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Verification of shape optimization in nonstationary multi-physics problems
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A numerical analysis method is ﬁroposed for shape determination problems in
fundamental unsteady thermoelastic field and unsteady thermal convection field. In the thermoelastic

field problem, the stiffness maximization problem, which determines the shape that minimizes the
thermal deformation in the specified time period, was investigated. In the thermal convection field
problem, a shape determination problem was set to control the temperature time history at the
sub-boundary. For these shape design problems, the shape gradient function, which is the sensitivity

of shape updating, was theoretically derived using the adjoint variable method. Numerical programs
were developed to analyze the optimal shape based on the derived shape gradient function using

FreeFEM. Based on the numerical results of the two-dimensional problem, the validity of the proposed
solution was demonstrated.



B X C—19, F—19—1, Z—19 (@)

1. WFERHAE S WO 5

MR, BMRESH D WA £ OB ARTEI R & 55T )T Lo K AL R,
A S 2 5t 5 E CHEERFETH D, EEORFHRGICB W T, Bk - E - finE
DB E BB LB~V T 7 ¢ ¥y 7 AREICKR U CTRIRERGF 21T Y H/ENZ V. 61
BEaEREOUEL B E LIEBlEN D, FEEEMEELBE LA T 74V y 7 AMEIZBIT D
AHM 2 AR IEDOHSIR BEN TN D.

2. WEOBE®
(RER & BN Rl S B 72 BRSBTS AR EA A R S B 7 B e & D
FGERIEICRT LT, R RAE O~ LT 7 4 ¥y 7 ZARBEIZEB T 5 5B e R i b O gk
PREL, TORYUMERIET S, FOHTYH, AW CIIHEBENRFRELE LT,
(1) FEEEBGMESICRB T 2EEICE LT, @IEERMNICK T 2B N R/ 72D X )
IR 2 IR E T D RIMER AL, (b) VAR ORFMERED BAEEIZ/ 5 L 5 BRIk E2E
9B BN AL IAEN R
(2) IEEFEFIHICEA LT, (a) FHIBSHITEII R 2 5o Ekiz ¢, IR O ReRE B
DSEEMEIZ 72 D & 5 2RIk A2 D E T D IREEFIERIRE, (b) B R HRG ICB W TRIEEMIR DR
B L ZE LT-FEICBT 20 R COMEER AL, (o) BRSO X fd 2T
& % Navier-Stokes 2D E T L UMHEIRIZBIT 2B E 2 REIC L 585 E LT,
P55 72 MM SR 2 B 8 L 7o Bt el O A ST 36 1T D i KA
e EERY BT, FnEnoMEOER, BIREERERMBOMERIEH, Mirrray X
LDREZATV, 707 T LRI E 2 OBEMITERICESWT, FEOZYMEEREET 5 2
LEHEME L.

3. WDk

(1) FEEFEGMEGIEIZI VT, (1-a) VBN R/ E 72D K 9 IR &R ET D MR K
{LRARE, (1-b) BN O FFREEREA BAEEIZ 72 5 K 9 72 IR & P83 2 BAZE (o ) 0 BT R L
L CHGEEZ T 7=, BRI, ZhofEIc LT, BEOERILZITVY, Lagrange I
Bk 5 W LEZE R & O CIRRE IE D RLEE & 72 A TR AFRE B A BRER IS H L 7=
ZDW%, REOTNITY XLNERE L. EBEOMNT IR, FEIRAE RS Z Mm% 7
D O DOIEE T EMRE S, « BHEMEGARNT, BEPEFEE H EVMREY, - B ENT, 8 L0
WIEIEMTOEFH 5 SOARERMTAT » 712X > TRV KT 7T LT U XL THS.
Fio, BREEMRNTCIE, BRIEEDSE TR A SRR & X 2 TR 7k |
RERIE) AR L. ZohEE, Ml SRR AR O K& SICHEIT 551
FEEEA SR L oA R L, IBIREILEELE AR L UOEREEN T 5 HIETH
5. %2 FreeFEM ZFH L7z Rt O 7' 0 79 K EBF L, BT 217> TIRE L
TR D2 M 2 RRGIE L 72

(2) IEEFESTRIHNZBNTIE, (2-a) BEf t=0 206 t=T I2BW\T, & D45y ElE T o FEiEER
MR & BAE & AIEERFRER & 0 2 TIRZERE D 2 /IMET 2 IR B b E % E 1k
Lo, F-BGEMERIE & R FEE AW T, BIMEIEORERKOEY, it 7o /o
LDOBAFEEITV, EHR BRI R LD RO YA RAE L=, £/ (2-b), @-—)iz>
WTH REIER R FEE V.

4. WF7EE R

WFFER RO —fF & LT, LR (2) IEE F B it ORI E 3T DRI DN T, fi#
Wt 2 AW CREICHEN T 5.

