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Development of Multi Dimensional Conservative Semi-Lagrangian Scheme
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Conservative Semi-Lagrangian scheme that is one of the new CIP methods developed lately guarantees total
conservative quantity. We have developed multi-dimensional semi-Lagrangian scheme by applying non-splitting
method on the basis of one-dimensional CIP-CSL2 method. Two-dimensional scheme needs both line and surface
densities. In addition to the two-dimensional case, three-dimensional scheme needs line, surface and volume densities

atogether.
1. OO 3. 0000000
0o0O0O0ooooo 0000002000000000000000000
i+DEﬂvf):0 Co Cu Cp Y°
ot o F,(x,Y)=(x° x* x?)ic, ¢, C,|dv!
00000000000000000000000000 C, C, C,||Y?
0000000O0p 00000000000 O00000 CIP @
go0o0oO0oo0ooOoooooooooooooooooo OoO0O0O0OOOOOOn
000000000000CIPOODOO Fractiond Step 00 = x
oooo 0Os——=X<1
1) FglOOODOODOOOOODOOOOOOO Xy = X,
2 00000DOOO0OOOC0OO0000 ~
0000000000000 0ODOOO0OO0OO OS_ELJQ_Eygl
CIP-CSL2 0000000000000 0c0000p 00 Yia — Y,

000000000000 @ |
000000000

4 ODOOOOOOMarixOOOOO
aammrrn o__ 2000000000000 0O0000DOO00OO0 400000
A / gbobooboooooobobooenbboobOoboobOon

. . | D000000000x 00
; RO L f 000000000000 00
—Q—Q = ~_ 0D0000p 000000
s 0 D0000000000000 100 CP-CSL200000
: : D00000000,00000000000000
D000,0000@0000000000,000 3000

P
&

00000000000000x000000,y00000
00000000000000000O0
seosees Trajectry 000,00000000000000000
I:l Conservatory Quantity f(x) = (1 X X2)
Fig. 1 NI
2. 0OOO - _
1) 0000 mxy-ﬁ(de—(x 2 7;]
2 000000000O000000O000
a xOOo, Cw Cu Cyp
b. yOOo, —

3 0O0OO0O0OO0Op C=1Cp Cy Gy
0000400000000000000,0000000 Cy, C, C,
000,000000000000,00000000 400 @
0oooooo

F(X,Y) =f(X) [T M (Y)
(5)

Copyright © 2000 by JSCFD



‘tooooo
00000000000, 0000ooo

f g f

i,] i,j+12 i,j+1
Oivzi  Pisyzjryz Tisyzjn
fi+1,j Ui+1,j+]/2 fi+1,j+l

£(0)

= gw-00 |cd' 1O w-'e0 ‘te)
£(1)

(6)
goo@oo0oooocoobopPOOCO0O0DOOOOO
gbobobo,0oobooboboboooooboo,.b0aon

1 0 O
P'=|-4 6 -2

3 -6 3

)
ooo,
fi; O, j+y2 fiin
Cc=p" Oivyzi Pisyzjryz Gisyzjn [P~

forj  Oiajuae fiajm

®
go,0b0o0obooboooos3soogoobobooooo
100

fi
C=P Ul p.y,
fiua
©)
300
fiix O, j+y2k fi ek
Cw=pP" Oisyaik  Pivyzjwek iz jak [P
fi ik Oy jsy2,k fiin 1k
(10)
C, Co
C,, |EP*Cu2
C, Ch
(11)

goo,boobooo,

F(X,Y) =f(X)HC, +C,,,Z + C,Z2) M (Y)
12)
O0D,ooU0OpUOO0O0O0OO0OO0O0OOODODDODO,LODDOOOO
oono,

/ |J,kDDDDmemmlmmlmDDDD

gboo,20000000030000000000000O0
goooo

5. 0000
o00ooobooooooooooooooooooDo
oooooo

10fooooon
E)—f—:—fclivv
Dt
(12)
20000000
Do ov,
—_— =0 —
Dt on
(7 : normal linedirection)
(13)
3WpOOOODO
Dp _
Dt
(14)
ooooooo

oo ccapboboboooobooooooon,
gbobooboooobooboboboboboooboooboon
gboboooobooboboooboooog
gboooooooobooboboboboboboboobooon
gboboobooooo
gboob,0obbooboobuooboobooboon
gbobooboooooboboboboobooooooboon
oobooobooooobbooobobbooobboooon
gboo,b0boobboobooboobooboooboon
goboooboooobbooobobooobboooon
gooo

