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A Study on the Development of Adsorption-Desorption
Systems Using Thermoelectric Devices for Improved Energy
Efficiency
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{Abstract)

In recent years, there has been a growing focus on preserving the global
environment and utilizing resources efficiently. The significance of energy conservation
has led to the development of systems that recycle waste heat from factories and use
eco-friendly refrigerants. This study aims to enhance the performance of adsorption-
desorption systems using thermoelectric devices, which are known for their ability to
convert temperature differences into electrical energy. The research focuses on
improving the efficiency of these systems by integrating thermoelectric modules to
cool the adsorption side and heat the desorption side, thus enhancing overall system
performance. The experiments utilized a typical thermoelectric device and silica gel as
the adsorbent. Key experimental parameters included varying the inlet air temperature
and relative humidity on the desorption side. The results indicated that increasing the
relative humidity of the inlet air on the desorption side significantly enhanced the
overall mass transfer coefficient while reducing the completion time of the process.
Similarly, higher inlet air temperatures led to an increase in the mass transfer coefficient
and a decrease in process completion time. These findings suggest that optimizing the
operational conditions of thermoelectric devices can substantially improve the performance
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of adsorption-desorption systems, offering potential benefits for applications in ventilation

systems and other related fields.
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Table 1. Experimental condition

Initial condition
Adsorption | 7=30C 9=20%
Desorption | 7=30C 9=60%
Experimental condition
Adsorption | 7;=30C | 2.a=60% 1=0.4m/s
Desorption | 7;730C | pae=40% u=0.8/s Fig. 4%} 5= 7|2 A¥2A Yo g4 7




AU GESIE =2 H27H A4z

T

n n n 1 n 1 n n
0 5000 10000
Time [sec]|

ratio in the adsorption side

L

15000

Fig. 4 Change of dimensionless adsorption amount

40°C 35°C
0 i n n i L I L L I n n
0 5000 10000 15000
Time [sec]

ratio in the desorption side

Fig. 5 Change of dimensionless adsorption amount

35—
S
-2 - 3
2 [ o 40°C 1
2 L/ I E
=9 1 ;‘u» 2L e 4
£ 25 p. it
) T )
= A

[ 20°C - 1
M P v s -]
200 5000 10000
Time [sec]

adsorption side

15000

Fig. 6 Temp. change of the copper plate in the

Temperature [°C]|

60 L S e e e IS B S m e
X e ]

30°C E
e e N ]

i 20°C V»-W:
35f E
30F :

25 [ P - vy —
%) 5000 10000 15000
Time [sec]

Fig. 7 Temp. change of the copper plate in the
desorption side

Temperature [°C]

35
30
20°C 30°C
25 -
O L 1 ]
0 5000 10000 15000
Time [sec]

Fig. 8 Internal average temp. change of the
adsorption side

Temperature [°C]

" R
40°C
A
35°C
30 1
30°C
20°C
S S
20— ]
L 1 L L L 1 n n L
0 5000 10000 15000
Time [sec]

Fig. 9 Internal average temp. change of the
desorption side



0T, 30C, 35C, 40CE WKL

sa%, WA 7] AuRalAe] B4
A S ‘ﬂl%«l ARte] whE HSkE e
Fig. 6, 7, 8, 9= 1 W3l w2 z}7ko] Zxp=
arzole] FHLE, AU U HeEs

e ow

X)
%‘iﬁﬁ 7&4 0114% Fig. 694 T—z.‘&é %1—33,
Fig 89 AER Ui Beerol TeTE By
w9 ARt S ARl QL g 37]9)
%ﬂ%}Ol SHETIA] A o] FHEA Y] F
e A7 wjEo g doEch
Fig. 5¢] G20 AldRe] Zits duRd, &
4% AUPIEEE PEAAE T4 JPIE
o] Wsh= A9| Kol o= A =1 4 itk

Fig. 79] 2213 825, Fig. 94 AR U g
HeE0] THEE By g % 9] Ag%m)f 3}

Fig. 10, 11 713 A822 o] 922 4
37 SEE 20%, 30%, 40%, 50%, 60%= s}
AR %0 342, 9H2 A2e] ARRAY
SAUEHPlLo] A7) T WSS Uehy
. Fig. 12, 13, 14, 15%= 71 wWelo wa 77}
FuzolNY SRR, UL Y HEe
wslE e 9l
Fig, 100255 2229 Arlars 45407
5 gAz0] ARRANe] B BA HEe

kil
9
=

= 1 O T
Aol WshslA] o= 7S @eld 4 Qlt}. Fig
129] &2 &% Fig 149 A¥E U9 ¥

mw/ m, [']

Temperature [°C|

KSAU(C

HAAE 0|83 B YA ALY AL A7 985

0.3

0.1 ;7\ b

L n n I L n L n 1 n n . L
0 5000 10000 15000
Time [sec]

