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Abstract

To address the issues of low ventilation efficiency, uneven airflow distribution, and gas accumula-
tion risks in super-large cross-section tunnels constructed by the three-step method, this study pro-
poses an adaptive ventilation optimization strategy and reveals the airflow movement laws under
complex working conditions. Taking Zhaotong Tunnel as the research object with a cross-sectional
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area of 131 m?, a three-dimensional ventilation model was established based on the RNG k-£ model,
integrating corrected air demand results and CFD numerical simulation. The wind speed distribution
and vortex characteristics in each step section were analyzed, and the rationality of fan selection and
air ductlayout was verified. The results indicate that when the air duct outlet wind speed is 13.59 m/s,
awall-attached jet is formed near the working face, with significant vortices in the 0~18 m region.
The lower part of the three-step structure exhibits weak airflow diffusion capacity, which is prone
to gas accumulation. Adjusting the air duct position and optimizing the jet angle can effectively sup-
press vortices and improve gas dilution efficiency. This study clarifies the non-uniform distribution
characteristics of the airflow field under the three-step construction method, providing theoretical
support for the ventilation system optimization and safe construction of super-large cross-section
tunnels.
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Figure 1. Longitudinal section diagram of tunnel geology
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Figure 2. Schematic diagram of forced local ventilation
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Figure 3. Ventilation system diagram of No. 2 cross tunnel of Zhaotong Tunnel
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Figure 4. Wind turbine selection curve matching diagram
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Table 2. Calculation results of fan matching with 2.0 m diameter duct
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Table 3. Main equipment configuration table
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Figure 5. Schematic diagram of longitudinal section of tunnel
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Figure 6. Three-dimensional model diagram of tunnel
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Figure 7. Tunnel cross-section (A-A) diagram of the main tunnel ventilation wall-second lining
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E 8. IR - {MtiEFE AR E I (B-B)E

BT S - T RS IE P EC R 248 R = 7.25 m $ERI S50, BB SN 10.99 m, &EN 11.98 m,
B&3E K Sy 30.06 m; FEIE BT ETTEIAR A 145.9136 m?. IETRIHEY]SE - 5 FTH FIRREEIRI(C-C) W K 9 Fis.

%] :2m

1
1
! Ly
1
1

[=4.435m

.................. Gk snnen < PETERETE RPN PRy
.

wg6'T1=H

,

1

1

1

. 1

. .
: 1
1

1

Y

L=10.99m
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Table 4. Parameter settings
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Figure 10. Velocity vector diagram of single wind tunnel
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Figure 12. Velocity vector diagram of partial cross-section near the tunnel air duct
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Figure 13. Wind speed distribution cloud map of the upper step section 6.1 m above the face
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Figure 14. Wind speed distribution cloud map of the middle step section at 12.8 m from the face
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Figure 15. Wind speed distribution cloud map of the step section 24.9 m below the face
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