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Abstract Phase change materials (PCM) are able to store a large amount of latent heat, and can be applied to thermal energy

storage systems. In a PCM, it takes a long time to store heat in the storage system because of the low thermal conductivity.

In this study, a finned-tube-in-tank heat exchanger was applied to a PCM thermal energy storage system to increase heat

transfer efficiency. The effects of geometric and operating parameters were investigated, and the results were compared with

those of the tube-in-tank heat exchanger. The finned-tube-in-tank heat exchanger showed higher heat transfer effectiveness

than the tube-in-tank heat exchanger. The heat exchange effectiveness of the storage tank was determined as a function

of the average NTU.
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Fig. 1 Shape of the finned-tube heat exchanger.

N ———
: =~ Rcl’ngcra:ion
‘ | unit RTD sensor

. ¥y > NALLL
O‘ Valve ) < @
. T
Agitator Mass flow meter Y Valve
T @ Tcs @
2
I LA}
Circulating i Valve PCM
Pump
Electronic RTD sensor PCM heat storage
Heater
=
%?f_._\;

Data acquisition
system

Fig. 2 System diagram of the experimental setup.
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Table 1 Test conditions

Condition Value

Heat .transfer .ﬂuld temp. 57C/17°C
(melting/freezing)
Heat transfer fluid mass

flow rate 0.006 kg/s~0.04 kg/s

Fin pitch no fin/10/15/30 mm
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Fig. 3 Photographs of the PCM storage during
the melting process.
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Fig. 4 Melting process at the mass flow rate of 0.02
kg/s, fin-pitch of 15 mm, and an average
effectiveness of 0.189.
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Fig. 5 Effectiveness of the PCM storage tank with
the mass flow rate in the melting process.

Table 2 Effectiveness of the PCM storage tank with
the mass flow rate in the melting process

Formula
e=1—exp(— Q/m)

Fin Pitch G
10 mm 0.00506
15 mm 0.00382
30 mm 0.00312
no fin 0.00267

mm Z7o = o] gl 279 F&
15% setqlth. ®u A7t Zoldas d FHxd
NA FE&EE A Yetsen, f5Fo] F&45 1y
200 W2 §-8E0] zpol= Z71Eke], 0.006 kg/s 2
/H 10 mmol| A &) 8% 30 mmo] F-8Xol H|3| 34%

= et A A S 7ol 0.006~0.04 kg/s?l
%7}01]%1 Ao Ao} 2 A o] fraFol whe F8==
2(®)9] Fel= Jeld = a1, 71 A= Table 29}
2t

3.2 © Mol ote g A

o= o

ofr

&

Fig 62 ZEHAe 2% 17C, ¥IA 15 mm, &
R 0.02 kg/s _%7401]/\1 105 714082 #9% A
sEA3 99 dusr)E vebink A7re] Aol o
e} AwstE o] A3t 1o ﬁi%ow A7) A =hste
Aoy Fe= Al 7k slo] FEsHA YEbs T Fig.
72 2ol e AIZE Wistel] thek AhEfrA| o A st
A 5o 2k wskE etk sk el A2
H EAHY(TCI, TC2, TC3, TC4)2] 27} A7t u}

o

T

g

10min 20min

30min 40min

50min 60min

70min 80min

Fig. 6 Photographs of the PCM storage during the
freezing process.

60

—>%— Inlet
—+— Outlet
—A—TC1in PCM
50 —v—TC2in PCM|
—<4—TC3in PCM
— —»—TC4 in PCM
o 1
~ 40 4
o
p=)
® ’ri'f"; AR SS
g % ‘ =\\-
g -
5 Freezing process N
= M
209 e VRV — 1
10 ———
0 15 30 45 60 75 90
Time (min)

Fig. 7 Freezing process at the mass flow rate of
0.02 kg/s, fin-pitch of 15 mm, and an
average effectiveness of 0.222.
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Fig. 8 Effectiveness of the PCM storage tank with

the mass flow rate in the freezing process.

Table 3 Effectiveness of the PCM storage tank with
the mass flow rate in freezing process

Formula
e=1—exp(— Q/m)

Fin Pitch G
10 mm 0.00669
15 mm 0.00541
30 mm 0.00260
no fin 0.00174
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Fig. 9 Effectiveness of the PCM storage with the
mass flex in the melting process.
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Fig. 10 Effectiveness of the PCM storage with the
mass flex in the freezing process.
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