Fig. 10 Change of dimensionless adsorption amount

ratio in the adsorption side

0.4

0.3 S

i . n . 1 . n I I L n I n .
0 5000 10000 15000
Time [sec]

Fig. 11 Change of dimensionless adsorption amount

ratio in the desorption side

35 ——r————————1

w
(=]

n
o

20 [ I n I 1 1 I L 1 L 1 L L I n
( 5000 10000 15000

Time [sec]

Fig. 12 Temp. change of the copper plate in the

adsorption side



AU GESIE =2 H27H A4z

60p T T ]
5 .
o ]
- ]
o N\
= 40% E
A r
= ]
= ]
=} E
E‘ 3
) F 3
= He C
30F 3
25 I S TR S I SR SR ST S R S S L
0 5000 10000 15000
Time [sec]

Fig. 13 Temp. change of the copper plate in the
desorption side

1 U
38 E
T 36 .
e
2
S 34 .
-
=
1
2‘32
g
et
30 /20%
pY| BN N
[¢] 5000 10000 15000
Time [sec]

Fig. 14 Internal average temp. change of the
adsorption side

40

[ 60%

Temperature [°C]

UM T T N T T [T T T T A T Y S

| L
¢} 5000 10000
Time [sec]

15000

Fig. 15 Internal average temp. change of the
desorption side

FLE IHZE B IG5 g uiet go

—

20~50%71 A= A2l HIlsHA] AR 60%A=
= Aol 2w A UERt A g4l
g 4 ik o] AL 0% HW gXZo|A] &
Ego] Aopa] HAFo] Aadh] wieel 1 &
el APt FAZMA] FEE vA Aew
.,

Fig. 119 2245 ARl oiejr AwEd,
SHZ0 JiGES AoAETE AR A
HIES S7Hl 222 gad) (it ol =

A2 AR A AREEY Fhel 71l wet
57 FEAPE AolA7] wize] oAb g
ZgFo] Hast Zog wHEch

F3F Fig. 139] EAE S8k, Fig. 159 A
a5 We] Betes e el HE 20~
50%7HA = kA & WskE ERIg 4= glAIY,
60%ClA= E&o] AL o]Folz]A] ¢

kX =
= bl
o et worls A

ol F S EHFO] 9%t He= AlREeR Aofst
QAL Al 13 o] FLEAADAS Kol B
A ARARI] HE A8 AR
d(m,,/my)
K = *p . w/ T
©allm,/my)" —(m,, /m,)] dt (M

71, o= FAUEkg/m3], ax= WS
F QEHA[M2/m3), (m/m) = BE Al S2F
[kg/kgl, mu/me= 52D E2F=Hkg/kglolot.

k)

O



EREERTY

U7 MrSE wslol mE

o& nm
0% 1%
ﬁ

HE Yt AHEE pas 20~00%7HA W
st A1 A9-0] S-gHe ujXe gakel i A
Esl9irt

Fig. 16, 17% S QA A E W
21 AS-0] FHZH(G4H), SHECHEAA F
71?4 et 849 At o2 wsls vER
Zoltt.,

Fig. 160l Ut Sl vRet o] 3350049
A2 Al ATkt A fhadl BEE o FA
et oA AFANA] AT X&) UE Y
20 FYol AR 7] el FR&e] =
o 7k UehliAul A7ke] ATlel | Txo|
/\1/] 1‘ﬂj_1-od’ El—id—_%q]/qA _9_0310] 7U\OH 7}7] uﬂ
ol o]t A3k vehtA "t

Fig. 176 YElt Q& v} o] g4 9]
&2 ARE Aol oA ghadl] 7kt ol
o A-oA HAGES Uil 3 st B3
olf7 Hi= AL ¥l &

A AEAA] 25

™

fluj
o,
&
<
@ o
oX o
o

d

r
4
ot e 3o
B
N
el
ok
i
o
=2

>
1o
-9
e
wH,
)
N
B|\1
o)
>
1o 1
N

e,
£ 1o
ﬁn‘
L B
rmﬁ
I,

{gn?ﬁ_l

ot
1
i
]
(e}

.
L
T 2
ﬁ‘\l
G
2 4o
so 2
rﬁm{g
o M
—_— {0
mRL

2 oo W
ok
©,
Y
S
3
)
)
O o

1o
~
>
0y
2| O
>

9 5ol AREEAE Fol 71 71
A AR a2 SR 7kl

W Al bl Eck
g 47 e g

o X
© :

’

i ofo ook i ofr

1 o

lss}
da
o
rlo
)
N
[N

KSAU(C

2P AL R A 987

10
o
ng
™
>
Rl

[
o
oo
9||_l
(rfok

J

1500——— T "7 71 T T

1000

q [W/m?]

500

L L
0 5000 10000 15000

Time [sec]

Fig. 16 Time histories of heat flux in the adsorption
side according to change of relative humidity
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