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Abstract

In this study, to improve the indoor thermal environment of the radiant floor heating system, a study was conducted
on the temperature change characteristics and energy consumption according to the change of the indoor air set
temperature, the supply hot water temperature and the outdoor temperature. As for the control method, the on/off
control and the thermal difference proportional control method proposed through previous studies were applied. In
addition, in consideration of field applicability, numerical analysis was performed for the case where the indoor air
temperature sensor was affected by the wall temperature. As a result, it was found that the temperature difference
proportional control method is more effective for thermal comfort and energy saving than on/off control.
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Fig. 1. Flow-chart of on/off control method
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‘ Reset time(=RT) ‘ ‘ Current time(=CT) ‘

Indoor Indoor Temperature
set temperature(=S) temperature(=T) Divisor(=D)

CT=CT+1

Fig. 2. Flow-chart of thermal difference proportional control method
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Table 1. Operation conditions for floor radiant heating system

Control variables Operational conditions
Indoor set temperature 22°C 23°C 24°C
Hot water temperature 50°C 55°C
Outdoor temperature -5~5°C -10~0°C
Flow-rate 1¢ pm
Simulation time 24 hours
Control method on/oft control Thermal difference proportional control
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(a) On/off control method

Set temperature(22.5°C)
Set temperature(23.5°C)
Set temperature(24.5°C)

3 6 9 12

Time (Hour)
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(b) Thermal difference proportional control method

Fig. 3. Comparison of temperature and flow-rate responses for Indoor set temperature changes

Table 2. Results of simulations for indoor set temperature changes

Classification

Set temperature = 22C  Set temperature = 23T

Set temperature = 24C

) Average 22.01C 22.99C 24.04C
Indoor air :
Maximun 22.53C 23.52TC 24.52TC
temperature — AT=1.04C —————— AT=1.03C ——— — AT=1.04TC
Minimun 21.49C 22.49C 23.48T
On/off El Average 25.62°C 26.74C 28.06C
control T Maximn 27317 2821°C 29.35¢
surface — AT=3.07C ————— AT=289C — ——— AT=283C
Minimun 24.24C 25.32C 26.52C
Hot water supply time 215 min. 259 min. 324 min.
Energy consumption 2952 MJ 3287 MJ 3529 MJ
Average 22.09C 22.94C 23.67C
Indoor air = o 22280 23.16C 23.85C
temperature Mini — AT=044C —___—— AT=056C —__ _— AT=041T
Thermal mnimun 21.84C 22.60C 23.44C
difference l Average 25.727C 26.74C 27.59C
proportional T Maximun  26.38C 27.23C 28.53C
control surface — AT=139C — ——— AT=085C — . — AT=1.58C
Minimun 24.99C 26.38C 26.95C
Hot water supply time 221 min. 251 min. 281 min.
Energy consumption 3051 MJ 3167 MJ 3254 MJ
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Fig. 4. Comparison of temperature responses for hot water set temperature
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SR 2231 v AolHAlo] LEWMIL B JlojA FE24R 59 WdtE Bt 2EAL &
2 HEE EAS 20

Table 304 AHE of FF252E7F 50CoAA 5CE 7169 o AWE7] 227 on/off A
oA BT &2t vl Aojao] £ AL FLIA 0.57C 7FF WA HEbG o, oA AR
5|2 6.5%°14 9.8% F716t= EA4S UEtU I o] 24 n|RolE o =3} v Ao 4] &) 79 on/off
AogA vt FFL2FLErt $71E4E oUA] dabe] oA HL 5844 ¢ & At 184,
AW Bd2e o] AdF oz A ey 3252 At webi] 2221 vj#A o] 7]EA4%
s B Folof otz RS YeEr ST

Fig. 5¢} Table 4= FF-252 27 55CY A% 97|2% 9] #Eto]| w2 on/off A|oje} 2=} vl Ao
o] AlEH ol A} & Yehd Aot 7] 2= 9] Hshe 1Y 24X 7HE et sing g o] Bistg o= XA

Table 3. Results of simulations for hot water set temperature

Control method On/Off control Thermal difference proportional control
Supply water temperature 50C 55C 50T 55T
Average 22.70C 22.78C 22.13C 2235
Indoor air -
Maximun  23.52¢ 23.53T 22.74C 22.88C
temperature -~ AT=3.52C————— AT=3.53C ——— AT=2.74C ——_— AT=2.88T
Minimun 200 X 20T 20T
Average 27.08C 27.19T 26.28T 26.54T
Floor surface Maximun  29.81C 30.38C 27.52C 27.93C
- AT=9.81C ——_—AT=1038C ——_ AT=7.52C——__ AT=7.93TC
Minimun 207 20T 20T 20T
Hot water supply time 749 min. 573 min. 692 min. 493 min.
Energy consumption 9223 MJ 9556 MJ 8993 MJ 8700 MJ
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Fig. 5. Comparison of temperature responses for outdoor temperature.

