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The Supply Water Algorithm for a Condensing Gas Boiler Control
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ABSTRACT: The energy consumption of a condensing gas boiler may be greatly reduced by
the effective operation of the unit. In this study, the supply water algorithm for a condensing gas
boiler control was developed by using the fuzzy logic. This includes the supply water set tempe-
rature algorithm, and the control algorithms of a gas valve, a blower and a pump. For the set
temperature algorithm, the outside air temperature and the return water temperature were used
as input variables. The supply water temperature difference and its slope were used as input
variables of the gas valve and blower control algorithm. And the supply water temperature and
the return water temperature were used as input variables of the pump control algorithm. In order
to analyse performances of these algorithms, the dynamic model of a condensing gas boiler was
used. The initial start-up test, the supply water set temperature change test, the outside air tem-
perature change test, and the return water temperature change test were performed. Simulation
results showed that algorithms developed in this study may be practically applied for the effective
control of a condensing gas boiler.
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Table 1 Rule base for the supply water set

temperature algorithm

return

A I;upply‘ set
VL SL | MM | SH | VH
VL VH | SH | MM | MM | SL
SL VH | SH | MM | MM | SL
outside | MM | VH | SH | MM | SL VL
SH SH | MM | MM | SL VL
VH SH | MM | MM | SL VL
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Table 2 Rule base for the gas valve control

algorithm
ASgas . Eupply,d
VVL|VL|SL |SSL|MM |SSH| SH |VH|VVH
L |VVL|VL|SL|SSL|MM |SSH|SSH|SH|VVH
Tty 4| M |VVL|VL|SL |SSL |MM |SSH|SSH|SH|VVH
H | VL |SL|SL|SSL|MM |SSH| SH |VH|VVH

ASgas valve

A Tsupply,d

Fig. 9 Fuzzy membership surface for the gas

valve control algorithm.
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Table 3 Rule base for the pump control

algorithm
A Spump Eupply.,set
VL | SL | MM | SH | VH
H VL | SL | MM | MM | SH
Tretwrn | M | VL | SL | MM | SH | VH
L SL |MM | MM | SH | VH

ASpump

Treturn Tsupply,set

Fig. 13 Fuzzy membership surface for the

pump control algorithm.
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Table 4 Static data

Variable Value
M e 4176 kg/h
M gas, max 2.43 kg/h
Moyater, max 1,587 kg/h

CaPACIty o 121,775 kJ/h

Table 5 Dynamic data

Component | Time constant(s) | Time delay(s)
Blower 2 1
Gas valve 2 1
Pump 5 1
Burner 5 1
Heat exchanger 60 20
Spump - Spump,old + ASpump 5)

O:] 7]}\1 Spump,old{‘;
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Fig. 14 Water and air temperature(45C initial
start-up test).

— Sgas valve — Spump
1 ’_’—

0.8 ,_f\
0.6 i
0.4 J“

0.2 J

0

Signal

0 100 200 300 400 500
Time[s]

Fig. 15 Gas valve position and pump signal
(45C initial start-up test).
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Fig. 16 Water and air temperature(30C initial
start-up test).
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Fig. 17 Gas valve position and pump signal
(30C 1initial start-up test).
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Fig. 19 Gas valve position and pump signal
(Supply water setpoint 2C step
change test).
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Fig. 20 Water and air temperature(Supply
water setpoint 4°C step change test).
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Fig. 21 Gas valve position and pump signal
(Supply water setpoint 4C step
change test).
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Fig. 24 Gas valve position and pump signal
(November).
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Fig. 25 Water and air temperature(January).
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Fig. 26 Gas valve position and pump signal
(January).
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Fig. 27 Water and air temperature(March).
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Fig. 28 Gas valve position and pump signal
(March).
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