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Abstract

Recently the radiant panel heating and cooling system has been regarded as an alternative of low temperature
heating and high temperature cooling by applying the renewable energy sources to the heating and cooling of
buildings. Especially this system can be used as HVAC system alternatives in super high-rise buildings for energy
saving and thermal comfort. Also it can be possible to reduce the plenum space because the minimum ventilation
air will be supplied into the space. This study focused on the evaluation the basic characteristics of thermal output
in prefabricated steel wall panel system for radiant heating and cooling. In order to evaluate the thermal output
according to both various supply water temperatures and supply water flow rates, three-dimensional dynamic heat
transfer analysis was performed. As results, for the heating mode, thermal output increased by 26% with the
supply temperature increasing by 5C. The surface temperature of panels range within 1~3C. For the cooling
mode, thermal output decreased by 18.2% with the supply temperature increasing by 2C. The surface temperature
of panels range within 0.5~1C and it was shown the even temperature distribution.
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Description of test cell
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Fig. 2 Horizontal section of radiant heating and cooling
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Fig. 3 Vertical section of radiant heating and cooling
wall panel
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Fig. 4 Panel connection and pipe layout
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Fig. 5 Installation processes of prefabricated steel wall
panel for radiant heating and cooling
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Fig. 6 Surface temperature distribution of panel during
heating operation (Supply water temperature = 50C)
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Table. 1 Description of wall layers for simulation

Category Materials ) Thickness
(Outside—Inside) (mm)
Existing wall Steel 12
structure of test EPS board 30
cell Plywood board 3
Prefabricated Glass wood+Stud 50
steel wall panel| Pipe embedded mat 125
for radiant (EPP mat insulation)
heating and Gypsum board 12.5
cooling Metal panel 05

Table. 2 Properties of materials

Thermal .o
~ Specific
Category | Materials conduc- | D ens1ta_y heat
vty | (e/m | (5/kgC)
(W/mT)
Existi Wood 0.12 700 1,880
xisting
wall EPS board 0.031 40 1,470
structure | Glass wool | 0.029 43 1,220
of test cell "gr ol smd | 50 7800 | 450
Prefabricat| Gypsum
ed steel board 0.18 600 1,000
wall panel
for radiant| Lob Al o001 |60 | 1,800
heating g lant | 035 20 | 840
cooling Steel 50 7,800 450
Pive PB 0.387 930 2,093
P Water - 1,000 | 4200

2) EPP v]E} PBHS 7 oA A% A2 2 A9 E4XE
| &4

of A4zt on o9 A5 49X prEN 12549 & 243
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Table. 3 Simulation results - heating operation

Svl\fapgg Water Supplied heat Return water betlx?vlgeenre;lucgply ‘?\Eggas(freﬁr;ﬂergg;te (r;%.)
temperture | 100, T tompetsure | and ren
(©) (W) | (W/m') temperature(C) 1 2 3 4
1 367.0 477 BA 6.37 28.2 2715 26.8 26.1
40 15 390.8 50.8 3H0 450 28.4 271.8 271.3 26.9
403.5 524 652 3.48 28.4 28.0 276 27.3
1 463.4 60.2 3714 7.86 30.3 29.4 285 21.7
45 15 492.8 64.0 04 5.56 30.5 29.8 29.2 28.6
508.4 66.0 4071 4.30 30.5 30.0 29.6 29.1
1 559.8 727 4064 9.36 324 31.3 30.3 29.3
50 15 594.8 772 4.3 6.62 32.6 31.8 31.1 30.4
2 6134 79.7 4.8 5.11 32.7 32.1 31.5 31.0
(1) % 54 371 7ie stRow, ¥ g Had YeoF =
Wz A AU EE 20T, dHEI] A T 829W/mKZ 3Tt o]+ Wajd BApy
S HAE Alo] AXE AL Hjdh 7o WAl AdEo] Ag-H i alolo] 9]t 3b
2 7b43lel 5CR A4Sa, BY 2Aws  wol¥oR 4@ B9l TUsA 449
o] Ag 97]el 9% Fie] A U= A= T US Ao AHEn
dekslo] ¥ad el Wo]S 25 829W/mKS = Y FE2EE 15, 17, 19TZ 71489
A7 skt o, FH FHF2 1,15 2 LPMe g Wiz
=T FHeEE 40, 45, 50CE 7Hd A 9] A9 FdaA A&kt Al ol
o, FHF FHFS 1,15 2 LPMo2 7143} A ARRs A AR FEEe 99
of 7 eEUE fEE WAY, EULERT A AA AAEE D, 7 26
b % dolHE vustes Ao Y o5 Y Wi TE-dFend 9l w1
th Voltra Z2 oM 29 555 29 +E=(54 ¥RIE: Fig. 7 Fx)Es AHEdo]
g3t7] 918l BC_FRE_S 715 A3tk H L g 7kebeE Ao R skt
ol fAlel £Est AAANA govl, #4
o] 58S FAd kST A9l AEF F 3
= ZHAo®, FA49 &%+ Heat Balance
Equation©.2 Axtxo] w3 W FA4 &%
wake) Aste] 7hs k. 1 \ 3 4

