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AR & OV —AHERE R AL, U2 0 OZEIifiiTon 7y N2 DN OBREREN e £, ZETFE ST E L E LT
R TR CBI S N 5. JEMEIERN ORI E LT, BERECHAl R, SRS & Vo 7o A a2 B B3 AT 2 B O U U
WERRAT D, JEMMERAIC I T D BRI, 20X O AR A ZEMICHR T 2 72 DI A LIS E N2 2 FIERERT
H5H. LinL, BEFOEMAEIIAN THMEZBRICE A TWD 72w, RERFE I RO AR E GO R S YEE L, MO i
RREHE NIRRT TRA L RoTLE . HRORENE RS 7 b AEHR O IEM BN 72 L A [R5 72012, SRfEiRERR
72 & BB BORFRZE O 7 & B 3 A SRR EHUEARE S LI L ST, @R EEEAREIC L > TR WSS 2 2 5 2 &7
TEHIUL, ELIBGOEREE R A FTRE L 220, MZHEOBIMREBAZE L FHET 2 2 LICBR 5. £z, KURA R % S
BADZENTENR, KERITOMEE Vol RERROSRKERMEAHR SN D, Lieh o CEfifg BBz OB J B X
OFZEE, LHMERORZVIETHL L EZ 5.

T, RS R AR OREHER L LT, BB RYE O LT Boundary Variation) 2/ & < 4% BVD(Boundary Variation
Diminishing) JFELE W9 B X G RE SN, BVD FELUTES <A 7Y v FBEOBIE S ED TV D. ABFETIE, #Hifi A
7'V RELBVD {EOBHFEE L OVBVD IEIC X 5 £l dR /18 £ OFHA L& B8 3 25 K FHEMEIERN OF R AT 5 .

BRI T, BVD BRI EES A 7Y REMfiRIEZ PSS L7z, f€k BVD {5 Tl THINC (Tangent of Hyperbola for
INterface Capturing) #iffiEDO AR ST A —4% B OEZEFEEM E LTz, AIFFETIE L OEEAIEE L, ROMESNHSITE U TE
RO DHHET, ORI E R B OMEICT Y AT, BHEHEERICE T 2 RN R F~—2 T2 MR, BEAF
figih EVERE A LB L7z, B TFIETH D PuT5-BVD(Polynomial of 4th-degree and f-variable THINC function reconstruction
based on BVD algorithm) %36 X OV PaT 5vsc—BVD (Polynomial of nth-degree and f3-variable 5-cell THINC function reconstruction
based on BVD algorithm) {:i%, BEARARERIA 2~4 R ARREOE CHIE L, 7L e v~ L ARV REEEREICE D BET D00
TR 2 R BEE iR EE O — D> Tdh D WENO(Weighted Essentially Non-Oscillatory)-ZiEX W EIHICIEZ 7=, £7-, BEFEDO A
7Y REIBVD i & HeT, A B O 52 S L7e 2 & T, G X b & 28%~51%ii L 7-.

FIR G ARE T, RV NS A O ALOFRZEIC L > THRIO LRI FMER AN D Z E BB TN 5. ARRFFECIX 3 IRot%E
W H1T) 5 B EBFRIE O FH T FIED T MIxI P 20 2 R IK & 2 TREE L, RIFREREE A U2 VR FIEARE L. 2%
MR Z RF o R F~v—20 T A M fifE, SFPEREFE CIIBEUEMRORHER ERITR TN D Z E B3R E T, PR AR L
E, VAU —=T A T —REEMEOKRERE DM, SLITRHER O KXV IELWFHIZR SN FTRRIC R D S fFSind.

RS BRI 2 VT, REIRE R LOMHE L E B E T 2 5K AHEMMER A Z 5 Uiz, SRR i IEReE & LT,
KEITERUTIE Allaire 5D 5 HFEREF /L L Pelanti & Shyue ® 6 HRRXET /LM Liz. KK HF CIXERHRLEREOBLE
B 2 YK E 0 MUSCL (Monotone Upsteram—centered Schemes for Conservation Law)-THINC-BVD j%36 & OY Adaptive THINC-BVD % H
WTC, RUFv—I T A& DDA T Yy REIBVD 1L, &M 2 YSEEREAAIRIE D MUSCL I & Hh_C, R
foi & KRR & RIS CHE X T, FORER, A T U v REIBVD {EIER MR L ORE(L O F %2 L 0 BEICHBT 5 2 LTk
DILic. SRR OBG A BT 572013, @i AR 2 O CRURA I 1T D BUIERURR A Z 5 Z L NEETH
HZEEWBEMMT L.

