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A Study on the Method to Predict Underground Temperature in Gumi City
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Abstract

In Gumi area, the heating and cooling loads for underground building could have not been correctly evaluated
since there were no systems accurate underground temperature. For solving this problem two ways of predicting
the underground temperature were propose. Firstly, it is to estimate the underground temperature of Gumi area
by averaging out the underground temperature of the areas around Gumi city. However, the underground
temperature data of the areas around Gumi city was only limited to 0.5m and 1.0 m under the ground. Secondly,
it is to calculate the underground temperature of Gumi area by using a periodic equation with variable about
underground properties. Among these methods, the method of the average date was more correct, but the method

of the variable date was more available.
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3 5.62 5.65 7.22 6.16 6.18 0.02
4 11.94 10.88 12.21 11.68 11.55 0.13
5 17.52 16.06 17.44 17.01 16.95 0.06
6 22.27 | 20.78 21.63 | 21.56 | 21.38 0.18
7 25.12 | 23.16 24.61 2430 | 24.19 0.11
8 26.52 | 25.03 26.41 2599 [ 25.83 0.16
9 2295 | 22.23 23.78 | 22.99 | 23.02 0.03
10 17.39 17.62 19.04 18.02 18.08 0.06
11 10.65 11.59 13.25 11.83 11.93 0.10
12 4.58 5.88 7.39 5.95 6.03 0.08
b 14.02 13.68 15.11 14.27 14.23 0.09

T 2. 37 oo} XSS H|1(1 m) (°C)

U Bz | aa | Aol
NI

1 5.07 5.92 6.39 5.79 59 0.11
2 3.96 4.5 5.27 4.58 4.67 0.09
3 5.82 5.74 7.04 6.20 6.5 0.3
4 10.39 9.45 10.85 10.23 | 10.33 0.1
5 15.09 | 13.83 15.33 14.75 | 14.83 0.08
6 19.56 | 18.05 19.3 18.97 18.9 0.07
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10 19 19.04 20.1 19.38 | 19.51 0.13
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¥ 7a. 0.5 m XS (°C)

T 7c. 15m XS (°C)

