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Thermal Optimized Design of LED Headlamp Based on CFD

Hu Shuhong Yu Guiying Cen Yichao

(College of Metrology and Measurement Engineering, China Jiliang University, Hangzhow , Zhejiang 310018, China)

Abstract The paper focuses on the heat dissipation efficiency problem existed with LED automobile headlamps.
Based on computational fluid dynamics, Ansys-icepak is used to build plug-in fin and cylindrical fin models for LED
headlamp heat dissipation structures. During simulation and optimization, the model’s geometric parameters are set
as variables, highest temperature and mass are set as constraint functions, thermal resistance is set as objective
function. The result indicates that under the same boundary condition with 85 ‘C initial temperature, the plug-in fin
model has mass of 0.2756 kg, temperature rise of 12.52 C and thermal resistance of 1.026 C /W, which is better
than cylindrical fin model, and accords with the heat dissipation standard of LED headlamp. During design in
headlamps, an input air grill and an outlet are arranged at the front bottom and upper back of the headlamp
respectively, the opposite direction wind generated from the moving automobile is taken to strengthen internal
convection. The results show that when velocity is 2 m/s in grade one. the temperature rise is less than 10 C,
which reflects higher heat dissipation efficiency.
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Table 1 Standard equation

Equation o I S,
Conservation of mass 1 0 0
z-Conservation of momentum « 4 —(dp/dx) + S,
y-Conservation of momentum v p —(p/dy)+ Su,
z-Conservation of momentum w s —(dp/dz) + Sue
Conservation of energy i A —pdiviw) + o+ S,
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Table 2 Material thermal parameters

Thermal coefficient /

(wem ek 1)
Components Material @ -
Orthogonality
Isotropy
Tty z)
Heat sink Al6063-T5 207 1:1:1
Substrate MCPCB 3 60 : 1 : 60
Contact  Heat conducting
o 1 :1:1
surface silicon
LED
R LED encapsulation
IC thermal resistanc
MCPCB

thermal resistance

R .
SI interface
thermal resistance

R heat sink
1A thermal resistance

external environment

Bl 1 AR, (8RB (o) #EH W 2%

Fig. 1 Single module. (a) Plug-in fin; (b) cylindrical fin; (c) heat resistance network
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Fig. 2 Optimization routine of single module. (a) Plug-in fin; (b) cylindrical fin
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Table 3 Optimization settings and results of plug-in fin

Objective function ~ Constraint function

Optimized variable of fin

) hsrth /(C /W) Thax/ C hsms /kg finthick /mm fincount offset X /mm zL /mm over H /mm
Settings Minimum 100 0.28 1~2.5  10~40  5~30 33~63  25~40
Initial value 3.271 102. 7 0.0799 1 10 5 63 25
Results 1.026 97.52 0.2756 1 40 30 58 40
4 RAEREE UL E g R
Table 4 Optimization settings and results of cylindrical fin
Objective function  Constraint function Optimized variable of fin
hsrth / hsms / offset Z/ =L/ over H/ pinBot /
. . Toux/ C pincount X pincount Z
Settings C/W) kg mm mm mm mm
Minimum 100 0.28 5~25 4~10 5~30 33~63 25~40 1.5~2.5
Initial value 4,132 103. 2 0.07354 10 7 5 62 28 1.5
Results 1.556 99.11 0.2371 25 10 5 60 40 1.6
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Fig. 3 Sketch map of LED automobile headlamp modle

Bl 4 ST R, () 3B H 5 (b IFAL
Fig. 4 Simulation of LED automobile headlamp modle. (a) Closed; (b) opening
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Table 5 Compare of closed and opening modle simulation

Modle Minimum temperature /C  Maximum temperature /C ~ Mean temperature /'C Maximum velocity /(m/s)
Closed 90. 7768 98.6187 91.111 0.0311
Opening 89.1063 97. 8154 90. 2105 0.1347
2) HyS U R R B FY B 9 TSN
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Table 6 Modules’ temperature with different

opening locations

Opening Module 1 / Module 2 / Module 3 / Module 4 /

positon C C C C
Upper  94.6706  94.6781  95.4381  95. 4294
Back  94.6845  94.7107  95.4827  95.4837
Left  94.6493  94.6737  95.4566  95.5080
Right  94.6606  94.6628  95.5263  94.4508
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Fig. 5 Modules’ temperature with wind speed variation

