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Pre-calculation of ihe temperature of air currents in a tunnel

designed to excavate in the rock mass at high temperature

Yoshiaki Mi1zuta, Toshio Mivasaka

Abstract

There is now an escalating demand for temperature prediction simulations applicable to under

ground environments, But It is troublesome to analyze the heat transfer across the wall of airways

taking the heat conduction in the rock mass in which hot spring flow into consideration.

Then first, authors investgated it by the energy balance analysis based on the meteorological

observation at a drift under development in Toyoha mine. Secondly, authors exercise pre-calculation

of the rate of flow, temperature and humidity of air current in a tunnel model using the investi-

gated result,
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Fig. 1 Isothermal contour map on the section of Soya vein, Toyoha mine,.
Table | Measured results on ventilation, 450L drift.
Section (0] [CXd 00 G0 0n W F u tw VD' t R
| cC) ¢C) (*C) (*C) (°C) (m/min) (m2) (m) (°C) (m3/min) (h) (m)
1 34.4 30.5 36.0 136 6.87 10.6 39.5 1.70
2 36.3 33.0 82.0 43.3 171.8 133 7.19 10.8 39.5 1.70 21720  193.5
3 38.3 34.7 39.4 118 8.06 11.4 38.3 1.66 34.2
4 38.4 35.9 41.7 43 7.32 10.9 37.5 1.31 24.1
5 ¢ 37.3 36.5 83.0 40.8 56.5 19.3 8.80 11.9 40.3 1.01 13680 86.4
6  35.8 34.0 90.0 43.8 71.3 17.9 6.98 10.6 32.1 0.498 3120 68.2
7 | 343 339 875 387 56.0 16.2 6.96 10.6 0.388 1920 33.9
8 35.2 34.5 89.0 41.2 59 6.72 10.4 35.1 0.182 1650 8.6
9 37.6 34.8 86.0 43.6 24.8 9.88 12,9 28.7 0.182 410 95.5
P =739mmHg, 7=101m
Table 2 Temperature and volume of cold water, gushing hot spring and waste water,
Section E face 7~6 6~5 5~4 4~3
te (°C) 21,5 219 19.4 19.0 21.0 21.5 19.4 16.3 18.0 14.7 15.4 14.8
Vopc(1/min)l 92 89 206 110 196 60 114 102 153 121 68 73
ts  (°C) 66.3 86.2
Vps(i/min) . 190 86
tw(°C) ‘ 31.9 32.1 36.2 40.3 37.5 37.9
V1 (m3/min) 0.18 0.50 0.78 1.06 1.31 1.49
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Table 3 Each constants showing the

condition of four sections,

Section[ (g) (kca?/ (kcgil/ hry  kt/n?
{ m2h°C) mh°C)

i 1.33  13.3 3.21 5.51 72.9

1 1.48  5.84 3.21 2.69 37.1

132 5.4l 3.21 2.23  10.6

' 1.31  5.88 3.21 2.40  6.64
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Table 4 Roots of equation (4), ro=50

{ hry
4 10 20
1 | 0.0570106 0.0574034 0.0575419
2 | 0.1216903 0.1222857 0.1224973
3 | 0.1861706 0.1869445 0.1872211
4 0.2505031 0.2514457 0.2517842
5 0.3147368 0.3158429 0.3162417
6 | 0.3789011 0.3801674 0.3806255
7 ! 0.4430145 0.4444386 0.4449555
8 ' 0.5070890 0.5086691 0.5092446
9 0.5711332 0.5728679 0.5735015
10 0.6351533 0.6370412 0.6377328
11 0.6991537 0.7011936 0.7019432
12 - 0.7631380 0.7653287 0.7661361
13 0.8271090 0.8294492 0.8303144
14 | 0.8910688 0.8935574 0.8944804
15 | 0.9550194 0.9576550 0.9586344
16 1.0189621 1,0217435 1.0227816
17 1.0828984 1.0885239 1.0869196
18 1.1468290 1.1498975 1.1510506
19 1.2107550 1.2139648 1.2151753
20 1.2746772 1.2780268 1.2792946
21 1.3385962 1.3420839 1.3434089
22 1.4025126 1.4061367 1.4075188
23 1.4664269 1.4701857 1.4716248
24 1.5303395 1.5342313 1.5357271
25 1.5942509 1.5982737 1.5998263
26 1.6581613 1.6623133 1.6639225
27 1.7220712 1.7263504 1.7280161
28 | 1.7859810 1.7903853 1.7921072
29 1.8498504 1.8544181 1.8561961
30 1.9138001 1.9184490 1.9202830
31 1.9777102 1.9824781 1.9843680
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Table 5 Calculated heat values.

