FHESTME - 75XV IaL—ya vy v—EIfF—
2018%E8H20H @ TE K=

MHD>=alLb—>3>®d
Z Rt - S XREBE{L

RS BA (BHEEXRF)

N

=% BEEHAESS2015/16 A 71 R



SIFFRE D BHE

MHD AN Z
ZRTT * SR ERE
THE< -




- IR TTERIEEMEE

- BXRBEREEMNE

- TR

) —<I YV ILINE RIRE
o ZRITIL

- ZRITILD A

L

- BIZFEELD ALIE







BERRBELIDLELRDOL

e FHITANITZLKDHZE. LA/IVABDIEEICKEL,
HERRILEUT/ NS (TS W FEIRZEITEL,

o HUELRZNS LT BHE

- FTERFREZIEPT

- RKREEEROFA. T EI—FOERERLL (BHOER)
- SIEAX—LZHBEEZESEHS

. SHERE—LOERIEEL

- NRBEAXF—LDIT— - FEILEUIO(MXAN) T/hNE < Em>TW<

- BUEILE Z —HMT FITF B eicid. 1RBEAF—LATRIIBEFREZ1IARICDE10ED
SIADNENH D, SRTEERSEHEZRIX1ARE. SABEAXF—LB SR FaE =
1.6(%. STEEICUT6.5EZEDEINTED,



BRrAEXDIXRBER LEDE

F
%lt] | g =0, F' =alU, a = const.
v EILiNT
o
8U] | Fj‘|'1/2 - Fj_1/2 _ O Iﬁzﬁ*ﬁﬁ
ot Ax N

Fj_|_1/2 — Riemann (UJ, Uj_|_1)
B {an if¢c>0

aU;;1  otherwise

a al
5 (Uj41 +Uj) 5

(Ujs1 — Uj)



=R R E R A

oU; | fiv12 = Fj—ve ;
P - =0 : BRIFTEE

Fit1/9 = Riemann (Ur, Ug)

= —(UR—I—UL)

(=U;—1+4U; + Ujyq) /4 28
Ulro =14 (Uj—1 +5U; +2U;41) /6 3R¥E
(2U;_o — 13U, _1 + ATU; + 27U, 41 — 3U,45) /60
SRIRE
URi12ldUL127C..., j-2, -1, §, j+1, j+2, ...z &E]EIC LcH D,

Mgt Mot




RARABEREHEEOE N

EILFISE (BIFHE)

1
U;

1
Uj+1 =

T Az /Ij Uj(z —aj)de,  Ij = |Tj-1/2,%j112]

o ! | T17—ERD
71 7—EBRAICED S CIVjRDZER D1 A1 SN Tl A =

Uj(x —xj) =U(x;) + Ug(x;) (x — )

Upe () (& — ;)% /24 ... RELBETISEI0
IVBERICE TS E _LHHATE
L Ax; A:z:?
Uii1y2 = Ulz;) + Us(x)) 5 Uge () g
Ut jo = Ul) = Usla)) 52 + Usalag) % + ..



1.2

10

0.8 1

0.6 1

0.4 1

02

0.0

-0.2

>

RIgE

1.2

1:0:

0.8 1

0.6 1

0.4 1

02

0.0 888808030800

-0.2
1.2

1.0

0.8 -

0.6 1

0.4 1

02

eSS H

BERCMEOLER | AV 7Y

-Fd

EXBEICEDIFEE

=N U\ CEEMTRR(C

FEDOWLWTWLW



0.0

-0.2
1.2

1.0

0.8 -

0.6 -

0.4 -

0.2 1

0.0 -

RRIEE R MR O LB

3R

| 272

eSS H

-Fd

S
||‘|
=
S
A

AE]
EH

II|-|JI

!'elll
&

LL

Godunov® TEIHE:
2R BB LD
REAF—LALIZ

i (D B 5f Ii;éi%&%*
95 EDHFELL,

MR A X —LDBDE,



IR AF—L DA

e NEMZERL L DB Z DRSO [EEE AT —L4

- BRBE @12 5HREE. BEXEE @ NEif

]