ML & Z B 5 KIE A EMEER N 2 IERGER 712380 2 B iR G R BEfRE TR AL L7, MLP(Multi-dimension Limiting
Process) U 2 # % FV 7= MUSCL #if] & S % 2 kS THZTHRBL9 % THINC/QQ (THINC method with quadratic surface representation
and Gaussian quadrature) #fifflZ BVD JFUERICILS &AW 72 MUSCL-THINC/QQ-BVD JEIZ LY, Ry F~—27 T X &7z,
MUSCL-THINC/QQ-BVD VIl Rt & SRS & 3~4 BV OIR T 2, MZIC & W Bt A L 2RIk % B8l Lz, FE
ER T R TR R R A O TR mBIROBIBUCKI L2 & T, flxidue sy ho o O U OBREERNCKT 7 e X TR
HOF ¥ U7 — a U7 &, BHTEIROFH R 2 R ORI S T & 2 raetkE 2R Lz,

% WU R, 32000 528 5630 300 §E 4 13T DT 500, b LIS 800 554 1 #fifkH LT EE 0,
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In the numerical analysis of compressible single-phase and gas—liquid two—phase flows, high—
resolution numerical method is required to capture discontinuous solutions such as shock waves,
contact discontinuities, and gas—liquid interfaces.

The BVD (Boundary Variation Diminishing) principle was recently proposed as a guideline to construct
high-resolution methods, and hybrid-type methods which combine multiple reconstruction functions
based on the BVD principle are currently studied. In this work, new hybrid-type BVD methods are
proposed and the BVD methods are extended to simulate interfacial phenomena.

Formulations of determining value of f, which indicates gradient parameter in the THINC (Tangent
of Hyperbola for INterface Capturing) interpolation, are developed. Combining the linear polynomial
interpolation and the p-variable THINC interpolation, the P,T;,~BVD (Polynomial of 4th-degree and
B -variable THINC function reconstruction based on BVD algorithm) method and P,Tg,5~BVD (Polynomial
of nth-degree and B -variable 5-cell THINC function reconstruction based on BVD algorithm) method
are proposed as new high-resolution numerical methods. These methods capture contact discontinuities
and small vortex structures better than the existing method. Additionally, the proposed BVD methods
reduce the number of candidate reconstruction functions, resulting in 28% to 51% reduction of
computational costs compared with existing hybrid-type BVD methods.

The high-resolution methods are known to suffer from symmetry error in the symmetric flow
simulations due to asymmetric rounding errors in floating—point arithmetic. In this work all factors
breaking symmetry in the computation are revealed and symmetry—preserving solutions are studied. It
is demonstrated the symmetry-preserving method completely preserves symmetry in numerical solution.
Using the second-order high-resolution methods, the gas—liquid two—phase compressible flows with
surface tension or phase change are solved. The MUSCL (Monotone Upstream—centered Schemes for
Conservation Law) —THINC-BVD and Adaptive THINC-BVD methods capture contact discontinuities and gas—
liquid interfaces better than the existing method. Especially, the surface tension and phase change
effects are reproduced with high-fidelity in the results of the hybrid-type BVD methods, because of
the low—dissipation errors in the interfaces.

The gas—liquid two—phase compressible flows are calculated with high-resolution methods on
unstructured grids. The MUSCL reconstruction with the MLP (Multi—dimension limiting process) limiter
and the THINC/QQ (THINC method with quadratic surface representation and Gaussian quadrature)
reconstruction are combined based on the BVD principle. The MUSCL-THINC/QQ-BVD method captures
contact discontinuities and gas—liquid interfaces, and reproduces the interfaces dynamically created
by phase change better than the existing method.
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