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AGm3CI%,  [Development of numerical model for complex flows on unstructured grids using multi-moment
finite volume formulations) & B L, FEMEIERE & W EHERIEOBIES R 2 b— 3 VBT VOB
WKL TRLELEbDOTHY, HIEENLL SN TND

%1% lintroduction] T, BRI FEHEET VOB OBUE, FHIEHGEKC A B RmZE A
M LS BHERN OB ETFIE L 2N O OMBER BB L, ISR TICB T 2EBE - &
TN M« @SR A O EFEROBIEE T VA OMLENEZ BT WD, £z, ERMOA
REHHEIC IS, ~ T« =AY MEREBUEOBMIEZF L, AFikE L 32 %iEeT v
DRRBEARROHIE LTHIT TS

2% [Reconstructions based on multi-moments and multi-moment constraints on unstructured grids] TiZ,
FREERR TIZBT AN T E— A PRV LT E— R Fﬂ%lJ%@%%{ﬁF%ﬁHu\f:ﬁ%%ﬁﬁﬂz%ﬁ&
TW5, FEEMIRT 2R EE (VIAE—A Y ) EEAHER EICEZSN D ROME (PV
=AY N) BETAEHE LGS, gL & ZnICHET 28V TS 2 AT Vo vE A
THIFHIPIE ST %, @IRAIHIBAEZED 7212, RV DVIAL HimOPVE— X > FDIENI,
BAFLOWSEGHIFKIEEE LTNA D, 2k~ T, =A% (ko) RMUEE (Zkn) %
BUEERREF S MICH L, ZRUEOMRERAME T2 LATED, b, ZoERL
EIERTL DA BRIRFEYE & O'DG  (Discontinuous Galerkin) %72 EBEMF O B EEARIEIZ L, FHEREEE &
RIREAR D RAMEOENBEETH D Z L 2R LTS,

#3% [Numerical models for Navier-Stokes equations using VPM and MCV | TlE, #5258 T L7~ B
fifEE H &2, Navier-Stokes 5 =D Ffifi#: & L T Volume-integrated average and Point value based
Multi-moment (VPM) £ K& O'Multi-moment Constrained finite Volume (MCV)IEIZ DWW TIRRTW 5,

VPMIEIZVIA L PVELICTEIR AL L T2 DITxt L, MCVIETIRVIADR D U T/ HLEOE A TEE
BHE LTS, HHERIVIAZ G~ LT -E— A2 ML OEB SN L 720, VIAIZHHT 2 5 E
HIRAFIED R T2 T N D, w VT B — A o Ml ARSI X i Zde e H v, () U —
T INMNN=RRNCRIER EIC K o TERMBEBAZES ZENTE S, HHD L~ v KD
WCHEARREE T 5728, ZeRREUEROIEN T e Y7 v a eV Tnd, £, AiLY
% — (slope limiter) % M5 Z & T, ARHEBARIT O FEIRB 2 812, FRUMEBRI 2 14 5 EMEIETI
D0 IEEMEHEN E TS E S EREHRNAEZREL TR 2N TE D, EHIL, ZHORVF~—




7« T A PRI, ERTFEICHS, RFREFEOBMIEZFREL TV D,

%547 [Algebraic interface capturing scheme on unstructured grid) <Ti%, UM H B R miHEETH D
THINC (Tangent of Hyperbola for Interface Capturing) EDIEREER T ~DEHIZ OV TR TS, %
(AT 72 FU PSR 24T © BN R WRILR &2 TE I U, FEMEER 7123610 D 20k il 2 & 2 Aimstid e =k
R LTV D, AFEIE, 6RO EREVOF (Volume of Fluid) YAIZIGET 23 ESEA A5 2 &
LTV D,

%557 [Numerical model for incompressible interfacial multiphase flow] TiL, FROFEFIECESX,
BRI 50 B OFRE O — > TdH 2 FAERE 71231 5 B B MBI E T L OREIZ N T
WBARTWD, THINCEE & = /b F - — A 2 Ml & F O 72 S S (s bl &% OV i iR ) O FH L%
ZBAFE L, RO F~—2 « T A M &il L CHEIEE TV ORGEE K O SISk 5 m
A MEZREZEFEL TV D,

U

5567 [Conclusions and future work] TiX, AR THONTHKREEZELDDH L L BT, 5H%D
DNTHET LTV D,
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In this study, I developed unstructured numerical schemes and models for simulation of complex
flow based on multi—moment finite volume method. For spatial discretization, volume integrated
average and point value based multi-moment (VPM) method and multi-moment constrained finite
volume (MCV) method are proposed by adding point values (PVs) at cell vertices as a new degree
of freedoms. With additional computational variable, higher order reconstruction is realized
within compact stencil. For interface capturing in multiphase fluid dynamics, unstructured
multidimensional tangent of hyperbola interface capturing (UMTHINC) scheme is developed by using
multi-dimensional hyperbolic function which gives sufficient accuracy comparable to Piecewise-Linear Interface
Calculation (PLIC) type volume of fluid (VOF) scheme while without complicated geometrical interface

reconstruction.

Using VPM/MCV and UMTHINC schemes, Mach uniform compressible model and incompressible
interfacial multiphase model are constructed based on pressure projection solution procedure.
In order to suppress unphysical oscillation, a total variation diminishing (TVD) limiter is
devised for VPM/MCV scheme without introducing excessive numerical dissipation. Particular

attention is also paid for surface tension model to minimize spurious current

All the numerical formulations have been extended to unstructured grids of arbitrary element shape in
2 and 3 dimensions and extensively verified and validated by a wide range of benchmark tests, including
analysis of errors and convergence rates, evaluation of robustness and computational cost, as well as the
reliability of the numerical model for real-case applications. The numerical results show that the present models
ensure rigorous conservativeness and achieve significant improvements in accuracy, robustness while minimized
numerical dissipation, complexity and cost. The present models are of high practicality due to well-balanced
performance and applicability for wide spectrum of physical phenomena. It is thus can be expected as a reliable

and practical framework for numerical simulations for complex flows in real-case applications.
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