FPINIEERR D F A B U T2 IEEH H RIS O 5 U 81T 2 i aE i KILOFE R
OWTHENT 5[], K112, BEAERMEBEORITET v, il LI2ARESRESE, BIO
BT RE A 79, D=1.2, a=0.36, d=0.24 & L, 7T AHR 7 Gr=10°, L A U —%{ Ra=7 X 10°
E LTI 24T o 70, IRESGOBRRSIER, BRERENRZ T, T, T & LEMEERAY 1X107
LOAVRIRE 0 ¢ =0, FIHIEEEZ 0 =0, WEEREHEER D u 28N T 0 =1 & L7z, MGoERS
HiE, T Ty ToanZWTHNHEEERNE L, W0 25272, DgldElsEE U, SEREHE L
THEEERY Mo xd 5277, TwaReERE LT, MTERD, COMBERILEZBRNE L
7o BREHR R UAMIIR T OB X2 2R L, mAEHK & L CHfE —Eoflfe 5 2. 7=
IRFfE] t=0 7° B T=15000 THEHT L7z, FEEROLBUEMENTICIX FreeFEM ZFIH L7, JERIZkt LTI
P2 B3R, JEICxF LTI P #5E, I, BIREHEOMATICN L TiE P2 R Z W, [\l
BOREZETA I 20D —ZA%ZFRE L, Casel, Case2(Casel DEHAEFE 3 fi2) OfFMT 21T
-7z,

112, Casel, Case2 |Z3\J 2 HiEBIR TORMEKREZ] T=15000 (28T DIRES M A R~T. &
B T, PR & bl U C, iR OBRIKDIMAUBE R~ > TA L — XIZEABEN T 5
AR LT, WIS 3 L CRaE IR CTIE, iEE D Z 1 17% (Casel), 25% (Case2)



kL=,
ZDZENG, BELETFEOREARN LN R TE .

Fhl
5223

(a) fRNTET L D) BIRREFEA v = (c)Casel DR (d) Case2 D ETFEIEIR

X1 [EHAEH T 5 A RBGHTES OfNTRE R (TET L, BIREHR A v 2, Casel, Casel
DO BRI I T D IRE55A)

WA, A COFENGEZ B L 7 FEE 7 TR B 5 O3 43 SIS 38 1 5 IR EE il 48 O il
BlaRRIT 5 (2], EMTHIE LT, M2 IRl - SIEET VERE L. d=1 & L, s
DOFEFRSLMEL, FEPRABER AB T u,.,=0. 15 TIitA L, HEHR CD OIc/1E e o ERER Tttt 3
He L7, BERBCBIODAITEEERL LTu=0 & L. RESOBERSMICEL T, BR
AB ZIREREMEER T, E LTCO=1 & L7 ERCDIIWASERT, L LTa=0 EFEL, HHBC
BLODATEVEEE R DLy, & LTEMEESR h=1, AR =0 & L7=. LA 2 %% 100,
7'Z b VERIE 100 TR L 7.

¢, D
v

(a) fRMTET IV O AERERA v =
2 oyl - EPET 2 IRHIEAKHT L O BB AT O R E

(a) FHT=9 (b) M T=18 (c) JE T=36
3 4y - AT B MBI BRI ORI (Case A, B, C DIR&HEZIDIRNE)

AFRHTHITIL, BER AB TOFASLM% (a) A T=9 OHAENE (Case A), (b) EH T=18 DIfHEh
it (Case B), (o) A T=36 O 1EN)iE (Case C) DA LTI 21T 72. TNENOHEIC
LT, QunilBi 2R 2 HAEREEE0, & LT, QndORERRENQ,ICBIT2FDH
TREIERE 0y LR KO ICIRERF T2 L2 HE Lz, ok, FEBEORFEHIEBW
T, BRFEFHE & HITHOEK Q) OIRESHERGELTINDLT-H, FORRIEHIZESL
Qp O BEERERERE O, DEIGERE LT, Qp & Qp OIREBEBENFE IR D X5 I IRRE
THMEE LTI 21T 572, FEIE =0 205 t=T=300 & L, REERITEVEERTD L, &
U CIREFEFSER D  LWEER T, 28 2EE S Lz, X 3 ITRKRFZ t=T=300 |2k T 5 &%
AOBREST TR LTS, DWTROEAIZENTY, Qup OIREBEN Q) 2B 5 B 5 A
JBRE 0 plz—2 L, BRIULBIESE aIicGR L7,

ZDZENDS, BRELETFIEOHRAKMRZLMENHERTEX .

< 5| H 3k >

(1] PENEash, R 43k, JEE BRI T 2 RlsikZ B8 L - kR, B AR
2020 FFAFER K GH TR SUEE, 4dpages, (2020), A T A BAfE.

(2] Rk, EITRESR, B2 58 LI E w bl Bt B8 2 ke at, & 27 A1 H
AFHR T RH A UE, 4pages, (2022) .



T. Aoki, T. Kurahashi and E. Katamine 13
Shape optimization in thermal convection field considering a slight compressibility 2021
JSIAM Letters 44-47
DOI
20
2020
81-87
DOI
19
2019
13-18
DOI
T. Kurahashi, Y. Ozeki and E. Katamine 14
Shape optimization analysis considering a rotational body in a flow field based on the adjoint 2019
variable and the finite element methods
Journal of Fluid Science and Technology 1-13
DOI
10.1299/jfst.2019jfst0004




Y. Ozeki, T. Kurahashi and E. Katamine 1
Consideration on shape identification for flow channel including a rotational body 2019
JSIAM Letters 69-72
DOI
84
2018
1-17
DOI

10.1299/transjsme.18-00323

26 1 1

34

2021

2020

2020




2020

2020
CMD2020

2020

2021
2021

2021




58

2021

24

2019

65

2019

37

2019




2019

2019

32

2019

2020

69

2020




E. Katamine and T. Aoki

Solution to Shape Design of Unsteady Natural Convection Fields to Control Time History of Flow Velocity

72th Annual Meeting of the APS Division of Fluid Dynamics

2019
57
2020
2018
2018
2018

2018




2018

2018

Freefem++ 3

2018

2018

30

2019

67

2019




27

2022

2022

2022

2023

2023







