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Numerical Simulation of the Thermal Environment inside an Opened
Tomb

Kum-Bae Lee', Young-muk Youn’, Hee-Ho Jun', Jin-Yang Park’, Seok-Bo Ko®

ABSTRACT: In recent years the importance of the preservation of cultural artefacts like
ancient tombs has been widely accepted domestically and internationally as the quality of life
improves. However not much technical attention has been paid for the facilities and systems
to preserve those artefacts. Even the general understanding of the preservatory environment
of the underground space as tombs is poor. As a part of the present study, the temperature
and relative humidity inside a selected artefact, Shinkwan-ri tomb, have been monitored for
a year round by the present author to improve the understanding of the indoor thermal
environment, is pursued to provide a predictive tool of numerical modelling of Shinkwan-ri
tomb the opened underground space thermal environment. In this study, predictive numerical
modelling of Shinkwan-ri tomb using the Computational Fluid Dynamics, calculate the
velocity and temperature distribution and offer basic data which are necessary for the best

fitted design of tomb air—conditioning device.
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Fig. 1

Inside view of Shinkwan-ri tomb
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Fig. 2 Measurement locations
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Table 1 Measurement locations

Channel Location
Depth from the |Height from the
No. entrance(cm) ground(cm)
1 100 10
2 100 70
3 100 130
4 200 70
5 200 130
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Fig. 3 Year Average Temperature (2003/12-
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Fig. 5 Measured Temperature in summer
season (2003/8/1/13:00 - 8/1/15:00)
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Fig. 6 Measured Temperature in winter
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2RE 7ol w2 wak(g 29 4, A
I 5)E ATF2RYE ALrt 45% 2xust g 9
< Ao= yegth(Ad 29 4, HE 33 5)

Fig. 62 2003 HA7F 714 24949 1/229
AE INRE SAZAA Y AdE HFLE ARl
. Fig. 6914 71(AE 6)ol W R o &
=T AT vk = a2 A (Y 1), F
HAE2 2 4) aglm AFSHALE 3 2 5)9
ToR A debdern JFzRH Agd u
R(AE 29 4, AQ 39 5 YFziy
A7t BE 2urt o B Aoz vend.
(g 29 4, Ad 33 5)

oldel 278l ABE FARAL A wwE 9
& Az A4

i

3. &=X[ZA}

3.1 K|ufjabxgal@

ou;
52 = 0 (D

3.1.2 2SYHEO| N4

op, dupu; . _op 9
ot " Tor, T Tom T ogt (2)
(G2 +32) = paf(T-T,)

3.1.3 o L{x|H Zo| uprma

90GT | dupGT _ o 8T
at T, ox; ox;

3.1.4 RO U LHRAME WHA

opk | duipk _ o o m ok
ot + 6:17,1 a.’El (O'If 8$i ) * GS
+ GT — pe

(4)

dpe | Owipe o Be
ot o, o bo oc ) Tt (5)

Gy (Gs + Gr) (1+ GRy) — G

TAHN S Hatd HE 74 g ==
Q1 SC/Tetra

=
2 ﬁéﬂolt‘% 2171 &
B 507 100cm <% 2% 47412213 zte 24

dfe BAZ g2sdvh A9 579
DEWRE TP FA9GN nre o4
2 Sls EEADE Td UF Y Az
dee WA nestch ol FAANE 349
44, w2 e £5 Ao GE A
@49 e AEQAYE e, £E
3o AY4YY @REEeE  dRRde

Standard k-¢ Equations$ A}g3o] AAalglo).

MgE T R FARAS Y A4
=9 ¥4 2 7z A5V Hast X4

al

& FIsr] A 248 CATIAE o] &3}
of dArlel 3x349 2ddoz &9 Fig 79l
& AAA= Fig. 8ol deEhUen, o=
580,000701¢] 4= FA Tt

L
a ML

3.5 A=A

FAANS] AAXAL S TF= U
o, ad7e Ao Qre=r A 22
eF IARE oF 3A7Ae 97 RELw
35.5T= EH_u.O]-M_J_ IE Y H L 228 A
el @9, FAr19 Agde olvewst
7H @2 ol 1IAREH QA3AAA Y 9|7 F
T2% -155TE AASEn, n& 4
10CE dAsYPer w3 18 YHLe Ee
de e BAAE dAEEE 2.79
K, H|@& 775 J/kgKE HLetm, He
50cm ~ 100cm& s}9i o}

& rfo
= M
Rorr o

=

/

7

JE&
In
rlr g

- 875 -



Fig. 7 3D geometry of Shinkwan-ri tomb

Fig. 8 Mesh with 580,000 cells for Tomb
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Fig. 9 The velocity distribution at y=0 for

Tomb Inside in summer season
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Fig. 10 The temperature distribution at y=0

for Tomb inside in summer season
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Fig 12 The temperature distribution at y=0
for Tomb inside in winter season
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Table 2 Comparison Measured Temp. with
Numerical prediction Temp. in
summer season

Temperature(TC)

Channel -

Nurmnenical
No. Measured e

prediction

1 22.92 22.94

2 24.94 26.01

3 26.43 26.82

4 24.41 26.13

5 25.95 26.53

b Outdoor

Table 3 Comparison Measured Temp. with
Numerical prediction Temp. in
winter season

Temperature(C)
Channel -
Numencal
No. Measured L.
prediction

1 -5.06 -3.65

2 -0.02 -0.84

3 4.60 3.76

4 -0.36 -0.82

5 4.80 3.82

6 Outdoor
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