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Numerical Simulation Based on Computational Fluid Dynamics Method

for a Semiconductor Laser External Heat Dissipation Design

Liu Gang Zhu Chen Lin Jixiang
(North China Research Institute of Electro-Optics, Beijing 100015, China)

Abstract A computational fluid dynamics (CFD) method for semiconductor laser external heat dissipation numerical
simulation is introduced. For fluid-solid coupled heat transfer problems, convection-conduction coupled heat transfer
model and mass conservation, energy conservation, momentum conversation, k-e equation governing equations are
established; precise numerical solution can be acquired by iterative calculation according to specified boundary
conditions. The forced air cooling design for a semiconductor laser (15 W maximum heat load) with external heat
dissipation, which consists of an aluminum alloy heat sink and an axial fan, is simulated with CFD method; the result
of numerical simulation indicates that the design is applicable for the thermal requirements of the system.

Key words lasers; semiconductor laser; heat dissipation; computational fluid dynamics; forced air cooling; heat
sink; numerical simulation

1 8] = WO B 1 TR

RO A A BRI O R RO
D A T A A A DR A DDA G R L
SR ECHRCIR B0 3 22 B H 52 A o S RO 2% 1 A1 52 A
T DX EE & BT A S0 BB ) U 5C AR AR
JeARBE T IE W AR A — D G B ]

FE AR T AR A BRI 5 0 2 5 U SO & 1 Dz
F s — A A0 i B2 18 3] 3 2l A TR, PR A {2
AL FRBOL AR T FE— AR /N SRR AE IE B /Y A 2R
BUCASEIETR 0 KRR T A 2K AETE AR e 2

RS B HA: 2009-12-22; Y EIME TR HHA: 2010-01-22
fEHE B X

E-mail: beijingliugang(@ yahoo. cn

Wt 7 2 3 A O A% D) AR AN W7 B L PR R
BEHTE R S A IRECR I SN 2% 1 B A R A X
P14 itk FEE T v 4 T A SR A L =2 P I S R
T Y A 32 Bl PR T O 55 AL O L (o R oL &R
TAREIE R Z N A M sk AL O it A
58 ] & L ) AV RN 2 2 T A A7 (TEC) 45
HAB 5 LUAT R 2 R 2 g o0 A L H —
fige L RE HEATARRL I A T 5d HIVE RS & B0 AN [) 19
15 DL B B TR 2 A [ i 22 0 2 2 HL v E 53 45 53 i

I C1978—), J5 » AR o 32 BN SO0 HL T T @ B & A SV 3826 5 T A B 5



82 G 5|

# ot 3T’

ZEHRAR K, ENAR DA & 1T 58 A 18 S0 O EA Y ofe
BT . A SCLA—E ROF e R AR 15 W Y
PR BOL AR K BUA T S0 Bl RS AR T2
(CEFD) J5 i FARJOL A5 7 75 22 Ak B 1308 A
Py IR BETT T S BEAT UL B A5 B R A RS A 42
Jay i JBE 3 A1 L T o3 A1 SRR ADL 45

2 HMHECR R By 2RI R
BRI Ir BRI T 2 SO G 4 4 A
B 3R XL O 160 90 A L% 1 A 0
#O7a. b B RMOE B MR TR 8. 5 mm X
11,8 mm. B KSR 15 W B 1 - 44 4 1

NI 15 W/ em?®  HKRE A 4R X U B 28 A R T
JEAH IR . MR SRS i RSE w0 2 3 T M o
SHAREES LY12, R 5F8 70 mm X 69 mm X 67 mm [
AT R R BT, O R oy 18 R R
I mm, & B 60 mm; ] 7 2% KB K RS
60 mmX 60 mm X 25 mm; 2 F R EOE AR ATz
BB — 3 30 mm X 30 mm X 3.5 mm [ 5 4
e HAE FI Ay £ B E A DU P 6% Uk B A% J 2 5 3 FAVAR
e SR BOG AR L R B T i) 2 ik 1o #8 FH5 #4
e I S NP s AN U RE Y e B i R 4 1 vt
BHL, 552 56 % & BB B A R I 1 R .

semiconductor laser 69
e y
D~
/"_N‘\\
o=
fins — o
(b) I

Bl 1 HEAZS R, (O fiiE, (b ERE

Fig.1 Schematic of heat dissipation structure. (a) axonometric drawing, (b) frontal view
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Table 1 Flow rate-pressure data of the fan

Flow rate /(m*s™!) Pressure /Pa
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Fig. 2 Flow rate-pressure relation of the fan
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Fig. 3 Flow trajectories and temperature change of fluid
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ig. 4 Convergence curve of the calculation goals. (a) heat release, (b) max temperature. (¢) volume flow rate. (d) pressure
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Fig. 5 Temperature distribution of central cross section. (a) temperature contour, (b) temperature isolines
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