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The Effects of Hot Water Supply on Energy Consumption
for Floor Radiant Heating System
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Abstract

In this study, the effect of hot water supply flow rates on energy consumption for radiant floor heating
system in apartment were researched by computer simulation. The parametric study of different hot
water supply flow rates was done with regard to energy performance and control characteristics,
respectively. Also the effect of different hot water supply flow rates on the hot water supply
temperatures is studied. As a result, energy consumption were reduced but the response time is increased
by reducing the supply flow rate. And energy consumption can be saved by adjusting the hot water

supply temperatures with different supply flow rates.
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Fig. 1. Pipe buried in semi-infinite medium having
isothermal surface.
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Fig. 4. Floor pipe networks in household.
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Table 1. Simulation model data for Room 2

Thermal Thermal

.. Area .
conductivity (m?) capacitance

(W/m’K) 39)
North wall 0.572 6.693 411.54
East wall 0.572 10.396 478.40
West wall 1.587 10.396 639.20
South wall Wall: 0.27 Wall: 4.68  Wall: 681.15

Window: 0.64 Window: 4.43 Window: 120.67

Table 2. Properties of building materials

Conductivity ~ Density  Specific heat

[Wmc]  [kg/m3] [J/kgCC]
Cement mortar 1.4 2200 1130
Cement brick 1.4 1800 840
Concrete 1.633 2300 879
Styrofoam 0.041 24 1382
Gravel 0.373 1850 837
Steel 47.8 7850 586
Glass 1.167 2700 840
Slate 1.283 2000 960
Tail 1.283 2700 754
Air space 0.026 1.18 1005
Gypsum board 0.443 1440 840
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Table 3. Operation conditions of simulation

Classification Operation conditions

Supply water flow rate(Lpm) 1-6
Supply water temperatures(C') 45, 50, 55, 65
Indoor air set temperature("C) 22+0.5
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Fig. 5. Comparison of room air temperatures with
different supply water flow rates.
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Table 4. Comparison of room air temperatures and energy
consumption with different supply water flow rates

Room air mean Energy
temperature(‘C) consumption(kcal)

1Lpm 21.89 7786
2Lpm 22.0 8606
Flow  3Lpm 22.05 9378
rate 4Lpm 22.07 9764
SLpm 22.09 10272
6Lpm 22.1 10772
24
23 - i
S [/ '
PR ~ -
g+ 7
S 2l R
£
S L
————  Flow-rate = 1Lpm / Supply water temp. = 65°C
20 Flow-rate = 2Lpm / Supply water temp. = 55°C
L Flow-rate = 4Lpm / Supply water temp. = 50°C ||
———— Flow-rate = 6Lpm / Supply water temp. = 48°C
1 T T T T
° 0 3 6 9 12 15 18 21 24
Time (Hour)

Fig. 7. Comparison of room air temperatures with
different supply water temperatures and flow rates.
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Fig. 8. Comparison of energy consumptions with different
supply water temperatures and flow rates before and after
calibrating temperatures.
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Table 5. Comparison of room air temperatures and energy consumptions with different supply water temperatures and

flow rates before and after calibrating temperatures

Before calibration

After calibration

Room air mean

Energy consumption

Room air mean Energy consumption

temperature (C) (kcal) temperature (C) (kcal)

2Lpm 20 8606 220 8606

Frla‘i::” 4Lpm 22,07 9764 21.99 9347
6Lpm 2.1 10772 21.97 10165
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