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(a) Seebeck effect (b) Peltier effect
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Fig. 2.12 The schematic structure of Thermoelectric device with

corresponding thermal resistance and temperature
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Fig. 3.2 Used LED Package in experiments(Philips lumileds luxeon

TX)

¥ 31 A4 28" LED #7129 A5
Table 3.1 Specification of LED package used in experiments

Luminous flux | Forward voltage Efficiency
CCT CRI
[lm] [V] [Im/W]
5700 70 275 2.8 140
Temperature Coefficient Thermal Resistance

of Forward Voltage [mV/TC] Junction to Thermal Pad [C/W]

-1.6 3
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Fig. 3.4 Spectrum of the home-made LED module
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Table 3.2 Characteristic of the home-made LED module

Luminous o Forward | Forward
f COT CRI Efficiency It . Power
ux voltage | curren
[Im/W] [W]
[Im] [V] [A]
2855.4 o857.5 76 124.4 28.6 0.7 20.0
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Table 3.3 Characteristic of the corporate LED module

Luminous o Forward |Forward
T f COT CRI Efficiency It . Power
ype ux voltage | curren
[lm/W] [W]
[Im] [V] [A]

A 2253.2 5932 76.4 107.2 30.0 0.7 21.0
B 2375.1 | 5741.7 | 764 112.0 30.3 0.7 21.2
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Table 3.4 Junction temperature of each module

Type hand-made A B
Thermal resistance [K/W] 0.95 1.42 1.01
Junction temperature [C] 43.55 56.35 46.42
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Fig. 3.5 Differential structure function of each module
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Fig. 3.6 Schematic diagram of LED module for measuring power

generation characteristics
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Fig. 3.7 Electronic load for measuring generated power in

thermoelectric devices
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%36 AdaA ROl e wd
Table 3.6 Power generation of thermoelectric device by the change of

material of device

Type Generated power [W]
TEC1-12704 0.046
TEC1-12705 0.026
TEC1-12706 0.043

# 37 EHAaA el mE

Table 3.7 Power generation of thermoelectric device by the change of

number
Number of thermoelectric device Generated power [W]
1 0.062
2 0.043
3 0.031

# 38 S EQA el WE EdF

Table 3.8 Comparison of thermoelectric generation by the presence of

heat sink
With/ without heat sink Generated power [W]
without 0.009
with 0.062
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* 41 A2 25(Ty W mE =9 de kel EA43 g
Table 4.1 Result of measured and calculated data at the Ty

increasement experiment

measured calculated
T Th T, Th AT
Voe Qn a Rre
9.9 303 | 298 300.5 5 0.14 16 0.0005 1.273
279 | 313 | 298 305.5 15 0.38 4.6 0.0013 1.528
41.1 | 323 | 298 310.5 25 0.57 6.7 0.0019 1.794
56.7 | 333 | 298 315.5 35 0.79 9.6 0.0025 1.772

F 42 AF S52(T) W] we &3 Ay wstet 44T @

Table 4.2 Result of measured and calculated data at the T. decreement

experiment
measured calculated
T Ty T. Th AT
Voe Qn a Rre
239 | 333 | 328 330.5 5 0.17 4.2 0.0006 0.176
353 | 333 | 318 325.5 15 0.39 6.0 0.0014 0.495
46.8 | 333 | 308 320.5 25 0.61 8.1 0.0020 1.485
56.7 | 333 | 298 3155 35 0.79 9.6 0.0025 1.772
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Table 4.4 Thermal resistance of each interface in LED module

LED base solder PCB Air

Rr 0.09839 0.13512 0.16809 0.74643 0.947
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Fig. 4.1 Differential structure function of LED module
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Table 4.5

3# 45 LEDEEC] ddAax7F 738 259 72 AHe 443

Thermal resistance of each interface with thermoelectric

LED

base

solder

PCB

TEM

Air

0.13353

0.16172

0.71698

0.87747

241370

Rr 0.09758
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Fig. 4.2 Differential structure function of LED module with

thermoelectric device
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F 46 ¥ F7 2 mm g F JieE WHISAAS WY LED 2=

Table 4.6 Temperature of LED by changing the fin number with fixed

fin thickness 2 mm

fin number

14

15

16

17

18

19

LED Temperature
[T]

771

75.3

75.3

75.3

75.2

® 47 A s 18 2 F FAE HIAAES WY LED ==

Table 4.7 Temperature of LED by changing the fin thickness with

fixed fin number 17

fin thickness [mm]

15

2.5

LED Temperature
[TC]

.

70.9

71.5

72

#F 48 ¥ F7 1 mm 14 § s WHIAAS WY LED 2%

Table 4.8 Temperature of LED by changing the fin number with fixed

fin thickness 1 mm

fin number

19

20

21

22

23

24

LED Temperature
[T]

69.5

69

63.9

68.3

68.5
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Fig. 4.4 Thermal simulation result of module
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Fig. 45 Temperature deposition of theomelectric device
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Table 4.9 Output power of thermoelectric device depending on

electrical load

Load current [A] Voltage [V] Power [W]
0.02 0.96 0.019
0.04 0.9 0.036
0.06 0.84 0.050
0.08 0.8 0.064
0.10 0.72 0.072
0.12 0.64 0.077
0.14 0.6 0.084
0.16 0.54 0.086
0.18 0.48 0.086
0.20 0.42 0.084
0.22 0.34 0.075
0.24 0.28 0.067
0.26 0.22 0.057
0.28 0.16 0.045
0.30 0.08 0.024
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Fig. 4.9 Thermoelectric power generation depending on load current of

LED engine module
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Optimization of Heat sink and Analysis of Heat Transfer path in energy
harvesting type LED Module

Ji Young Jeong

Department of LED Convergence Engineering, Spedalized Graduate School
Science & Technology Convergence,
Pukyong National University

Abstract

Variation of thermal resistivity depending on temperature difference
and measurement of thermal resistivity of thermoelectric device in
LED lighting engine module were studied. Generated power from
waste heat and photometric characteristics of LED engine module were
measured. From the measured and analysed data, we can concluded as
follows. Control of temperature difference at the low temperature pare
than at high temperature part was advantageous for LED module. The
sum of the measured thermal resistance of LED module and
thermoelectric device was 2.654 K/W and the measured total thermal
resistance was 2.41 K/W. As a result of thermal simulation, minimum
LED p—n junction temperature was 69.3 C when the pin number is 23
pieces and 1Imm of thickness. When 700 mA was applied to the LED
engine module, 0.086 W of maximum power was obtained with 0.15 A
of load. Light efficiency of LED module with thermoelectric device was

126.9 Im/W and it was confirmed 3.7 Im/W of efficiency decreement.
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