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Abstract

Since the invention of refrigeration systems, human living standards have increased rapidly. Air conditioners have
provided people with comfort regardless of external conditions, and refrigerators have significantly improved the quality
of human food. Since refrigeration systems with high energy efficiency require less energy for the same amount of cooling
or heating capacity, they reduce electricity demand. Therefore, improving the performance of the refrigeration system
can be a valid approach to preserving the environment. In this study, the thermodynamic performance of an air-cooled
vapor compression chiller equipped with an economizer was investigated. The main objective was to evaluate the effect
of the economizer on the coefficient of performance (COP), compressor power reduction, and overall energy efficiency
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improvement. Two models—a two-stage vapor compression cycle and a single-stage cycle with an economizer were
developed and simulated using EES software. Eight different refrigerants were analyzed. The simulation results showed
that employing an economizer enhanced the COP by 10—15% compared with the conventional system. Among the studied
refrigerants, R1234ze(Z) exhibited the highest thermal efficiency and environmental compatibility, while R407C
demonstrated the lowest performance. Parametric analysis revealed that an increase in condenser temperature leads to a

reduction in COP and a higher compressor power requirement.

Keywords: Air-cooled chiller, Economizer, Coefficient of performance, Refrigerant, Thermodynamic analysis
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3 Partial Differential Equation
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3 Condenser outlet Split ejector-based Heat Pump cycle
+High Temperature Heat Pump
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1 Basic Heat Pump Cycle
2 Ejector outlet Split Heat Pump cycle
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Tg (K) COP (Present study) COP (Moles et al) Error (%)
260 3.50 3.54 1.21
265 4.02 4.07 1.22
270 4.85 491 1.22
275 6.05 6.12 1.22
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Refrigerant COP1 COPIl  Pyp (psi) P,p (psi) Tpp(°C)

R1234ze 4.201 42.75 56.66 11.04
R22 3.859 39.27 281.80 77.07
R134a 3.899 39.68 191.30 45.65
R290 3.816 38.83 248.44 73.12
R32 3.662 37.26 455.56 125.67 30
R1234yf 3.747 38.13 188.83 48.99
R410A 3.569 36.32 445.41 123.31
R407C 3.386 34.45 321.40 71.57
R1234ze 3.353 46.3 74.88 11.04
R22 3.018 41.68 352.15 77.07
R134a 3.031 41.86 244.09 45.65 0
R290 2.946 40.68 307.04 73.12
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R32 2.807 38.76 570.42 125.67
R1234yf 2.846 39.31 238.15 48.99
R410A 2.643 36.5 557.37 123.31
R407C 2.676 36.95 401.60 71.57
R1234ze 2.733 47.67 97.27 11.04
R22 2.382 41.55 434.82 77.07
R134a 2.386 41.31 307.18 45.65
R290 2.274 39.66 375.21 73.12
R32 2.125 37.07 707.34 125.67 50
R1234yf 2.137 37.27 296.60 48.99
R410A 1.736 30.29 690.95 123.31
R407C 2.087 36.41 496.02 71.57
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Refrigerant COP1 COPIl  Pyp (psi) Pip (psi) Tpp(°C)

R1234ze 5567 9665 4896 11.04
R22 5246 5339 250091 77.07
R134a 5206 9297 16838 45.65
R290 5129 5219 22.48 73.12
R32 5093 5183 40538 12567 30
R1234yf 4983 5071 16737 48.99
R410A 4916 5002 39653 123311
R407C 4627 4709 286014 7155
R1234ze 4668 6447 65.28 11.04
R22 4305 5945 31560 77.07
R134a 4231 5843 21639 45.65
R290 4139 5716 27658 73.12
R32 4113 5681 31053 12567 40
R1234yf 3935 5434 21248 48.99
R410A 3849 5315 49892 123311
R407C 3754 5185 35983 71.57
R1234ze 3.942 6877 85.51 11.04
R22 3.524 6148 391.89 77.07
R134a 3413 5953 27426 45.65
R290 3301 5759 339.8 73.12
R32 3272 5708 63584 12567 50
R1234yf  3.029 5285  266.14 48.99
R410A 2846 4964 62119 12331
R407C 2987 521 447006 7157
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