* Monotonic Upwind Scheme for Conservation Laws
(MUSCL; van Leer, 1979; CANS+[c5E3E)

* Weighted Essentially Oscillatory scheme (WENO; Liu et al.,
1994; Jiang & Shu, 1996)

e Accurate Monotonicity Preserving scheme (MP; Suresh &
Huynh, 1997; CANS+|C3E3)

 TDMZEE



B4 ETVD

TVD A X —/:
2AF—LADNLUTOEEEmIZITRE. TVDAF—L &M,
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| — +
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| — 1 +
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TIVIRKROMEE (TVDEREGD IcHTEFIPREEOZEA)
] — 1+
Ulirja = Uy + = @)U = Uyr) + —— ®(1/r)(Ups1 — U))
1 -k 1+ kK

UJR—1/2 = Uj 1 ®(1/r)(Uj+1 — Uj) O(r)(U; — Uj-1)
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t)biﬁﬁmﬁ%‘iré (VU= 9—q>1a‘<$cm7;ti%ﬁ;<1>(r) =r®(1/r))
1
AJ — Limiter (U]+1 Uj, U; — Uj_l)

= ‘13(1/7")( j+1 = Uj) = @(r)(U;j = Uj-1)

Iy —HEL (REME) J=XY—8D (minmod)
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RSN EIIRORAO—7
Aj — Limiter (Uj_|_1 — Uj, Uj — Uj_l)

Minmod (Roe, 1986)

minmod (a, b) — % sen(a) + sgn(b)| min (|al, [B])

Monotonized Central (MC) (van Leer, 1977)

MC (a,b) = % 'sgn(a) + sgn(b)| min (2|a\, a _ZI_ d , 2\b|>

Superbee (Roe, 1986)

Superbee (a, b) = % 'sgn(a) + sgn(b)]

max [min (2[al, [b]) , min (|al, 2|b|)
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WENO;%

Weighted Essentially Non-Oscillatory Scheme
(WENO; Liu et al., 1994; Jiang & Shu, 1999)

Us (:1:) i

ﬁﬁﬁﬁ%d Us(a)
Up(z) = U + UM (2 —2;) + U (z — 2;)?
{1 17 FIRRIR %

U(QZ‘) — wlUl(x) -+ wQUQ(QZ‘) -+ ngg(IL‘)

TILADYBEED N UKX) 2EEH ATV VILTFHEIS /e
iR REE B EUY, Uz, UsOEH T & UTETR,
BAHINERESZOCAT VY VLTINS 713D £ D3RR B,




MP5;%

Accurately Monotonicity Preserving scheme
(MP5; Suresh & Huynh, 1997)

Upper Limit for monotonicity  MeDian of AV/FL/FR Large Curvature

v . ; R Fute
steepest slope l UL _. ‘ ’. .
AV _ Vi i
L I S
.."'I-":.UFL___UFszun I E
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7-1 7 j+1

UL | 5 = median (UJ 125 Unins Umax)
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RIS X fEE{L | SSP Runge-Kuttaj%

Strongly Stability Preserving Runge-Kutta method
(SSP RK; TVD RK: Shu & Osher, 1988)

K« MHDETED LK S ICHER - FEHKEZ2UHEE. BEE DRK
B TIT D K DIHIRIE L E SN TlEA+7%
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Non SSPRK(5,3)
CFL=0.8

MUSCL-MC
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Optimal SSP Runge-Kuttaj%

FAURATy7#. AUBET, TVDZHRTSHCFLNY d
i H K E L\SSP Runge-KuttaiX, d—i — f(y)
BIT D2k, 32RDOptimal SSPRKHA K £ fEb 3,

1RIEE; BTEEEUlerns  y™ T = y™ + Atf(y"™)

y M =y + Atf(y™)

y" =y + S [y(l) + Atf(y(”)}

>
o
il
G

- SSPRK(2, 2)
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y" = Ut S [y(z) + Atf (y@))}




1R TIBEZEMHD AR

U OF
Ot oxr
[ ( pVa )
pVy pV; +pr — B;
pVy, pVyVe — Bo By
U= oV, ., F = oV, Ve — B, B,
B, B,V, — BV,
\ e ) \ (e+pr) Ve — By (VoBy +V, By, +V.B,) )

p=(y—1) [e—§p(u2+v2+w2)—%(B§+B§+B§)]

