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Cycle Simulation of an Air Source Heat Pump Using Liquid Injection
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ABSTRACT: An air source heat pump using liquid injection technique, which can be applied
for very low temperature climate, has been simulated to examine the design options.
Comparison between the simulation and experiment has been carried out to validate the
simulation method. Effects of various design parameters such as liquid injection rate and
injection pressure are investigated to optimize the performance of the heat pump. Finally,
optimal liquid injection rate and injection pressure to maintain sufficient heating capacity and
moderate discharge refrigerant temperature are suggested when the heat pump was operated
at very low outdoor temperature.
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Fig. 1 Schematic diagram of a liquid injection cycle system.
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Fig. 2 P-h diagram of a liquid injection cycle.
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Table 1 Simulation conditions

Variables

Unit Values

TS8(Air temperature entering evaporator)

T 1270+ |7.0%%|-7.76]|-15.2

TS7(Air temperature leaving evaporator)

T 150 | 40 |-9.26|-174

SHR(Sensible heat ratio)

- 0.625]0.585 ] 0.373 | 0.610

TS4(Air temperature entering condenser)

[9 350 ] 21.0 | 21.0 | 21.0

VFE(Volume flow rate of air in evaporator)

m*/min| 54.0 | 166 { 15.0 | 150

VFEC(Volume flow rate of air in condenser)

m*/min| 16.6 | 54.0 | 54.0 | 54.0

DSH{(Degree of superheat)

T 50 { 50 | 115] 80

DSC(Degree of subcooling)

T 40 | 2504310 | 340

AP.(Pressure drop in evaporator)

MPa | 0.03 | 0.03 | 0.03 | 0.03

AP (Pressure drop in condenser)

MPa [ 0.03 | 0.03 | 0.03 | 0.03

UA(UA value of evaporator)

kW/C | 035 ] 055 | 044 | 0.33

UA(UA value of condenser)

kW/TC | 077 { 035 | 0.35 | 0.35

CIEFF(Isentropic efficiency of compressor)

- 0.7 | 08 10648} 0.64

CMEFF(Product of motor & mechanical efficiency of compressor) - 0.65 | 0.525]0.44510.476

Mi/Me(Liquid injection fraction)

- 00 | 00 1013 0.15

Prl(Liquid injection pressure ratio = (Pisi~Psuc)/(Pais—Psuc)) - - - 06 | 06

* Standard condition for cooling, ** Standard condition for heating.
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Table 2 Comparison between experimental and simulation results

Items Experiment Simulation

| Outdoor temperature(C) 35.0% | 7.0%x | -7.76 | =152 | 35.0% | 7.0x* | -7.76 | =152
Discharge pressure(MPa) 180 | 190 | 1.70 | 1.60 | 1.89 | 190 | 1.77 | 167
Suction pressure(MPa) 047 | 036 | 012 | 0.1 050 | 038 | 020 | 0.14
Discharge temperature(C) 930 | 882 | 932 { 90.7 { 906 | 906 | 925 | 90.3
Suction temperature(C) 464 | -283 | -124 | -254 | 48 -28 | -12.4 ] -24.6
Air temperature leaving condenser(C) 471 { 471 | 450 | 454 | 450 | 486 | 46.1 | 439
Cooling or heating capacity(kW) 7.243 | 8.331 | 7537 | 6.860 | 7.245 | 8.320 | 7.543 | 6.890
Power consumption(kW) 3.497 | 3.678 | 5.410 | 5.090 | 3.512 | 3.640 | 5.390 | 5.060
EER 2.07 | 2260|1393 {1348 | 2.06 | 2.286 | 1.399 | 1.362

* Standard condition for cooling, ** Standard condition for heating.
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