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A Study on the Performance Characteristics of the Soft Ice Cream
Machine Run by Refrigerant Mixture (R-290/R-32)

Nea-Hyun Kim
Department of Mechanical Engineering, Incheon National University
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Abstract Frozen milk products are commonly made in small refrigeration machines. R-502 has long been used as
a refrigerant for soft ice cream machines, but it is being replaced with R-404A due to the issue of ozone layer
depletion. However, R-404A has high global warming potential, so it also needs to be replaced. In this study, a
mixture of R-290 and R-32 was considered as a new refrigerant. An optimization and performance evaluation of the
mixture were conducted for a freezer volume of 2.8 liters. The focus of the optimization was the appropriate
refrigerant charge and the opening of the expansion valve. At the optimized conditions, ice cream was produced in
6 minutes and 24 seconds with the mixture, and the COP was 0.83. For R-404A, the ice cream production time was
6 minutes and 22 seconds, and the COP was 0.90. The results may be used for the design of food refrigeration
machines and to optimize other refrigeration cycles.

Keywords : Soft ice cream, R-290/R-32, R-404A, Optimization, Refrigeration cycle, Refrigerant mixture
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Fig. 1. Photo of the soft ice cream machine
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Fig. 2. Refrigeration cycle of the soft ice cream
machine shown with measurement points
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Fig. 5. Bubble and dew point lines of R290/R-32
mixture at 0.56 MPa

Table 1. Thermophysical properties of R-290, R-32
R-290/32 and R-404A (Tuow = -200C)
Tou = 20°C
Propertes R404A  R290 R32  R2Y
Py (MPa) 0307 0.247 0.405 0.56
Py (mke) 15.82 5505 11.16 15.11
pr (m'kg) 1221 554.5 1121 810.0
by, (Jikg) 181.0 400.8 344.0 315.8
Cpy (kIkgK) 0.892 1.580 1.074 1.376
Cpr (kIkgK) 1315 2.361 1.661 1.903
Uy (pePass) 10.21 6.887 10.61 11.19
Wy (fPas) 2332 1547 188.5 1440
k, (mW/mK) 11.01 13.63 10.19 12.93
K, (mWimK) 80.98 116.6 161.4 1224
o (mN/m) 9.336 12.73 14.59 9.936
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Table 2. Thermophysical properties of R-290, R-32
R-290/32 and R-404A (Teew = 400C)

Taew = 40°C
PRSI papA R0 R R
Py (MPa) 1.815 1.369 2478 2,949
Py (m’ke) 101.6 30.17 1116 94.69
Py (m'/kg) 965.4 467.5 1121 611.0
hg, (likg) 120.2 307.1 237.1 186.6
Cpy (kI/kgK) 1.490 2.263 2.001 3.039
Cp (kI/kgK) 1.720 2913 2.163 2.964
Ly (HiPas) 1036 12.73 13.83 15.43
Ly (fPas) 1330 8.892 94.99 69.27
k, (mW/mK) 18.79 21.43 18.71 25.99
k; (mW/mK) 58.42 86.92 114.6 84.60
o (mN/m) 2.839 5262 4.489 2.034

Table 3. Specifications of the soft ice-cream machine

Parts Specification
Compressor CAJ2446Z (Tecumsh) 1.2 HP
Freezer I.D. 103 mm, L = 365 mm
Exp. valve Parker 204C (1/4 ~ 2 RT)
Condenser 386 mm x 363 mm, 3row, l4step, plain fin,
fin pitch 2.0 mm, tube I.D. 9.5 mm
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