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A Study on the Cascade Hybrid Cooling/Refrigeration Cycle
Equipped With Intercooler and Air-Cooled Condenser in Series
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Abstract Thermodynamic analysis of cascade refrigeration systems has attracted considerable research
attention. On the other hand, a system evaluation based on thermodynamic analyses of the individual
parts, including the evaporator, condenser, intercooler, expansion valve, etc., has received less attention.
In this study, performance analysis was conducted on a cascade refrigeration system, which has an
individual cooling and refrigeration evaporator, and equips the intercooler and air-cooled condenser in
a series in a lower cycle. The thermo-fluid design was then performed on the major components of the
system - upper condenser, lower condenser, cooling evaporator, refrigeration evaporator, intercooler,
compressor, electronic expansion valve - of 15 kW refrigeration, and 8 kW cooling capacity using
R-410A. A series of simulations were conducted on the designed system. The change in outdoor
temperature from 26 C to 38 C resulted in the cooling capacity of the lower evaporator remaining
approximately the same, whereas it decreased by 9% at the upper evaporator and by 63% at the
intercooler. The COP decreased with increasing outdoor temperature. In addition, the COP of the cycle
with the intercooler operation was higher that of the cycle without the intercooler operation.
Furthermore, the increase in the upper condenser size by two fold increased the upper evaporator by
4%. On the other hand, the lower evaporator capacity remained the same. The COP of the upper cycle
increased with increasing upper condenser size, whereas that of the lower cycle remained almost the
same. When the size of the lower condenser was increased 2.8 fold, the intercooler capacity increased
by 8%, whereas those of upper and the lower evaporator remained approximately the same.
Furthermore, the COP of the lower cycle increased with an increase in the lower condenser. On the
other hand, the change of the upper condenser was minimal.
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the refrigeration condenser or evaporator
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Fig. 3. Heat transfer coefficient of Park and Hrnjak[8]
data predicted by the present model
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Fig. 4. Pressure drops of Park and Hrnjak[8] data
predicted by the present model
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Table 2. Preliminary design specification of the
cascade refrigeration system having
15kW and 8 kW cooling capacity at
upper and lower cycle

Cycle Parts Specifications
fin-tube, length 15.38 m, O.D.
Eva 10.02 mm, ID. 9.7 mm, fin
va. pitch 1.1 mm, fin thickness 0.1
mm, tube pitch 18 mm, 1 row
fin-tube, length 114.5 m, O.D.
Lower Cond. 10.02 mm, ID. 9.7 mm, fin
h pitch 1.1 mm, fin thickness 0.1
mm, tube pitch 18 mm, 1 row
Fig. 8. Cascade cycle of this study
Comp. Scroll, R-410a
Table 1. Air and refrigerant temperatures used for the
design of the refrigeration components.
18 1geratl P Exp. ILD. 3.0 mm
Spec. Temperature
Indoor temp. 27.0°C/19.5°C Cycle Parts Specifications
Outdoor temp. 35.0°C/24.0°C fin-tube, length 17.8 m, O.D.
Toub 5°C Eva 10.02 mm, ILD. 9.7 mm, fin
T 50C i pitch 1.1 mm, fin thickness 0.1
P mm, tube pitch 18 mm, 1 row
Tecs 45°C
T _10°C fin-tube, length 121.7 m, O.D.
o Upper Cond. 10.02 mm, ID. 9.7 mm, fin
Tecs 45°C pitch 1.1 mm, fin thickness 0.1
Tecr 5°C mm, tube pitch 18 mm, 1 row
Comp. Scroll, R-410a
Exp. 1.D. 3.0 mm
double pipe H-X, parllel flow,
Intercooler length 1.94 m, O.D. 15.88 mm,
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NO i =]
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Fig. 9. Flow chart of the present cascade system
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