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Effects of Vapor Injection on a Compressor in a Transcritical
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ABSTRACT

Potential advantages of using vapor injection in a two stage rotary compressor for a CO; heat pump water
heater system were addressed in this paper by numerical simulation. Vapor separated from a flash tank in the
middle of the expansion process can be used for injection into the second stage suction plenum of the
compressor to improve the system performance. Vapor injection increases the intermediate pressure between
the two stages, thus increasing the first stage compressor work and reducing that of the second stage. As a
whole, however, the compressor input power increases due to injected mass flow rate for the second stage.
Computer simulation showed that increment of the cooling capacity by vapor injection exceeded that of the
compressor work, thus improving the system performance. COP improvement by vapor injection was calculated
to be about 5-14% for normal operating conditions. With vapor injection, a maximum COP was found when the
displacement volume of the second stage becomes 90-95% of that of the first stage of the compressor.
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Fig. 1 Vapor injection cycle in CO; system
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Fig. 2 Two—stage twin rotary compressor in vapor
injection cycle
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Table 1 Comparison on compressor performance between
calculation and experiment

RPM G, cal We, cal COP, cal
G, exp We,exp COP,exp
2100 1.062 1.006 1.056
2700 1.043 0.997 1.046
3480 0977 0990 0.986

Table 2 Effects of vapor injection on compressor
performance: Pd=9.0 MPa/Ps=4.0 MPa

W/0 VI With VL %
Pm [MPa] 5542 6.4%
Wad (W] 2740 2874 49
We [W] 3802 3993 5.0
Qc [W] 10,727 12,315 148
m [ke/s) 0.0760 0.0037 233
COP 2.82 308 92
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Fig.3 Simulation vs. experiment
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Fig. 4 P—V diagram of two—stage twin rotary compressor
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Table 3 Compressor loss breakdown: 1.3
Pd=9.0 MPa/Ps=4.0 MPa o*
(Useful work with no vapor injection counted as 100} 12 ' cvi
WO VL | With VI T Q"
Useful work 100 1049 Loty o
- —
Stage Ist | 2nd | Ist | ond " O\DT>’\\
1.0 02
Useful work /stage 373 | 627 | 566 | 493 © O\g w* vi
Gas compression loss 76 83 0ol
Suction loss | 044 | 032 | 043 | 015 L
Over-compression | 322 | 312 | 347 | 387 34 36 38 P“-° P“'Z 44 46
Re-expansion | 006 | 046 | 030 | 009 s [MPal]
Mechanical loss 1075 1093 (a) cooling capacity and compressor input power
UDDEI' ]oumal 181 159 1.254 (b) . COP*
Lower journal 1.40 1.56 1.20 4 ,/' o+ COP*
Eccentric journal 2.30 277 247 254 1.154
Vane/Slot 082 | 08 | 120 | 071 1.101 pe
% 1.05 7
Vane/Roller 042 | 029 | 049 | 033 o e
Q 1004 .
O ~
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Fig. 6 Intermediate pressure, inter—cooling effect, and
vapor quality in vapor injection system vs. suction
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Fig. 7 Effects of vapor injection at Ps = 4MPa
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Fig. 8 Enthalpy variation at expansion valve outlet for
expansion valve inlet temperature of 35 C with
increasing discharge pressure
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Fig. 9 Effects of displacement volume ratio on the
compressor performance
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