4 45 i

ST CFD, 2 e 8 0 R B [ 4] LED 15 4 Hij
PR FRRE A Bt 7 4 X6 e [ A B R R
ARG T7 %, W A FE Ansys-icepak oA
i B A K BRAEAR )3 B2 4 v =X R R
SPEE/N, REC 0. 2785 kg IR TN S 12. 52 C, #k
BHAX D 1.026 C/W,f54G LED 41 BKT Y 8k
PR, BOTRRAT R R T A DG RS LT
TE 25 KT R 77 5 A 150 B aE ASCORS A 3 o 07 L LU TR e
B B —— 5 BB A E AR 4 ) AT B
1777 A2 189 B 7 1) DR 3l 3k A% M 2R A KT 19 8 o e xof
i« A7 R B2 KT IO 5 RGE RS DRI S 42 AT e v T BE T
Wt h R OB TP 2% — R E R THIE T 10 CL
R T AR L A I 55 TR 1w s SUHUR R G20
FAE LED kT b i al 471

Z & X #t
1 T. Actkahn, S. V. Garimella, J. Petroskier al.. Optimal design
of miniature piezoelectric fans for cooling light emitting diodes
[J]. IEEE Inter Society Conference on Thermal Phenomena ,
2004, 1(4) . 663~671

2 E. F. Schubert. Light-Emitting Diodes [ M ]. New York:

s116004-5



H |

# ot

Cambridge University Press, 2003

3 D. A. Steigerwald, J. C. Bhat, D. C. Collins. Illumination
with solid state lighting technology [J]. IEEE J. Sel. Top.
Quantum Electron. , 2002, 8(2): 310~320

4 K. Oliver. High power LED arrays special requirements on
packaging technology[ C]. SPIE, 2006, 6143; 1~38

5 A. Mehmet, W. Stanton. Chip scale thermal management of
high brightness LED packages[ C]. SPIE, 2004, 5530 214~223

6 S. Kiyoshi, S. Masaru, I. Hiroyuki. LED headlamps[C]. SAE
2004 World Congress &. Exhibition, 2004, 2004-1-437

7 H. Michael, H. Wolfgang. Design claims and technical solution
steps generating the world first full LED hheadlamp[ C]. SAE
2008, World Gongress & Exhibition, 2008, 2008-1-337

8 Wang Le, Wu Ke, Yu Yibo et al.. Study on LED array heat
transfer under natural convection based on CFD [ ]J]. .
Optoelectronics « Laser, 2010, 21(12) : 1758~1761
E SRR OH. @TERE SF. 3T CFD A9 LED M5 B 48 X i
MBFELI]. k& F -0k, 2010, 21(12); 1758~1761

9 Zhu Xuping, Yu Guiying, Ding Shushu e al.. Transient
temperature field and thermal stress of high power LED[]].
Opto-Electronic Engineering , 2011, 38(2) . 132~137
ROV, REESE, Tk 5. DA LED BRSRE S KRR )
SATEIRTSELT]. ed A2, 2011, 38(2). 132~137

10 Yan Lai, Nicoldas Cordero, Frank Barthel e al.. Thermal

management of bright LEDs for automotive applications [ ] ].

Thermal ,  Mechanical and Multiphysics Simulation and

Micro-Electronics  and
EuroSimE , 2006, 26(6): 1~5

11 Yan Lai, Nicolds Cordero, Frank Barthel ez al.. Liquid cooling of

Experiments in Micro-Systems ,

bright LEDs for automotive applications[J]. Applied Thermal
Engineering , 2009, 29(5-6): 1239~1244

12 Li Renxian. The Foundation of Finite Volume Method [ M ].
Beijing: National Defence Industry Press, 2005. 1~3
22 NE. AR LR LM, dba . BB Dok AL, 2005.
1~3

13 Yunusa, Cengel. Heat Transfer: a Practical Approach[ M]. New
York, WCB/McGraw-Hill Inc, 2007. 109~111

14 Yu Guiying, Jin Ji, Zhu Xuping et al.. Optimal design of
reflective light emitting diode automotive headlamps[J]. Chinese
J. Lasers. 2009, 36(s2): 112~116
REESE, 4 B RIUSE SF. RO R 6 AR VR ST IR R AR
it 0)]. F sk, 2009, 36(s2); 112~116

15 National — Standardization = Technical ~Committee. National
Standard of LED Automobile Headlamp GB25991-2010 [ S].
Beijing: China Standard Press, 2010

16 General Life Test Method of LED Components and Modules CNS
15247[S]. Chinese Taiwan, 2009

EERE:D

5116004-6



