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A Study on the Application of Thermoelectric Moduie tc the

Cooling of Fiber lLoop Carrier Rack

Sang-Un Gong

Department of Refrigeration Engineering,
Graduate School of Industry,

Pukyong National University

ABSTRACT

Cooling technology has beens a vital prerequsite for the rapid, 1f not
explosive, growth of the electronic equipment industrv. This bhas been
especially true during the last 15 vears with the advent of intergrated
circuit chips and their applications in computers and related electronic
products. Today, cooling technology is well recognized as a gating factor
for the development of future electronic equipment. There are many
reasons why cooling technology alwavs will be pivotal in the design of

electronic equipment, but the following two are most fundamental:

- Thermodyvnamically, all clectronic devices are undergoing an irreversible

process with the net result being the generation of heat which must be



removed in order to maintain ConUNUOUs operagon.

- Thermophvsically. the reliability and performance of all electronic devices
are temperature dependant with various degrees of sensitivity. but

generallv the lower the temperature. the better.

Thermoelectric modul is a device that can perform cooling only by input
of electric power. In the present study, the cooling package usint the
thermoeletric  module has been developed to improve the thermal
performance in the point of cooling characteristics of the electronic chip
placed to the subrack being rapidly assembled and disassembled in the
FLC(Fiber Loop Carrier) rack.

As the preliminary experiments, the cooling performances between a
conventional wav using a cooling fin and a proposed method applving the
thermomodule are comosed and analvzved. The cooling performance at a

simulated electronic component packaging a thermomodule operated well



Nomenclatures

D

—

Diameter

Electric current

Thermal conductivity

Length

Heat transfer rate
Resistance
Temperature
Thickness

Voliage

Volume

Width

Greek symbols

Seebeck coefficient
Inclination angle
Peltier coefficient
Thomson coefficient

Diameter

(mml]

[A]

[W/m - K]
[mm]

[W]

[©]

[C] or [K]
[mm)]

(V]

[em™]

[mm]

[V/K]

[v]
V/K]

[mm]



Subscripts

b Based
C Cold side
cal. Calculated (expected)

exp.  Experimental

h Hot side

] Joule effect

k Conduct

n Negative pole
r Peltier effect

P Positive pole

t Thomson effect
W Water

_iv_
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Minimum thermal conductivity ——

Quantum well superiattices

Isotope effect on heat flow
Size effect on heat flow \
Band theory \

Umklapp theory
Phonon quantization
Debye specific heat — |

Third law of thermodynamics

Thermionic emission

Entropy formalized g

2000

1980

1960

1940

1920

1900

1880

1860

- Heterostructure Thermionics

[ TE guantum well expt.

Grass-like heat flow (skutt)
vaccum Thermionic cooling

\ TE guantum well theory

i Vacuum thermoelements

Solid solutions

Useful cooling with BizTes
Promising data on BizTes
Pbs based TE generation
— TE efficiency derived

Kelvin temperature scale

Joule heat — ]
Ohm's law
Carnot cycle

1840

Kelvin relations

— Peltier effect

Heat diffusion theory

Galvanometer
Voltaic cells ——

1820

1800

Thermocouple thermometry

Seebeck effect

Fig. 1 Timeline of thermoeclectric and related research'™
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Table 3

Dimensions of Thermoelectric module

#H A F ( Current, max, A ) 6.0 |
# o % ¢ Voltage, max, V ) 155

g 2xd (47T 1K) 73

Hol W45 ( Quan, W) 53

B # & ( Internal resistance, Ohm ) 2.1 £ 10%
AR gerel =27 ( Top ceramics, mm ) 40 = 400 £ 0.5)

st et =27] ( Base ceramics, mm | 40 x 40( = 0.5}
= A = o] { Height, mm ) 4+02
H Bl = ( Unflatness and nonparallel ) 0.020

- 12 -



Fig. 3 Photograph of thermoelectric module

20AWG standed tinned Thermoelectric
Copper wire Module
DC (4)
24V/
20A (-]

Fig. 4 Arrangement of lead wires
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Schematics of the cooling system using a thermoelectric module



(a) Outside view

(h) Inside view

Fig. 6 Photograph of the thermoelectric cooling system
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Surroundings . Insice of the
& \'I’.hf;‘ffm(!(:?lifi:tTi{‘. FLC Rack
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Fig. 9 Schematic diagram of experimental apparatus
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Fig. 11 FLC Rack with the thermoeclectric module cooling system
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Table 5

Temperature variation

of FLC RAC

for test

FE A= | 38T 333C | - 25T 376T FLC
A A= | 366C| 311C | - 55T | 359C FLC
| BERA Y

Wzh ) | 319C| 211C | - 108%C| 320C e
FLC ¥
RAC €% | 308C| 300C | - 08C| 207C Az
ol 1

RAC = 46T | 373C orc | sssc | S
Ay o0 ofl.all A O L )
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Table 6 Temperature variation of FLC RAC for test C

T dx | 3497C 31T - 39T | 38T FLC & A<y
A Az | HBHT | 306T - 49T 39T FLC & Fehs

Wzt 27 | e91c] 212C | - 79C| 286T 1 T

FLC ¥ 9 &%
‘RAC LIRS 2007 29.3T 03T 2937 71¢] 50 cm
=o] 150 ecm A #

RAC W= FLC 2 W5 <
ey o IaYs o _ T e )
o 36C 324°C 04C 33.2°C w7 2= a0 sy
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