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Performance Analysis of Cascade Refrigeration System
with Respect to Refrigerants Appling to High Temperature
Cycle
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Abstract: This paper presents the Coefficient of performance(COP) and mass flow ratio of cascade
refrigeration system with respect to refrigerants appling to high temperature cycle. The operating
parameters considered in this study include degree of superheating and subcooling, compressor efficiency,
evaporating temperature, condensing temperature and internal heat exchanger -effectiveness in high
temperature cycle. The result of this study is as follows : The COP of cascade system increases with
increasing degree of superheating and subcooling, compressor efficiency and internal heat exchanger
effectiveness except increasing condensing temperature. The mass flow ratio of low and high temperature
cycle increases with increasing evaporating temperature and condensing temperature, but decreases with
increasing internal heat exchanger effectiveness, degree of superheating and subcooling. Also, the mass
flow ratio has no correlation with compressor efficiency at high temperature cycle.

Key Words : Natural and alternative refrigerants, R717, Cascade system, COP, Mass flow ratio

1. M 2 £ dT7EE 99 YAl S RH 218 =
= 3] O b5 AbolZolu 279 Aol
Ao ZPe Wus 3 o222 gy 7 °l&F ol WEAolEe td AUt ‘EA‘E‘r.”)
ool e A EAl7) opr|HuEA Zge 53], AAWmE A& H2Als YEAx
Yolg FAsHs FAEckmEGA, EEe Bl WF T A7ES A¥EH, Antonio

oJGA ol o8l $-elkehs 20305 E Zgle  Messineo = R744(H &)k 717( e A
o] Abgo] FAHAG. o]yd olgx myge AE WEA2EES dstHor F4siia
ool A WulE A dupol R7449} R717¢]  Bansal-Jain&  R744(H ‘%‘«)9} ethanol, R290,

A7s} ksl AaEo] gom. T Wul= x4 R404A, RI2I0 SIS A& 7H/\7ﬂ o=

JEAzHel e A5 dejstios wAg)
* &3g . FAUSy Y5 TzF3Egd *t Chang-Hyo Son : Department of Refrigeration and Air
E-mail : Sonch@pknu.ac.kr, Tel : 051-629-6183 Conditioning Engineering, Pukyong National University.
AR, ANFE . FAYEn Y5Fx2Fy E-mail : Sonch@pknu.ackr, Tel : 051-629-6183

*Jung-In Yoon, Min-Ju Jeon : Department of Refrigeration and
Air Conditioning Engineering, Pukyong National University.

St=SHI|ASSX] M213 M3Z, 20174 6¥€ 45



I2E dojo] o o

o WSAAYe g5 24

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

Cycle Component Energy Mass
) Compressor(13—14) Wy=mylhy—hy)/ (e 4 * T 1)
High Condenser(14—15) Q.=my(hy—hy)
Temperature Internal heat exchanger(16—11, 10—13) Qux. n=(hyy—hy) = (h;—hy) My = my ~ my,
Refrigeration Expansion valve(11—12) hy, =hy, ‘ ’
Cycle
Y Cascade heat exchanger(12—9, 6—7) Qo =mp(hg—hy) =my (hg—h,)
Low Compressor(5—6) Wy =my(hg—hg)/(n. | * ny L)
Temperature Internal heat fexchanger(8—>3, 2—5) Qux, . = (hg—hy) = (h;—h,)
Refrigeration Expansion valve(3—4) h,=h, mp=m, ~mg
Cycle Evaporator(1—4) Q.=my(h,—hy)
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Fig. 1 Schematic diagram of a cascade system.
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Table 2 Analysis conditions.

Refrigerant Value Unit
T, 40°, 45, 50, 55, 60 | C
T. -50 T
AT = Teas = Tem, o 5 T
Tan 1= T 1 0 T
Tan 1= T n 0", 5, 10, 15, 20 T
T o 20, -15, -10°, -5, 0 | C
Tes, ¢ -15, -10, -5%, 0, 5 T
= T, L= I, 10 0.8 -
Mo 1. 0.8 -
e 0.6, 0.7, 08", 09, 1 | -
€L 0.4 -
ex 0.1, 0.2, 0.3, 04", 05| -
*Standard condition
Qus = Qus, ¢ = Qus, o 1)
Qcas:ml‘(hﬁ_hﬂ =mH(h9—h12) @)

ol WAl xEle AA AEAFCOP)E of9
2(3) 0.2 A4z},

Q.
P =W w 3
_ (h9_h12)(h1_h4)
(hg = hy ) (g = hs) + (hg = hyy )Ry —hyy)
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Fig. 2 COP and mass flow ratio curve for cascade

refrigeration  system with variation of

superheating degree at high temperature.
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Fig. 3 COP and mass flow ratio curve for cascade

refrigeration  system with  variation of

subcooling degree at high temperature cycle.
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Fig. 4 COP and mass flow ratio curve for cascade

refrigeration  system with  variation of
evaporationg temperature at high temperature

cycle
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Fig. 5 COP and mass flow ratio curve for cascade

refrigeration  system  with  variation of
condensing temperature at high temperature

cycle.
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Fig. 6 COP and mass flow ratio curve for cascade
refrigeration system with variation of internal
effectiveness at  high

heat  exchanger

temperature cycle.
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Fig. 7 COP and mass flow ratio curve for cascade

refrigeration  system with variation of

compressor efficiency at high temperature

cycle.
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