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Abstract

To investigate the interaction between mine ventilation and the thermal environment in a fully
mechanized longwall face, a Computational Fluid Dynamics (CFD) model was developed for the 11-
3107 working face of Menkeqing Coal Mine based on field-measured data. The model was used to
analyze the effects of ventilation mode, electromechanical equipment layout, roadway length, airflow
velocity, and inlet air temperature on the thermal environment of the working face. The results show
that changing the ventilation mode alone has only a limited effect on reducing the maximum face
temperature, although the U-shaped system provides a comparatively practical ventilation
arrangement under the studied conditions. Locating major electromechanical equipment in the
return airway helps reduce the temperature in the intake airway and working face. Shorter
ventilation routes, higher airflow velocity, and lower inlet air temperature all contribute to improved
thermal conditions. Considering both simulation results and operational constraints, cooling
equipment should be installed near the intake airway to effectively lower the working-face
temperature. Based on psychrometric analysis and ventilation parameters, the required cooling load
for the 11-3107 fully mechanized working face was determined to be 2417 kW under normal
conditions and 3082 kW under critical conditions, including a 20% safety margin. The study provides
a numerical basis for ventilation optimization, cooling-system design, and heat-hazard control in
deep underground coal mines.

Keywords: heat hazard control; thermal environment coupling; numerical simulation

1. Introduction

In recent decades, the advancement of underground coal mining technologies has enabled
mining operations to extend to significantly greater depths. As shallow coal resources continue to
decline, deep mining has become an inevitable direction for modern coal production. With the
ongoing development and optimization of mining technologies, deep mining now represents an
increasingly important component of global coal extraction systems [1-3]. However, increasing
mining depth is accompanied by a substantial rise in underground thermal load due to geothermal
gradients, heat transfer from surrounding rock, and heat generated by mining equipment and
mechanical operations. As a consequence, thermal hazards have become a major challenge affecting
both safety and productivity in underground coal mines. Excessive heat exposure can lead to heat
stress, reduced worker efficiency, and potentially serious safety risks for underground personnel.
Ryan and Euler (2017) [4] reported that high-temperature environments significantly affect miner
health and operational efficiency in underground mines. In deep mining environments, heat sources
mainly include geothermal heat from surrounding rock, heat generated by mining machinery,
oxidation reactions within the mine, and heat exchange processes associated with ventilation airflow
[5]. With the continued increase in mining depth, heat hazards have gradually been recognized as
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the “fifth major hazard” in coal mines, in addition to the four traditional hazards associated with gas,
dust, water, and roof instability [6-10]. Various technological approaches have been proposed to
control thermal hazards in underground mines, including ventilation optimization, refrigeration
cooling systems, and heat-resistant mining methods. Among these approaches, numerical modeling
has become an important tool for analyzing the complex interactions between airflow and heat
transfer in underground environments [11-14]. In particular, Computational Fluid Dynamics (CFD)
has been widely applied to investigate airflow distribution, gas migration, and temperature fields
within mine ventilation systems [15,16]. Through CFD simulations, researchers can analyze airflow—
temperature coupling processes and evaluate the effectiveness of ventilation and cooling strategies
before their practical implementation in the field. Several studies have applied numerical simulations
to investigate the thermal environment in deep mines. For example, Guo et al. (2020) analyzed the
heat transfer process between ventilation airflow and surrounding rock and demonstrated that the
interaction between airflow and rock surfaces plays a key role in determining the temperature
distribution in mine roadways [17]. Bascompta et al. (2020) developed predictive models for
underground temperature distribution and showed that ventilation parameters significantly
influence thermal conditions in mine workings [18]. More recently, Chen et al. (2023) used CFD
simulations to investigate ventilation and cooling optimization in coal mining faces and found that
airflow velocity and ventilation configurations strongly affect the thermal environment at the
working face [19]. In addition, Zhao et al. (2023) proposed energy-efficient cooling technologies for
high-temperature working faces in deep mines, highlighting the importance of coordinated
ventilation and refrigeration strategies for effective thermal hazard mitigation [20]. Despite these
advances, several limitations remain in current research. Many existing studies focus primarily on
individual influencing factors, such as airflow velocity or surrounding rock heat transfer, while the
complex coupling relationship between ventilation systems and the thermal environment in fully
mechanized longwall mining faces has not been sufficiently explored. Moreover, current numerical
analyses often lack comprehensive consideration of the combined effects of ventilation configuration,
equipment layout, airflow paths, and environmental conditions.

