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- ABSTRACT: In a two-stage compression CO: transcritical cycle, application of a scroll ex-
pander-compressor unit has been considered in order to improve the cycle COP. For both ex-
pander and 1st stage compressor, scroll wrap profile which was originally designed for a
R410A air-conditioning cycle' mechanism was used with minor modifications: wrap height and
involute end angle were adjusted for required displacement volume and built-in volume ratio.
For pressure condition of 10MPa/3.5MPa and expander inlet temperature of 35T, 25% im-
provement in COP was obtained by using expander-compressor unit. As evaporator pressure
increased, COP improvement was lowered mainly due to decreasing compressor performance.

Key words: Expander-compressor(®%7]-%%7]), COP(d 44+, Efficiency(&&), COz trans-
critical cycle(COz YA Alo] &)
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Fig. 2 P-h diagram of a COz transcritical cy—
cle with expander-compressor unit.
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Table 1 Operating conditions

Notation Description - Value~
4 Compressor suction temp. 42T
ty Gas cooler temp. 35T
P, Evaporator pressure 3.5MPa
P, Gas cooler pressure 10 MPa
m Mass flow rate 0.0873 kg/s
Q. Cooling capacity 105 kW
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Table 2 Main specifications of scroll expander
and compressor unit

Notation Expander Compressor

9, 193° 193°
¢, 1,035° 599°
V.R 2.703 1.162
P.R 2.702 1.209

t 4 [mm] 4 [mm]

h 3.35 [mm] 25.8 [mm]
Va 1.7 [ec] 16 {cc]
P,/ P, 10/3.7 4.23/35
m=0.0873kg/s, Vy=172cc
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Fig. 3 Expander-compressor assembly.
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Table 3 Improvement of COz cycle performance at design condition: P;=3.5MPa, P;=10MPa, {;=

35T
Without expander With expander ( ¢ =10 pym) Ratio
Expander power output - 0.636 kW -
Cooling capacity 12,541 kW 13.624 kW 1.086
Compressor work 5.027 kW 4.377 kW ' 0.871
COP 2.495 3.113 1.248
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Table 4 Expander-compressor efficiencies

Efficiency Expander Compressor

Volume n, 0.84 o, 0.973
Isentropic n; 0971 n; 0.849

Total n, 0.652 . 0.764
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Fig. 9 Expander-compressor efficiencies at various gas cooler pressures.
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