P PN B BN CEE R P N N CEE LT
AR oIk [ A AR BRI ERR
1 0.211 [ 3.244 [ 3.032 | 1.874 | 1.662 1 8.179 | 9.274 | 1.095 | 7.938 | 0.242
2 1.655 | 3.075 | 1.420 | 1.390 | 0.265 2 6.443 | 7.503 | 1.060 | 5.924 | 0.520
3 6.734 | 5.805 | 0.928 | 4.096 | 2.637 3 7.048 | 7.500 | 0.452 | 5940 | 1.108
4 13.460 | 10.868 [ 2.593 | 9.437 | 4.023 4 9.652 | 9.303 | 0.349 | 8.027 | 1.625
5 19.466 | 16.886 [ 2.580 |15.969 | 3.497 5 13.286 | 12.486 | 0.800 | 11.690 | 1.596
6 24.308 (22.242 | 2.066 }121.939( 2.369 6 16.820 [ 16.183 | 0.637 | 15934 | 0.886
7 26.831 (25.482 | 1.349 {25.725| 1.106 7 19.800 [ 19.4041 0.396 | 19.616| 0.183
8 27.617 (25.727 | 1.890 126.304 | 1.313 8 22.263 |21.2961 0.967 | 21.769 [ 0.494
9 27.617 | 22.906 | 4.711 |23.508 | 4.109 9 22.263 (21.300{ 0.963 [21.750| 0.513
10 | 22.777 | 17.787 | 4.990 | 18.102| 4.675 10 | 22.268 | 19.440| 2.827 | 19.599 | 2.668
11 8.444 | 11.767 | 3.324 | 11.561 | 3.117 11 16.330 }16.234 | 0.096 | 15.912| 0.418
12 2.527 | 6.459 | 3.932 | 5.641 | 3.113 12 11.943 112,563 | 0.592 | 11.669 [ 0.274
B 2.735 1.342 0.853 0.877
H 7b. 1.0m XE2Z (°C) E 7d. 3.0m X|B2% (°C)
P O S L D P R ST T
A A ER B AR | AV | A Aelak
1 5.895 | 6.525 | 0.630 [ 5.151 | 0.743 1 12.650 | 14.162 | 1.512 |13.200| 0.550
2 4.666 | 5292 | 0.626 | 3.671 | 0.995 2 10.602 | 12.527 | 0.925 {11.235( 0.633
3 6.498 | 6.391 | 0.107 | 4.796 | 1.702 3 9.502 | 11.375 } 1.837 | 9.942 | 0.440
4 10.329 | 9.622 | 0.707 | 8.323 [ 2.005 4 9.765 | 10.981 | 1.217 | 9.634 | 0.130
5 14.832 [ 14.144 [ 0.688 [ 13.348 [ 1.484 5 11.212 | 11.515 | 0.303 | 10.469( 0.743
6 18.906 | 18.793 [ 0.167 | 18.508 [ 0.398 6 13.382 | 12.823 | 0.558 (12.209| 1.172
7 21.937 | 22.165 | 0.228 | 22.412 | 0.475 7 15.770 | 14.560 | 1.210 |14.397 1.373
8 24.193 | 23.508 | 0.685 | 24.021 | 0.172 8 17.949 | 16.281 | 1.668 [16.467| 1.482
9 24.193 | 22.370 | 1.823 | 22.858 } 1.335 9 17.949 | 17.470 | 0.478 |17.802( 0.147
10 | 23.036 [ 19.083 [ 3.953 | 19.263} 3.773 10 19.369 | 17.834 | 1.535 | 18.071 [ 1.298
11 14.670 | 14.543 [ 0.127 | 14.220 | 0.450 11 18.008 | 17.280 | 0.728 | 17.211 [ 0.796
12 { 9458 | 9.968 | 0.510 | 9.080 | 0.378 12 15.700 | 15951 | 0.250 |15.447| 0.253
A3 0.854 1.080 Ha 1.021 0.481
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P 374 e 3 A3 -
Abgk | Zfelgk | Alkg | Zelik
1 15.518 | 15.425 | 0.094 | 15.025 | 0.493
2 14.448 | 14910 | 0.463 | 14.229 | 0.218
3 13.417 | 14.266 | 0.850 [ 13.335 | 0.081
4 | 12,648 | 13.643 | 0.996 | 12.554 | 0.094
5 12.400 | 13.225 | 0.825 | 12.124 ] 0.276
6 12.693 | 13.125 | 0.433 | 12.159 | 0.534
7 13.465 | 13.372 | 0.093 | 12.653 | 0.812
8 14531 | 13.908 | 0.623 | 13.484 | 1.047
9 14531 | 14573 | 0.042 | 14.406 | 0.125
10 | 15.641 | 15.192 | 0.449 | 15.178 | 0.463
1| 16.800 { 15.602 | 1.197 | 15.600 | 1.200
12 | 16574 | 15.692 | 0.881 | 15.548 | 1.025
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1.0m 0.854 1.080
1.5m 0.853 0.877
3.0m 1.021 0.481
50m 0.579 0.531
A 1.212 0.862
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9. TORIMXY BHIL (°C) M. Wt XA Aol Hiw (C)
Zlo) 0.5m 1.0m ol 0.5m 1.0m
. % ge 232 92 | av |2 22 Y R 8 oy (L) A2y
1 | 4065 | 2915 | 3.490 | 7.658 | 5.922 | 6.790 1 | 349 [3.637 | 0.147 | 6.790 | 6.986 | 0.196
2 [ 4190 | 2364 | 3277 | 6476 | 4.502 | 5.489 2 | 3277 | 3.012 | 0265 | 5489 | 5.384 | 0.105
3 | 8014 | 5654 | 6.834 | 8280 | 5.741 | 7.010 3 | 6834 [ 5595 | 1.239 | 7.010 | 6.384 | 0.626
4 [13.301 | 10.881 [ 12.091 | 12.090 | 9.447 | 10.769 4 ]12.091 [10.860] 1.231 | 10769 | 9.813 | 0.956
5 | 18542 16.062 | 17.302 | 16.577 | 13.833 | 15.205 5 | 17302 [17.397] 0.095 | 15.205 | 14.796 | 0.409
6 |22.686|20.776 [ 21.731 | 20.559 | 18.050 | 19.305 6 | 21.731 [23.441] 1.170 | 19.305 | 19.983 | 0.678
7 [24.990]23.159 | 24.075 | 23.159 | 20.977 | 22.068 7 | 24.075 (27356 | 3.281 | 22.068 | 23.975 | 1.907
8 | 26.796 | 25.034 | 25.915 | 25.284 | 23.222 | 24.253 8 | 25915 |28.087| 2.172 | 24.253 | 25.712 | 1.459
9 [23.78422.231 [ 23.007 [ 23.808 | 22.149 | 22.978 9 [ 23.007 [25.417] 2.410 | 22.978 | 24.677 | 1.699
10 [19.187 | 17.615 | 18.401 | 20.378 | 19.038 | 19.708 10 | 18401 [20.083 | 1.682 | 19.708 | 21.179 | 1.478
11 [13.273 ] 11.586 | 12.429 | 16.011 | 14.406 | 15.209 11 | 12429 13539 | 1.110 | 15.209 | 16.176 | 0.967
12 | 7.265 | 5882 | 6.574 | 11.071 | 9276 | 10.173 12 | 6574 | 7.542 | 0.968 | 10.173 | 11.007 | 0.834
A 14.594 14.913 14.594 [ 15497 | 0.903 | 14.913 | 15.506 | 0.593
10, 7OX XSS EECH AHl8]) (°C) 9ol YAHRY vmoX, T AP 2R HFS
O osm | 1om | 1sm | 3w [ sm | ww 2 AU GG @ FA0E AwEe 922 3
4 FAto)7t 1.2% A Qe W0l g Zol BB, 0.5 m,
1 | 3.637 | 6986 | 9.810 | 15.045 | 16.763 L0m ol9l8] AZLE 4Er} BRY Hr} ooz
2 [ 3.012 | 5384 | 7.704 | 13.081 | 16.000 A AR RSN EA RS WS Aste] TAE A
3 | 5595 | 6.384 | 7.606 | 11.743 | 15.125 AR Zo] A Ho|T). G 71N AR ALBMe
4 10860 | 9.813 | 9.589 | 11.362 | 14.335 5L 425 Aas BEdns fEez o g
IO s ean o aaag an 5 e
H| 7 7ksek 2ol 0.5m, 0.1 me] AEEE 271A] 4
7 |27.35623.975 | 21.143 | 15.947 | 14.322 i ) )
8 | 28.087 25712 | 23.393 | 18.025 | 15.116 MR AU W AL 0.5mE 0903°C #
9 [25.417 | 24.677 | 23.492 | 19.406 | 16.020 ol% 1'0]m°ﬂ/qf 0.593°C o} & L}E}jjl Ao &
10 [20.083[21.179 | 21.447 | 19.749 | 16.802 125 A A5 At T AFLwol.
11 [13.53916.176 | 17.825 | 18.970 | 17.249
12 | 7.542 | 11.007 | 13.593 | 17.270 | 17.239 v.d8 £
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12, FOXS KISKES2=(HET) (°C)

