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Abstract This paper proposes a high-precision refrigerant charge diagnostic method based on active control, which effectively
addresses the shortcomings of traditional passive diagnostic methods, such as low sensitivity to small deviations and susceptibility to
interference from system operating conditions. The method actively anchors the core thermodynamic boundary conditions of the system
and, based on the principle of mass conservation and heat transfer mechanisms, directionally converts variations in refrigerant charge into
changes in liquid-phase retention within the condenser. The condenser outlet subcooling degree is thereby employed as the core
characteristic parameter for quantitative diagnosis, and a standardized four-stage diagnostic procedure, including startup, coarse
regulation, fine regulation, and measurement is established, with quantitative stability criteria. Cross-validation experiments covering
six operating conditions and outdoor temperatures from 20 “C to 45 ‘C were conducted in an enthalpy difference laboratory using two multi-
split units with nominal cooling capacities of 16 kW and 18 kW. The results demonstrate that, within the charge ratio range of 85%-105%,
the subcooling degree exhibits a strictly monotonic increasing trend with respect to refrigerant charge. The subcooling difference between
100% and 90% charge levels remains above 6 °C across all test conditions, and this relationship remains stable across different unit
models and outdoor temperatures. The diagnostic model constructed from this relationship can accurately identify refrigerant charge
deviations as low as 5%, providing a reliable technical solution for online operational diagnostics and early fault warning in multi-split air-
conditioning systems.
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Fig.1 Principle of VRF system and sensor locations
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levels under different operating conditions (CCo=16 kW)
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