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ABSTRACT

To analyze the unsteady heat transfer phenomena in radiant heating panel, a mathematical model

was considered. Numerical analysis for solving the governing equations was conducted by using the

finite difference method with boundary-fitted meshes.

Transient temperature distributions and thermal responses in heating panel were obtained for

various design parameters such as pipe pitches, pipe diameters and pipe depths. Experimental results

were also obtained to verify the results of calculation.
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Fig. 1 Schematics of heating panel model
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Ade) E4AE YUY = BAAARY

2 \Tog | "o \Toam o AN Baw 7 wHd Yy FE R
—a ® [, oT) a [, oT B 3AFEE Table 3 R Table 4 2+ 1}e}
P2 (k‘ o "3 (k’ on ) WAt o9 S
. o AXIE F, 27T EH2E,
............................................. (12) A R 9719 2%, MG A R FEA 9 A
Ha-&EEL Table 590 B wpel 24,
04 SHHA Table 1 Geometric measurements (cm)
W [ 160, 180, 20.0, 220, 240
4 (1003 (11)E o] &3t mde] A D |12 15 18
2o g FEHENF F A8E A g A A |25 30 35
g (12)8 27123 () 2 3Ax38 3 Ll| 120 (Concrete)
—(9) & AHE-3lY SR # A g} ol £33 Y L2| 30 (Insulation)
dgoze FIAEUE AHEEAT L3| 20 (Mortar)
Table 101+ A4HA] ALS-§ 24 o] 7]383H3 4| 60 (Gravel)
AL FASRIL, Table 2015 24 S Hg L5| 40, 45 50 (Mortar)
Table 2 Properties of each materials
j conductivity density specific heat
(J/hr - em - ) (kg/ert) (U/kg - ©)
i Concrete 62.2800 0.002300 653.00
; Insulation 1.0386 0.000024 1214.00
| Mortar 50.2308 0.002020 113022
| Gravel 22.1832 0.001850 837.20

Table 3 Constants and values for radiation heat transfer of each surfaces in the room

floor ceiling lsouth wall| east wall [north wall|west wall| window | door
emissivity 0.70 0.72 0.72 0.72 0.72 0.72 0.74 0.70
reflectivity 025 0.27 0.27 0.27 0.27 027 0.05 0.26
area (m?) 528 5.28 462 5.04 354 342 1.08 1.62
surface temp.(T)| 28.00 26.00 25.00 25.00 25.00 25.00 10.00 25.00

Table 4 Shape factors for each surfaces

floor ceiling |south wall| east wall jnorth wall{west wall| window door
floor 0.000 0224 0.185 0.203 0.120 0.147 0.065 0.056
ceiling 0.224 0.000 0.185 0.203 0.158 0.135 0.027 0.067
south wall 0.212 0212 0.000 0.202 0.129 0.172 0.043 0.030
east wall 0.212 0.212 0.185 0.000 0.146 0.139 0.039 0.066
north wall 0.179 0.236 0.168 0.208 0.000 0.092 0.000 0.117
west wall 0227 0.209 0.233 0.205 0.095 0.000 0.032 0.000
window 0.320 0.132 0.184 0.182 0.000 0.102 0.000 0.080
door 0.182 0.219 0.085 0205 0.255 0.000 0.054 0.000
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Table 5 Other operating conditions

Temperature of the pipe surface ) 50.0, 49.0
Indoor air temperature () 280
Outdoor temperature (o) 10.0
Averaged panel surface temperature ()

for start of heating 30.0

for stop of heating 320
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