© —MRAFEABARGEIER

A-03-01

TR I FEERRIEE Vol. 29 (2024 4E 6 )

BOME BT HHER

BASEIFS

FERBEIERA Y2 2EICELD
FERM b ROD —&#L & € DLFIERERREE

Transient Flow Topology Optimization by Hierarchical Cartesian Mesh Method
and Its Parallel Performance Evaluation

s XR D PE T E] 2 TR Y ke @

Ryohei Katsumata, Koji Nishiguchi, Hiroya Hoshiba, Junji Kato

D EBRYE KRR LR (T 464-8603 ZAIE A BT FREXAERT R BARE T EER 8 SEHAL 3 B,
E-mail: katsumata.ryohei.a3 @s.mail.nagoya-u.ac.jp)
D (1) Ay BT R¥EGE TR HEZdR  (BE-mail: kojinishiguchi @civil.nagoya-u.ac.jp)
ME (T) At ERY KEBE TR Bi# (E-mail: hiroyahoshiba@civil.nagoya-u.ac.jp)
YDr.-Ing. BB K KEBE T EWIER 0% (E-mail: junjikato@civil.nagoya-u.ac.jp)

This study focuses on the topology optimization of three-dimensional unsteady flows. The unsteady flow
topology optimization with a fine computational mesh requires a numerical method with high parallel effi-
ciency. We propose an unsteady flow topology optimization method using the building-cube method, which
is a hierarchical Cartesian mesh method and suitable for massively parallel computing. In the presentation,
several optimization examples will be presented to verify the parallel efficiency and to discuss the validity

and applicability of the proposed method.
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min J (u, p;7y) 3)
ou

s.t. pE +po@-Vyu
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B, Vo= [,dQ FEEHHE Qp OFE, 6€(0,1] 1%
TARME O AEEIE EIRTH 2. K (9)-(13) 1dZhL S
e & 2 AR, X (14) - (15) W ZRIREE O (K78 E
BRSPRET AR D LR - FRICK 2 ARERAIHERL T
W3, K9 T, AHEIZK (6) TrLRBR 24
N f VS Z 2T, EREEESOHEERE R —
FNCE D %S5 . BB J X, Rz B 0 TEEST
NBLOTRBHEIC L 2 2 X -Gk L, IR
EOITRHET 5.

T
J(u,p;7)=ffa/u-ud9dt
0JQ

+\£if‘%[Vu+(Vuf]:[Vu+(Vuf]det(1®

Q

(3) RRERRh
AEGERICHE DO W TG EB R EH L, REIKE K
B 572X, HETEBOMNEENI T 5 HAREEL
PHEROZE R (KE) 2RO 20ENDH 5. AKif
ZeCIE, EFREEERGEE F W BB O R E 0 E
2175, WEEEET, a(x,0), px, 1) ZREEE
L, UMoRTHfEARERXZmz3 a, prKRd5.

—pi—l; —p@W-Vii +p(Vu)" i

= —Vp+uV- Vi + (V)|

+2uV - |V + (Vu)T| = et = 20w, in Qx[0,T] (17)
-V.i=0, in Qx[0,T] (18)
i(x,T)=0, in Q (19)
i(x,n)=0, on I'px[0, T] (20)
{~pI + p|Va + (Va)T|} - m
=—p@-mi—2u|Vu+(Va)T|-n, onTxx[0,T1(21)
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J' (u, p;y) [6u, 6p: 6]
=L (u,p;y)[6u,ép; 6y]

=fo[—<“ B (CA))
O Q max min (q+fy)2

uw-u+u- ﬂ)]éy dQadr 22)
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1
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L, mEREORREITD.
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27w TDIES pHb BEHET 3.
3. FREEE ur BEOES piY ZHWT, HEEIE
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AT, T — XEEDE R 2P OERIKE
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07— MCEEEZHW 2. FHREEZ KD 208, i
B XIS IEIZ 2 KRG EHLESETHIRL X T
3. EHXR7 Y &, EHEE 2 REEFDED
ETCTHERE L, Red/Black & —& VU >Nk a31) &
NBIEEERTE (Successive Over Relaxation Method;
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BECE AR B S, M, 79273 aF LR
7 v K VD ERRAREE Z W THERIL 217 5.
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(2) Building-cube ;&

Building-cube % (BCM) 1IFEERIEZRR X v > 21kD
—METH5. M-11T-F LI, HEBEET F2—
7 MR B RIS EIE N, BFa—T %
EMB TR X 5 IchElxn 3. WHEFHED
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¥ a2 —JNTEBN - TUEIFETINS. X
D, ZFa7 3BV EFHT 22k 57:9, %
a7 OFBEAMSE—r R, X5, fRET—X
MBS XD, XY 7272 ZADRFTRIADOHEEHNIC
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. Data exchange
between adjacent MPI ranks

<== Data exchange
<= between cubes owned by an MPI rank
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77 ANT A XX EVEHENIZ SN WO
END 3. X512, FEEX v 2 L ERTERICA v
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BCM TlE, ¥ a2— 7HN TZEBIL— FUHEEITS 72
B, ¥a— T TT =AW ETOIREDDH L. D7
B, KF 2 — IR (XI—k) ZREL, I
o THEE, EhREoTF— 231 %175. BCM T
%, K2R3 &5, BE#ES 52 MPL 7> 7 CD
B— VLR T — 2L, [{—MPI 7> 7HNTOE—
HIVIET — RTINS,

3 =BEFZILIVIL
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RS
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