el

9 0.0m 1.0m 2.0m 3.0m 4.0m 50m 6.0 m 7.0m 8.0m 9.0 m 10 m
1 -0.12 6.99 12.08 15.05 16.41 16.76 16.61 16.28 15.96 15.73 15.59
2 0.84 5.38 9.81 13.08 15.06 16.00 16.28 16.22 16.03 15.83 15.68
3 5.58 6.38 9.02 11.74 13.83 15.13 15.77 15.99 15.97 15.86 15.74
4 13.06 9.81 9.91 11.36 13.02 14.34 15.19 15.64 15.80 15.81 15.75
5 21.22 14.80 12.33 12.12 12.89 13.88 14.71 15.27 15.57 15.69 15.71
6 27.86 19.98 15.62 13.80 13.48 13.87 14.46 14.97 15.34 15.54 15.63
7 31.18 23.98 18.89 15.95 14.63 14.32 14.50 14.84 15.16 15.39 15.53
8 30.26 25.71 21.29 18.03 16.06 15.12 14.84 14.91 15.10 15.29 15.44
9 25.37 24.68 22.11 19.41 17.33 16.02 15.37 15.14 15.16 15.26 15.38
10 17.83 21.18 21.16 19.75 18.12 16.80 15.95 15.50 1533 15.31 15.37
11 9.69 16.18 18.71 18.97 18.22 17.25 16.42 15.86 15.56 15.43 15.41
12 3.13 11.01 15.41 17.27 17.61 17.24 16.67 16.15 15.79 15.58 15.49
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