To address these research gaps, this study investigates the coupling interaction between
ventilation systems and the thermal environment in a deep underground coal mine. The research
focuses on the 11-3107 fully mechanized mining face of the Menkeqing Coal Mine, where significant
heat hazards have been observed. Based on field measurement data, a three-dimensional numerical
model of airflow and heat transfer was established using CFD techniques. The model was used to
analyze the interaction between the mine ventilation system and the underground thermal
environment. Specifically, this study examines the influence of ventilation methods,
electromechanical equipment layout, ventilation routes, airflow velocity, and initial air temperature
on the thermal conditions of the working face. By establishing numerical models and conducting
detailed simulations, the coupling mechanism between ventilation airflow and heat transfer
processes is clarified. The results provide a theoretical basis for optimizing mine ventilation systems
and developing effective cooling strategies to mitigate heat hazards in deep underground coal mines.

2. Model Establishment and Assumptions
2.1. Establishment of the Coal Mining Face Model

In this study, the pre-processing software Gambit was used to establish the geometric models
for airflow and heat transfer in the mining face, followed by mesh generation. The physical modeling
was based on the actual dimensions of the 11-3107 fully mechanized mining face of the coal mine.
The mining face is 320 meters long, 3.7 meters wide, and 5.6 meters high, with a rectangular cross-
sectional shape. The inclination of the mining face is approximately 0.3°, and the ventilation volume
is 2213 m3/min. The electromechanical equipment includes high temperature devices such as mobile
transformers, starters, circuit power supply equipment, spray pump water tanks, emulsifier pump
motors, and liquid return tanks. A simulation analysis of the airflow temperature field in the mining
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face was conducted. The lengths of the intake and return air passages are both approximately 1400
meters. These passages are assumed to be rectangular tunnels, with cross-sectional dimensions of
3.7x6.9 meters. The geometric model of the mining face is shown in Figure 1.

/ / T,

(a) Overall Model of the Mining Face (b) Belt Conveyor Mo

(c) Power Supply Circuit and Starter Model

Figure 1. Geometric Model of the Coal Mining Face.

2.2. Initial Condition Assumptions

During the numerical simulation of the thermal environment in the coal mining face, the
following simplifications and assumptions were made:

(1) The surrounding rock of the mining face tunnels is homogeneous and isotropic.

(2) The airflow underground is treated as an incompressible fluid, with the dissipation heat caused
by the viscous work of the airflow being neglected.

(3) The airflow is considered to be steady-state turbulence, satisfying the Boussinesq
approximation, where viscous dissipation is negligible, and density variations are only
considered when calculating buoyancy forces.

(4) The airflow in the mining face is assumed to be steady-state, with constant wall surface
temperatures for both the mining face and electromechanical equipment, and the disturbances
caused by the mining machine and hydraulic supports on the airflow are ignored.

(5) The heat and mass exchange process between the surrounding rock and the airflow, as well as
the condensation process caused by the mixing of hot and cold airflows, are not considered.

The temperatures of the equipment and the rubber-tired vehicles' upper and lower surfaces and
surrounding areas in the central pump station are set to be constant.

The boundary conditions for the intake passage of the 11-3107 fully mechanized mining face are
set as velocity inlet, while the boundary conditions for the return air passage are set as pressure outlet.
The standard wall function method is used for handling the near-wall region. The wall temperatures
of the intake passage, mining face, and return air passage are set to 29°C, 30°C, and 30°C, respectively.
The temperatures of the upper surface, lower surface, and surrounding areas of the electromechanical
equipment are set to be constant.

3. Ventilation-Thermal Coupling Simulation

The airflow and heat transfer processes in the coal mining face must adhere to four fundamental
laws. The airflow in the tunnels is typically turbulent, and during CFD simulations, turbulence
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equations must be specified to obtain a complete set of governing equations. Therefore, this study
uses the k — & standard turbulence model for the simulations [21-23]. This study focuses on the 11-
3107 fully mechanized mining face of Menkeqing Coal Mine to investigate the interaction between
the ventilation system and the thermal environment. Specifically, it examines the effects of different
ventilation methods, electromechanical equipment layouts, ventilation processes, wind speed, initial
air temperature, and advance rate on the thermal environment. Modeling is performed using
SpaceClaim, and the study investigates the impact of the ventilation system on the thermal
environment based on the actual conditions of the intake passage, mining face, and return air passage
in the 11-3107 mining area.

