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Abstract: For the structural heat transfer problem with heat sources moving with time, the Gaussian moving
heat sources were considered for transient heat transfer topology optimization design. The design objectives are
to minimize the total heat dissipation of the structure over the entire time history and to minimize the maximum
temperature in particular regions, with the volume fraction as the constraint. Sensitivity information for the ob-
jectives and constraints was derived with the adjoint variable method, and design variables were updated with
the moving asymptote method. The effects of different Gaussian heat source paths and speeds on the topology
optimization results were studied. The numerical results indicate that, the transient topology structure exhibits
pronounced time-varying characteristics compared to the steady-state results. Moreover, the optimal heat dissi-

pation configuration depends on multiple factors, including the heating time, the path and the speed of the
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moving heat source.
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Table 1  Results of different heat source topology optimizations

objective I objective Il

concentrated heat
source

Gaussian heat
source

steady-state

v=05s" v=1s" v=15s" v=2s" v=25s"
B 7 FadHfE S SR ST R B B A 2R
Fig. 7 Topologiy optimization results of steady-state heat conduction and moving heat source at different speeds
7 2 8 T SRR S ROV XA IREE R DA 45 R 52, BE BT ) A4 AN [] R 2 000 B
A5 6 H [ E BRI AR AR R S AL AT L. Gauss B Bl FAIRBR BE 45 O G218 B | FLAR BbE RHI 6 41
YRS N A ., T A% sl A ) T T A A PR SR AR TR Bl A Sl L — 2 I 1] I, 4 AR A
Ab T e E R S, AT LA AR 18 72 7R %A AR S . Gauss PRI BRAR RS 3l | PR U5 RE )28 10 S BUR A

ST R I AERR AR Y, R i, ARAR S iR BE AR A B 25 TS Sl AR E I 2 800 WAL TR H i fe
FIIMILAE BT

Bl 8 Ky Gauss HIEFE ShER BT, AL IAZEAE 1) A R B BE 25 AR5 B0 A8 Ak ZE 2k ARG A b, H b pR BB PR
ISR T A, AN R T RS 8N Gauss VIR FAE IS AR Ak ik AR B 5 — e s, P AR ik 8, (R
AR 5% ENIZ )T A B r RS e .

R AR T A ALE R GRS TS SRR A MR, 5 22 SRS 2 B it 1), 43531 DA G B He/ s
ARG BE B K AB B /MR H BRI TS K AL IEE R A BMA T B A R ¢ 43 B BE BN 24% ,30% ,36% ,42% ,
48% , WF 7T FE SR BE A4 AL A VAR Tt 41 4 M 2 f 5 mi LR,

H1 & 9 AT 15 H AR AR R B AR R AR T ka3 A1k B AR BE A AR A3 $s Ak i T AR b A, HOR
FEAR ALk A S B — B0 | BB AL SR RE A8 T, 8% Sh#IR T 0 4 1A 28 4 e v T FE T W W S B s T X £



80 VA I G I A = 2024 4F 545 %

L ER AR REAT RHA BV AL B il B2/ T HAR 1, etk AR 1Al e A8 A et B2 T8 LE F AR I g,

5x10°

300 —
— v=0.5s"
1

—v=05s" |
s v=1s"! —— v=1s"
— v=15s"

4x10°}

1

—— v=1.5s"

¥

. 200¢
3%10°

2x10°}
100

max temperature Tmax / C

1x10°}

heat dissipation flexibility f/(J/kg)

0 10 20 30 40 50 0 10 20 30 40 50

iteration step N iteration step N
(a) Br1 (b) HArll
(a) Objective I (b) Objective II
Bl 8 A[RIHAGIRHEE T B9 H b ek R A0 B A il 25
Fig. 8 The objective function curves with the number of iteration steps
300 : :
Il objective T
252.1 I objective T
250 ]
o
~
& 200
=
2
<
g 150
£
2
g 100
50
24 30 36 42 48
volume fraction ¢ /%
B9 ixmifE it
Fig. 9 The maximum temperature variation chart
R 2 FORHATR & LA T REMEAER
Table 2 Topology optimization results under different volume proportions of materials
s/% 24 30 36

objective |

objective II

W 2 P, BEE B SRR B 5 P FARDE AR S B9 9 MG BURERL Y 20 Al B — 7 O LR L
OGS B i/ IME R DEAE AR AP BB/ I AR ISR AN REE | 3248 sl DRI A5 S0 R Wi 50K, Bt AR



