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Performance Analysis of the Cascade Refrigeration
System using R744 with the low temperature cycle
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Abstract: This paper analyzes coefficient of performance (COP) and mass flow ratio with respect to
several factors in the high temperature cycle of cascade refrigeration system such as degree of
superheating and subcooling, temperature of condensing and evaporating, efficiency of the internal heat
exchanger and compressor. Various refrigerants are used in the high temperature cycle, and R744 is
only used in low temperature cycle. The results are summarized as follows: the COP increases with
increasing degree of subcooling. The COP decreases with increasing degree of superheating except R22,
R32 and R717. The COP decreases with increasing condensing temperature and increasing internal heat
exchanger efficiency. The mass flow ratio increases with increasing condensing temperature of the high
temperature cycle. The mass flow ratio decreases with increasing superheating, subcooling, internal heat
exchanger and evaporating temperature. Nevertheless, the mass flow ratio has no change with increasing

compressure efficiency.
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Fig. 1 Schematic diagram of cascade refrigeration

system
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Table 1 Energy and mass balance equation for each component of cascade refrigeration system

Cycle Component Energy Mass
Compressor(1—2) Wen = my (hy =hy) /ey M
Condenser(2—3) Q. =my(hy—hy)
My
High Internal heat exchanger(4—5) Qyx =my (hy—hy) -
’ m; =m,
temperature 3 _ —
cycle Expansion valve(5—6) hy; =h, =m,=m,
Evaporator(6—7) Qe = my(h; —hy) =My =mMg
=My =My
Internal heat exchanger(8—1) Qux =My (h1 - hg)
Compressor(11—12) WQL =my, (h12 - hll)/nc,anL
Condenser(12—13) Qeon.L =mp (h;, —hy3) my,
Internal heat =my =m
Low Quux, =my (hyy —hys) - ) = ’
exchanger(14—15) =Mz =My
temperature -
eycle Expansion valve(15—16) hy; =hy =m; =My,
Evaporator(16—17) Qe =my (hy;—hy) =My =My
Internal heat
. =m; (h;;,—h
exchanger(18—11) Quix. Ly 18)
143t EZEE Y HEFT AL Ale]Z9 WHi(R744)

Fig. 12 29 YEAI2H9 F=olw Aol
St 2] 52 Table 19 A st}
7] Yo 1 Alo]Feo W

=B PQE 2

M=Aol= du

Table 2 Analysis conditions

Items Conditions
ey 0.1, 0.2, 0.3, 0.4*, 0.5[-]
e 0.4[-]
e 0.6, 0.7, 0.8%, 0.9, 1[-]
Toon. 1 40% 45 50 55 60[C]
T y 0, -5, -10%, -15, -20[C]
Tour, 11 0*, 5, 10, 15, 20[C]
Toup. 1t 0%, 5, 10, 15, 20[C]
AT s 5[C]
Ne. L 0.8[-]
N, H 0.8[-]
M, L 0.8[-]
Touv. 1 0[C]
Toup, L 0[C]
Toon. L -5[C]
T, -50[C]

*Standard condition
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Fig. 2 Curve for COP and mass flow ratio by

increasing superheating degree

8 T=FHI|ASUYX H23H 2=, 2019d 48

—8—— COPofR22 —&—— Massflow ratio of R22

[o28 COP of R32 * Mass flow ratio of R32
——y——- COPofRi3a ——-w——- Massflow ratio of Ri 34a
—-A-—-  COP of Rilda —- - — Massflow ratio of R404A
— 4 — COPof Rd10a — - —  Massflow ratio of R410A
— —0—:- COPof R507a —-—@—-  Massflow ratio of RSOTA

— —4#—— COPof RE00a — ——— Massflow ratio of R600a
——— COPofRT17 ———  Massflow ratio of R717
e COP of R1270 A Mass flow ratio of R1270

a 2
& g
O 42 +« E

—

p——
e — 2
0 [ T i
L i S S S

08

Fig. 3 Curve for COP and mass flow ratio by

increasing subcooling degree
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increasing evaporating temperature of high

temperature cycle

~3.728%,  2.124~2.478%,
~2.684%°] T},

COP7} S7kshe olfte H¥=rE S7Hedss
hy3t hgol ZF&sHAl Eoh hgol AoAE 2

1.366~1.495%, 2.173

(D)~B3)ellA AE=F @, 7F F7Fsh7] wiZel Ccop
=

AFF#Eur7r Zastes Weles R22, R32,
R134a, R404A, R410A, R507A, R600a, R717,
R12702.2 71 WA3}FS 247t 2.628~3.043%, 2.523
~3.154%, 3.033~3.601%, 3.994~4.940%, 3.148~
3.941%, 3.798~4.881%, 3.100~3.365%, 1.597~

1.747%, 2.990~3.593%°]t}.
AFTHFHIL A3 olfe A @olA kol

astr] dZolt.

3.3 1= Al0IE<
of mg de

S22 SS=2TH0

=
W Zlelth Fig. 4914 312 Abo] 29| F
5CH Z7hel mek cop7t F7hshs

HO
]

il

—8——  Mass flow ratio ofR22
Q M ass flow ratio ofR32
——¥——- Massflow ratio ofR134a
Mass flow ratio of R404A
— M —  Massflow ratio of R410A
—-—0—-~ Mass flow ratio of RE0TA
— —#——  Massflow ratio 0fREM0a
——— Massflow ratio of R717
A M ass flow ratio ofR1270 ke

—8—— COP ofR22
@ COP ofR32
——a—— COPofR134a
- COP of R4D4A
— - — COP of R410A
— ——-- COP ofR507A
— —{—— COP ofR600a
——¢—— COPofRT17
COP ofR1270

20

0 B
L4
0.5 4
r2
Fo
0.0 T T T T T
35 40 45 50 i1 60 65
T4[C]

Fig. 5 Curve for COP and mass flow ratio by
increasing condensing temperature of high
temperature cycle
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Fig. 6 Curve for COP and mass flow ratio by

increasing compressor efficiency
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