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Abstract: An ice-making model has been developed and analyzed in this study. The effects of the following on the ice formation on
the outer surface of a tube in which a refrigerant flows and boils are numerically investigated: thermal resistance of the refrigerant and
thermal resistance of the ice formed on the outer surface of the tube. The ice thickness and related variables are analyzed in the case of
the refrigerants R22 and R134a by using the expressions for phase-change heat transfer and boiling heat transfer coefficient. Vapor
qualities of the refrigerants range from 0 to 0.8. As a result, up to the first 30 min, the internal convection resistance is higher than the
thermal resistance of the ice on the external surface of the tube. However, after about 30 min, the thermal resistance of the ice increases
remarkably due to the increase in the ice thickness. Thus, the heat flux to the refrigerant decreases, and further, the refrigerant quality and
the boiling heat transfer coefficient also decrease. As the heat transfer coefficient of R22 is higher than that of R134a, the mass of the ice
formed when R22 is used is higher than that formed when R134a is used.
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Fig. 1 Configuration of the problem
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(a. Determine the parameters for the inlet tube (xZO)J

Assuming q e

Solve for r (Eq. 1a)

hrp (Eq. 4)
(new (Eq lb)

Solve for q (Eq. 5)
hrp (Eq. 2)
Solve for r (Eq. 1a)
gnew (Eq. 1b)

Fig. 2 Calculation procedure of the present ice making

model
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of AT Wi dxdd FAE R22 9
R134a ©|" Figs. 3-6 = R22 ol th3 Z3}=, Figs. 7-10
< Rl134a o digt 235 Zh7z} AA St .

Table 1 Constants in equation (2)

Convective Nucleate
Constant . . .
region boiling region
(O] 1.136 0.6683
C; -0.9 -0.2
C; 667.2 1058
C4 0.7 0.7

Table 2 Operating conditions

G = 13 kg/m’s R =0.01303 m

hg=3.34x 10° J/kg R,=0.0143 m

ki=2.24 W/mK Te=-10°C

k= 52 W/mK p =920 kg/m’
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Fig. 3 Ice thickness for inner fluid R22
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Fig. 11 Comparison of ratio of the solidified
mass to heat transfer area.

—&— Ice thermal resistance (Case of R22)
— 0.11 --e-- Convection resistance (Case of R22) 1
009l —e— Ice thermal resistance (Case of R134a) i
X --@-- Convection resistance (Case of R134a)
S »
—0.08 B
Q
g
S 0.07 B
®
‘n 0.06 B
o
© 0.05 B
£
g 0.04 — P— PO *
@ 0.03 I
g b P— ©-mmmmmm ©--mmmmmmme ¢
o 0.0Z‘g::_ _______ © B
0.01r B
0 1 2 3 4 5
Time [hour]

Fig. 12 Thermal resistances
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