(]
Wiz A AR 26T, JAH T
A2 HAE Adlo] dxld x3oA ol
olF Itk 7FA st 26T R FAeHA HA

3) ASHRAE, ASHRAE Handbook 2001 Fundamentals, ASHRAE, 2001.
4) HeE AL F27h HA gAY, d43e] 2 % 2AE WA
2 ool Aujel fiA3taL glol, A4 9719 GFS A9 A
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Fig. 7 Points of surface temperature analysis
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Table. 4 Simulation results - cooling operation

S\Eggy Water Supplied heat Return water bet%éifeSSSply %ugiﬁegﬁlﬁegéﬁf(ﬂg-)
temperature ﬂ?ﬁ) l{’/il)te 2 temp(e%:a)ture ancvlv ;fgrn
(C) (W) | (W/m) temperature(C) 1 2 3 4
1 2120 | 275 18.30 3.30 214 21.8 22.2 225
15 15 2244 | 29.1 17.33 2.33 214 21.6 21.9 22.1
2 2309 | 300 16.80 1.80 21.3 215 217 21.9
1 1734 | 225 19.70 2.70 22.3 22.6 229 231
17 15 1836 | 238 1891 191 222 22.4 22.6 22.8
2 189.0 | 245 18.47 1.47 22.2 22.3 225 22.7
1 1349 | 175 21.10 2.10 23.1 23.3 236 23.8
19 15 1428 | 185 20.48 1.48 23.0 232 234 235
2 1470 | 19.1 20.15 115 23.0 23.2 23.3 234
4. ZE OHZ Huld BAMSCHUAIAY  HER dFste] ATl 50T 25 E
o viegt gl ek EN mIl Am 1 LPMo 2 FgF3te 29T AlEdeld =
A3 5AF o el 294 AU S AR
(1) Wi 54 57 A = 2ol A5 Ao waa
Wi 54 37F A3} Table 3 ¥ Fig. 8 dd gA2Ee] A, vad 2E s
g ok WA Zeebtd 2984 geg BU2REAAM 18 SELEEEA 1~3TC
Eaguia gl o 2 B Ay Agrs We)E Bole o yEiut
A FAME LFeE 5T F74E o)
ol of 26% 4 FHALe] Z7H1 LPM3 | B

50T AS 2z
A5, 747 261%,
7y 26.0 %, 52.0%

TH 7 o5 B

749, 40°CHin] 45T}
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52.2%, 2 LPM¢ 7%, 7zt
F7hske Ae= L‘rE}kkE}.
w2E HE f7Fo] F7Ee wek 1 LPM
tﬂﬂl 5 LPMQ! 4%, ¢F 6.3~6.5%, 2 LPM
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Fig. 8 Surface temperature distribution for heating at
the conditions of 50C, 1.5 LPM water supply

Flg 9 Surface temperature distribution for cooling at
the conditions of 15C, 1.5 LPM water supply
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