HADPIRADZAL
T, AEORDICONBERER EHF LFYy ET—2a URRELICK K RABREICBITL
TN ZERTHITE S,

o
[

0.4 T T T T
0.35 Elj Experiment O

{ mﬂ Present M

0.25 -

o
w

0.15 |1 E 5 -

Static pressure coefficient, ¢
o
L)
T
1

Static pressure coefficient,
o

0.15 r m iy} - Inducer?.5 ——

0.1 . 0.05 Inducer6.0 —<— |
L Inducer5.0

0.05 B Inducer4.0

0 L 1 1 1 1 0 + 1 1 1 1 1 1 L
0 0.02 0.04 0.06 0.08 0.1 0 005 01 015 02 025 03 035 04
Flow coefficient, @ Cavitation number, o
K4 FExvbT—rarffETo M5 Fxbsr—varfco
A T a—H OMRE R A T a—H OMREdh#R

K6lZA T a—VHE H@@ﬁﬁ@%ﬁ“$%%$ﬁ%rfo AN PR A FE D2 izt
LTHFYET 4 OFFERLF ¥ BT — 2 a VORERENTFHITE S, ZOWTIE, ADENm
HOPRA DL F v BT — 3 OFA k%< @L ATPRANNSWNIEE, F v
Er—varEMHITE A L AR L, ADE, HOENR SR DB T Tt
DYIalb—arziBL T, ¥y b7 —a UIHNCET 2R AZIRD D Z LN TE T,
ZDOEDIIEMEIL, A>T 2a—VOEMRX Y T — v a VI OIEEFHFE L v BT —
va URHEOREBICH N R FEIC e D T L R LT,

Vapor.Volume Fraction

H 9.000e-001 ’

6.750e-001 ‘

& 1 4.500e-001

i‘ 2.250e-001
0.000e+000

AT a—H 75 6.0 5.0

6 AT a—HEHY OERKOERESS R (FHFHER)



10 10 7 0

S. Yamaguchi and B. Shin No.1431

A Time Consistent Preconditioning Method for Unsteady Gas-Liquid Two-Phase Flows 2019

Proc. 14th Int’ I Symp. on Numerical Analysis of Fluid Flow, Heat and Mass Transfer 1-4
DOI

Z. Han and B. Shin No.1422

Numerical Simulation of Cavitating Flow in an Inducer 2019

Proc. 14th Int’ I Symp. on Numerical Analysis of Fluid Flow, Heat and Mass Transfer 1-4
DOI

B. Shin 45

Effect of Submergence and Flow Rate on Free Surface Vortices in a Pump Sump 2018

International Journal of Fluid Mechanics Research 225-236
DOI

B. Shin and S. Tashiro 491

Numerical Study on the Flow Characteristics of 2-D Free Jet at a Low Reynolds Number 2019

Proc. 4th International Conference on Mechanical and Aeronautical Engineering 1-7

DOl




21

B. Shin

A Numerical Investigation of Surface Vortices in Pump Intake Sump (Part 2: Effect of Water 2018

Level)

Advances and Applications in Fluid Mechanics 77-90
DOl

B. Shin 21

A Numerical Investigation of Surface Vortices in Pump Intake Sump (Part 1: Effect of Flow Rate) 2018

Advances and Applications in Fluid Mechanics 61-75
DOl
11 0 0
, B.
Reynolds
22
2018
, A. , B

2019




2019

Soe Pyae Aung, B. Shin

CFD Analysis of Kaplan Turbine Runner for Micro-hydropower

2019
B.
2
No.188-1 C12
2018
B.
SMAC 2
No.188-1 (13

2018




No.188-1 A4l

2018

No.188-1 A42

2018




