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Numerical Simulation of the Thermal Environment Inside an Opened Tomb
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ABSTRACT: In recent years the importance of the preservation of cultural artifacts like an-
cient tombs has been widely accepted domestically and internationally with increasing value of
cultural artifacts. However not much technical attention has been paid for the facilities and
systems to preserve these artifacts. As a part of the present study, the temperature and re-
lative humidity inside a selected artifact, Shinkwan-ri tomb, have been monitored for a year
round to improve the understanding of the indoor thermal environment. In this study, using
the Computational Fluid Dynamics calculated the velocity and temperature distribution and of-
fered basic data which are necessary for the best fitted design of tomb air-conditioning de-
vice. Through the result of this study, the generation of temperature variation was identified
by natural convection. It enables us to get the possibility of humidity variation
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Table 1 Temp. and RH condition for the conservation of cultural properties

Items

Book, paper, stamp
Parchment
Metal
Clay, fur, furniture, leather, sculpture
Porosity stone, picture, woodwork product
Dessin depository
Works of art

Dry bulb tem. (C) Relative humidity (%)

16~24 45~65

155~235 55~60
16~24 40~63
16~24 45~63
16~24 55~63
18~20 65
18~22 50
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Fig. 1 View of tomb.
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Fig. 2 Inside view of Shinkwan-ri tomb.
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Fig. 3 Measurement locations.

Table 2 Measurement locations

Location
Channel -
No. Depth from the | Height from the
entrance (cm) ground {cm)
1 100 10
2 100 70
3 100 130
4 200 70
5 200 130
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Fig. 4 Measured temperature.
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Fig. 5 Measured relative humidity.
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Fig. 6 Measured temperature.
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Fig. 7 Measured relative hurhidity.
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Fig. 8 Measured temperature for summer sea-
son.
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Fig. 9 Measured temperature for winter sea-
son.
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Fig. 11 Mesh with 580,000 cells for tomb.
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Fig. 13 The velocity distribution at y=0 for
winter season.
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Fig. 14 The temperature distribution at y=0
for summer season.
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Table 3 Comparison experimental temp. with
calculated temp. for summer season
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Fig. 15 The temperature distribution at y=0
for winter season.
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Table 4 Comparison experimental temp. with
calculated temp. for winter season

Temperature (C) Temperature (T)
Channel No. - Channel No. -
Experimental Calculated Experimental Calculated

1 22.92 22.94 1 —-5.06 —3.65

2 24.94 26.01 2 -0.02 -084

3 26.43 26.82 3 460 3.76

4 24.41 26.13 4 —0.36 -0.82

5 25.95 26.53 5 4.80 3.82
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