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Abstract

Solar hot water system produces hot water using solar energy. If it is not used effectively,
overheating occurs during the summer. Therefore, a lot of research is being done to solve this.
This study develops thermoelectric power module applicable to solar hot water system. A
thermoelectric material can directly convert thermal energy into electrical energy without
additional power generation devices. If there is a temperature difference between high and low
temperature, it generate power by Seebeck effect. The thermoelectric module generates
electricity using temperature differences through the heat exchange of hot and cold water. The
water used for cooling is heated and stored as hot water as it passes through the module. It can
prevent overheating of Solar hot water system while producing power. The thermoelectric
module consists of one absorption and two radiation part. There path is designed in the form of
a water jacket. As a result, a temperature of the absorption part was 134.2°C and the radiation
part was 48.6°C. The temperature difference between the absorption and radiation was 85.6°C.
Also, The Thermoelectric module produced about 122 W of irradiation at 708 W/m®. At this
time, power generation efficiency was 2.62% and hot water conversion efficiency was 62.46%.

Keywords: A|o1% & 7H(Seebeck effect), @37 X -&(Thermoelectric module), |4 2] 2
(Energy conversion), E9F g -24= A] 2~ Hl(Solar hot water system), &3} 24 (Cogeneration)
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Table 1 Specification of solar hot water system

Component (Unit) Value Description
Building area (m?) 100 Village hall, House
Concentrating area (m®) 30 Concentrating efficiency 40% (at irradiation 1 kW/m?)
Solar collector module (mm) 1,990x1,516 Wx134 H Double-vacuum tube, CPC type, 10 set (tube, 160 EA)
Flow rate of collector working-fluid (LPM) 20~25 Working-fluid : water(Ethylene glycol, 30 %)
Flow rate of clod/hot water (LPM) 20~25 City water
Hot water storage tank capacity (m’) 2m3 Insulation : Cerakwool, 100 mm
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Fig. 1 Schematic diagram of solar hot water system
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Fig. 2 Schematic diagram of system operating according to setting mode
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Fig. 3 Double vacuum type solar hot water system
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Table 2 Specification of thermoelectric element (TGM-127-2.0-1.3)

Thermoelectric parameter Value Thermoelectric parameter Value
Output power P* 2.6 W Ulad™® 3.1V
(at Th=200°C, Te=30°C) R, (at 200°C), £10% 0.75 Ohm
Tioad™ 41A R 0.69 K/'W

* for Rigad = Ree, *Rae- Internal TGM resistance at working Temp. *Rioq — Load resistance, *R, — Heat resistance
AL RE] Al QAEHAA] B vl o= thgat Zo] XIastgirt. Grdzdaate] Q15
T2H 5= 1207, Ao 25 35C, 2424 552 20 L/mino]™ o $1al] ejdd a0l HEshe=

2R oF 140, 271 2ol o8 =he B9 £k oF 25Co|tk. TGM-127 G4

EAF170CollA H o] S8 WAYSIAIRE A28 257} oF 50°C 7] AsdS o,

7Fa7] wizell Bl 710l opde] AT 4= Qi webd HEREE 150 ofokz 2J7h= 7H slof

TRt} 248 GAEPA R EC] A AJORS TE519IT) Table 32 100 W GALARE 0] AA| AJOkS: HofZr,

K
jo
i
r
1
rr
)
S
<
(@)

Table 3 Design condition of thermoelectric module

Component Value Description
Thermoelectric element 134 W TGM-127-2.0-1.3 (at cool side temp. 30°C, temp. difference 70°C)
Hot & cool side temperature 120°C/ 35°C
Hot side flow rate 20 LPM Hot side inlet working fluid temp. 140°C
Cool side flow rate 20 LPM Cool side inlet cooling water temp. 25°C
Thermoelectric element placement 6 pass Arrange 4 for each pass
Working-fluid water Hot and cool side
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(e) Top view (f) Front view (g) Perspective view

Fig. 4 Picture of hot & cool side block and thermoelectric module
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Fig. 5 Picture of thermoelectric module
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Table 4 Ambient temperature (at date 2017.11. 11)
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Fig. 7 Temperature of working fluid, hot water, hot side block and cool side block (at average ambient temperature 14.8°C,
date 2017.11.11)
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Fig. 8 Experimental result of thermoelectric module (at average ambient temperature 14.8°C, date 2017.11.11)

GALARLF O D2 Hef A 27 2Lt} o]of w2 AR EC| S22 Hehiie Fig. 89 () 2=
SAHEH 0 10458 227 sl ofof mhet A g E=o
7] 2EAF45CoA oF 40 Wel E= o] WAshH 2=t 57kt wet 4
/Pl As = 5 3ot ) 82 oF 134 4027 oF 122 Wo il 2t 232 7Ie2=2 9 254t Bt
=22 F 105 W= Uepdtt. ofdfl Fig. 78] 2wt 2s A QAR g == QiAo 227t
i off, QULHRES] 2R 2= 13427, A2F 25w 48.6ColH 1270 A 27 2Lx=oF 8
5Colrt. Fig. 89 (b) 1z AAlge] he UM RES] E9S Holerh & 7|3 os A YAk

\i

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019 29



o
=t

St
of

2EfLofL{2]
°F 800 W/m’o]ct,

(o3¢
L

—

o]

<
ol
ol
w

e

)]
HaT)=
2
201749 11
6A7HA

[e)

T

L Z

-

2.

=

&

T

=]

A OF £ E,, 22
A

Sh= 4=9]
%] 31t Table 5
ek

& F

o

T 27 94|

]___

1

o
o

ocoo=2

=3
=

A

o 3t

]_

A
-
=
L
.

_]

A

o

Hod

[e]
EE
oh= =9 A7 ==(7,,,)% &7 25

<}

o
=

=
=
=3}
7‘_5_1 7
Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019

[€)
= 62.46 %=
3
= 121.95 W¢]

(T}, pur) S AT
Al

Z]

X3
=9

=T

.

A vd=

o] Ae

=
=

Eleghnt
}F85.6°CollA X

il

A

=
—

(Generation efficiency)

7

<A T;z, = T}L,out - Th,.,m) :

L=
(AT,

[e]

=
Uﬂiﬂ od’?_%i( Thﬁ in)g}

kel

o
=

gk

O

1

Al

5]

sh
(Hot water conversion efficiency)
i

O

ShaA A7) LEAtet fe an)

&l
5

706.6 W/m?, £

o

s FolAl

T}

o

o
=
7}
=

o
_§_

E

S
O

= &
1—

E out
Q() ut

L
= O
=
=
A

S FolA

Flelzghnt

o]
=

T
) Q[ n = My q;,lz,A ]-}I, ’

'Qin = my CYpJLA Zz ’
'Qout = ,n:LcC;o,cA T ’

Ngen
Nht

9
(7., )2 #tolc,

g
-

[e]

= O
==
Egil
o] A2-H
= O
==

]

30



EfQ 24+ AIARI0) 2 7155100 W BULH 25 450 26 g7t _ M= 2

Table 5 Experimental results of thermoelectric module using solar collector (at date 2017. 11. 11)

Component Value Component Value
Average irradiation (W/m®)(at 9:00~18:00) 706.6 Hot side block (°C) 134.2
Max. Output power (W) 121.95 Cool side block (°C) 48.6
Generation efficiency (%) 2.62 Hot & cool side temperature difference (°C) 85.6
Hot water conversion efficiency (%) 62.46
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