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Abstract

As mining depth increases, issues such as rising ground temperature, growing ventilation re-
sistance, and severe heat hazards become increasingly prominent, posing serious threats to opera-
tional safety and production efficiency. To address the challenges of airflow disorder, heat accumu-
lation, and unstable cooling performance in complex roadway systems of ultra-deep mines, this
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study employs a computational fluid dynamics (CFD) approach to construct a three-dimensional
physical model of roadways. By incorporating the momentum conservation equation and the en-
ergy equation, numerical simulations are conducted to investigate airflow migration patterns and
temperature field distributions under different inlet air temperatures, air velocities, and roadway
structural conditions. Through analyzing overall airflow organization characteristics, local thermal
environment evolution, and the response effects of cooling measures, the influence mechanisms of
key parameters on the roadway thermal environment are revealed. This provides theoretical sup-
port and practical guidance for optimizing ventilation system design and implementing efficient
cooling technologies in ultra-deep mines. At an air velocity of approximately 0.25 m/s, the tempera-
ture increases linearly with distance, described by the function: C = 26.5 + 0.00732x. The results
indicate that simply lowering the supply air temperature is not the optimal solution; rather, the key
lies in optimizing airflow distribution.
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Figure 1. Roadway model
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Figure 2. Mesh quality statistics
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Figure 3. Setting of roadway wall temperature

3. BEREEERE

DOI: 10.12677/me.2026.146149

1504

Tl AR


https://doi.org/10.12677/me.2026.146149

A

3. BIENARECBIBREEBE RS
3.1, BUER S
3.1.1. BERNREEEEME RS

R RN R A TE IR E M BN R —, RIS KIS ETE AT R R A N IR
WS X BEANFRTE AT I M, AE R IE R T L I8k XU A RGN AR ¥ B R RE A 21°C R, #E
3340 £ [0 FH: 420 2k [m] XA R E B8 E N 1 atm ERER R . XAa B E T E 4 Fis:

Velocity
Streamline 1

HS.OO

225 .
150 |
0.75

0.00
[ms™—1]

Figure 4. Airflow velocity in the roadway
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Figure 5. Temperature near the roadway wall surface
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Figure 6. Cooling curves at different temperatures
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Figure 7. Temperature contour map within the roadway
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Figure 8. Scatter plot of temperature changes in Ramp A
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Figure 9. Wind speed contour map of the —1080 m intermediate level
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Figure 10. Temperature variation along the extraction line at the 1080 m intermediate level
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