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Structural Topology Optimization Design of Heat
Transfer Based on Density Method

CUl Tian-fu, DING Xiao-hong, HOU Li-yuan

(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract: The topology optimization of variable density method was applied to heat transfer structure
with complex construction, which is thought to be solved by traditional design method. Both the Dirichlet
boundary and Neumann boundary conditions in steady-state heat conduction problems were considered. A
topology optimization mathematical model based on the variable density method was developed, and the
optimality criterion method satisfying the KKT (Karush-Kuhn-Tucker) condition was presented. Numerical
examples with different boundary conditions were illustrated to verify the suggested approach. And the
technique for eliminating numerical unstability,such as the checkerboard phenomenon, was also discussed.
An example of thin walled tube shows that the method is also adapted to the three-dimensional problems.
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Fig.3 Flow of topology optimization
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satisfying Dirichlet boundary condition

R1 ERRPH

Tab.1 Uniform heat generation rate (W -.m™3)
T Q1x1076  @Q2x10°¢ Q3x1076  Q4x10°°
1 30 30 3} 3
2 3 3 30 30
3 3 30 30 3
4 30 3 30 3

Tt 1 AESE 2 A OR B oy R oA, Lol 1Y
RIS 20 0 Qn SR IR X A TR Qs
L Qu SRR AT X, T 2 5 T80 1 284 41
MAAR. L0 3 A TR ARAT R 0 A 3 A1 s Q2 FH Qs
SRR X Q0 R Qa RARE XL T 4 A4
PR AT R XT3 Q1 F1 Qs 2 B 2R AT X Q2
QAR X IR AT A 30% MR T ER

B i =1 W/ (m « K L G R B0 400. 1
AR A A F R A MBS IniA 8 fir
ANAETBL L A i S RO R R A BRI
A7 DX ORI oy Ay IX 55 908 8 00 S 9 B R s A b A
UL 2 Hp e AR R 2 AR L 2 e 2 X
S, I HA — B e 2] T b2 IR X . A
B 3 g BB RE S AR X A B R AT
DXl A 2 Ay DX 38Ky 3 OB R R B ST AE T 0L 4
L R e S BB LR R e 2 O B e e X A
— /D Iy AR AR B T AR X AE 4 T8
RIS HH BT R T AR R e A X
J=E2p

(a) T4l (b) T2

(o) T3 (@) THi4
E 8 EEERARTIEHSEREHRT Dirichlet
BRI ER

Fig.8 Topology forms of non-uniform heat generation

models under same volume fraction
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Table.2 Parameters of working condition
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1 0.01 0.01 0 100
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3 0.05 0.05 0 100
4 0.10 0.10 0 100
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