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Development of Cascade Refrigeration System Using R744 and R404A

- Analysis on Performance Characteristics -
Hoo-Kyu Oh'! - Chang-Hyo Son*
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Abstract: In this paper, analysis on the performance characteristics of R744-R404A
cascade refrigeration system is presented to offer the basic design data for the
operating parameters of the system. The operating parameters considered in this study
include subcooling and superheating degree, compressor efficiency, and condensing and
evaporating temperature in R404A high- and R744 low-temperature cycle, respectively.
The main results were summarized as follows : It was observed that the highest COP of
the system is achieved by higher superheating degree in R744 cycle than that in R404A
cycle. The COP of the system increased by giving the subcooling degree in both cycles.
The COP of the cascade system is the highest value when the system is operated at an
optimum evaporation temperature.

Key words: Carbon dioxide, Cascade refrigeration system, Vapor compression
refrigeration system, Performance analysis
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Figure 1: Schematic diagram of a cascade system.

IA7F 2 AA ol

TFollAe= LAt Zol = R404A

R=)
AL
R
e
2 vo

FAER Al #F A(1) 45

Yl &, A2Abo|Fell= R744 Yl & A 43 A=
Aol & WEAtelZo A5l vXE JAAES °&
oz wot B B, ol T AxAe=
WA zEe HA AAE A 712ARE A T3
az gk
2. 85 &4

2 =2olA ARG EE Wele 898y &A%
A% 242 EES(Engineering Equation Solver)
(4) &2z EQolE ol&3te] ASIATE. L&A}l

o= R404A Wi E, A2AtelZolE R744 ¥
g HEH ALANE YEALY AT BHS

S8l ket 2ol shgaten.

of
e
e
o)
1R

o

c AL I2AelE S ST <
SHHelL, dFasd VIAEES 44 0.83% 1
olth.

N
£ 19 gelstar. AzAE 9
ALFQ,) e 919

THROl A F9 29 d&Ao] gluky Yo E of

Table 1: Balance equation for each component of R404A and R744 cascade refrigeration system.

Cycle Component Energy Mass
Evaporator(8—5) Qus.e =my (hy —hy)
High temperature
g.h mp Compressor(5—6) Wiy = my; (hg —hy)/ngpme. my =m; =my
refrigeration cycle Cond P a o)
ondenser(6— .=m - =m, =m
(R404A circuit) 6> e Hme 7 T
Expansion valve(7—3%) h, =hg

Evaporator(4—1) Q, =m (h; —h,)
Low temperature
. . Compressor(1—2) Wy, =my (hy —hy)/ng gy my =m; =m,
refrigeration cycle Cond 3 a b —n)
ndenser(2— oo =my (h, —h, =m, =m
(R744 circuit) 0Ondae ser( ) cas,c L\2 3 3 4
Expansion valve(3—4) h, =h,
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Figure 2: System performance curve for R404A with
variation of superheating degree.
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Figure 3: Effect of superheating degree on system
and individual cycles.
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Figure 4: System performance curve for R744-
R404A with variation of subcooling degree.
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individual cycles.
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Figure 6: Effect of compression efficiency on system
and individual cycles.
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Figure 7: System performance curve for R744-

R404A with variation of condensing temperature.
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