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Performance Analysis of a Carbon Dioxide(R744) Two-Stage
Compression and One-Stage Expansion Refrigeration Cycle
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Abstract : In this paper, cycle performance analysis of R744(CO,) two-stage compression and one-stage expansion
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 superheating degree, compressor cfficiency, gas cooling
pressure, mass flowrate ratio, outlet temperature of gas cooler and evaporating temperature in the carbon dioxide
two-stage refrigeration cycle. The main results were summarized as follows : The cooling capacity of two-stage
compression and one-stage expansion refrigeration system increases with the increasing superheating degree,
compressor efficiency and gas cooling pressure, but decreases with the increasing mass flowrate ratio and
evaporating temperature. The compression work of two-stage compression and one-stage expansion refrigeration
system increases with the increasing superheating degree, outlet temperature of gas cooler, gas cooling pressure
and evaporating temperature, but decreases with the increasing compressor efficiency and mass flowrate ratio. The
COP of two-stage compression and one-stage expansion refrigeration system increases with the increasing
compressor efficiency, but decreases with the increasing superheating degree, gas cooling pressure, mass flowrate
ratio and evaporating temperature. Therefore, superheating degree, compressor efficiency, gas cooling pressure,
mass flowrate ratio, outlet temperature of gas cooler and evaporating temperature of R744(CQO;) two-stage
compression and one-stage expansion refrigeration system have an effect on the cooling capacity, compressor work
and COP of this system.

Nomenclature X : Quality

COP : Coefficient of performance Greek symbols

h . Enthalpy, [k]/kg]

m  : Mass flowrate, [kg/s] A : Difference

P . Pressure, [kPa] 1 . Efficiency

Q . Heat capacity, [kW]

s * Entropy, [kJ/kgK] Subscripts

T : Temperature, [C]

A\ . Velocity, [m/s] c . compression

W : Compressor work, [kW] e . evaporator

F . refrigeration space

EHEFA LA - FAWEw YeFzIey H . high stage
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L : low stage
m  mechanical
0  condensing medium
suh  : superheater
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Table 1 Balance equation for each component of R744 two-stage compression refrigeration system

Component Energy Mass
Low stage compressor(1—32) W, =m, (h,—h,)/ngng
(2—3)

High stage compressor(3—4)

Wy =my (b, —h, ) e

my =my, +m,

Gas cooler (4—5)

Qgc =My (h4 - h5)

Intercooler expansion valve(5—6)

hy =hg

(h5Ah7)+(h2—h3)]

My :mL[ (h37h6)

’

(6—3)

Q, =my (hy —hy)

5-7)

(h, —h;)
SiCenl

Main expansion valve(7—8)

h; = hy

Evaporator(8—1)

Q, sz(h1_h2)

Table 2 Calculation of thermodynamic state points of R744 refrigeration system using EES

1 2

3 -

P, ={(R744,T=T, x=1) P, =P,

P, =P, =P, P, P, =P,

T, =T, + AT, T, = 1(R744,h =h,,P =P,)

T, = f{(R7448,h =h,,P=P,) | T,=f(R744$,h=h,P=P,)

hy, = f(R744,P =P,,s=s,)

h, = f(R744,T="T,,P =P,)
h, = (hy 7h1)/ncL77mL +hy

hy. = {(R744,P =P, s=s,)

h, = f(R744,P =P, x = 1)
h, = (h4* _hS)/ncHan +h,

s, = f(R744,T="T,,P =P,) s, = f(R744,h =h,,P =P,)

s, = [(R744,h =h,,P =P,) s, = [(R744,h=h,,P=P,)

5] 6 7 l 8
P, =P, Py=P,=P_ P, =P, P, =P,
Ts = Ty out T, = f(R717,h =hy,P =P;) T, = {(R717,h =h,,P =P;) T, =T,
hy = f(R717,T=T,,P =P;) hy =h, h, = {(R717,m;,m,,P =P,) hy =h,

sy = f{(R744,h =h,,P=P) ss = f(R744,h =h,,P =P,)

s, = f(RT17,h=h,,P=P,) sy = f(R717,h =h,P =P,)

Table 3 Performance analysis ranges of R744 two-stage

compression refrigeration system

Refrigerant J R744(CO)

P, [T] 8 ~ 12

T, , [C] -10 ~ 40

AT, [T] 0~2

1=, N, L /] 07 ~ 09
M =ML, =Mt L /] 0.8
m, [kg/s] 0.01

Tyeout L C] 10 ~ 30
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Fig. 1 Schematic diagram of a R744 two-stage
compression refrigeration system.
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Fig. 2 2-stage compression and l-stage expansion
cycles using R744 on P-h property plots.
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Fig. 4 Effect of outlet temperature of gas cooler on
R744 refrigeration system.
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Fig. 5 System performance for R744 with variation of
isentropic efficiency in high and low-stage compressor.
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Fig. 6 System performance for R744 with variation
of R744 gas cooling pressure in the gas cooler.
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Fig. 7 System performance for R744 with variation
of evaporating temperatures.
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