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Study on the air-conditioning energy cost of underground exhibition space
- Case of Takayama Matsuri museam -
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An underground rock cavern as an architectural space has many advantages. Especially, the underground space has
the character of the constant thermal environment, because the temperature and humidity are steady. Therefore, it is
thought that the air-conditioning energy can be decreased.

In this paper, the air-conditioning energy costs of an underground rock cavern and the building were compared.
The target of underground rock cavern is “Takayama Matsuri Museam”. The air-conditioning energy cost of
Takayama Matsuri Museam is about 50% compared to the same usage building. From the result, one of the
advantages of an underground rock cavern was able to be confirmed.
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F—-4 FPTRALF -2 MNEEREERE ELEY I 270

TH 7H IH L3: | 5H [3:] 7H %H
- 3 °C 1.6 1.3 5 3 147 g 22.7 3.7
] 3 °C 3.0 36 .5 16.5 21.9 5. 287 0.1
] i °C 5.5 -5 7 2.5 .9 8 4 4 18.5 3
RIEGY I LIN . 8.3 59.0 . 78.1 5]
] %3 ke/Kg 0.0027] 0007 0,003 00050, 0.0071 0.010 0.0136] __0.014]
] 3 LE— kd/kg 5 10 21.9 32.7 45.6 57.4 597
1 A : °C 3.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
] i e % 60.0 600 500 600 60.0 60,0 60,0 0.0
- 23 i 74 g kg/KE 0005 0.0056 00056 0005 0.0056] __0.0056] 0.005 0. ocsﬁ_]
] f KT 3 E—=_ ki/ks 27 27.2 27.2 27.2 27.2 27.2 21.2 21.2
T 3B BE AR AR AR BE | AFE | AR |
N 50 350 350 350 350 350 350 350
™ 1,930 7.93 1,930 7,930 1,930 1,930 1,930 1,930
m 6, 208 6, 20 6. 208 6. 208 6. 208 6,208 6 208 3 io‘gl
°C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. oI
W/m 15 i5 13 15 15 15 15 15
W 28,950] 28, 050]  28.950] 28, 050]  28.950] 28,950 28 950 —lza 9501
SH) N 93 93 953 93 93 93 53 93
LH) A 28 2 28 28 28 28 28 28
SH) 32,550 32,650 32,550 __32.550] 32,650 32,550 32,550 32,550
LH) 9, 800 9, 80! 9. 800 9.800 9. 800 9,800 9,800 9. 800
1T AZFEUOAREAR m3/h - X 20 20 20 20 20 2 20 20,
e m3/h 7.000 7,000 7.000 7.000 7.000 7,000 7,000 7,000}
OISR W -51, 051 -50.820] -37.884] -12.243 12,705 42,50 69, 762] 75075
W/m-K 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00
W 0 0 0 0 0 0 0|
@O~® W 20,243] 20, 480] 33 416 __69.057] 84,005 113,804 _141,062] 146 375
h/H 0 0 0 i 0 70 0 0
H/H 1 1 3 1 30 1 1
h 310 2 310 30 310 300 310 310]
.70 10! 0.7 0,70 0.0 0.70 0.
Kih 8,967 3 192 14,799 75 31 37,202 48,173 62, 470] 64,823
F/K¥h 9.16 9.16 16 91 916 916 985 9.85
(2] 872000 75,000 136,000 232,000 347 000] 447 000 €15 000( 639, 000
;| T0H TR 128 it "
p °C 9. 12, 3 1.0 = 5T (1971~ 2000%)
F °C 4 18, 2.3 59 - £t (1971~2000%)
3 °C 5. 7. 0 2.7 BT ARET (1971~2000%)
S % 80.0 80, 80.9 82.4 SR IT Rt (1971~ 2000%F)
R ke/Ke 0.0111 0. 007, 0.0048] 00034 L £
HIT AL E—= ki/ke 47.3 30.6 18.4 9.5 2L P
i B °C 3.0 13. 13. 13.0
=3 3 % 0.0 80, 50, 600
N 3 i ke/kg 0.0056] 0005 0.005 0.0056
| | 23 HTSRILE— kike 272 77,2 21.2 27.2
HEY ] RE AR AR A
] X 350 350 750 350
] i 1,630 1,930 7,930 1,930
] il [ zog_t 6. 208 6. 208 6, 208
] °C 0, o[ 0.0 0.0 0.0
] W/m 75/ 5 15 15
©] W 78,050[ 28,950 28,0501 28, 050{ 347, 400
) X 93 93 93 93 SEX® -5 XU
) A 28 2 28 23 TEX@E -5 &Y
) 32,550 32,550 32.550[32.550] 390,600
AR 9,800 9, 80! 9.800] 9.800] 117,600
IPETRUIOY:S m3/h K 20 20 70 70
SR A AR m3/h 7,000 7,000 7,000 7,000 ]
DASEE W 46,431 7,623 —20.328] 40,887 40, 837 ZHIS &
B W/m-K 0.00] 0.00 0.00, 0.00)
&% ] 0 0 0 0
] W 117,731 78,923 50.972|___30,413| _ 896,487
h/H 10 0 10 [
H/H 30 1 30 1 365
h 300 310 300 310 3,650
0. 70 0.70 0.70 0.70
K 50, 456 34,952 71, 845 13,469] 397,258
/KR 9.85 9.16 9,16 916 PAE-Z 34
5] 497,000 __320,000[ 200,000] __123.000( 3,707,000
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T8 78 K):] Ly | 5H (3] TH 8H
] -1.6 -1.3 5 3 4.7 9 22.1 7
] 3.0 3.6 5 16.5 21.9 5 28 7 )
] 5.5 5.7 - 9 4 4 185 .