Section o chal/h) (0% 8"; (keal/mh)  (kealimh) oo
1~9 1490 272 5.5
I ~2 220 61 3.6
2~3 M T 7.0
7~face~8 190 82 23

2 626 313 2.0

5 371 332 i1

6 601 470 1.3

7 533 515 1.0
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Tabe 6 Primitive temperature of rock and above the sea level at each section.
Junct. No. oo 2 3 4 5 6 7 8 9 10
00( o 10 14 14 14 6.5 19  27.5 36 65 62
z (m) 1320 1323.8 1328.2 1332.6 1336.4 1340.2 1344.6 1349 1347.2 1345.9
6 (°C) 10.0
faoskg/kg)  7.77
11 12 13 14 15 16 17 18 19 20
59 61.5 64 88 17 10 19 7.78
1344.6 1343.4 1342.3 1341.3 1340.7 1340 1460 1661 1661 1661
10.0
7.79
G
= 1900,
g 1700
% 1500
f 1300
I o

Distance from the entrance of left tunnei.

Fig. 5 Outline of Abo tunnel.
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Table 7 Calculated results of Temperature and humidity at each
junction, ¢=0.3 of all branches.

Junct. I t (years)
0.5 - 1 B 10

No-|6(°C) f110-3ke/ke) #(%) |81°C) f110-*ke/kg; 6(%)|8(°C) f110-%kg/kg) (%)
1 | 10.0 7.7 86.9 l
2 997 7.85  87.919.92 7.85 %a!&u 7.85 88.9
3103 7.96  87.4 10.2 7.95  88.0 | 9.93 794 89.3
4 10.5 8.06 86.9, 10.3 8.05 87.8  10.0 8.03  89.6
5 110.9 8.17 86.1!10.6 8.14  87.0 #10.2 8.11 89.3
6 | 11.5 8.30  84.1 11.1 8.26  85.410.6 8.21 87.9
7 12.9 8.52 78.6 | 12.4 8.46  80.6 11.5 8.37 84.3
8 |15.2 8.86  69.9 | 14.5 8.76  72.6 | 13.1 8.6 178.0
8 |21.2 9.92  53.7|19.7 9.66 57.417.3 9.27  64.5
8 | 26.1 10.8  43.5 | 24.0 10.4 47.3{‘20.7 9.82 55.2
9 |25.2 10.1 429 23.2 9.79  47.0 ! 19.9 9.3 54.9
10 [23.2 9.53  45.7 | 21.4 9.31 49.8 fls.s 8.98  57.7
1 : 21,0 9.03 49.6 | 19.5 8.88  53.5 17.0 8.64 61.0
12 | 18.7 8.62 55.0 17.5 8.52 58.6, 15.5 8.36 65.4
13 |15.6 8.24  63.6| 14.8 8.19  66.5 !13.5 8.11 71.9
14 119 7.95 78.7| 11.6 7.93  80.1 ! 11.1 7.91  81.9
15 10.0 7.82  87.2 10.0 7.82 37.2! 9.98 7.82  87.8
16 | 10.0 7.79  86.9 ’
17 | 19.6 10.1  60.0 | 18.2 9.77  63.7!15.9 9.36 71.3
18 16.7 0.2 72.7115.5 9.91 763 | 13.3 9.46  83.3

Table 8 Calculated air flow in each branch,

Left Vertical Right

t(years) tunnel shaft tunnel

|
Air quantity! 0.5 8.75 19.6 10.8
\Y o 8.19 18.3 10.1
(103ms/min). 10 7.00  15.8 8.73
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Table 9 Seasonal periodic variation of
temperature at each junction,
=1 (year).

Junct. No. II Summer ipurég%;n Winter

1 i 21.0 0.0 - 1.0
2 ! 20.2 9.92 - 0.38
3 20.1 10.2 0.3
4 19.7 10.3 0.96
S 19.4 10.6 1.8
6 19.5 11.1 2.74
7 20.4 12.4 4.37
8 22.0 14.5 7.02
8 30.2 19.7 9.2
8 32.6 24.0 15.4
9 32.2 23.2 14.2
10 30.5 21.4 12.3
11 29.2 19.5 5.82
12 27.4 17.5 7.6
13 25.0 14.8 4.6
14 22.1 11.6 1.1
1s | 208 10.0 - 0.8
16 21.0 10.0 - 1.0
17 28.8 18.2 7.6
18 26.5 15.5 4.5
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Table 10 Calculated results of temperature and
humidity at each junction, ¢=0.3 of all

branches, t= 1 (vear) at the peak of traffic.

Junct, No. | &(°C) f‘(10‘?kg/kg> ¢(06)
1 10.0 7.77 86.9
2 12,0 7.87 77.6
3 13.9 8.04 69.4
4 15.4 8.27 64.8
5 16.5 8.49 62.0
6 | 17.7 8.76 59.5
7 19.3 9.13 56.0
8 21.5 9.60 51.4
8 25.0 10.1 43.6
8 28.0 10.5 37.8
9 26.6 9.83 38.7
10 24.4 9.32 41.9
1 22.0 8.87 45.9
12 19.4 8.50 51.6
13 16.2 8.17 60.8
14 12.7 7.92 74.4
15 10.7 7.82 83.2
16 10.0 7.79 86.9
17 23.1 10.3 49.1
18 19.7 10.5 60.2
19 0 7.78 6.29 79.0
20 7.78 6.29 79.0__

Table 11 Calculated air flow in each branch,
t=1 (year), at the peak of traffic.
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