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£-2 FHECIABEARECEHEL [m/s]
BEE EV”é 1|2 | s s | s 6 7 8 | 9 | 1w |2z
Bog | 117 | 350 | a6 { 5.8 | 7.00 \ 817 | 9.30 | 8.17 | 7.00 [ 5.83 | 167 | 3.50 | 117
OB | 0.000 |—0.100|—0.085| —0.056|—0.019| 0.012| 0.045| 0.079 | 0.112] 0.154| 0.186| 0.158] 0.000
28 | 0.000 |—0.098 —0.083| —0.054| —0.018| 0.013 | 0.045 | 0.078 | 0.110| 0.151, 0.183| 0.155| 0.000
4R | 0.000 |—0.093|—0.079|—0.052|—0.017| 0.012| 0.043 | 0.074 | 0.105| 0.144| 0.174| 0.148] 0.000
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12 | 0.000 | 0.279| 0.318 0.259| 0.186| 0.132 | 0.079 | 0.031 | —0.012 | —0.062|—0.100|—0.126| 0.000
14F | 0.000 | 0.241] 0.275| 0.225| 0.163| 0.117 | 0.073 | 0.035 | 0.002|—0.035|—0.063]—0.083| 0.000
168 | 0.000 | 0.148| 0.167| 0.140, 0.096| 0.074 | 0.044 | 0.031 | 0.016| 0.024| 0.035| 0.043| 0.000
18EF | 0.000 |—0.049|—0.039 —0.023/—0.001| 0.019 | 0.040| 0.065| 0.090| 0.124| 0.151| 0.130| 0.000
2085 | 0.000 |—0.091|—0.077—0.050|—0.016| 0.012 | 0.042| 0.072| 0.102] 0.140| 0.169| 0.144| 0.000
228% | 0.000 |—0.093|—0.078|—0.052|—0.017| 0.012| 0.042 | 0.073| 0.103| 0.142| 0.172| 0.146| 0.000
24F | 0,000 |—0.096|—0.082|—0.054| —0.018| 0.012| 0.044| 0.076 | 0.107| 0.148| 0.179| 0.152| 0.000
F LETFBRIE10mm, K4 198243 8 29 H, 4HE
#-3 HECIIBAIEOEZRAEL [m/s]
BES FAGNS I ] 2 ‘ 3 | 4 I { 6 7 \ gmiugvj 0 | oun |27k
Bl | 117 | 350 | 467 | 58 | 700 | 817 [ 930 | 817 [ 700 | 5.8 | 467 | 350 | 117
0f | 0000 |-0.013] 0.019| 0.042| 0.070 | 0.092| 0.116 | 0.140 | 0.163 | 0.192| 0.207 | 0.157| 0.000
28 | 0.000 |—0.012, 0.020 | 0.043 | 0.072 | 0.094 | 0.118 | 0.143 | 0.167 | 0.196 | 0.212| 0.161| 0.000
4R | 0.000 |—0.012| 0.021| 0.045| 0.073 | 0.096 | 0.121 | 0.146 | 0.170 | 0.200 | 0.216 | 0.164| 0.000
6F: | 0.000 | 0.018] 0.047 | 0.064| 0.082| 0.098| 0.118 | 0.140 | 0.161| 0.188 | 0.202 | 0.154| 0.000
8 | 0.000 | 0.265| 0.343| 0.311| 0.262| 0.223| 0.186 | 0.153 | 0.128 | 0.101 | 0.082| 0.054| 0.000
10B | 0.000 | 0.349] 0.447 | 0.401| 0.331| 0.277 | 0.224 | 0.174| 0.132| 0.083 | 0.043 [—0.005| 0.000
128 | 0.000 | 0.367| 0.469 | 0.420 | 0.347 | 0.291| 0.236 | 0.186| 0.143| 0.095| 0.058 | 0.014| 0.000
14F: | 0.000 | 0.333| 0.427| 0.385| 0.321| 0.271| 0.222 | 0.179 | 0.143 | 0.104 | 0.076 | 0.041| 0.000
168 | 0.000 | 0.242] 0.315| 0.289 | 0.246 | 0.212 | 0.180 | 0.154 | 0.134 | 0.118 | 0.107 | 0.081| 0.000
18K | 0.000 | 0.039] 0.065| 0.077| 0.091| 0.104 | 0.121 | 0.140 | 0.160 | 0.185| 0.197 | 0.149| 0.000
208 | 0.000 |—0.006( 0.024| 0.047 | 0.074 | 0.095| 0.118 | 0.141 | 0.164 | 0,191 | 0.205 | 0.156] 0.000
22K | 0.000 |—0.011| 0.020 | 0.044 | 0.072 | 0.095| 0.119 | 0.144| 0.169 | 0.198 | 0.215| 0.163] 0.000
248 | 0.000 |—0.013| 0.021| 0.047 | 0.078 | 0.103 | 0.130 | 0.158 | 0.185 | 0.218 | 0.238 | 0.181| 0.000
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Natural Ventilation of Wall Air Cavity
for Solar Heat Gain Reduction

