Gietd i Sstal 20060t H =2 E

o
1
1o

& pp. 976~981

06-5-156

282 BEe] AU WE AL 28 AU

2740

Research on the Qutput Characteristic of Thermoelectric Module according
to the thickness variation of Polymer Pad

Ho-Sung Jang!, Jae-Jung Kim, In-Kwan Kim", Young-Soo Kim™
Department of Refrigeration and Air-conditioning Engineering, Pukyong University, Busan 608-739, Korea
‘Regional Research Center, Pukyong University, Busan 608~739
“School of Mechanical Engineering, Pukyong University, Busan 608-739

ABSTRACT: In case of attaching thermoelectric module and heat source, the polymer pad
is attached on the Al,0; plate, which is cooling side of thermoelectric module, in order to
enhance mechanical safety of the system. It is impossible to calculate the exact distribution
of temperature and flow pattern of inner gap of thermoelectric module. Therefore
CFD(Computational Fluid Dynamics) analysis was executed to determine the thermo-fluid
phenomena and distribution by Fluent. As the result of these analysis, heat transfer was
dominated by conduction and the difference of temperature was linear distribution according
to the thickness of polymer sheet.

Key words: CFD(Computational Fluid Dynamics), Polymer Pad, Thermoelectric module,
Thermal distribution
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Fig.1 Fundamental of Themoelectric Module

Fig. 3 Damaged Module
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Fig. 2 Thermoelectric Generation System
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Fig. 4 Experimental equipment of thermoelectric
system

Fig. 5 Experimental equipment of single type
system
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Fig. 6 Outline of thermoelectric experiment
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Fig. 8 Results of Polymer and Rubber Pad

Table 1 Electric power variation of single
system by using each pad

No | Polymer | Polymer | Polymer | Rubber
pad 1 0.4 mm | 0.6 mm | 1.0 mm | 1.0 mm

Power (W) 330 ] 266 2.45 1.87 1.20

Power lossr (W)

(each-No pad) | O | 064 | 085 | -143 | 21

Power percentage
(%)

100 80.9 742 56.7 36.4

Power percentage=(each power/No pad power)x100

Polymer Pad9 77} 1.0mm¥ 73 dutk
Tl Haie @d% 540 HoARAIR 43%7%
z9 %atg‘g HALgE AE #AE + 9
A=, o 2 A28 AA=R E go
2 f’:—"a‘ola}% AL Pttt kA H7HA A

=AM Z A EAMIL
2 299 o] oy 7] W&ol Polymer Pad?l
AAAZ dHd= A7 dFAER *}%El"*
=2 9 "Q A
2

kl

4

o
7"—— %ﬂ“ﬁ}ﬂ el FAMHE Fko
Polymer Pad7} 0.4, 0.6 28]1 1.0mm¢] F7 =
R B °k‘4°ﬂ 72 2 45 _%:ZP Fe 2x
Ag FAEE Fato Aite & A9 Datadt
LR Rk *l?clce Grg 3 AT F
2| & Polymer Pad9] dAAZ A& & A F
g AN € @ AFH Datag dASFdter

A s e o] ok
BodFd A4E FAHML d.f5F W&
)4 =212l Fluent 6.1 AME3}

3.1 Xjuf A A

3.1.1 EAL{A3 2 (Boussinesq Model)
g AAdUF FEoM BAYAT BEdS AL

gond A9 WEE exd P2 AP
Ang o weA FdE & Ao
(p—po)g=—pB(T— Ty)g L

A7|A pee FAHY LE(EA), Tox T2 <
3 Be ERAATH.

-1, j.a].l...

'%(pu) + —éqy—(pv)Z (2)
(V- 0U)=0 3

@aaM, U= v, v= (L, 2]

3.1.3 253 wEA

2} ] Fol| A] Navier-Stokes WA A& HAY
23 A AREsHE ofEle Al Zo] YEhd
=3

8u+ u au) _B_p (6214 %

_— 4
P\at or ay ox ox? ayZ) 4

au

T —Vp+ pVEU+ glp,— p) (5)

p, u B g= 37

= yebach

4714 U, pe 27t 3719 &
A

o
e
o

3.1.4 ol 4X] &Y

pC——= kV:T (6)



A7 T+ &719
A g, EAEEE

3.2 A=A

FRA Ao ALgE AARAL A 1259
7A$ #Hdl 368.5K, Wz e At A& 293.5K=®
ZAH7] o] AR
al

& #3% ¥ 4vE

E %o Polymer Pad
g & 253685 K& 3H5E
ALH(293.5 K2 T& A st £
AMgE EAXNY Ay ddax Uity Fvle
SEA g AAQFI ARAY Aoz AR
o] o] aE&AoF AAE] Y8 T

(

&)
T Z Boussinesq ZAMZE Fod3gck 1 9 44
A2 % Polymer®?t Rubber pad® EAAE
Table 29 Ztl, £X84L Table 49 270 =R
AA AL, Polymer Pad®] thAlA 24 4544
< AdFE7] A dI=d Y EAAe

Table 3, Table 49} 2t}
3.3 £RlalAM e MET

Polymer Pade] hAlAZ SAEA TAE A
|8 AL &8 NAEE dFs7]d A FH

AMel AHES Fuss) A AP FAHNY

Table 2 Material properties

Material otkg/m") | cr (/kgK) | k (WimK)
Air 0C, 1 atm 1.2874 1006.08 0.002267
Semiconductor 7730 16 3

Alumina 4000 850 25

Polymer pad 1150 1460 1.04

Rubber 1610 1000 0.19

Table 3 Comparison properties of Coolpolymer

goods
Product name | D3602 | D3604 | D5104 .| D5106 | F4503
Resin PA 4, 6|PA 4,6] PPS | PPS PC
k(W/mK) 12 1.75 45 20 10
Specific Gravity | 1.4 2.2 19 ] 28 | 14

Table 4 Comparison properties of LG Chem.

goods
Product name | PN-9007 j PN-9008 |PN-9019 | PX-9001FE
Resin PPS PPS PPS PBT
k(W/mK) 1.6 1.7 15 1.9
Specitic Gravity 1.96 1.95 1.95 1.8
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Fig. 8 Comparison between experimental and
numerical data

Table 5 Error and error rate with each pad

Pad Thickness (mm) 0 0.4 0.6 1.0
Error (W) 0.020 | 0.016 1 0.012 [ 0.014
Error Rate (%) 6.1 4.9 3.7 4.3
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Table 6 Temperature difference and electric
power by using thermal conductive

plastic
cg‘fﬁf&e Thickness | Temperature| Expected | Improving
plastic (mm) jdifference(K)| power(W) [ rate(%)
CASE 1 0.4 587 0.244 162
(D3604) 0.6 529 0215 26.5
1.0 439 0.176 467
CASE 2 0.4 67.6 0.295 40.5
(D5104) 0.6 64.4 0.276 62.4
1.0 58.6 0.244 103.3
04 60.3 0.253 20.5
CASE 3
(D5106) 0.6 549 0.225 324
1.0 46.3 0.186 55.0
CASE 4 04 283 0.242 152
(PN-9008) |28 52.5 0213 253
1.0 43.4 0.174 45.0
CASE 5 |—= 9.7 0.250 190
(PX-9001FE) 0.6 54.1 0.221 300
1.0 454 0.182 51.7
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