3.1. Impact of Different Ventilation Methods on the Mine’s Thermal Environment

This study simulates the impact of four ventilation methods U-shaped, Y-shaped, W-shaped,
and E-shaped on the thermal environment of the mining face, as shown in Figure 2. Using the Fluent
numerical simulation software, the effects of these four ventilation methods on the thermal
environment of the mine under the same intake air temperature conditions are simulated. The cooling
effects of each method are compared to determine the optimal ventilation method. To analyze the
impact of different ventilation methods on the thermal environment of the mining face, this study
simulates the airflow conditions with a wind speed of 1.5 m/s and an air temperature of 26°C. Based
on these conditions, the relationship between different ventilation methods and the environmental
temperature of the mining face is examined. Figure 3 shows the temperature distribution contour
map of the working temperature field for the 11-3107 fully mechanized mining face under different
ventilation methods. Figure 4 presents the temperature variation curves along the intake passage,
mining face, and return air passage for each ventilation method.
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Figure 2. Four Different Ventilation Modes.
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Figure 3. Temperature Field Distribution Contour Map of the 11-3107 Fully Mechanized Mining Face under
Different Ventilation Methods.

According to the image, the Y-shaped ventilation method has more high-temperature areas
compared to the other ventilation methods. By comparing the global contour maps of the mining face
under the W-shaped and E-shaped ventilation methods, the temperature distribution in the intake
passage, mining face, and return air passage is similar for both ventilation methods. In conjunction
with the temperature variation curves, the temperature rise trends in the main and secondary intake
tunnels for both W-shaped and E-shaped ventilation methods are similar. The temperature at the
corner of the mining face is approximately 28.8°C, and the maximum temperature on the mining face
is around 29.35°C. However, for the return air passage, the temperature along the path is slightly
lower in the W-shaped ventilation method compared to the E-shaped method, making the W-shaped
ventilation method more favorable. When comparing the U-shaped ventilation method with the
other three ventilation methods, the airflow temperature along the intake passage for the U-shaped
method is similar to that of the W-shaped and E-shaped ventilation methods. However, along the
mining face, the temperature under the U-shaped ventilation method is generally higher than that
under the W-shaped and E-shaped methods.
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Figure 4. Temperature Distribution Along the Path under Different Ventilation Methods.

In summary, under the same working conditions with an intake air temperature of 26°C and a
wind speed of 1.5 m/s, based on the global temperature contour maps and along-path temperature
curves for the U-shaped, Y-shaped, W-shaped, and E-shaped ventilation methods, the Y-shaped
ventilation method is significantly less effective than the U-shaped method. From the perspective of
along-path temperature, the W-shaped and E-shaped ventilation methods result in lower
temperatures at certain locations on the mining face compared to the U-shaped method, with the
maximum temperature being about 0.09°C lower than that of the U-shaped method. Overall, the
temperature difference is minimal. Considering the higher difficulty and cost of tunneling, without
the use of cooling equipment, simply changing the ventilation method does not significantly reduce
the maximum temperature on the mining face.
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3.2. Impact of Different Electromechanical Equipment Layouts on the Thermal Environment of the Mining
Face

During the investigation of electromechanical equipment heat dissipation, it was found that
numerous electromechanical devices are arranged in the intake passage of the mining face.

As the surface temperatures of these devices are significantly higher than the ambient
temperature in the tunnel, they transfer heat to the surrounding environment. Therefore, studying
the impact of electromechanical equipment on the tunnel's thermal environment is of great
significance. Since the layout of the electromechanical equipment varies, the extent and range of its
impact on the thermal environment will differ. Based on the conclusions from different ventilation
methods, this study simulates and analyzes the impact of three different equipment layouts on the
thermal environment of the 11-3107 fully mechanized mining face under the conditions of an initial
airflow temperature of 26°C, a wind speed of 1.5 m/s, and U-shaped ventilation: all electromechanical
equipment in the intake passage, all electromechanical equipment in the return air passage, and half
of the electromechanical equipment in the intake passage and the other half in the return air passage.
Figure 5 shows the temperature field contour maps of the 11-3107 fully mechanized mining face
under the three different equipment layouts. Figure 6 presents the temperature variation curves along
the intake passage, mining face, and return air passage for each layout.
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Figure 5. Temperature field distribution contour map of the working face under different equipment layout
configurations.
—=—In Intake Airway —m— In Intake Airway
u 294 —#— Halfand Half 1004 —e— Half and Half
290 = — —#—In Return Airway| —&—In Return Airway,
28 ¥ : B 23 " v 98 i
- # —=— In Intake Airway - - »
~ 2804 A —&— Half and Half S e " — - A
g2 4 In Return Airway, 2 . g 295 e
Bl W& g " . i .
. . gl it - 7"
£ & E 194
Ea0 W Sk & 2 P s o
9.0 £ o .~
6. L 9. e
a % : &
2607 & e &
T T T T T T T T 1 200 T T T T T
l) jépu «‘)(} 0(‘,,1 k(l)(] ]0‘00 DI(m |4‘|)0 mlm =50 o S0 100 150 200 250 300 350 400 0 200 400 600 KOO 1000 1200 1400 1600
Location (m) Location (m) Rocebizaia)
(a) Intake Passage (b) Mining Face (c) Return Air Passage