Part 4——Simulation of Transient Heat Transfer in Cavity Wall
including Heat and Mass Transfer in Cavity

by Terunori Kapovya* and Hiroshi Homma*

Key Words : Simulation, Heat Transfer, Cavity Wall, Air Velocity, Natural
Ventilation, Solar Irradiation, Model Experiment, Cooling Load

Synopsis : Natural ventilation of a wall cavity
is expected to be an effective measure to reduce
solar heat penetration through a building envelope
into the indoor environment. In the present part, a
numerical simulation model was composed to discuss
the effect of the cavity ventilation on the heat pene-
tration reduction. The performance of the simula-
tion was examined by comparing its results with the
experimental results of the weather exposed models
of a cavity wall.

The simulation model consisted of the three
parts as shown in Figure 3. The first part corres-
ponds to the external cover plate, which receives
the solar irradiation, dissipates some of the
irradiation to the external air, and transfers the
rest of the heat to the air in the cavity and also
to the main wall surface. The second part simulates
the heat and air mass transfer in the cavity. The
third part simulates the transient heat conduction
through the main part of the wall. The division
pattern of the heat and air flow balance simulation
in the cavity wall is shown in Figure 3.

The structure of one of the weather exposed
models is shown in Figure 2. The main part of the
model is a massive concrete plate. The plate was
arranged to direct one of its wide surfaces to the
South. This surface was erected vertically to
simulate a southern facade of a building. In front
of this surface, a thin steel plate coated with dark
brown paint was set placing a cavity of a thickness
of 70 mm between the surface and the cover plate.

The temperature changes of the cover plate and

those in the concrete plate are compared in Figures

* Department of Regional Planning, Toyohashi Uni-
versity of Technology, Member

6 and 7. The calculated temperatures were slightly
lower than the experimental result in the daytime.
The maximum difference in them was 4°C. The
temperature change in the center of the concrete
plate is shown in Table 1. The simulated tempera-
ture rise in the daytime (from 6a.m. to 6 p.m.)
was 8.4°C, while the corresponding value of the
experimental result was 7.7°C for the model of the
slit width of 10 mm. The simulated and experimental
temperature rises of the same duration were 7.0
and 7.2°C, respectively, for the model of the slit
width of 40 mm. The temperature change in the
cavity air is compared in Figures 8 and 9. The
difference between the simulated and experimental
temperatures of the cavity air was 7°C at the
maximum. This difference seemed to be caused
mainly by the difference in turbulence intensities of
the experimental condition and the simulation
condition of the air flow in the cavity. The heat
flux absorbed at the concrete surface is compared
in Figures 10 and 11. The simulated heat flux
appeared to be smaller than the experimental result
through out the day. The simulated heat flux was
smaller by 11% than the experimental heat flux at
11 a.m., when the heat flux showed its highest
value, for the slit width of 10 mm. This difference
enlarged to 18% for the slit width of 40 mm.

This simulation method indicated good agreement
of temperature change in the concrete plate with
the experimental results. This simulation method
seemed to be satisfactorily to examine the effect of
cavity ventilation on the thermal performance of
cavity walls under various climatic conditions.
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