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Abstract In the operational diagnosis of air-source heat pumps, the conventional coefficient of performance has limitations in
distinguishing environmental effects from equipment performance degradation because of its dependency on the operating conditions. To
address this issue, this study proposes a performance consistency index based on the second law of thermodynamics. By normalizing the
thermodynamic perfectibility under actual operating conditions against its rated value under nameplate conditions, a diagnostic method is
established for energy efficiency based on this index, with operational robustness and design benchmarking capabilities. The study
demonstrates that the performance consistency index inherits the stability and comparability of thermodynamic perfectibility , effectively
decoupling the effects of environmental parameter fluctuations and equipment performance degradation, independent of the operating
conditions, and accurately characterizes the equipment status. Design benchmark based on performance consistency index PCI=1, the
deviations between the actual performance and design objectives were quantified. Validation through operational diagnosis of the four
units confirmed that the performance consistency index successfully identified the degradations in partial-load energy efficiency and low-
temperature performance. The performance consistency index provides a theoretical tool for the long-term energy efficiency conservation
of air-source heat pumps, enabling the precise identification of inefficient units through threshold settings and supporting scientific
decision-making for equipment renewal in "coal-to-electricity" projects.

Keywords  air-source heat pump; performance consistency index; thermodynamic perfectibility; long-term energy efficiency
conservation; operational diagnosis
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Tab.1 Comparison of thermodynamic evaluation indicators
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Tab.2 Laboratory test results of model A air-source heat pump

b AT ERIELEC FEAMBIRIELE/C HEKIRESC KRS cop - n PCI
1 -19.84 / 37.45 41.03 2.16 0.41 0.41 1.01
2 -12.01 -13.12 37.04 41.03 2.50 0.41 0.41 1.01
3 -6.99 -7.87 35.74 38.95 3.03 0.43 0.43 1.07
4 2.02 1.05 35.04 37.04 3.81 0.42 0.42 1.04
5 7.02 6.05 33.34 34.98 4.93 0.44 0.44 1.08
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Tab.3 Performance parameters of the nameplates and
thermodynamic perfectibility of the nominal working

conditions of two brands

2 SUI ARG A
A “ ZLCOP 4T
L 2 kAW IR IW #4 X CO # LT kn
B 12.00 4.90 2.45 0.40
B2 12.00 4.62 2.60 0.42
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Tab.4 Actual operation test results of model B air-source heat pump

Ml =AMFRRIRESC EAMHXRE /% HEKIRE C KR C cop Meergy n PCI
Bl 3.15 27.75 43.09 47.67 2.81 0.37 0.37 0.94
B2 -3.25 38.23 43.45 48.48 2.79 0.43 0.43 1.02
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Tab.6 Performance parameters of nameplates and
thermodynamic perfectibility of nominal working conditions

of each brand
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Tab.5 Instruments for the experiment o
A — R IAR [F] T 00 25 032 AT K i 2288, T3 14 51 A PCI
- B RORIRE sy, ol LS — 35 S0 HF (R si 2 5 5 SRR
e ST ALTURIR 0 X T#1 HLAL, 4 W H 9 PCLESE 0.9 UL F
Hert LRI e Fy PCI4 0. 99, BEMIHLAL S BRia T /K T4 41 o
H B kil 229 Ao #1-1 (9 PCHRFHA 3 MK B, HLAL 67 o 2
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Tab.7 Results of four units on test date
G EAMTERRIREESC EAMIRRE/%  HKIREESC HUKIREEC RIPGEAW  EATREAW coP g n PCI
#1-1 -16.0 64.5 42.6 44.8 7.03 3.40 2.06 0.39 0.39 0.95
#1-2 -25.9 64.6 41.2 44.2 9.58 5.05 1.90 0.41 0.41 1.00
#1-3 -15.8 58.0 35.5 38.9 10.06 4.22 2.38 0.41 0.41 1.00
#1-4 -22.9 53.6 32.9 36.3 10.32 4.65 2.22 0.42 0.42 1.02
#2-1 -20.1 59.3 29.1 32.8 10.21 4.01 2.55 0.43 0.43 1.05
#2-2 -17.1 57.0 39.7 43.7 11.19 4.85 2.31 0.43 0.43 1.05
#2-3 -19.1 55.8 32.6 35.6 7.66 3.84 1.99 0.34 0.34 0.83
#2-4 -17.2 57.9 31.2 34.0 7.12 3.41 2.09 0.34 0.34 0.83
#3-1 -26.3 65.6 39.1 41.9 8.31 5.79 1.44 0.31 0.31 0.76
#3-2 -26.5 65.1 314 34.0 7.56 5.01 1.51 0.29 0.29 0.71
#3-3 -14.5 47.8 333 36.8 10.10 4.33 2.33 0.37 0.37 0.90
#3-4 -15.6 50.7 38.7 42.3 9.80 4.72 2.08 0.37 0.37 0.90
#4-1 -28.7 67.9 31.4 32.9 3.75 4.81 0.78 0.16 0.16 0.39
#4-2 -27.5 68.5 32.7 34.1 3.65 4.85 0.75 0.15 0.15 0.37
#4-3 -19.9 58.0 34.0 37.0 7.39 5.32 1.39 0.25 0.25 0.61
#4-4 -17.3 55.1 35.6 39.1 8.35 5.80 1.44 0.25 0.25 0.61
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