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Studies on the Performance Variation of a Variable Speed Vapor

Compression System under Fault and Its Detection and Diagnosis
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ABSTRACT : An experimental study has been performed to develop a scheme for fault
detection and diagnosis(FDD) in a vapor compression refrigeration system. This study is to
analyze fault effect on the system performance and to find efficient diagnosis rules for easy
determination of abnormal system operation. The refrigeration system was operated with a
variable speed compressor to modulate cooling capacity. The FDD system was designed to
consider transient load conditions. Four major faults were considered, and each fault was

detected over wide operating load range by separating the system response to the load
change. Rule-based method was used to diagnose and classify the system faults. From the
experimental results, COP degradation due to the faults in a variable speed system is
severer than that in a constant speed system. The method developed in this study can be

used in the fault detection of refrigeration systems with a variable speed compressor.
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Fig. 1 Experimental setup for fault test of a variable speed system.
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Table 1 Reference experimental condition

Parameters Values
Inlet temperature of secondary 35.0
fluid of condenser, T :
Mass flow rate of secondary 100
fluid of condenser, g/s
Inlet temperature of secondary 6.7

fluid of evaporator, C

Outlet temperature of secondary 6.7
fluid of evaporator, T :

Mass flow rate of secondary 75
fluid of evaporator, g/s

Degree of superheat at 5.0
evaporator outlet, T :
Degree of subcooling at 5.0
condenser outlet, C :
Rotational speed of a 1185

compressor, rpm
Charge value of R22, kg 0.834




Table 2 Experimental condition

Parameters Values

Inlet temperature of secondary 35.0

fluid of condenser, C :

Mass flow rate of secondary 100

fluid of condenser, g/s

Inlet temperature of secondary 2%.7

fluid of evaporator, C )

Outlet temperature of second- 16.7

ary fluid of evaporator, C )

Mass flow rate of secondary

fluid of evaporator, g/s 60/75/90/105

Degree of superheat at 50

evaporator outlet, T .

Rotational speed of a _

COMPressor, rpm 6001600
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Fig. 4 Effect of condenser fouling.
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Table 3 Changes in parameters of a heat pump system with a upper limit constant speed

drive

F. ault type Tevap Tcond Tsc Tcomp,o A’ch A’rew N
Compressor fault 1 ! l i ! ! -
< 15% - - ) - ! l _

Refri t leak .
efrigerant leakage > 15% i 1 ~ ~ | l B
Condenser fault ) i - 1 | 1 -
Evaporator fault ! ) i - J } -

" The exit of liquid line reached saturated liquid state.

Table 4 Changes in parameters of a heat pump system with a variable speed drive

Fault type Tevap chnd Tsc Tcomp,o ATcw ATew N
Compressor fault - - - i) - - 1
< 15% - - ! 1 - - 1
Refri t leakage .
cingerant feakag > 15% Not applicable
Condenser fault - 1 ) 1 - - i)
Evaporator fault ) - 1 i - - 1

* Compressor speed is limited at 1600 rpm when over 15% mass of charged refrigerant is leaked.
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