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ABSTRACT

A Study on Heat Transfer of Thermoelectric Cooling System

using the Piezoelectric Actuator

Song, Min-Chul

Advisor : Prof. Oh, Yool-Kwon Ph.D.

Major in Technology & Home-economics Education

Graduate School of Education, Chosun University

This study investigated on heat transfer characteristics of thermoelectric cooling

system using the piezoelectric actuator. The temperature distribution was measured and

thermo-flow phenomenon was visualized in the cooling region of thermoelectric cooling

system when the piezoelectric actuator wasn't operated and was operated with frequency

of 120 and 150 .㎐ ㎐

The experimental apparatus for measuring temperature distribution consisted of the

thermoelectric cooling system, the piezoelectric actuator, thermocouple, data acquisition

unit and PC. Temperature distribution of cooling region between thermoelectric cooling

system and piezoelectric actuator was visualized without and with the piezoelectric

actuator as 120 and 150 , and also coefficient of performance was calculated in㎐ ㎐

respective conditions.

The experimental apparatus for visualization consisted of the thermoelectric cooling

system, the piezoelectric actuator, He-Ne laser, CCD camera, image grabber, optic lens

and PC. Thermo-flow phenomenon of cooling region between thermoelectric cooling
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system and piezoelectric actuator was visualized without and with the piezoelectric

actuator.

As a results of measuring temperature distribution and calculating coefficient of

performance, vibration from piezoelectric actuator was improved the heat transfer and

the cooling performance of the thermoelectric cooling system, but quantity of

improvement was different in accordance with frequency.

When the result of measuring temperature distribution was compared with the result

of flow visualization, the cold air in cooling region was actively circulated in cooling

region by compulsive convection generated from piezoelectric actuator. As the result,

heat transfer of cooling region of thermoelectric cooling system was improved, and then

cooling performance of cooling region was improved.
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(a) Schematic diagram

(b) Photograph

Fig. 2 Schematic diagram and photograph of thermoelectric cooling system



(a) Composition (b) Dimensions

Fig. 3 Schematic diagram of thermoelectric module

Table 1 Performance specifications of thermoelectric module

Specifications(HM6040) Unit Value

Qmax W 51.4

Imax A 6.0

Vmax V 15

TΔ max 70

Weight g 23.21

Dimensions 40 × 40 × 4.0



(a) Front view (b) Right side view

Fig. 4 Dimensions of heat sink

Table 2 Performance specifications of heat sink

Specifications(HSE50H) Unit Value

Heat Dissipation Area 5,035

Material Al-alloy 60series

Weight g 940

Type Fin

Dimensions 190 × 125 × 40

Fig. 5 Photograph of cooling fan



3.1.2
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Piezo Systems 503-DQM

, [27]

Table 3 Fig. 6 .
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.

Table 3 Performance specifications of piezoelectric actuator

Model : 503-DQM Unit Value

Weight g 10.4

Stiffness N/m 188

Capacitance nF 232

Rated Voltage ±VP ± 90

Resonant Frequency 52

Free Deflection ± ± 1,600

Blocked Force ±N ± 3.0



Fig. 6 Schematic diagram of piezoelectric actuator

Fig. 7 Experimental apparatus for temperature measurement and flow visualization
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Fig. 8 Schematic diagram of temperature measurement points
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Fig. 9 Schematic diagram of experimental apparatus for flow visualization
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Fig. 10 Temperature distribution of cooling region at measurement distance, 5mm

Fig. 11 Temperature distribution of cooling region at measurement distance, 7mm
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Fig. 12 Temperature distribution with piezoelectric actuator as 120Hz
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Fig. 13 Temperature distribution with piezoelectric actuator as 150Hz

Table 4 List for comparison of performance coefficient

Condition
Initial

Temperature
Final

Temperature
Coefficient of
Performance

TMS-On, Distance-5mm 25.5 4.1 1.19

TMS-On, Distance-7mm 25.5 6.2 1.32

TMS-On, PZT-120 25.5 5.0 1.24

TMS-On, PZT-150 25.5 4.8 1.23

TMS: Thermoelectric cooling system PZT: Piezoelectric actuator
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Fig. 14 Visualization of flow phenomena in test section,

only thermoelectric cooling system
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Fig. 15 Visualization of flow motion in test section, only piezoelectric actuator
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Fig. 16 Visualization of flow phenomena in test section,

with thermoelectric cooling system and piezoelectric actuator
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