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KICHEBEOESIRE D FE2HBMT 5 Lic kb, BELIREBIRTIEE L <29 5. Zhid Toms #H
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BREET 3. AT, TOMIMAERENCH B8 A = X L2 BRE U728 & O & 78 H
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DETIVE, BHROEDTZZN)VIRELRE UTHBEELIZEDTHD, 28K (p,q) DA TEATOE
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Calculation section

(a) Discrete-element model. (b) Computational domain.

Fig. 1 Discrete-element model and computational domain.

2. ETIULT 2@ TIEKBMHEIRET ST LIckD, BMEEL =2 — FVREOHZEIFHELL,
HOORBEITNEDET 5.

3. EREBEMIIHMRS & T 5.

4. BREOEAENEZLITET 5.

5. HRETIVOWERBIC K 2 TRIKDAFEERRIZEE LA,

LLEKD, BROEBHERIR (1), (2) Lk,

dvy,; k& Tpi — Ty
m—= = fpi — 5 L £ — N(Vpi — Vgi) (1)
dt 1- (5 ¢ ) l
dvg; k& Tqi — Tpi
m d: = fqi — 3 . l o N(vgi — Upi) (2)
1 (£
(%)
fpi = 6mpr (up; — vp;) (3)
fai = 6mpr(ug; — vgi) (4)

TTT, FHE &, vy vg RERDBHFLEE, m BIROBRTHS. fo, fu RERICHID S 77
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2.2 FEEH

A Z K 1(b) IRd. FHEEEIE F AN EFIESRICTMNTED, FHEEBICHB WV TIE TEEm
(y=0) KO —k@En IR LZ 52 T\, FRIKRIOBEREME, B4 IcBWTREHE L TIEED
UM, AW (v) RUASVHR (2) IS EEREREEE U, FHESICBO TR ETIRE &
USefE, ZRVAMICIEASRRSEM, Wnamd, WA - miER e U, WS (2 = L) IR
WM ERH Wz, £z, BRERTTIVOEREMEE, BAAMICRA « FRHBERSM:, BEm Tl
RSSEAE, RSV EBIRREM E Uz, ARG, FHESNT RIANEICBNT, o, 2 /7
M FRIBRMS 7 (Axt = 8.8, Azt =4.4), BHCEBE LA (y) IZEEHIHE T 2RI U RERIE
BT (Ayt =093 ~ 5.97) ZRET 5. BT, =, y, z AAZAZTH, FHHEEE 3072 X 96 X 128,
RS AN 256 X 96 X 128 TH5. T T, EAFE T IEELEE u, g &= a— b VKD EIKEE v I

KoERLLENTEDZERT. £z, ENE * BWHFETE U, &= a— b VRIKOEE pyp, F¥
FIVHE O IC K D IITTLE N D= LY. BEL A IV Reg = u0d/v =180 £ L, i

BB &8 B AR (—E) &0 uo ZRE L.

HERDBROENEA XA — PR EICERI NS, ZRBERIEICE, 2 TAEERLEMEEFV
Tz, WifHETTICIE SMAC ¥ (Simplified Marker and Cell method) 7z VY, y AOREEEICIE 2 X
Fi% Crank-Nicolson %, ZODMIOIICITERLER 3 XHEE Runge-kutta 1% H7z.
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Table. 1 Program information in SX-9.

CPU time [h:m:s] | 465:41:6 | Memory Size [MB] 30848
MOPS 4277.54 | MOPS (concurrent) 39614.97
MFLOPS 1059.03 | MFLOPS (concurrent) | 9807.84
A. Vector Length 248.21 | V. Op. Ratio[%] 98.98
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AFHHEICEB VT, Lagrange T S BEEZRET TV (2 EK) 28T 52707 I L a— Rk, if X
DEDEUNBVE, N7 MUVEDOW RV —F 2 HEET % HIc & D, Euler WAHWTH 5N
GOFBRELL UK, HEAMNKELES. AFRETOTILTE, ZHOMBRERETIVOHE)
B AZICEHET 5728, OpenMP W7z /— RNAFILE KR G 7 MVEELZ1T - T2, 72k
CHEECEEOMEVER N OB R T) A SR Z MVEBE(EETTY, @EtkER-z, £ 11
Proginf O—filz7;Rd. T T TEHETTT S LORNSEME, BEEL A /LA Re,o = 180, FHHEMEE
Ly, Ly, L, = 4870,26, 76, #T48 N, x N, x N, = 3072 x 96 x 128, HREHH N, = 9,338,880
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(A) With elements

(a) ()

O (D)

Fig. 2 Visualization of instantaneous flow field for the case of N, = 5.2 x 107° at fully-

developed state. (a) ¢ = 0, (b) x = 1/3L,, (¢) x = 2/3L,, (d) © = L,; top, all com-
putational domain view, bottom, part view. Blue object(line), element; red iso-surface,
high-speed region(u'* > +3); sky blue iso-surface, low-speed region(u/* < —3); white iso-

4 ) : + — (9t /TN ST It
surface, vortical structure regions (/1" = (du; [0z} )(du; [0x]) < —0.03).
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Fig. 3 Local skin friction coefficient.
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RRICHIRT 5. MR (yt < 5) TREVIC K ZBAFRAMIZ 530, EEEOHEE
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BHED y HIVEES 22 TOWHE N, IKOWCRY. IR N, (BHILE) 2HNE 5 &, BT
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U, MHUEBES R AT 5.
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(a) Ny =2.6 x 107°
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Fig. 4 Distribution of weighted Reynolds shear stress.
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(a) Np =2.6 x 107°
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Fig. 5 Distribution of y-direction element concentration.
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Fig. 6 Distributions of y-direction element concentration.
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