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Abstract - The performance andysis of the 70 W class LED lighting system suitable for the Middle East
environment was performed using the lumped parameter modd. The LED light is composed of a heeting
subdtrate, a heat pipe, and a heat sink. We divided the LED lights into four objects and applied energy
equilibrium to each of them to establish four lumped nonlinear differentia equations. The solution of the
smultaneous equations was obtained by the Runge-Kutta method. Convective heat transfer coefficients of
the lumped modd were obtained by multidimensonal CFD andysis. As a result of comparison with
experiment, it was found thet the heating substrate had an error of 1.5 C and the upper heat sink had
an aror of 1.8 “C and the relative error was about 0.6 %. Using this modd, temperature digtribution andys's
was performed for norma operating conditions with an ambient temperature of 55 ‘C, with sunlight only,
with abnormal operating conditions with sunlight, and without an upper heat sink.
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Fig. 1. Structure of 70 W LED engine
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Fig. 2. Symbols of the lumped model
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Table 1. Comparison of experiment and lumped model results

T/C Top Cover|Top Cover|Top Cover .
location | LEDT [LED2 | LED3 | HP1 | HP2 | HP3 | HPa |1 0F S o8 o " | Ambient
EXPf(’Jg)‘e“t 424 | 428|414 | 368|382 383|373 389 36.0 356 11.6
Lumped
Model T¢C) M3 39.8 38.4 34.2 -

error 15 05 1.8
Relative
e 0.5 0.02 0.6
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Fig. 3. Temperature Distribution at Air Temperature of 11.6 C
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Fig. 4. Heat Removal Rate and Ratio at Air Temperature of 11.6 C
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Fig. 6. Temperature of LED at Air Temperature of 55 C
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Fig. 11. Heat Removal Rate and Ratio of LED together with Solar Energy
gogel =22 o LED7} A58k AFSARLA| Nomenclature
A9-9] & AHY vleE 17 10, 1F 119 3l
o wdslgt gREslel SEE o 843 T, o gymuols
93.6 Cof o]t el BAFGHY vl&2 247} oF A, Area of base
48.5 %, 51.5 %o[H, 3|Eufo|ZE 55l °F 6 %2 A,  Cross-sectional area of heat pipe
o] 2 & 4 Atk As  Area of top cover
As Area of side cover
4. 4 =2 Awn  Cross-sectional area of top and side cover
Co Specific heat
w7, §|xulo)|x, WETo g FAE 70 WH h Convection heat transfer coefficient of Bi
LED 2959 AesiAs dsHends of8sto number
£33}k hy Convection heat transfer coefficient of base
HEHLRY o] gisdddAsE A Yade & hs Convection heat transfer coefficient of top
sto] Felglon, HsHende] Ans Addutet cover
vk da, Wrdr|Ee 1.5 C, AR ao)A 1.8 hs Convection heat transfer coefficient of side
Col A= 7, At eab= oF 0.6 %Ys =4l cove
sch k Conductivity
7] &=7F 55 Tl AAF SAXAA HdRES Qr  Heat transfer rate from base to heat pipe
o]83}o] oF 18 Ty drdr|uto] e v & U= 4= 9) Q23 Heat transfer rate from heat pipe to top
o} Eorgul Foid wjo] 2o)A welrlwe] Lmt cover
oF 61 CZ, LEDHI=Ao] AlZFst 93ke = 4= Q= Qa1 Heat transfer rate from top cover to side
LEMA = S dHAl et Eidell =54 o LED cover
7} 55 QAFFALIIA] HR9] 25 9F 0943 T Qwonv  Heat transfer rate by convection
o], AA AT &x¢l 95 CTE Z3}A] &=t} Qs Heat transfer rate by radiation

Quep Heat transfer rate by LED chips
Quia  Heat transfer rate by solar energy
S Characteristic length of Bi number
T1 Temperature of base

Journal of Energy Engineering, Vol. 26, No. 2 (2017)



72 EEEREL

T> Temperature of heat pipe

Ts Temperature of top cover

Ta Temperature of side cove

Tew  Temperature of the ambient

Ly Length of half of top cover

L, Length of side cover

L Length of heat pipe
Overall heat transfer coefficient

Vi Volume of base

V2 Volume of heat pipe

V3 Volume of top cover

Va4 Volume of side cove

Greeks
p density
a absorptivity
o Stefan-Boltzman constant
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