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Prediction of the Environmental Conditions in Underground Tunnelling Spaces

Hee-Bong Park

ABSTRACT

A comprehensive, non-steady state, computer simulation program for the environmental con-
ditions in advancing tunnels (the HEADSIM simulation program) is constructed and successful-
ly validated with heat balance amongst all heat sources, and with mass conservation amongst
various airflows including the leakage air from ducts, under time-dependent variations of inlet
air conditions, which include sudden, diurnal and seasonal changes.

Heat conduction in the wall strata and face strata is simulated with most complicated bounda-
ry conditions using the finite difference method, and the climatic conditions in roadway sections
which contain air ducts, booster fan, spray cooler, compressed air pipes, cold water pipes, return
water pipes, machinery and broken rock are simulated taking into account the variations of
face operation and the ‘heat storage’ mechanism in the strata.

The limitations of simulation time steps and roadway section lengths are defined according to
the stability criteria satisfying the principles of thermodynamics. Variations of heat transfer co-
efficients, which are newly set, and those of wetness factors are taken into account according to
the variations of other parameters and the stepwise advance of the face.

Newly-derived formulae are used for computing the air duct leakage and the pressure inside
of the duct. A new concept of an ‘imaginary duct’ is introduced to simulate the climatic condi-

tions in tunnels during holiday periods, which directly affect conditions on subsequent working

* 19924F 6H {&%.
D #3Add+4



B3} gk 117

days, under the consideration of natural convection.

A subsidiary program (the WALLSIM simulation program) is made to compute the
dimensionless tunnel surface temperatures and to compare the results with those from analyti-
cal approaches, and to demonstrate the stability, convergence and accuracy of the strata heat
conduction simulation, adopting the finite difference method. The WALLSIM also has wide ap-

plications, including those for the computation of age coefficients.
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Table 1 Comparison between the Values of
Dimensionless Tunnel Surface Tem-
peratures in the case of Biot Number

=0.1
Jsc 5 [ Seg. S
fo Value Value 1 alue 13 Value t
a.02 0.9851 0.988 100.3 a.3586 100.1 | 0.3849 100.0
0.04 0.37%6 0.982 100.2 - - 0.979%4 109.0
a.06 Q.9738 0.977 100.1 - - 0.3754 100.0
0.08 0.9722 0.974 100.2 9.5%73 100.1| 0.9722 100.0
2.10 0.9694 0.971 100.2 - - 0.9691 100.0
.20 9.9590 0.960 100.0 0.960 100.03 | 0.35a9 100.0
0.30 0.9518 0.952 100.0 - - 0.9517 100.0
0.40 0.9461 a.947 100.1 - 3.3460 100.0
0.50 0.9414 9.942 100.1 - - 0.3411 100.0
9.60 0.9373 0.538 100.1 - - 09372 100.0
9.70 0.92337 0.934 100.0 - - ¢.9337 100.9
.20 | 0.9308 0.931 100.0 9.9 100.0 | 0.%308 100.0
0.30 9.9276 0.92% 100.0 - - 9.9276 100.0
L.00 0.9156 0.938 i00.0 - - 0.9249 100.0
2.00 9.9042 0.%06 100.0 0.307 100.1] 0.3%063 100.0
l.00 9.8943 0.893 100.1 - - 0.2943 100.0
4.00 a.3856 0.38¢ 100.49 - - 0.3838 1g0.0
s.00 Q.2726 0.879 l00.0 - - 0.8786 19¢.0
6.00 0.872% 0.373 100.0 - - 0,879 100.0
7.00 0.8680 G.888 100.0 - - 0.8680 100.0
s8.00 9.83638 G.864 100.0 0.863 100.1 1 0.8637 100.0
9.00 0.3600 0.060 100.0 - - 0.8600 100.0
10.00 9.4568 9.957 100.0 - - 0.8366 100.0
10.00 0.8343 0.835 100.1 8.835 100.1 ) 0.8343 100.0
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Table. 2 Comparison between the Values of
the Predicted and Measured Tempera-
tures in Domestic Coal Mine

190 - 310 (Min) 1630 - 1750 {(Min) 1070 - 3190 (Min)

Pred. Maas. Pred. Meas. Pred. Heas.
120 T Jo.16 Jo.o8 28.8) 29.87 Jo.56 30.40
[t.4] ™ 28.23 28.32 26.46 26.10 28.86 28.81
220 Td l0.08 3e.11 29.28 219.28 30.53 30.47
[.4) ™ 28.17 28.03 1;1.61 27.79 28.61 28.58
320 Td 29.86 30,18 29.83 29.3%% 30.39 30.52
o ™ 27.98 27.84 28.12 28.23 28.43 28.17
420 Td 29.57 29.36 29.76 19.78 30.21 30.32
My ™ 27.51 27.82 28.36 28.75 28.02 28.10
454 Td 23.73 28.78 29.81 29.80 29.40 29.38
(M) T 27.11 2‘7.30 20.67 28.77 27.61 27.8)
469 Td 28.37 28.55 29.86 29.82 29.2¢ 29.17
(Hy ™ 26.98 26.37 8.74 28.81 27.49 27.34
531 Ta 28.09 27.84 30.16 30.08 28.80 28.92
M) Tw 26.40 26.02 29.04 28.8% 26.91 26.45%
576 Td 27.17 27.19 10.28 30.10 27.97 27.81
(M) ™ 25.63 25.22 29.19 29.05 26,16 26.37
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