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Analyses of Reliability for a Typical Solar Heating System
K. K. Chang and M. H. Chun

Abstract

In the present work a time-dependent reliability model for a typical solar domestic hot water
and heating system is developed using the method of Fault Tree Analysis and existing mathem-
atical techniques. The reference system used in this analysis is a typical solar heating system.
The system reliability structure has been identified with the aid of Fault Tree methods. In
addition, a simulation of the solar system reliability has been performed employing the Monte
Carlo method. In the computer simulation, failure rate data such as WASH-1400, MIL-HDBK-
217B, and Green and Bourne are used as input data. These results show that the developed
reliability model is capable of expressing the primary failure phenomena of the solar heating

and domestic hot water system.
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Table 1 Classification of mechanical system
Subsystem Component Ideg&ﬁgi?on ’rfl?rtr?llaer of
components
Collector 01 12
Collector Pressure relief valve 04 1
system Air bleed valve 05 1
Pipe joint 11 24
Check valve 02 1
Gate valve 03 13
Pressure relief valve 04 1
Air bleed valve 05 1
Heat Air purger 06 1
transport Strainer 07 1
system Expansion tank 08 1
Pipe (length in meter) 10 48
Pipe joint 11 28
Collector pump 12 1
Heat Storage tank 09 1
storage Pressure relief valve 04 1
system Air bleed valve 05 1
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Table 2 Classification of electronic system

Subsystem Component Ider’l‘ltlig%zgio“ Igfstl)er of
components
Power Zener diode (voltage regulator) 20 1
supply Fixed composition resister (C) 13 1
circuit Capacitor 15 1
Transistor 17 2
Driver Thyristor (S.C.R.) 18 1
circuit Relay 29 1
General diode 19 2
Differential Integrated circuit 16 1
amplifier
circuit Capacitor 15 2
D.C. Zener diode (voltage reference) 21 1
Amplifier Fixed composition resistor (C) 13 5
circuit Capacxtor 15 5
Fixed composmon resistor (C) 13 2
Bridge Fixed composition resistor (Mn) 13 2
circuit Variable wire-wound resistor 14 1
Sensor 23 1
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Table 3 Component failure modes and causes
Component Failure modes Causes

1. Collector:
Absorber
plate

Cover glass

Insulation

Heat transfer

Rate decreases

(1) Selective coating deteriorates: (molecular movement,
temperature change, humidity, chemical change, cry-
stallization, high temperature)

(2) Buildup of deposits on inside of plate

(3) Deterioration of plate, separation of tube from sheet

Breakage and
moisture deposit

(1) Thermal shock

(2) Damage due to storm, hail and wind
(3) Human error

(4) Leakage of heat transfer fluid

Loss of insulation

(1) Collapses

properties (2) Gets wet
Collector box Leaks (1) Rust
Flow reversal
2. Check valve failure to open valve wear

3. Gate valve

Plugging

Accumulation of dust; rust

4. Pressure
relief valve

Failure to open
Failure to close

Rust
Spring rupture

5. Expansion Leak Rust, failure of welded-joint (due to thermal shock, vibr-
tank ation)
6. Pipe Plugging Scale
Rupture Shock
7. Pipe joints Leak Poor fabrication; rust
8. Collector Won't start Motor burned out; pump bearings seized; Air leak on suction
pump Won't pump side; cavitation (hot fluid)

9. Storage tank

Loss of fluid

Tank leaks; leak elsewhere in system; Evaporation; Insul-
ation failure; cold water added (malfunction of heat-excha-
nger loop); Evaporation

10. Controller

Component failure

Environment (temperature, humidity) Shock (excessive

Soldered joints failure | current)
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Table 4 2;, g and o values of the main components

nugggl of Ref.[5] 10-%/hr Ref.[6] 10-¢/hr
Component | components 3 ’ .Yy 2 ’ Iy H o
(n“) 1 1 1 e
Collector 12 20.92* | 241.08* - | - — —
Pipe joint 57 0.5 | 28.5 3 ! 171 9.90 3.22
Pump 1 27.0 | 27.0 11.33 \ 11.33 10.59 | 1.51
Sensor 2 ] 24. 66* 48.12* — | - — | -

* Data obtained from the maintenance records of domestic manufacturers
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