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Abstract In this study, the control characteristics and effects of heating control methods on the heating performance and
energy consumption of a hot-water heating control system of a residential apartment were researched by simulation and
experiment. The purpose of this study is to evaluate operational strategies for improving an indoor thermal environment
and reducing f energy consumption in the radiant floor heating system of a residential apartment.
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E = f(E.V., C.V) (1)

&l 7] E.V. = Environment Variables
C.V. = Control Variables
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Fig. 1 The changes of Indoor air and supply water

temperature for outdoor reset control.
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Fig. 2 Application of lead time for indoor air
temperature change.
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Fig. 3 Floor pipe networks in household.
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Table 1 Lead time(min.) with outdoor air and supply
water temperatures

Outdoor air temperature(C)

Supply water

. -1 - 1
temperature( C) 0 > 0 3 0

65 32 40 56 61 66

60 22 30 38 50 60

55 12 18 27 38 52

50 7 13 21 31 45

45 4 9 16 25 38
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Table 2 Supply water set-temperature with supply
water flow-rate

Flow-rate Supply water set-temperature
2 LPM Reference condition(Fig. 1)
Reference conditionx(1-K1)
4 LPM YT
K1 : weighting factor
6 LPM Reference conditionx(1-Kz2)
K2 © weighting factor
Flow-rate Outdoor air temp.
L
Y
Calculation of set temperature
by Outdoor reset control
Supply water Indoor air
set temp. set temp.
Y
Correction of
set temp.
Y
: Correction of
set temp.
Supply water Indoor air
set temp. v y settemp.

Boiler Thermostatic
control valve control

Fig. 4 Flow-diagram of control strategy for radiant
floor heating system.
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Table 3 Operating conditions for experiments

Operating conditions

Supply water Indoor air set Control
set temp.(C) temp.(C) Methods
1 60 35 Conventional
method
) 70 25 Conventional
method
3 Suggested control(Fig. 4)
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Fig. 6 Indoor air temperatures with control methods.

Table 4 Operating conditions and energy consumption
with control methods

Operating conditions Energy.
consumption
Case 1 Indoor air set temp. : 25T 47,975(k)/day)

Supply water set temp. : 65C

Indoor air set temp. : 23.5T

o | 42,574(kJ/d
Supply water set temp. : 65T (kJ/day)

Indoor air set temp. : 23.5C

Case 3 Supply water set temp. : 55T 39,386(kJ/day)
Case 4 | Suggested control 38,564(kJ/day)
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Fig. 7 Set temperature changes for indoor air and
supply water with varing outdoor air tem-
perature.
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Fig. 8 Indoor air set temperature change with varing
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Fig. 11 Outdoor air mean temperature and energy
consumption with control methods.
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