Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2013.14.2.517
cooperation Society
Vol. 14, No. 2 pp. 517-522, 2013

=)o) ZHby)7) AEE A= E ofo| Az Alz7)e] Ay A

1* =12
AL, P

ReOLIES=ES =R Foy= PN
*oIMClEtm 7| A Bt}

=

Performance Analysis of the Soft Ice-cream Maker Having Two
Evaporators Operating at Different Temperatures
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Abstract Small size ice-cream maker has two evaporators having different evaporating temperatures of 4C and
—8C. In such case, ice-cream maker system design becomes complicated because multiple capillary tubes affects
one another. In this study, performance analysis was conducted for the soft ice-cream maker having two
evaporators operating at different temperatures. The compressor was analyzed using efficiency models, the
capillary tube was modeled assuming one-dimensional flow, the condenser and the evaporators were modeld
based on UA-LMTD method. The refrigeration cycle simulation program was developed applying the enthalpy,
pressure and mass balance on each component. Comparison of the test data with the simulated results for
R404A revealed that evaporator temperatures of refrigerator and freezer agreed within 3C.

Key Words : Ice-cream maker, Multi-evaporator, Performance analysis, Simulation program

Nomenclature e : Reynolds number

: Temperature, C
: cross-sectional area of tube, m> . overall heat-transfer coefficient, W/m*K

. . - 3
. inner diameter of tube, m : specific volume, m’/kg

: enthalpy, kl/kg : mass flow rate, kg/s

: viscosity, Pa‘s

R
T
U
v
. friction factor, dimensionless V : velocity of refrigerant, m/s
W
: length of increment, m i
n

- = T A

: pressure, Pa : surfae efficiency

Q : heat transfer rate, W
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subscript

eva : evaporator

sat : saturation

ref : refrigerant

raw : ice cream
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[Fig. 1] Schematic drawing of the soft ice-cream maker
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[Fig. 2] Simulated refrigerant flow rate in a compressor
compared with manufacturer’s data
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[Fig. 3] Simulated refrigerant flow rate in a capillary tube
compared with ASHRAE data
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[Fig. 4] Schematic drawing of the ice-cream evaporator
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[Table 11 Specification of the ice cream-maker(R-404A) 712} $-=7]= UA-LMTD 2492 Z-g35lo] @ AHZ
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Ompressor (displacement: 20.4 cc) 6]'0:] 73?(‘” /\]'O]Eéi-oﬂ EH—(‘S_]— /\lgaﬂolﬁ -l—l'—ij-aél]’é‘ 7 H
Condenser | 254 X 295 mm 3row, 10 step, fin pitch = 2mm, AT

plain fin, tube 0.D=10.3 mm 3) AlEYo] A Aak= R-404A7}F F-L-5 AA| AZo] of

(freezer) OD: 103 cm, L: 214 cm, W: 1 cm
Evaporator |(refrigerator) : 314 x 314 mm, O.D 7 mm tubing
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apillary ) N
tube B: ¢ 09 mm x 2.0 m FTENA Sof Wt A7 Q3 AT 11‘:_]—5]‘_1:}
C: ¢ 1.5 mm x 1.0 m
[Table 2] Comparison of measured and predicted temperatures References
No Location Measured (C) Predicted(C) [1] Stoecker, W. F, and Jones, J. W, “Refrigeration and
1 Cond. out 42 40.2 Air-Conditioning”, McGraw-Hill Co. 1982.
2 Ref. in -2 -0.8 [2] ASHRAE Handbook, Equipment Volume, ASHRAE,
3 Ref. out 0 -0.8 Atlanta, GA, 1979.
4 Freezer in -23 -20.6 [3] Kim, N-H, Youn, B, and Webb, R. L, “Air-side heat
5 Freezer out -23 -20.6 transfer and friction correlations for plain fin-and-tube
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heat exchangers with staggered tube arrangements”, J.
Heat Transfer, Vol. 121, pp. 662-667, 1999.
DOI: http://dx.doi.org/10.1115/1.2826030

[4] Kim, N-H, Yun, J-H, and Webb, R. L, “Heat transfer

and friction correlations for wavy plate fin-and-tube

heat exchangers”, J. Heat Transfer, Vol. 119, pp.
560-567, 1997.
DOI: http://dx.doi.org/10.1115/1.2824141

[5] Gnielinski, V, “New equation for heat and mass transfer

in turbulent pipe and channel flow”, Int. Chem. Eng,
Vol. 16, pp. 359-368, 1976.

[6] Shah, M. M, “A General Correlation for heat transfer
during film condensation in tubes”, Int. J. Heat Mass
Transfer, Vol. 22, No. 4, pp. 547-556, 1979.

DOLI: http://dx.doi.org/10.1016/0017-9310(79)90058-9
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