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Ocean Model using Cut-Cell Method
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The ocean model using Cut-Cell method has been developed to simulate flow field around topographic
features with steep slope precisely. The model can describe flow field along topography including vertical flow

more naturally than an existing z-coordinate model.
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(a) Step topography

(b) Cut Cell

Fig.1 The representation of a smoothly varying bottom
(broken line) in a z-coordinate model.
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Tablel List of variables.

velocity in x direction (m/s)

velocity in y direction (m/s)

surface area of fluid part in x direction (m?)

surface area of fluid part in y direction (m?)

surface area of fluid part in z direction (m?)

volume of fluid part (m®)

4

L,

fluid part

Ak

i+1,j,k

solid part

Fig.2 A cell being cut by solid.
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Fig.3  Arrangement of variables for calculation of a

pressuregradien term.
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Fig.4 Arrangement of variables for calculation of a
viscosity term.
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Fig.5 Perspective plot of the seamount geometry, and the
horizontal numerical grid.
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(a) Vertical section at x=30km through the seamount top
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Fig.6 The representation of the seamount bottom in Cut-Cell model and MEC model.
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Fig.7 Plain view of horizontal velocity vectors.
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(a) Side view of the two cells

M4 X 3
=

(b) Horizontal interface between the two cells

Fig.A1l Definition of the points in the program.
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AlL1l2 EEEH
$=0. 5(X2 +y2)1/2
hm=(h1+h2+h3+h4)/4
ds1=s[1-(z1-hm)/(h1-hm)]
ds2=s[1-(z1-hm)/(h2-hm)]
dx1=0.5x-ds1/s
dx2=0.5x-ds2/s
dy1=0.5y-ds1/s
dy2=0.5y-ds2/s
dy3=y(h1-z1)/(h1-h4)
dy4=y(h2-z1)/(h2-h3)

Al2 FAEMBEEORKE

AlL21 &R GIERIL 1+5TERIL 2)
TARBEIR OB GHEE L1351 | L 2)
= 7 {K[S1S2B1-A1A2T]+ L {A[S2S3B1-A2A3T]
+371R[S3S4B1-A3A4T]+ 37 IR[S4S1B1-A4ALT]

SEAR[S1S2B1-ALA2T] DA
= (h1+h2+hm)x-y/12

SLAK[S2S3B1-A2A3T] D 1A FE
= (h2+h3+hm)x-y/12

SE{R[S3S4B1-A2A3T]| DA
= (h3+h4+hm)x-y/12

SEAR[S4S1B1-A3SAAT DA,
= (h4+h1+hm)x-y/12

AL22 EEHIL2
FHE BT B AR O AR
=3Z{R[A1-C1DIM1] + SLIR[A2-C2D2M2]
+ MAR[ALA2-C1C2M2M1]

SEAR[AL-CIDIML D AT
=dx1-dy3(h1-z1)/6

STAR[A2-C2D2M2] D 1A 7%
=dx2.dy4(h2-z1)/6

SLAK[ALA2-C1C2M2M1]
=37{K[S1S2B1-ALA2T]+37/K[T-B2C1C2]
-7 {K[S1S2B1-M1M2B2]
=(h1+h2+hm)x-y/12

+(z1-hm){x-y/4-[(x-dx1-dx2)(dy1+dy2)
+dx1-dyl+dx2-dy2]/2}/2-x-y-z1/4

Al23 §tEtIL 1

FHE B LTI DRI O KT
= [ A B A R D AR [R5 /L 20D FAR I O 4 7]

Al3 RERE

Al3.1 &t 1 flm

B AU[S1S2-M1M2]=x-z1

BE A [S2S3-M2D2]=y-21-(y-dy4)(z1-h3)/2
B FUR[S354-A3A4]=(h3+h4)x/2

55 A [S4S1-DIM1]=y-z1-(y-dy3)(z1-h4)/2

Al132 fEvIL 2 AIE

B R [M1IM2-A1A2]=(h1+h2-2dz1)x/2
BRI [M2D2-A2]=dy4(h2-z1)/2
BRI [M1D1-Al]=dy3(h1-z1)/2

Al33 SEARERE

BE R EI[S1S2S354]=x-y
1 A [D1C1C2D2-M2M1]=[(x-dx1-dx2)(dy1+dy2)
+dx1-dyl+dx2-dy2]/2

A2. QUICK #M#EBDRE

QUICK (quadratic upstream interpolation for convective
kinematics) i, BB R OB E 4., ONFEEE LT,
ZDOBERORIHREHRALTVD2OD L OEOMIZ, &
Rz Y 5 1o 7= 2V OfEE IV T2k 0 Z AR
LONFEITO D TH D,

THIZEBEWT, BTFHEEBE™»ELWVWES
(dXi.1=dx=dXisq) FEZUTLL T O X 52725 (i,
INEEINT 5 HIE~NENTND D LT 5) , WEE 4,
@ delE, BALHLTERIN TS HDET D,

_—$,+64 +34,
1 =
i+ 8

(A1)

%'l J (%Jlruz) gﬂ

dxi-1 dx;

dXi+1

Fig.A2 Positions of variables.
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{ER% L 7= &5 /L ClL, variable meshZ iV T\ 5 DT,

RS L < 220V 5E O QUICKH AR EN M E
L%, FZTTFRICEWT, BENKU L5 X
INAFE (@b EEDDH L HERD,

¢i+1 =ag , +bg +ch, (A2)
2

b1 X RGe1% GurpPEID TTF—F—RETHZ &
(IR WiV C ISV d W

0P/ (AXA)Z a2¢i+1/2
. = —_ AX . + . +
= ¢i+§ Tox 2 ox?
0b12  (D%)? 0%/
— — AX . + . +
# ¢i+§ °ox 2 ox?
0112 (Axl)z az¢i+1/2
4 = + AX, - + . +
¢|+1 ¢i+l 1 8X 2 6)(2

2

(A3)

ZZ T, AX 4 AX()&U\Axli %i’b%i’bﬁl ¢&0\¢+1
DERRE fey2zD ERROBREL R L TH D, kAT
HFzbhd,

AX ; =0.5dx,_; +dx
Ax, =0.5dx
Ax, =0.5dx,,,

(A4)

(A2.3)X % (A2.2) U A LR EICBI L TE &
WD & LR EQRDIBETN OS2 D LI FIFEDO L
ELUTOATAERANGE LN D,

1 1 1 fal |1
-Ax, —AX, Ax |b|=|0 (A5)
(AX,)? (A%)? (Ax)? | c] [0

Ihz, DTOXSICHS ZLicksTHELI 2N
R E10T RIS S s p ) 3/kﬁf®%$ﬁﬁ4—ﬁ§k%
KRDDHZENTE D,

-1

a 1 1 1 1
bi=] —Ax, —Ax, AX, 0 (A6)
c| [(Ax,)? (Ax)?* (Ax)*| |0