6. 000000000
000000 Factiond StepO0000OCOOCOCOO

f" — f" = Advection Phase

f™ - f" = Non - Advection Phase
(15)
0oooooo
0000000D0000000000000000
0000D0,000000000000000000
000000000000000

gboobooood
gboboboosboboobobobobooo
o000 3yp000oooooooooooooon
gboo,oboboboooog

goboboooooog
o0 crr Ooboooobooooooooboo
gbobobobooobooatooooooooan
O00D0virud stepOD OO0, 00000000000
gboboboboo,boobooooboobobobobo

go,00bobobooooo

gbobooboood
oooboooooobooooooooood™

At
X, =%, = [ve
0

(16)

Copyright © 2000 by JSCFD



ad 000
CPOO0O0ODOOOOO0O@6OO0DO

n+l _
fi =HX,)

(17)
000FOxO00O0DO0OO0OOO0OO000000
HOOOo 00D

Xia1,j
n+l __
O — IF(X)dX
XIVJ
(18)
000xOO0DO00000000O
x| [ x
y ax+b
(19
X4, j
Orai” = | F(xax+b)va® +1dx
X,
(20

gbo,oboboobooooobobobooobooobog
yOoOOoooD joy2000000000¢0O
go,00b00000000000 ab0OO0OOO0ODOODO
gboboooooboboboooboooboog
gbbd,a0d0boboboobooobbooboooboobog
gooo

goooao,

dy
dx

Fig.2
00,1900 00,|aklooooooooo

Ml
y y
(21)

Yi+1,j
0.i+1/2,jnJrl = J. F(a*y+b*!y) v a*2 +1dy
i

(22)
Dooooooomoooo|a €10

o00OpO0O0O0O0DO
000 Fg3000000400000000000000
Dooo00oooo

Integrate Area

e

~

|each Interpolation Function ‘

Fig.3
oo, 0000oboo0obooooobooooooooa
goooooo,0bo00booobo0obbooooonboo

Fig.4-1

Fig.4-2

Fig.4-3

Copyright © 2000 by JSCFD



FgdDOOOOOOxOOOOOOOOOOOODOODODOO
gboboboooboobooboobooboboboooobooo
go,00oboobobooboooooboobobobo
gboboobobooboooooboobooboobobobo
RN

Rectangle

' Right Tringle

\

\ J

Fig.5
FigsO0OOOO00OO0OO0O0O0OOOooOOooOOoooooooooa
goodboobooboooboooboobooboog
0doodooDooooooo,0oodn Fg2O00O0O0O00O00O
goodboooboooooboooooooooobooo
goodboddddooooooooooooo
00,0000 FRg300000000D00OD00ODOO0Ooooo
goobooooboooobbooobboooo,buoo
goooododooooooooo

goboooooo
al0oO
(120D
df
f
£ = £ expl- jdiwdt)

= —divv [fdt

(23)
0*00000000

@@PIdWMdDDDDDDDDDDDDDDDDDD

god

OO0 OO0
|

D' ' Df D
o [1ae = J(E]d‘” Jt2(de)

0

| : length(t)
(24)
lengthO0 OO0 O0O OODO
gooo
| | dV
E:—jfolim/okwjf—folf
0 0 ag
.+ (12)
(25)

gbobobooooobobobobo,oboooban
o0 f00000000000O00O00O0,0000000
OO00DOoOO00o0OCocOoOooooOoOoDo,0oooDoogde@)
gboboo,0b0oboobooboboobooboboooooboon
gboobooboo,booboobobooobooboobo

Do -a(div—w -ﬂj
Dt ot
(260

n+l
ai +1/2,j

J.divvdti’j + jdivvdt_
2

=042 €XP —

(27)
0000pO0O0O0ODOOO

00o0o00oooo
000000000000 RungeKuttaD DO OOOO00
00D O00000000AtO000 Virtud Step O NOO
00AYNODODOOODODOOODOOOD0O00O00
000,00000000000000000000 400
000 1000000000000000
V = (UOO + ulOX + uOly + ullxy’ VOO + VlOX + VOly + Vllxy)
(28)
00,000 CPOCSLOO0O0ODO0OOO 20000
003000000000000

gboo,0boobooboobo,boobooboboooobooboobo
ooo0,000000@3O0OOooooooDooo

O000@Eyd 000
divV =uy U,y + Vg, VX

(29)
0ooQ

O00a
1) Zalesak’s Experiments

Fig.7 (Initial Condition and True Solution)
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4.243 5.6020487995647343e-02

2.121 6.6485016416233098e-02

1.061 7.3757156348096875e-02
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