] 811 77, . 68_3 690 78, 5
] 00027 0.002 0.003 0.0050] __0.0071 0.010: 0.013 0.0141
] 51 5 10, 21.9 32.7 45.6 57. 597
] 3 3.0 3.0 13.0 13.0 13, 13.0 13.0 13.0
] # 60,0 60.0 60.0 60.0 60, 600 500 600
] 73 0.0056]  ©0.0056] _ 0.0056] _ 0.0056] 0 005 0. o__]ose 0.0056] 00056
] 3 21.2 21.2 27.2 21.2 27,2 27.2 2712 27.2
E BB BB 4] [7:3:] A RE BE AR
- * 1 P B ) 1 ) .1 1 S 1
] [ 1 0 T
] m 5,208 5,208 6.208] 6,208 6. 208 6, 208 6,208 6,208
] c 4.6 4.3 10.5 3.7 85 12.9 16.5 17.
. W/ 0 0 0 0 15 15 i5 15
@1 W 0 0 0 0] 28.050[  78.950] _ 28.950] 28,950
2 0 5 5 % . — %
0 0 0 32.550] __32.550] 32,550 372,550
0 0 0 9. 800 9. 800 9. 800 9. 800
ma/h+ A 20 70 720 70 20 Pl 70 20
m3/h 7.000 7.000 7.00 7.00 700 7.00 7.000 7.000
W 51. 051 50.820]  37.884 12, 243 12.705] 42,504 69, 762] 75,07
W/m-K 090 0.90 0.90 0.90 0.90 0.90 0.90 0,90
W 81,573 70.807] 58 666] 20 673]  47.274] 71,858 __91,972] 97,550
W 132,624 130.717]  96,550]  32.916] 131,279 185 662 233,034 243,934
h 7 14 7 74 7 14 7 3
H 1 78 1 30 1 30 1
h 434 392 434 420 434 120 434 434
0.70 0.70 0.70 0,10 070 070 0.70 0. 70]
Kih 87,227 73.202] 59, 861 19,75 81, 39 111,397 _144,481] 151, 239]
_F/K#h 9.16 9.16 516 9 16 9.16 916 9 85 985
] 7530000 671,000 548_000] 181,000 _ 746,000 1.020.000] 1,423 000] 1 490, 00Q|
9H 08 TR 78 38 -E3
°C 9. 12, 3 0
“C 4 18. 12.3 9
°C 5, 7. 0 2.7
% 0. ] 80, 824
ke/KE 00111 0,007 0004 0.0034
kJ/ke 47.3 30.5 18, 4 95
°C 13.0 13.0 13.0 3.0
% 60_0 6500 600 50 0
ke /K 0.0056 0. 005 0.0056 00056
kJ/kg 272 21.2 27.2 27.2
Y] AR 752} BE
X 350 350 350 35
il 7,930 7,930 T.930 7,03
m 6,208 6. 208 6. 208 6, 20!
c 12.9 6.1 6.7 12.
W/ 15 15 0 0
W 28.050] 78,050 0 0
) A 93 93 0
) A 28 28 0
) 32.550[ 32,550 0
) 9.800 9.800
1AL DN ABAR m3/h - A 20 70 20 20
HeH#AR m3/h 7,000 7.000 7,000 7,000
CIESR=tE W 46431 7.623]  20.328] 40.887] 467,313
W/m-K 0.90 0.90] 0.90 0.90 BEXM -0) XY
W 71.858] 33,866 37.434]  67,046] 759,675
D~ W 169,5801 112 /88| 57, 762! 107.933] 1,654,788
h/E 4 4 4 7
g 1 0 1 365
h 420 134 320 434 5,110
0,70 0,70 0. 70 070
4] ZME Kith 113, 7163 69,029] 34,65/ 66 018 1,008,807
& F1/kih 985 916 9.16 9.16
BAEER EFHSZRO M 1.120.000] 647,000 317,000] 613,000/ 9523 000
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