Figure 6. Temperature distribution along the path under different equipment layout configurations.

According to the image, the temperature increase trends in the intake airways are similar under
the three different equipment layouts. When all equipment is arranged in the intake air passage, the
temperature is higher, with the highest temperature at the corner of the intake airway reaching
approximately 29.11°C. When the equipment is arranged in the return air passage, the temperature
at the corner of the intake airway is the lowest, at about 28.89°C. When half of the equipment is
arranged in the intake and return air passages, the temperature along the intake air passage is
between the other two layouts.

For the working face, when all the equipment is arranged in the intake airway, the airflow
temperature at the corner of the intake airway and the working face's cut-in is relatively higher
compared to the other two layouts, reaching about 29.11°C at the entrance of the working face. After
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heat exchange in the working face, the temperature at the outlet reaches around 29.32°C. When all
the equipment is arranged in the return air passage, the temperature at the corner of the intake airway
and the entrance of the working face is the lowest, at approximately 28.90°C. After heat exchange,
the temperature at the working face outlet is around 29.10°C.

For the return air passage, it is evident that when all the equipment is arranged in the return air
passage, the temperature increase is the fastest, with the final temperature reaching around 29.78°C.
Due to the absence of electromechanical equipment, in the other two cases, the temperature increase
in the return air passage is slower, with the highest temperature reaching 29.63°C and 27.1°C,
respectively.

In summary, when all the equipment is arranged in the return air passage, the environment
temperature in the intake airway and the working face is lower. Considering that lower working face
temperatures lead to reduced harm to personnel and higher mining safety, equipment can be
arranged in the return air passage, in accordance with the Coal Mine Safety Regulations, to improve
the working environment in the working face.

3.3. Effects of Different Ventilation Processes on the Thermal Environment

In this study, the impact of different ventilation routes on the thermal environment was
investigated by shortening the ventilation path and considering varying roadway lengths. Numerical
simulations were conducted to analyze the temperature distribution in the longwall working face
under three roadway lengths: 1500 m, 1300 m, and 1100 m. The simulations were performed under a
consistent airflow condition with an inlet air velocity of 1.5 m/s and a temperature of 26°C. The
relationship between roadway length and the thermal environment of the mining face was examined.
Figure 7 presents the overall temperature distribution of the 11-3107 longwall face under different
roadway lengths, while Figure 8 displays localized temperature field contours for the three
ventilation scenarios.
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Figure 7. Temperature field distribution contours of the 11-3107 longwall face under different roadway lengths.
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Figure 8. Simulation Results of Different Tunnel Length Conditions in the 11-3107 Fully Mechanized Mining

Face.

Figure 9 shows the temperature field distribution along the tunnel for the 11-3107 fully
mechanized mining face, including the intake airway, the working face crosscut, and the return
airway, under different tunnel length conditions. The temperature rise trends along the airflow path
are similar for all three tunnel lengths. Under the condition of a shorter tunnel length, the temperature
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along the airflow path is lower at various points. For example, with a tunnel length of 1100m, the
temperature at the intake corner is approximately 28.1°C, the maximum temperature at the working
face is around 28.94°C, and the temperature at the return airway outlet is 29.46°C.
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Figure 9. Temperature Field Distribution along the Tunnel for Different Tunnel Length Conditions.

