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ABSTRACT : The objectives of this study are to analyze the control variables according to
condensation occurrence, to find the range in floor surface temperature and frequency of con-
densation, and to evaluate the control methods through simulations when the radiant heating
system is used for cooling. Through the simulation analysis the control methods such as
on/ off control, variable flow control and outdoor reset with indoor temperature feedback con-
trol are evaluated and compared.

T he results show that the lowest floor surface temperature is around 23 , the surface con-
densation can be prevented by controlling indoor humidity within 20g/kg (DA), and that out-
door reset with indoor temperature feedback control is more appropriate than on/off control
and variable flow control with regard to prevention of the condensation and thermal comfort.

Key words: Radiant cooling system( ), On/off control(On/ off ), Variable
flow control( ), Outdoor reset with indoor temperature feedback con-
trol( )
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Fig. 1 Schematic diagram of water tempera-
ture control.
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Fig. 2 Schematic diagram of water flow con-
trol.
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Fig. 3 Time schedule in experiment for program validation.
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1 Simulation program validation results

Room Floor Relative
Temp.| Surface |Humidity
() |[Temp.( )| (%)
T est T est 26.7 26.8 775
Cell | Simulation | 27.2 27.0 74.3
1 | Difference | 04 02 3.2
Test| Test 262 | 257 774
Cell | Simulation | 26.5 259 77.3
2 | Difference | 03 02 0.1
T est T est 26.2 25.7 75.7
Cell | Simulation | 26.7 26.0 74.3
3 | Difference | 05 03 14
Test| Test 260 | 257 754
Cell | Simulation | 26.5 258 74.7
4 | Difference | 05 0.1 07
)
Fig. 3
, Table 1
05 , 3.2%
3.2
32
Table 2
3.3
4) (RR)
( T it ) (), (6)

Table 2 Simulation program input data
Item Input data
. Central housing unit
L ocation .
on a typical floor
M odel Orientation South
House M odel M aster bedroom
oo (area 18.0m?,
ceiling height 2.3 m)
W eather Seoul Standard Weather Data®
Air Natural 27 ACH
ventilation
Change Radiant
Rate : 1ACH
cooling
Convection 21.3 W/ person
Radiation 49.7 W/ person
People"”
P Latent 45 W/ person
Number 2 persons
N Convection 118 W/
(7)
Lighting Radiation 9.2W/
Convection 8.3W/
Equipment | Radiation 83W/
Latent ow/
o " M ethod Continuous coaling
per.a.lon Flow rate 1.1Ilpmx 2
Conditions .
Set point 26
Twater = RR(Tout' Tdo)+ wa (4)
Twater' Tshift = RR(Tout' Tshift) (5)
de
Tshm:er+Kifedt+Kddt ®)
+1 on/ off
(7)
2 (6)
8)
I\/Iflow/\ldpflow - ek(1- X) (7)

Iv'flow max /\/Apflow max

X—Ke+Kfedt+Kddt @®)
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Fig. 5 Relation between the supply water tem-
perature and the floor surface tempera-

ture.
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Fig. 10 Comparison of room temperature, floor surface temperature and PMV.
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Fig. 11 Comparison of accumulated time in room temperature range.
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Fig. 12 Comparison of accumulated time in floor surface temperature.

Table 3 Comparison of accumulated time of condensation frequency, room temperature, floor surface
temperature and PMV

On/ off control Variable flow control Outdoor reset with indoor

Water supply| Water stop Open Fully closed | temperature feedback control
Accumulated time of 284.6 595 3149 19.0 2873
condensation (hr) 3440 3339 ’
Average 257 257 259
52;”;_ STDEV 07 07 05
() Maximum 275 27.2 2714
Minimum 243 24.1 243
Floor Average 243 24.2 24.6
Surface STDEV 10 08 06
Temp. | Maximum 26.0 256 255
() Minimum 225 226 25
0 02 6.0 395 100
PMV 02 04 196.0 2335 141.0
(r) 04 06 4905 467.0 516.0
06 08 4135 376.5 4935
08 10 166.0 1555 1105

* Total analysis time is 1,271 hours
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