Table 4. Results of simulations for outdoor temperature

Control method

On/Off control

Thermal difference proportional control

Outdoor temperature -5~5C -10~0TC -5~5TC -10~0T
' Average 22.78C 22.75C 22.35C 22.20C
Indoor air Maximun  23.53C 23.53C 22.88C 22.81C
temperature ——— ' AT=3.53C ———— AT=3.53C ——_——AT=2.88C ——_— — AT=281C
Minimun 200 20T 20T 20T
- Average 27.19C 27.86T 26.54C 27.06T
oor -
£ Maximun  30.387C 30.87C 27.93C 28.61TC
surface — AT=1038C ——— AT=10.87C ——— — AT=7.93C ——_—— AT=8.61T
Minimun 200 20T 20T 20T
Hot water supply time 573 min. 704 min. 493 min. 592 min.
Energy consumption 9556MJ 11225MJ 8700MJ 10097MJ

exo} AREETL 5T, SOY A9 10T, 00 F 74X Aol el vlmEA sk
Fig. St 9)7]2% #ato] B2 onoff Al4l7 L= v A gAY AT/ L= U vhetEd
£ WstE Ue agoln, 2Yel A AuE ¢7]2Ee] W] utehd e ERLEL: A 9l
oA 2 e WA gout, AT LRl Be AL AL A T & Yok
onloff Ao gA1S] A AE et MLl Avkgt sk Ak A AWLE 5t Al
o 3 gko] 27 Ehht el $E Wkl Wz S4S dehglon, LEx waA ot el 4
L oultE mue] A Alo] gatgtt stakgke] e AA et 9712 % ozt £ 54

I

7_(_'
_(,3_
dch 2 LEA 5 ASES AW i 223 wAlel7 on/off AlejRTh g LE
ERLEe] LEAL A et AGHAY fAolE ERAYS & 4 99k

Table 4141 A5 u] on/off Ao41 9] AV F7) BREEL 971 2% STrF Wobdol s s}
A9 AT ke FAFE LEA AOIFAL oF 0.15CTHF Fol7h Uehon], o] 24 ulFolR uf &
=3} HdAole] A o7l eE Wek Sof E4ste] MEe] BAXNE wE A4 Folof e & 4 9l
et

Fig. 63} Table 5= AWZ7| L =S Z45te] AolS Sashe 71247 G Aoao] @abolA] &
BHos SR 24t AL HRle] BaE AEeER]d AX e g AL weks AgE7]

B!
]_

>
=
=

SIS

Jud

=

fo K

Korean Society for Geothermal and Hydrothermal Energy (KSGHE)



44 S, ke

35

/ Floor surface temperature

30

25

20| % |

- Indoor air temperature

Temperature (°C)

—— On/Off Control
T.D.P.C

15 | | | | | T :
0 3 6 9 12 15 18 21 24

Time (Hour)

Fig. 6. Comparison of temperature responses for disturbance of indoor temperature
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WA, Fig. 62 ofo] Tt AlolgAld g7 LE @ vtEH s WalE ey agoss 19
oA AMEE LR 2302 AHT] Tet onoff AeHAl L A ANLEMAT WA L2 o
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Table 56l 4] A w) on/off Ao} hAl & MALE7} 230 el wek 22.5-23.5CA 0] Z §A5telof o]
= 2753 A7) HILES 243302 et Ihgale vt Fglo SEx wEAlels A
olFo] 27CHEY AYFILE LS Uehfo] IS 2SI ggton], iR L EoA
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Table 5. Results of simulations for disturbance of indoor temperature

Thermal difference

Control conditions Classification on/off control .
propotional control
) Average 23.28C 22.56C
Indoor air -
o Maximun 24.33C 2291TC
Initial indoor temperature Mini N AT=2.07C ——__._  AT=0.61T
temperature : 23C [imun 22.26C 22.3C
Average 27.44C 26.15TC
Analysis condition : Fl(tzor Maximun 30.27C 27.73C
’ ~ suriace — AT=6.09C —————— —— AT=243TC
O,O clock ~ 24 Minimun 24.18C 25.30C
o’clock - - -
Hot water supply time 506 min. 384 min.
Energy consumption 6400MJ 5844MJ
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7 TR Alol¥i B BMS Wate] i AR ol 4S Suste] A3 1L U vl ERLE WE
o et 9 FEAT A 2P VL A oW 2L FES A2 5 Uik

() SR} AT ) SR AUE folol 7120) onlol Aol L4 HA B o
Sl AUAALE, FFE4LE L 7] 2wl Hate] hafol Aol B g S LRI/ L%, viek
EUEE, RRTFAZ L oUA] 2uFS B4 An L2 uleA o] ““401 oloff Ao] %419 vI3
T $A 5 AN 48 RAY 97 L U Bl Gl o BRHYLS & & ek

@ B AL TPt AFLELA]9) UGLEAAL S 5 IFS wot £EE B3
3 245 2T H9E AT ATt onloff AL B Teby BAfo] F3FHA e om,
e vEAelY B9 olF FolFol o 8.6% PO U WY A5S tehygie

(3) vFEh A A SR oA Alojus 9 B4 wske] met LEAL M Alol NEZSE Ao
o] Hggol utet AhF/1 L% W v EAL] LEAE onloff AojHet A ek, gjete] £
E42 Uehfo] A7) FFLEE ATAoR APeEnt 3 542 e net 2% vl
Aole] SANZE B So] BAGE & 4 U
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