5013 H5, 45 . IR Gauss B IR IR BRSSO UL TGSt R ML 1L 81

SIRBE I AL R RIS RS TARE At SRR S Ae S, Rl 1) O °C s e e, DX St 2 5 KA e
MERITEAE B bR, AUAG IS BRI 315 328 8 170 0 £ £ 8% 2l i A ) 6 B e, BRIV MO e A 1) 25 JLJEE 2 fif
MARAE , A AR SR AL AL S LT B | 4 & L
22 FERE®ERE

BERT DX A2 A% AR IR A S ARG AL , B U LA AR 1 mmx T mmx0.8 mm R HES TN 80x
80 B VYT 177 1 BT IAERS 3l DX ER AR A1 10 BTz, 4 Ly T i Dy it BEAEE Oy 0 °C e A e,
PR B L2 bR

.T:0°C T=0°C .

P(Q)

B 10 X4k S B AR gt Bl
Fig. 10 The S-shaped regional structural design domain
W 11 fos, e B s IR v = 17" TEBSHCERTT IO 20%20 AORS SFE R, LARIE AR 1] S
i, Z 8 Gauss B8 SR RS F OGS SR EAT B S i R IRE 1 | FORER A1 B Tin i Ta] 14 42 A 3 52
TS T, 45 S5 2L

steady-state

t;=10s t;=15s tfzzoé t,=25s
B A1 S IBRAR R S IR I M R

Fig. 11  Topological configurations of the S-shaped path moving heat source

Gauss # 3l FRIGTE B B 2548 BT N &8 X S 7 7% 2l , A3 FRIERS Bl i A2 Y L, 1 L A il e Fp o b IX
L) 5%5,10x10,20%20,25%25 B 5 I ERICIE N, B Bl B2l 0.5 s 45 1 o0, I &k 22 i sy
AT S WA R Bl 45 il 1 AR ECE 28 B A5 14 i AL I s A e A LAk IR ME 8931 T3¢ 3.

WRPERACZE R R RS0 BAs [ #E1 7 O0ARRT, [F]—3 B Gauss B3R A TEA [R5 3030 [ N 1932 3l %t
FEAAEER A LS R IBA — 8 R0, 12 3N AR R AR5 A8 /I R AT 30 ARy [ 2 AR, L4 ) A
232 AR BRSOV B ] AR 3 SR 22 | AR E 53 A1 52 3 B8 Sl AARE Bl 28 i 15 ) 2 IR XERR SR, Ha
FIGE IR R I A TEIIR RS 20 X Sl /N 277 A5 DL Ak 1 25 4 G S R s R AT 9K 2 1) ) oS B At i
T RS Bl DX I 388 SR R A (] A3 AR S S DX IR L o0 A Ok B 2 | IR A B 0 X B 4540 i 4 12 3
T o P ARG A4 (0 L Ag) L BB h o3 A 78 2 2 B A 0T 1) iR S A B, HAR FME AL B X
V) Aok 2 A vy DXl it 22 AR K e ey Uk i o T A B 26 sS4 I i ) 5467 7 e ) O A A

F DX B e KA e/ ME R BARFR NS SR mT A, S8 s R /N [z sh i, FdR My T 2 31 X B, i)



82 VA I G I A = 2024 4F 545 %

BES AR S I MR A, GRS SIVE IR, AR AT A AR A MA R, 208 3 28 5 i 37 5 I
LN
F 3 Gauss BHIHBUR RS B3 R i M )

Table 3 Topology optimization results of the Gaussian heat sources with different moving ranges
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TE FEAR A B BCPPDRHARR (& LL, nT AR SIS AR AR MA L I8 UE 13207 5 B A

3) DUARZRAEH] BT 8 i) AR R [R] Gauss SRS Sl B2 % 3 B ARG Bl L KR RMARR & AR
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