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Abstract - In this paper, cycle performance analysis of NH3~CO2(R717-R744) two-stage
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 sub-—
cooling and superheating degree, compressor efficiency, and condensing and evaporating tem-—
perature in the ammonia(R717) high temperature cycle and the carbon dioxide low tem-
perature cycle. The main results were summarized as follows : The COP of two-stage cascade
refrigeration system increases with the increasing subcooling degree, but decreases with the
increasing superheating degree. The COP of two-stage cascade refrigeration system decrea—
ses with the increasing condensing temperature, but increases with the increasing evapora-
ting temperature. And the COP of two-stage cascade refrigeration system increases with
increasing the compressor efficiency. Therefore, superheating and subcoolng degree, com—
pressor efficiency, and evaporating and condensing temperature of NH3-CO2(R717-R744)
two-stage cascade refrigeration system have an effect on the COP of this system.
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Fig. 1. Schematic diagram of a two-stage
cascade system.
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Table 1. Balance equation for each component of R717 and R744 cascade refrigeration system.

Cycle Component Energy Mass
] Evaporator(8—5) Quus.o =my (hy —hy)
ng,h terr'lperdture Compressor(5—6) Wy =my (hg —hy ) /mgna my =m; =mg
refrigeration cycle Condh 67 Q 0 —h)
=m, (h, — =m., =
(R717 circuit) oncenser o TH e T 7 = s
Expansion valve(7—8) h, =hg
Evaporator(4—1) Q, =my, (h] —h,)
LOW temperature Compressor(1—2) Wy, =my (hy —hy)/n 1 My =My =,
refrigeration cycle —
(R744 circuit) Condenser(2—3) Qeas.c =my, (hy —hy) =my; =m,
Expansion valve(3—4) hy =h,

Table 2. Calculation of thermodynamic state points of R717 and R744 cascade system using

EES.
Evaporator outlet Compressor outlet Condenser outlet Expansion valve outlet
High temperature refrigeration cycle(R717 circuit)
P, =f(R717,T=T,, ..x=1 Py =f(R717,T=T,x=1) P, =P, P, =P,
T Tcas e +ATsuh H Tb = f(R717P = PG’h = hb) T T ATsuc H T8 = T(‘as,c
hg. = f(R717,P =Pg,s =s;)
hy, = f(R717,T="T,,P=P;) °"|h, = f(R717,P=P,,T=T,) hy =h,
hg = (hge —hy) /10,5 + Dy
=fRM7,T=T,,P=P;)
Low temperature refrigeration cycle(R744 circuit)
P1:f(R744.T:T.X:1) P2:f(R744.,T:TLde—1 P, =P, P, =P,
T T + ATsuh L T2 = f(R744P - P‘27h - h2) T3 = Tca‘s.c - ATsuc,L T-l Te
hy. = f(R744,P = P,s= 51)
=f(R744,T=T,;,P=P,) : =f(R744,P=P,, T=T,) h, =h,
h, = (112* —h, )/U«Han +h, ’
s, = f(R7144,T=T,,P=P,)
COP =Q,/ (W, +W,) Table 3. Performance analysis range of
(h. —h.)(h —h,) R717-R744 cascade system.
R T
= — — — 3)
(hﬁ h5)(h2 h3)+ (h5 hg)(hQ hl) . R717(High temperature),
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