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Abstract This paper presents the analysis on performance characteristics of R744-R410A cascade refrigeration
system to offer the basic design data for the operating parameters of this system. The performance of cascade
refrigeration system is analyzed by using EES program. The operating parameters include compressor efficiency,
and condensing and evaporating temperature in R410A high- and R744 low-temperature cycle, respectively. The
COP of this system increases with the decrease of condensing temperature, and increases with the increasing
evaporating temperature. And the COP of this system increases with the compression efficiency. Therefore, it
can be seen that the compression efficiency, and evaporating and condensing temperature of R744-R410A
cascade refrigeration system have an effect on the COP of this system. Also, it can be known that the cascade
evaporation temperature with the highest efficiency in each parameter is present. Thus, it is an important to
design R744-R410A cascade refrigeration system by considering these parameters.
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[Fig. 1] Schematic diagram of a cascade system.
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[Table 1] Balance equation for each component of R410A and R744 cascade refrigeration system.
Cycle Component Energy Mass
Evaporator(8—5) Qeas,e =My (hs - hs)
Hig‘h temperature Compressor(5—6) Wy =my (hg —hy ) /ngma, my =m,; =m;
refrigeration cycle -
(R410A circuit) Condenser(6—7) Q, =my (h h7) =y =g
Expansion valve(7—8) h, =hg
Evaporator(4—1) Q, =my (h, —h,)
Low temperaturle refrigeration Compressor(1—2) W, =m, (h2 —h, )/ Mo, et m; =m, =m,
cycle I
(R744 circuit) Condenser(2—3) Quos o =my (b, —hy) =m, =m,
Expansion valve(3—4) h, =h,

[Table 2] Calculations of thermodynamic state points of R410A and R744 cascade refrigeration system.

Evaporator outlet ‘ Compressor outlet ‘ Condenser outlet Expansion valve outlet
High temperature refrigeration cycle(R410A circuit)
P, = f(R410A, T=T, .,x=1P; = f(R410A,T=T,x=1) P, =P, P, =P,
Ty =Togo T AT m T, = f(R410A7P:P67h:h6) T, =T,—AT, .y Ty =T 0
hg. = f(R410A,P = Pg,s = s,))
:f(R410A,T:T5,P:P5) ‘ :f(R410A,P:P7,T:T7) hy =h,
hg = (hge —hg)/mem,, +hy
= f(R410A, T=T,,P=P;)
Low temperature refrigeration cycle(R744 circuit)
=f(R744,T=T,x=1) |P,=f(R744,T=T, ,x=1) P, =P, P, =P,
T, =T, + AT, 1, T, = f(R744,P:P2,h:h2) Ty =T~ AT 1 T, =T,
) hy. = f(R744,P:P2,S :sl) )
=f(R744,T=T ,P=P,) =f{(R744,P =P, T=T,) h, =h,
hQ = (hZ* 7hl )/UCHUmH +hl ’ ’ )
s, = f(R744,T=T,,P=P))
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[Fig. 2] System performance curve for R410A cycle with
variation of compression efficiency.
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[Fig. 3] System performance curve for R744 cycle with
variation of compression efficiency.

= & 5 ek ole 07t SRR Qe EHsH W
oF Wy 7t gst7] 'IH—E#OIE}

COP F7kekelt Sk 7 F £ Bl
3FS Holt)h o3t ZH3E Getu-Bansal[4] =52]
of gARslch. 2, 2 el wet 3] COPE FpAlL
T 7F AT Aot} o= o] WEAIAT oA
AZAte) 2] SHEE(T,, )7 Ui WAY =7 4%
20 0 EL AL AIF GHEUFo] BHE & G0
ol ulshAl vefelA A O 2 Aol 457
sk @ HolAl 2c) COPE 71l Aow WerEch
23t Aol FEIHQ,), LT} A2
F(Wy, W) 5ol #olshy] ool ¢4,
Q)& Tcas.,c7]— ZFAaslo) ulet dASE H|E&E
Zolih webd, mew AeAtol2el ¢
Wp)ell 98l gsAe7t Fe-dr. &,
2 Wyl Z715Ks Wil W,k Atk T

= cas,e

WAL AN AR SR olf

ne

o Ho

HES

=
23y
o =22

A

A
RS A TH(Wy,

ol

SEAS
Tos.o /b TS

7F 2k
W, 9]



Al ast el Al All4d A4z, 2013

T,=40(0] T,=-50[C] ——— T, =20 C]
T,=-50([C] EAT, =5[C] == T,=25[C]
! 2.4 cas 0230 PO
181 A T, =5[C] AT, =10[C] e s,
A T,,=50C] 22 [ A T =20[C] o T.=d0pc)
AT, =10[C] _
sl ) _ n.=0.8
= n.=09 =20 —_—
o o e e
o o 4ol __ =
© 14f n.=08 o M- ST
T T T T 16 f
12} n.=07 o T T T T T T T T
14 F e — ]
. o
10 ‘ ‘ ‘ ‘ ‘ 12 ‘ ‘ ‘ ‘ ‘
-30 25 -20 15 10 5 0 -30 25 -20 15 10 5 0
Teas,e [°C1 Tease €]
Tess e -30 20 -10 0 Teas.e -30 20 -10 0
T © ¢ T ¢ ¢ T o)

Q.[kW] | 3.096 | 2.889 | 2676 | 2.153
e W, kW] | 0562 | 0781 | 0997 | 1210
Wy [kW] | 2318 | 1798 | 1361 | 0992

Q.[kW] | 3.096 | 2.889 | 2.676 | 2453
© | Wi [kW] | 0492 | 0.684 | 0873 | 1.059
WykW] | 1181 | 0862 | 0592 | 0363

Q. [kW] 3.096 2.889 2.676 2.153

Q. [kW] 3096 | 2.889 | 2.676 | 2.453

Zﬂg WL IKW] | 0437 | 0.608 | 0.776 | 0.941
' Wy kW] | 1742 | 1333 | 0995 | 0716

T
268 W, [kW] 0.492 0.684 0.873 1.059 3‘(‘) W, [kW] 0.492 0.684 0.873 1.059
’ Wy [kW] 1.990 1.532 1.151 0.833 Wy [kW] 1.538 1.161 0.844 0.577
Q.[kW] 3.096 | 2.889 | 2.676 | 2.153 Q. [kW] 3.096 | 2.889 | 2.676 | 2.453

T

¢ W, [kW] 0.492 0.684 0.873 1.059
Wy [kW] 1.990 1.532 1.151 0.833

[Fig. 4] System performance curve for R744-R410A
with variation of compression efficiency.
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