It can be concluded that with an increase in tunnel length, the airflow has a longer heat exchange
time with the surrounding rock surfaces, resulting in higher temperatures at the return airway. If the
length of the intake airway is shortened while considering the issues related to the electromechanical
equipment in the intake airway, the heat exchange time between the airflow and the tunnel surfaces
before reaching the working face is reduced, resulting in relatively lower temperatures of the airflow
entering the working face.

3.4. Effect of Different Air Velocity on the Thermal Environment of Underground Mining Faces

To analyze the effect of different air velocities on the thermal environment of the working face
with an inlet airflow temperature of 26°C, simulations were conducted under four different airflow
velocities: 1.5 m/s, 2.0 m/s, 2.5 m/s, and 3.0 m/s. The relationship between airflow velocity and the
environmental temperature at the mining face was investigated. Figure 10 shows the global
temperature field distribution for the 11-3107 fully mechanized mining face with an inlet temperature
of 26°C. Figure 11 presents the local contour plots of the temperature field under the four different
airflow velocity conditions.

Figure 10. Temperature Field Distribution Contour Plot of the 11-3107 Fully Mechanized Mining Face.
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Figure 11. Simulation Results of the 11-3107 Fully Mechanized Mining Face under Different Airflow Velocity
Conditions.

Figure 12 shows the temperature field distribution along the tunnel for the 11-3107 fully
mechanized mining face, including the intake airway, the working face crosscut, and the return
airway, under different airflow velocity conditions. From the Figure, it can be observed that the
airflow temperature continuously increases from the intake airway entrance, rising from 26°C to a
maximum of 29.7°C. Upon reaching the working face crosscut, the temperature rises more slowly
due to the limited heat dissipation from the coal mining equipment. When the airflow enters the
return airway, the temperature starts to gradually decrease from the maximum of 29.98°C due to the
presence of the misting system, although the temperature decline is relatively slow.
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Figure 12. Temperature Field Distribution along the Tunnel under Different Airflow Velocity Conditions.

By comparing different airflow velocities, it can be concluded that the higher the tunnel airflow
velocity, the lower the temperature at various points. The study identifies the optimal tunnel airflow
velocity as 3.0 m/s. However, considering that the Coal Mine Safety Regulations stipulate the maximum
airflow velocity in coal tunnels to be 4.0 m/s, the ideal airflow velocity for the working face is 4.0 m/s.
When selecting the airflow velocity for the tunnel, factors such as the spontaneous combustion risk
in the mined-out area, dust levels at the working face, fan capacity, and the ventilation capacity of
the intake and return airways should also be comprehensively considered.

3.5. Impact of Initial Air Temperature on Work Face Thermal Environment

To analyze the effect of different initial air temperatures on the thermal environment of the
working face under the same airflow velocity conditions, simulations were conducted at an airflow
velocity of 1.5 m/s with four different initial air temperatures: 6°C, 8°C, 10°C, and 12°C. The
relationship between initial air temperature and the temperature at the mining face was investigated.
Figure 13 shows the contour plot of the temperature field distribution for the 11-3107 fully
mechanized mining face under different initial air temperature conditions. Figure 14 presents the
simulation results of the 11-3107 fully mechanized mining face under different initial air temperature
conditions.
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Figure 13. Temperature Field Distribution of the 11-3107 Fully Mechanized Mining Face under Different Initial

Air Temperatures.
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Figure 14. Simulation Results of the 11-3107 Fully Mechanized Mining Face under Different Initial Air

Temperature Conditions.

Figure 15 shows the temperature field distribution along the tunnel for the 11-3107 fully
mechanized mining face, including the intake airway, working face crosscut, and return airway,
under different initial air temperature conditions. From the Figure, it can be observed that the four
curves exhibit similar increasing trends, with only the initial and final temperatures differing. This
indicates that the lower the initial air temperature, the greater the temperature difference between
the airflow and the heat source, leading to a faster increase in airflow temperature and more
significant heat exchange. As the airflow enters the working face crosscut, the temperature continues
to rise due to the heat dissipation from the coal mining equipment, but at a slower rate. Upon entering
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the return airway, due to fewer devices in the return airway, the airflow primarily exchanges heat
with the surrounding rock, and the final temperature is greater than 25°C.
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Figure 15. Temperature Field Distribution along the Tunnel under Different Initial Air Temperature Conditions.

