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Research on the Heat exchanger for Kimchi Refrigerator Using Thermal

Conductive Plastic

Jong-Yong, Baek

Department of Refrigeration and Air-conditioning Engineering, Graduate

School, Pukyong National University

Abstract

The kimchi refrigerator is the electric home appliance which is used
for the maturing and perserving of the kimchi in domestic and foreign
market. The kimchi refrigerator is composed in 3 main parts as
insulation, kimchi container, machinery room. The heat exchanger of
kimchi refrigerator is made of aluminum and the other parts-are made
of steel and polymer. Also, kimchi refrigerator is expensive and heavy
as compared with same class of refrigerator until now. In this study the
possibility to replace heat exchanger from alulminum to thermal
conductive plastic was analyzed and experimented. The thermal
conductive plastic has 10~100 times heat conductivity than that of
normal plastic. We know that heat transfer process is not dependent
only conduction but convection or radiation. Thermal conductivity of the
applied material in this research is over than 2 W/mK, thermal
conductivity doesn't play a vital role on heat transfer. In this study,
temperature is the most important parameter on the kimchi refrigerator

and the temperature of kimchi refrigerator's heat exchanger was



measured and compared with the temperature calibrated by CFD analysis
on the inside wall of the kimchi refrigerator. It is important to keep
constantly the inside temperature of the Kimchi refrigerator. Besides
numerical analyses for the new thermal conductive plastic for heat
exchanger were executed with the various height of evaporation tube. A
series of experiments were conducted to compare the performance of the
two heat exchanger made of aluminum and thermal conductive plastic at
the same condition and certify the possibility of the thermal conductive
plastic. According to these results, it was confirmed that the
conventional aluminium heat exchanger can be replaced by thermal

conductive plastic successfully.



NOMENCLATURE

SYMBOLS

: Gravity acceleration [m/sz]
h : Heat transfer coefficient [W/m’K]
Ra : Rayleigh number
Re : Reynolds number
@ : Thermal diffusivity [m%/s]
B : Thermal expansion coefficient [m*/K]
C, : Specific heat [J/kgK]
k : Heat conductivity [W/mK]
u : Velocity [m/s]
o : Density [kg/m3]
v : ‘Specific volume [m3/kg]
T : Temperature [K]
L : Length [m]
P . Viscous coefficient [kg/ms]

GREEK SYMBOLS

4dp . density difference [kg/m’]
AT : Temperature difference [C]
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Table 1 Comparison properties of LG Chem. goods

A= PN-9007 | PN-9008 | PN-9019 | PX-9001FE| PX-9009F
A PPS PPS PPS PBT PBT
g AT (WmK)| 1.6 1.7 15 1.9 1.6
H] 1.96 1.95 1.95 1.8 2.03
o] Rk 7}
e E 1000 750 500 750 690
(kg/cm”)
A& < 5% 1% 1% 2% 1%
a7}
e E 1400 1300 900 1200 1130
(kg/cm™)
Inorganic filler ‘
40~50 | 40~50 | 40~50 | 20wit% 20wWt%
(A=) :
Glass fiber 10~20 | 10~20 | 10~20 30wt% 30wt%
Others - - - - -




Table 2 Comparison properties of Coolpolymer goods

| & D3602 D3604 D5104 D5106 D5108
32 PA 4, 6 | PA 4, 6| PPS PPS PPS
A A ES(WmK)| 1.2 1.75 45 2.0 10
v} 1.4 2.2 1.9 2.8 1.8
NE% = 877 785 560 214 408
(kg/em®)
A& 1.8% 0.94% 0.28% 0.66%
ZARE
4
(kgfem?) 1326 1326 897 70
A &4 D5502 E1501 E4503 E5101
A LCP PP PC PPS
QA E = (W/mK) 1.5 10 10 20
H| & 1.7 1.2 1.4 1.7
A= 704ke/em2 | 255kg/em?2 | 306kg/cm2 | 592kg/cm?2
(kg/cm?) g/cm g/cm g/cm g/cm
A& 0.6% 1.5% 0.35% 0.46%
S AR
(kg/em?) 1325kg/cm2 | 408kg/cm2 | 510kg/cm2 | 846kg/cm2
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3.1.1 BAYAA 249 (Boussinesq Model)

AYE SN BEAVY2Z 2ds AEToER fA 9

(p—p)eg= —oB(T —Ty)g (6)
A7 poE FAY FEEA), Tre T &, aga feE €@
AAZG 4 e $AFozRE o8 AN ARA HAY

23 2AF p= py (1 — BAT)E AEFozR Aol

312 93 HA 4
—g—x(tou) + %y‘(pv) =0 7
(v - Uy = 0 (8)
A7, U = (u-v),V = (_9_ i)

313 5% A4

2t B o) A Navier-Stokes A4S HAULI TALE AHE-3HH
o}l o] A} o] YedT
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Table 4 Material properties

Material p (kg/m’) | cp (J/kg - K) | k£ (W/m - K)

Air 0C, 1 atm 1.2874 1006.08 0.002267

Heat absorbing Plate
) 1190 1500 20

(Thermal plastic)

insulation ($-# & &) 38 1590 0.021
Kimchi container (Plastic) 1190 1500 0.2

Kimchi (Salt water) 1155.1 33.85 0.454

Table 5 Boundary conditions of CASE 1

CASE 1 Boundary conditions
R Sis 25T
AARZL A 30C
=8 &= -9.81 m/s’

_19_
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Fig. 5 Temperature distribution of aluminum heat exchanger
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Fig. 6 Velocity distribution of aluminum heat exchanger
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Fig. 7 Comparision of temperature of experiment vs numerical analysis
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Table 6 Comparison boundary conditions of each CASE

CASE 1 CASE 2 CASE 3 CASE 4

Hlk3) &} 3k &3k
= 71& 71E iy e
2 A 23mm 45mm
wE7]
§ dFu|F dHAEA Z2H

=

_ 26 -
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Fig. 8 Measuring lines of temperature. and velcocity
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Fig. 9 Temperature distribution of CASE 2

_30_



3.00e+(H

2.67¢+01

235e+01

2.02e+01

1.70e-+01

1.37e+01

1.03e+01

7.24e+00

3.99¢+00

7.37e-01

25100

Contours of Static Temperature {c) Apr 02, 2004
FLUENT 6.0 (2d, segregated, lam)

Fig. 10 Temperature distribution of CASE 3
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Fig. 11 Temperature distribution of CASE 4
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Fig. 12 Comparision of air temperature distribution (y direction)
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Fig. 13 Comparision of air temperature distribution (x direction)
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Fig. 14 Velocity distribution of CASE 2
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Fig. 15 Velocity distribution of CASE 3
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Fig. 27 Picture of experiment equipment
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