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Performance Evaluation of a Thermo Siphon Type Radiator for
LED Lighting System by using an Inverse Heat Transfer Method
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Abstract

In this study, the performance of a thermo siphon type radiator made of copper for LED lighting system was evaluated
by using an inverse heat transfer method. Heating experiments and finite element heat transfer analysis were conducted
for three different cases. The data obtained from experiments were compared with the analysis results. Based on the data
obtained from experiments, the inverse heat transfer method was used in order to evaluate the heat transfer coefficient.
First, the heat transfer analysis was conducted for non-vacuum state, without the refrigerant. The evaluated heat transfer
coefficient on the radiator surface was 40W/m?‘C. Second, the heat transfer analysis was conducted for non-vacuum state,
with the refrigerant, resulting in the heat transfer coefficient of 95W/m?®C. Third, the heat transfer analysis was conducted
for vacuum state, with refrigerant. For the third case, the evaluated heat transfer coefficients were 140W/m>C for the
radiator body, 5W/m*C for the rising position of radiator pipe, 35W/m><C for the highest position of radiator pipe, and
120W/m>°C for the downturn position of radiator pipe. As a result of inverse heat transfer analysis, it was confirmed that
the thermal performance of the current radiator was best in the case of the vacuum state using the refrigerant.
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Fig. 1 (a)Thermo siphon heat pipe (b) Schematic
diagram of the develped heat pipe
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Fig. 2 (a) A radiator module with 4 heat pipes (b)
radiator modules attached to a LED lighting
system
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Fig. 3 CAD model and Finite Element model for heat
transfer analysis

Finite Element Model
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Fig. 5 Temperature distribution obtained by heat
transfer analysis(No vacuum, no refrigerant)
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point
Fig. 6 Graph of temperatures between experiment

and analysis(No vacuum, no refrigerant)

Table 1 Table of temperatures between experiment
and analysis(No vacuum, no refrigerant)

Experiment Analysis
T1 69.0C 69.0C
T2 64.4C 64.9C
T3 536TC 534T
T4 35.7C 358T
T5 30.8T 30.7C
T6 34.8T 359T
T7 54.2°C 53.1C

Temnperature
Type: Temperature
Unit: *C

Time: 473.7

67.601 Max
63.568
59.536
55.503
51471
47438
43.406
39.373
35.341
31.308 Min

Fig. 7 Temperature distribution obtained by heat
transfer analysis(No vacuum, refrigerant)
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Fig. 8 Graph of temperatures between experiment
and analysis(No vacuum, refrigerant)

Table 2 Table of temperatures between experiment
and analysis(No vacuum, refrigerant)

Experiment Analysis
T1 66.9C 67.6C
T2 56.8T 57.8C
T3 47.3C 53.4C
T4 325C 35.8C
T5 29.3C 30.7C
T6 326C 35.9T
T7 47.8C 53.1C
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Fig. 9 Temperature distribution obtained by heat
transfer analysis(Vacuum, refrigerant)
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Fig.10 Graph of temperatures between experiment
and analysis(Vacuum, refrigerant)
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Table 3 Table of temperatures between experiment
and analysis(Vacuum, refrigerant)

Experiment Analysis
T1 65.3C 66.1C
T2 55.1C 56.5C
T3 525TC 51.0C
T4 476C 41.9C
T5 34.96TC 34.2C
T6 3447C 33.7C
T7 433T 475C

point
Fig.11 Comparison of temperatures between the

three operating conditions(All result)
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