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ABSTRACT

This study investigated heat transfer phenomena during the freezing of an initially
superheated or non-superheated liquid in a cooled cylinder tube. Numerical and ex-
perimental method were performed to obtatin the temperature and velocity distribution,
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the shape of interface. Natural convection effects in the superheated liquid were co-
nfined and moderated a short freezing time. After natural convection ceases, heat
conduction dominated in the whole paraffin, so Crystal and much-zone: were found
out in PCM.

Initial superheating of liquid tended to morderatly diminish the frozen layer thickness
at short freezing times but little effect on the these quantities at longer times. On
the amount of frozen mass, Iintial liquid superheating is less affected than tube wall

subcooling.
NOMENCLATURE
. gpvTH:
Gr# . Grashop number based on H,
V2
k - thermal conductivity
_ P’'He
P . dimensionless pressure,
V2
r
R : dimensionless radial coordinate, ﬁ
r
R  dimensionless interface radius, _H
I
Rw - dimensionless wall radius, _H
v (’I‘l- rn)I_I3
Ra : Rayleigh number based on H, & ,
VOt
. . . . Cp(Tl_Tm)
Ste, - Stefan number in liquid
. . Cp(Ta—T)
Ste, . Stefan number in solid — N
T, - bulk temperature of liquid
T, - imtial temperature
Tn - melting temperature
Tw - wall temperature
U : dimensionless velocity, —
\Y
54

Y ! dimensionless distance coordinate,%I

GREEK SYMBOLS

a. - thermal diffusivity, —
pC

B. - thermal expansion coefficient
o - thickness of liquid region, R:
8: : thickness of solid region, R,—Ri(y, t)

n . transformed coordinate,

R
_ for liquid region
5(y, t)
n: - transformed coordinate,
R—Ri(y, t) . )
for solid region
81(}7, t)
g ] (T—Tw)
8. . dimensionless temperature,
(Ti_ m)
o | (T—T.)
0. . dimensionless temperature, (T )

A . heat of fusion per unit mass
o I =
v . kinematic viscosity, —
P
€& © transformed coordinate system, E=§&=Y

p . density

T . dimensionless time, t=t
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Table 1. Thermophysical properties of paraffin (CzHs)

Properties Value Properties Value

T (C) 42—44 Pt (kg/m) 788

Co (KJ/kgC) 2.2 ore (kg/m) 776
Cia (KJ/kgC) 1.8 B, 8.3x10*
A (KJ/kg) 248.3 u (kg/ms) 3.8x10°
Ke (KW./mC) 1.6x10* aa (M) 8.94x10°*
Ki, (KW./m¢) 1.54x10* e (M /’s) 1.02x107
Pr 55.37 v (m/s) 4.90x107
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Experimental Study on the Effective Use of
Thermally Stratified Hot Water Storage System

Ee-Tong Pak
Dept. of Mech. Eng. Sung Kyun Kwan Univ

The benefits of thermal stratification in sensible heat storage were investigated for residential solar
applications. The effect of increased thermal useful efficiency of hot water stored in an actual storage
tank due to stratification has been discussed and illustrated through experimental data and computer
simulation, which were taken by changing dynamic and geometric parameters. When the flow rate
was 8 liter/min and AT was 40C, the useful efficiency(n.) was about 90% in case of using a distributor,
but not using a distributor the useful efficiency(n.) was about 82%. So these kinds of distributor
would be recommendable for a hot water storage system and residential solar energy application
to increase useful efficiency(n.). In the case of the uniform circular distributor, when the flow rate
was 8 liter/min partial mixing was decreased and a stable stratification was obtained. Furthermore,
if the distrbutor was manufactured so that the flow is to be the same from all perforations in order
to enhance stratification, it might be predicted that further stable stratification and higher useful
efficiency(n.) are obtainable.

A study of heat transfer with Phase Change Material
in heat storage system

—Inward freezing in the vertical cylinder—

C.M.Lee * C.S.Yim* - M.Igbal*+

Yuhan Junior Collage
*Inha University

*+*University of British Columbia

This study investigated heat transfer phenomena during the freezing of an initially superhea-
ted or non-superheated liquid in a cooled cylinder tube. Numerical and experimental method were
performed to obtatin the temperature and velocity distribution, the shape of interface. Natural co-
nvection effects in the superheated liquid were confined and moderated a short freezing time.
After natural convection ceases, heat conduction dominated in the whole paraffin, so Caystal and
much-Zone were found out in PCM.

Initial superheating of liquid tended to morderatly diminish the frozen layer thickness at short
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freezing times but little effect on the these quantities at longer times. On the amount of frozen
mass, lintial liquid superheating is less affected than tube wall subcooling.

Study on the Thermal Storage Characteristics of Phase Cha-
nge Materials for Greenhouse Heating

Song, Hyun-Kap* * Ryou, Young-Sun* ‘- Kim, Young-Bok**
*Dept. of Agricultural Machinery Engineering, Chung-Buk National University
**Dept. of Agricultural Machinery Engineering, Kyung-Sang National University

An overdose of fossil fuel for greenhouse heating causes not only the high cost and low qua-
lity of agricultural products, but also the environmental pollution of farm village. To solve these
problems it is desirable to maximize the solar energy utilization for the heating of greenhouse
in winter season.

In this study phase change materials were selected to store solar energy concentratively for
heating the greenhouse and their characteristics of thermal energy storage were analyzed. The
results were summarized as follows.

The organic CzHs, and the inorganic CH3COONa * 3H20 and Na:SO+ + 10H20 were selected as low
temperature latent heat storage matenials. The equation of critical radius was derived to define the ge-
nerating mechanism of the maximum latent heat of phase change materials. The melting point of CzHs
was 62C, and the latent heat was 50.0~52.0kcal/kg The specific heat of liquid and solid phase was 05
4~0.69%kcal/kgC and 057~0.75kcal/kgC respectively. The melting point of CH3SCOONa * 3H20 was 61~
62C, the latent heat was 64.9~65.8 kcal/kg and the specific heat of liquid and solid phase was
respectively 0.83 kcal/kgC and 0.51~0.52 kcal/kgC. The melting point of NaSO+ + 10H20 was 30~
309C, the latent heat was 53.0 kcal/kg and the specific heat of liquid and solid phase was res-
pectively 0.78~0.89 kcal/kgC and 050~0.70 kcal/kgC When the urea of 21.85% was added to co-
ntrol the melting point of Na2S0O+ + 10H20 and the phase change cycles were repeated from 0O to 600,
the melting point was 16.7~160C and the latent heat was 36.0~28.0 kcal/kgC.

A Theoretical Study for the Design of Solar Air Heaters
Using Porous Material

Yong-Ha Hwang® * Seung-ho Park*" ‘- Jong-Eok Kim**

Department of Thermal Engineering, National Chung ju University
Départment of Mechanical Engineering, Hong-Ik University
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