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ABSTRACT KEYW ORD

Purpose: The architectural structures in the engineering field include more than one material, and the heat transfer S 2 X &

through these multiple materials becomes complicated. More or less, the analytic solutions obtained by the hand Eﬁfﬁl}f‘fﬂl
. . . . . . . — = ¢
calculation can provide the limited information of heat transfer phenomena. However, the engineers have generally 1801021_|1
been forced to obtain reliable results than those of the hand calculation. The numerical calculation such as a finite 27 =2
volume methods with the unstructured grid system is only the suitable means of the analysis for the complex and
arbitrary domains that consists of multiple materials. In this study, a new numerical code is developed to provide Multiple material
e . . . . . . o Architectural structure
temperature distributions in the multiple material domains, and the results of this code are compared with the validation .
. o . L ) Computational methods

cases in ISO10211. Method: Finite volume methods with an unstructured grid is employed. In terms of numerical (5010211
methods, the heat transfer conduction coefficient is not defined on the surface of the cell between different material ~ Boundary conditions
cells. The heat transfer coefficient is properly defined to accurately mimic the heat transfer through the surface. The

boundary conditions of heat flux considering radiation or heat convection are also developed. Result: The comparison ACCEPTANCE INFO

between numerical results and ISO 10211 cases. We are confirmed that the numerical method provides the proper ~ Received Oct 14,2016
N . . . Final revision received Dec 12, 2016
temperature distributions, and the heat transfer equation and its boundary conditions are developed properly. Accepted Dec 17, 2016
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Table 3 Materials and boundaries of CASE02

No. Material 1\121121? C([){l)\(}/lllsgty Note
1 Concrete con 1.15
2 Wood wod 0.12
3 Insulation ins 0.029
4 Aluminum alu 230
No. Boundary Name resget:rtlce Tem%)ecrjature
1 AB top 0.06 0
2 HI bot 0.11 20
3 etc adia adiabatic
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Fig. 5 Computational domain and grid system
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Table 4 Number of cells according to mesh parameters
Mesh04 Mesh05 Mesh06 Mesh07

nx1 2 2 2 3
nx2 9 11 21 31
nx3 101 101 101 121
nyl 3 3 3 3
ny2 55 55 55 55
ny3 3 3 3 3
ny4 9
ny5 11 11 11 11
e 9072 9234 10044 12555
mesh

CASE02¢] Hi5te] Fig. 50 Yepdll 93204 9] ghES 18110211
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Table 5 Temperatures according to number of meshes

Loc. Igg Mesh04 | Mesh05 | Mesh06 | Mesh07 | 0N
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2 | 28995 | 289916 | 289.915 | 289.916 | 289913 | 289.922
3 | 28945 | 289481 | 28948 | 289481 | 289.478 | 289.490
4 | 27355 | 289.555 | 289.554 | 289.56 | 289.553 | 289.564
S | 273.95 | 274.025 | 274.025 | 274.025 | 274025 | 273.977
6 | 27945 | 279611 | 279.574 | 27951 | 279461 | 279.452
7 | 281.05 | 281.005 | 281.006 | 281.005 | 281.09 | 281.048
8 | 273.95 | 273916 | 273916 | 273916 | 273916 | 273915
9 | 28025 | 280.251 | 280252 | 280251 | 280.254 | 280.222

flux | 95 | 9495 | 949 | 9495 | 9499 | 943

Table 6 Temperature and heat flux differences

Loc. | Meshd | Mesh0S | Mesh0s | Mesh07 | ST Tolera
0.03 003 | 0043 | 0032 | 0031 | <01
0034 | 0035 | -0034 | -0037 | 0028 | <01
0.031 003 | 0031 | 0028 | 0040 | <ol

0.005 0.004 0.01 0.003 0.014 <01
0.075 0.075 0.075 0.075 0.027 < 0.1
0.161 0.124 0.06 0.011 0.002 <01
-0.045 -0.044 -0.045 0.04 0.002 <01
-0.034 -0.034 -0.034 -0.034 0.035 <01
0.001 0.002 0.001 0.004 0.028 < 0.1
flux -0.005 -0.004 -0.005 -0.001 0.008 < 0.1
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Table 7 materials of CASE03

i Conductivi
No. | Mol . [W/m-K]ty WIS
1 matl1 ml 0.7
2 mat2 m2 0.04 insulation
3 mat3 m3 1.0
4 mat4 m4 2.5
5 mat5 m5 1.0

Fig. 7 Dimensions and perspective view of CASE03

Fig 8= CASE03 Al4toll AR ARFE et let. ARf= 24
Aol AA vt 27]9] A ARE AHgsEA e A AR
o] 7§ 11436870 tt. CASE032] A A o] 2|9}z A o)A &
At 3124 Table 8o Yreb gl

Table 8 Boundary conditions of CASE03

No. Boundary Name - siet;l; - Tempaerature
1 a alpha 0.2 20
2 B beta 0.2 15
3 \ gamma 0.05 0
4 ) delt adia.




Fig. 8 Boundary conditions and mesh of CASE03
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Table 9 Comparison of heat flux of CASE03
Present STAR-CCM
Loc ISO2 Tolerance
’ [Wn] Q Error Q Error (%)
[W/nr] (%) [W/nr] (%)
Q,+ @ | 5998 | 59792 | 033 | 59.57 | 0.68 <1
Q, 46.09 | 45948 | 031 45.80 0.64 <1
s 13.89 | 13.834 | 0.40 13.77 0.84 <1
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Fig. 9 Temperature distribution of CASE03
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Table 10 Material properties of CASE04

No. Material Mesh name C%lgygglw Note

1 Insulation ins 0.1

2 Iron iro 50

3
1 3
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Table 11 Boundary conditions of CASE04

HResistance | Temperature
No. Boundary Name [mK/W] mF’C]
1 Internal int 0.1 1
External ext 0.1 0
3 Cut-off cut adia.

Cut-off

External

Fig. 11 Domain and mesh of CASE04
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Table 12 Comparison of CASE04

SO Present STAR-CCM Toleran
data Error data error e

Heat Flux | 0.54 | 0.5368 | 0.58% | 0.538 | 0.37% < 1%

Thrax 0.805 | 0.8090 | 0.004 0.809 0.004 | < 0.005
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Fig. 12 Temperature distribution of CASE04
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