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Topology Design Optimization of Three Dimensional Structures
for Heat Conduction Problems
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ABSTRACT

In this paper, using an adjoint variable method, we develop a design sensitivity analysis (DSA)
method applicable to 3-Dimensional heat conduction problems in steady state. Also, a topology design
optimization method is developed using the developed DSA method. Design sensitivity expressions with
respect to the thermal conductivity are derived. Since the already factorized system matrix is utilized to obtain
the adjoint solution, the cost for the sensitivity computation is trivial. For the topology design optimization, the
design variables are parameterized into normalized bulk maten’gl densities. The objective function and
constraint are the thermal compliance of structures and allowable material volume, respectively. Through
several numerical examples, the developed DSA method is verified to yield efficiency and accurate sensitivity

results compared with finite difference ones. Also, the topology optimization yields physical meaningful results.
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AA zAL &% 7374](Temperature Boundary)°] I7, €% 77 (Flux Boundary) T}, 181 HhF
7 7)(Convection Boundary) 27} 91, & TPuUltulZ =< A/} Yotn sz Fojd 2
A= W5 24 &(Rate of Internal Heat Generatlon) 0%t FAR AAzAY 4¥E B 2 A
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T =T, on Iy, )
xT;n;=q on F} , A3)
KT:ini+h(T—Too):0 on rT25 (4)

o714 h+ tF AlS(Convection Coefficient)o] T %9 g zle=t} WHE F7H Y
Aol 2T T 2 o4t 4 ()= th&3} o] oF 3A(Weak Form)© Z EdH T}

L (— kT -Q)TdQ =0 forall TeY, ©)

o7)A A5)E It 459 98 (Principle of Virtual Power) 2 e & Az diaiM AR
< 34, /M A Q2 (Principle of Virtual Work)" 8t B 4= Qith A 274U (24T o1&
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'LKﬁ T,7,d0 - LQTdQ '[ g7 dl + I WT~T)TdC =0, forall T € ¥ ©)
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T3 25 did A8 35 F2(Load Form)S a3} 2ol A3l
LT)= LQTdQ+ .[ gTdr + LhTJdr. ®)

298, 462 B3t 2ol 1y & 4 Aok
Find TeY suchthat A(T,T)=L(T) foral T €Y . ©)

3. A 7|He] M AT HA
3.1 &Y 0} 2 Y (Direct differentiation method)

7 49 AR AFE o]Fo| uFY LAUSF u
o daAA, 4 9= T 2ol EEE + Yo
Find T€Y suchthat A,(T,T)=L(T) forall TeY, (10)
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=0 .(13)
= L(gl,u&l +g 7T+ gl,VTVTI)dQ + ‘[(gl,u&l +gy7T'+ gz.VTVT')dr
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714 A & FU(Homogeneous) AAZAE HEEHE o2 Sgoltt. Te¥ olu, leYolm
2, A1) b gol & 5 ok
A (T, 2)= L, (1) - 4, (T, A) forall Ae¥ (15)
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A4,(\T)= L(gl,TT""gl,VTVT,yQ'*- _[(gz,TT'*'gz,VTVT')dr forall T'€Y. (16)
Ay (0,0) & A A2 Symmetric Operator)o] & T o] AJ 7]t}
AT, 2) = A, (AT'). (17
A58 A6 Mz 2orng vy 72 A & F dth
L(gl,TT’+gl,VTVT,)jQ+ L(gz,rT'+gz,VTVT')dr=L&; M) - 45T, 0). (18)
A18)& A>3l tdstd o Aol PojRict
v'= Lgl,lﬁudQ-&- J:gz,uﬁudl"+L";“(/l)—A[5“(T,/‘L). (19)
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K; =uf ko, (i=1.2,...,NE), (20)

O<u,, Su <1, 2n

K= A 27 QAX AFoln P AFE AE FILE 3§ M AR (Penalty Parameter)

olty, A& Eo|A (SingularityyE 37 A& HAALA u,, & FAFRD A HALA A
T e 2ol A & U

Minimize T1= LQTdQ+ L qTdr + L;hTder, 22)

Subject to LudQ V attowabie » 23)

ANV ware = HE& AEF(Allowable Volume)S m| @ttt 944 HAHLAE st b5 4
3} #o] @ FEeto]dA(Thermal Compliance)E 7 2} 814}

= Lg](u,T,VT)dQ+ Igz(u,T,VT)drzLu(T). (24)
Aoz 4A 8% uel dsl 1 AEL AskY g e FE ¢ 4 Ank
y'= L(gl,ual+g1,TT'+g1,VTVT'>iQ+ .[(gz,u&l*‘gz,rT’*'gz,VTVT')dr (25)
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4,4,7)= [ (2117 + 257V 2)dQ+ ({2,177 + 8,0, VAT = [ 0ZdO+ L gAdT + 1 hT,ZdT  (26)

293 426y vadEd A=T olez, 9 AIZojdxd g HA U2E L g3

2ol A2 4 Ak
' = L g1.a0udQ + I 82,000dT + Ly (T) = A (T, T) @7)

T, AEne Bed gol 2ued 3T 4 9o

/v

y/’=—Aj;u(T,T)=—L T, x'6;T ;dQ . (28)

5. X oA

51 GEE A0 tist 229 24 UHE

xR ddA g FES A UZE M F8E% ae4E 4] A8 19 2
o 2 a3 Bag Adsial 9 25 T,=20 Cg 81, dif 23L& HPo] 2 XK
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Element AATff (REHx1E) ‘iiT—;zis(Oiliﬂ ) Z—’Z 2}2 X%
17 -7.26322E-02 -7.26298E-02 99.9966%
20 -7.70416E-02 -7.70389E-02 99.9964%
71 -1.41957E-01 -1.41954E-01 99.9979%
120 -1.55234E-02 -1.55232E-02 99.9990%
130 -3.35701E-02 -3.35698E-02 99.9990%
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I% 62 2400709 828 ZE &Y Edolth M ARFHE 50%E dgled, A
P 302 340 QAR A, EAA 24, dFAF, WNEs 42 «=2370 (W/m-°0),
T,=0 (°C), h=200w/m~°C), T,=200°C 22 Ttk AAZXHAE & o9 4749 HAH
o &% ZAZRZDE FAL, W oY 24 HAA uF LEE 07 JHEHAE R2g M
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0 =100(w/m’) 0 =200(w/m>)
a9 6 3349 3 2y Y 7 29T 2do] A IR AA An
138 89 LEF 1YL 0=500w/m’) 2 W ¥& A9 ASEEY FHU(so-Surface)E I
g Azlelr}.

a9 8 A4 HAMA d9 o T

Wby %o PEHUY At AW olBoz REa: %L
BT Qg ¢ & ATk WP BALo) AL Wi AR A% ¥R 2T} Bl A7}
t 33 R YE OF AARLAA do) Bol MAUAA 9] WEe,

2RANE Qo] MAUA B3 197 B AR AFAA BnP

pEstl ok 28U gF 2dgol AXA HY olAZH A% 2EHolst HahAl vehdoh
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