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Thermodynamic Behavior Analysis of a Compressor
under Condenser External Fouling : A Digital Twin Approach
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Abstract

This study proposes a digital twin-based thermodynamic analysis model for the stable operation and fault prognosis of a
hermetic reciprocating compressor under condenser external fouling conditions. An industrial refrigeration cycle was modeled
using MATLAB/Simulink, and condenser fouling was quantitatively represented by integrating three physical mechanisms:
reduction in air-side mass flow rate, increase in fouling factor, and decrease in effective heat transfer area. The model was
validated using experimentally measured temperature and pressure data, showing a high agreement with an average NRMSE
of 4.24%. Simulation results confirmed that degraded condenser performance caused increases in compression ratio and
discharge superheat, leading to higher thermodynamic loads on the compressor. The proposed approach is expected to
provide a practical foundation for future fault diagnosis and Remaining Useful Life (RUL) prediction.
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Fig. 1. Experimental setup configuration
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Table 1. Compressor specifications

Category
Model name
Compressor type
Rated power output

Specification
CS20K7ME-PFV-101EE
Hermetic reciprocating
1.5 HP(1.12 kW)

Displacement 39.4 ccfrev
Voltage / Frequency 208~230 V / 60 Hz
Phase 1 Phase
Refrigerant R507A
RPM 3,500
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Fig 7. Quantitative variations of key indicators according to condenser external fin fouling levels
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