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Abstract In this study, fault symptoms were simulated and analyzed for a single-effect absorption chiller. The fault patterns
of fault detection parameters were tabulated using the fault symptom simulation results. Fault detection and diagnosis by
a process history-based method were performed for the in-situ experiment of a single-effect absorption chiller. Simulated
fault modes for the in-situ experimental study are the decreases in cooling water and chilled water mass flow rates. Five
no-fault reference models for fault detection of a single-effect absorption chiller were developed using fault-free steady-state
data. A sensitivity analysis of fault detection using the normalized distance method was carried out with respect to fault
progress. When mass flow rates of the cooling and chilled water decrease by more than 19.3% and 17.8%, respectively,
the fault can be detected using the normalized distance method, and COP reductions are 6.8% and 4.7%, respectively, compared
with normal operation performance. The pattern recognition method for fault diagnosis of a single-effect absorption chiller
was found to indicate each failure mode accurately.

Key words Fault detection and diagnosis(:2274 3% 2 X&), Absorption chiller(F <=2 45 7]), Normalized distance
method(Z£=3} A2l 7|%), Classifier(F71)
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Fig. 1 Schematic diagram of a single-effect
absorption chiller.

Table 1 Specification of a single-effect absorption

chiller
Unit  Specification

Capacity USRT 252

) Flow rate LPM 2,540

vatﬁd Inlet temperature T 12.0

Outlet temperature T 7.0

) Flow rate LPM 5,500

C;Z:;?g Inlet temperature T 31.0

Outlet temperature T 36.5

Flow rate LPM 1,170

Hot water Inlet temperature (¢ 95.0

Outlet temperature T 80.0

) Chilled water mm 125.0

diaprlnp:ter Cooling water mm 200.0

Hot water mm 100.0

Power source PH/VIHZ  3/380/60
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Solver Main program Unit subroutines
1. Condition set of 1. Interpret input 1. Absorber
equations 2. Form variable vector 2. Desorber
2. Apply constraints 3. Link units and form 3. Heat exchanger
3. Solve system of le{ equations matrix | 4. Condenser
equations 4. Normalize 5. Evaporator
5. Activate solver 6. Valve
&N = 7. Mixer
8. Splitter
9. Rectifier
10. Analyzer
11. Compressor
12. Pump
VA
Output | | Property database

Fig. 2 Structure of ABSIM program.

Table 2 Simulated fault mode for a single-effect
absorption chiller

Fault symptom mode

Fault 1 Decrease of cooling water mass flow rate

Fault 2 Decrease of chilled water mass flow rate

Fault 3 Decrease of hot water mass flow rate

Cooling water inlet temp. sensor error

Fault 4 (measured at a higher temp.)

Chilled water outlet temp. sensor error

Fault 5 (measured at a higher temp.)
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Table 3 Fault pattern table of fault detection

parameter

Tchwi Tc Te Ta Tg
Fault 1 0 + + + +
Fault 2 + + + + +
Fault 3 0 - + + -
Fault 4 0 - - - -
Fault 5 - - - - -

Reskdual 2’“ Fault mode - j

Fault pattern di;ection

rd
/"'_‘ >
‘%W Residual 1
Normal

operating region
Fig. 8 Normalized distance method for 2-Dimensional
case.
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Table 4 Fault diagnosis class probabilities at a first
fault detection

Fault Class probabilities

mode 1 2 3 4 5
1 0.3547 0.0126 0.0024 0.0023 0.0004
2 0.0956 0.4123 0.0024 0.0000 0.0000
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