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Research on the Applicability and Failure Mechanism of Decoupling Models for
Multiple Concurrent Faults in Refrigeration and Air Conditioning Systems

Zhao Xinxiang' Liu Jiangyan® Pang Yuan' Liu Bin' Li Kuining'

(1. School of Energy and Power Engineering, Chongqging University, Chongqging 400030, China; 2. School of
Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400044, China)

Abstract This study performs multiple simultaneous fault (MSF) experiments on refrigeration and air-conditioning systems, including
refrigerant undercharge (RU) , refrigerant overcharge (RO), condenser fouling (CF) , and evaporator fouling (EF) , under conditions
that include various combinations of fault types and severity levels. Fault-decoupling models based on the virtual refrigerant charge and
virtual airflow rate are evaluated. In addition, a Bayesian classification-based approach for establishing fault-decoupling thresholds is
proposed, and the decoupling accuracy under different double- and triple-fault combinations is quantitatively assessed. The results
demonstrate that RU and RO should be decoupled separately to achieve a decoupling accuracy of 100%. However, the practical
application of mixed models often leads to misdiagnoses. The virtual airflow rate model achieved a decoupling accuracy exceeding
94. 38% for single faults and MSFs related to CF and EF. However, it failed to distinguish specific fault severity levels. Further, under
severe RU conditions, two-phase refrigerant at heat exchanger outlets significantly impacted working fluid parameters, leading to the
failure of decoupling fouling faults. Moreover, RO increased the condensation temperature and widened the temperature differential
between fluids inside and outside the heat exchangers, resulting in larger calculation errors for the virtual airflow rate and a substantially

reduced decoupling accuracy.

Keywords refrigeration and air conditioning; concurrent faults; virtual sensor; Bayesian classification ; fault decoupling
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Fig.9 Decoupling of evaporator fouling faults
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