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A Study on Diagnosing Fouling of Heat Exchangers of a Hybrid Heat Pump
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Abstract A fault detector was developed for heat exchangers of a hybrid heat pump (HP) for household. The proposed detector

can be applied directly to raw operating data. It is to monitor a tracking error between a measured saturation temperature
and its state observer. The observer was estimated from a state-space model simulating dynamics of a heat exchanger. The
real hybrid HP was substituted with a dynamic simulator that implemented two-phased heat transfer and was validated by

experimental data. And artificial fault data were generated using the simulator. Diagnosing the data showed the following. The

residual calculated from the state observer error shows a relatively robust consistency with respect fouling level. The fault

detector is practically useful because it detects a threshold fouling beyond which the performance starts to deteriorate significantly.
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Fig. 1 Hybrid HP for water heating.
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Table 1 Specification of PHE

Item Unit  Refrigerant Water
Heat load kW
Inlet temperature °C 70.0 40.0
Condensation temperature °C 45.0
Subcooling K 3.0
Outlet temperature °C 41.9 45.0
Flow rate kg/s 0.03689 0.3350
Number of channels 25 26
Reference temperature °C 44.95 42.50
Film coefficient W/m2-°C 3,310 4,500
Channel velocity m/s 0.0855 0.0822

Table 2 Specification of the evaporator

Item Value

0.8534 m’
WxHxD = 1.4x0.609%0.044 m

Frontal area
Outer dimension

No. of row 2

No. of circuit 6

Fin pitch 1.41x10° m

No. of fin 992 per row x 2rows = 1,984

Fin type Double4wave
Fin thickness 1.5x10 m
Coil outer diameter 0.01 m

Coil thickness 3.173x10" m
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Fig. 2 Hybrid heat pump simulator.
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Fig. 4 Comparison of a simulation result according to evaporator fouling level.
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