=  divB=0 &£ D Bx|ZZE[ - FFEICE U T—%F,



AT LAEANANDER
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| = (
ot Ax
F, ;1> = Riemann (UJLH/Q» Uﬁl/z) . HLL, HLLD, Roe, ...
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MUSCL-Minmod
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MUSCL-Minmod
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« Dimension-by-dimension reconstruction CANS+ T#g|

RENMNEE, STE=EHDE0
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e Genuinely 2D/3D reconstruction
(e.g., Shi et al., 2001;; Balsara et al., 2009)
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l; j = [1177;—1/2,%“/2} X [yj—1/2ayj—|—1/2}

8U|8FI8G_ 1/dxdy

ot = dr Oy _O\AZEAQ I
tIL(i,)) A TERES

oU; ; | Fiv1y2,5 — Fic1/2,5 , Gijr1/2 — Gij-1/2 —

Ot Az | Ay
directionally unsplit (&7AR%Z RKICKEED)

Fi—l—l/Q,j — Riemann (U’L—i—l/237 U+1/2])

U+1/2 i = MP5 (U;—2,j, U?J—l,ja Uz‘,j> Uit1,i,Uita i)
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- Constrained Transportif (CT)%; Evans & Hawley, 1988): 415 % R55k /&
A5y H—RigFLEICEE

- Central Difference’% (CDi%; Toth et al., 2000): 8{ET T v 7 A=t )LH
IDCERHA - PRED

s EEXNIcdivBZRET 5FIE

- 70317 ¥ 3 ik (Brackbill & Barnes, 1980): 1R Y ¥ FIE Z f## L)
THIEDE/ R—ILZRE

- BRILBUE (Powel et al., 1999; Dedner, 2002): #5315 D FEX % # L EUs
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Constrained Transportix (CT%)

Area A, ; ... ) AX iz vorn
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‘ : u.ruzun

Area A zone center i,j,k

Balsara & Spicer (1999)

EDOESICEILITYVID
BIGZ IRTE T DD EERE,

Londrillo & Del Zanna (2000, 2004)
Balsara (2004, 2009, 2013)
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BSOS 7 RFERE,

StokesD 1
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n+1 — RN _
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n+1
By,i,j—]/Zk

n+1
Bz i, jk+1/2 —

n
Byxj 1/2,k

n
Bz i,jk+1/2

At
Ais12,jk
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Aiji—1/2.k
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Aijk+172

n+1/2
( AZz+1/2 J+1/2, kEz e+1/2 J+1/2.k

+1/2
—Azisi2,j-1724E;, ,+1/z; 1/2.k

+AYit1/2, k- 1/2E) :+1/2 Jk=1/2

\ —AYyit1y2, Js k+1/2Ey x+1/2 ,k+1/2/

( Axi i1k 2Er i e )
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9-wave;% (Dedner, 2002)
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9-wave;% (Dedner, 2002)
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9-wave;EDEEE 77 (1/2)

xARDHFER
ot \ v ) Oz \ciBz) \—9/T
g B O 4 =0 —» X514 KA
RET ot\v) " ox\iB;) 77
Al

op _ w UM =exp(=At/T)y"
ot T = cqy"

ChlZCFLMEF 9 R ARE (e.g., CFLxmin(ux, 4y, 4z)/4t) .
TIF0<ca<1 &R D K D ITHRTE,




9-wave;EDiE = 73 (2/2)

Y —RAIEZEETFREILIEAER

i (o) ae (gm) =a () + (3 o) () =0
ot \ Oz \ c; B, ot \ ¢ 0)ox\ v /)
> MHDARICEBE xcn D2D DL N - 2 (9-wave)
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MUSCL Minmod
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- FERFOAEREZED kS IFRFEMA (e.g., MUSCL, WENO, MP5)
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- 1RTTHBAFEDFIA (dimension-by-dimension, unsplit)

- BSEFEEDOWNIE (9-waveik. CTE)