By comparing different initial air temperatures, it can be concluded that under the same airflow
velocity conditions, the lower the initial air temperature in the tunnel, the lower the temperature of
the airflow at various points. The study identifies the optimal tunnel air temperature as 6°C.
However, considering that the 11-3107 fully mechanized mining face has a long ventilation distance,
and the airflow undergoes heat exchange along the way from the shaft to the intake airway of the 11-
3107 mining face, the temperature cannot reach the optimal 6°C as simulated. Therefore, it may be
considered to use cooling equipment near the intake airway of the 11-3107 mining face to cool the
airflow and reduce its temperature as much as possible. Simultaneously, considering the simulation
results for different airflow velocities and the Coal Mine Safety Regulations stipulating a maximum
airflow velocity of 4 m/s and a temperature not exceeding 26°C, the ideal ventilation conditions
should aim for an inlet air temperature of 6°C and an airflow velocity of 4 m/s. However, factors such
as the maximum cooling capacity of the equipment, natural coal spontaneous combustion risks in the
mined-out area, and other relevant conditions should also be comprehensively considered.

4. Determination of Cooling Load for Mechanical Refrigeration

Based on the study of heat hazard distribution and the coupling effects of the thermal
environment, it is necessary to supply cooling capacity to the working face to mitigate heat stress and
create a more comfortable working environment. The determination of the cooling load for the
mining face plays a critical role in guiding the design of the mine's cooling system.

4.1. Cooling Load Calculation

According to GB50418-2007 Design Code for Thermal Hazard Control in Underground Coal
Mines, the cooling load for mining faces and electromechanical equipment chambers can be
calculated using the following equation:

Q cool > G(ha-hy) (4-1)

In the equation: Qcool - Cooling load required at the cooling point, kW; G - Air mass flow rate at the
cooling point, kg/s; hi - Enthalpy corresponding to the cooling target at the cooling point, k]/kg; h2 -
Enthalpy of the air flow at the cooling point, k]/kg.

4.2. Determination of Cooling Load for Mining Faces

4.2.1. Cooling Load for the 11-3107 Fully Mechanized Mining Face

The cooling load calculation for the mining face is based on the 11-3107 fully mechanized mining
face. The face adopts a U-shaped ventilation system, with the intake and return airway lengths both
set at 1400 m. The mined-out face has a length of 320 m, a width of 3.7 m, and a height of 6.9 m. The
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ventilation cross-sectional area is 25.53 m? and the shape is square, as shown in Figure 16. The
temperature of the tunnel walls is 29°C, with an air volume of 2815.7 m3/min, and the air density is
1.073 kg/m3. The original air flow temperature in the tunnel is 30°C, with a humidity of 99.1%. To
achieve a face air temperature of 26°C and a humidity of 85%, the temperature increase along the
tunnel is assumed to be 0.2°C per 100 m. Therefore, the outlet air temperature for the cooling
equipment is targeted at 23.2°C with a humidity of 85%. Based on the air volume, the mass flow rate
of the air is calculated as G = 50.35 kg/s. Referring to the psychrometric chart for moist air, the
enthalpy before cooling is hz2 = 102 kJ/kg, and after cooling, it is h1 = 62 kJ/kg. Using the formula
(Equation 3-1), the cooling load is calculated as 2014 kW, and considering a 20% safety margin, the
final cooling load is 2417 KW.

Working Face Intake Airway
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Figure 16. Overview of the 11-3107 Fully Mechanized Mining Face.

Based on the current situation and considering the challenging period, the intake and return
airways of the 11-3107 fully mechanized mining face are assumed to be a maximum of 2800 m in
length. To achieve a face air temperature of 26°C and a humidity of 85%, the temperature increase
along the tunnel is assumed to be 0.2°C per 100 m. Therefore, the outlet air temperature for the cooling
equipment is targeted at 20.4°C with a humidity of 85%. Using the air volume, the mass flow rate of
the air is calculated as G =50.35 kg/s. Referring to the psychrometric chart for moist air, the enthalpy
before cooling is h2 = 102 kJ/kg, and after cooling, it is hi = 51 kJ/kg. Using the formula (Equation 3-1),
the cooling load is calculated as 2568 kW, and considering a 20% safety margin, the final cooling load
is 3082 kW.

4.2.2. Determination of Cooling Load for the Central Pump Room

Taking the central pump room cooling load calculation as an example, the air volume in the
central pump room is 250 m3/min, with a pressure of 93,900 Pa and an air density of 1.062 kg/m?. The
initial air flow temperature in the tunnel is 35.5°C, with a humidity of 46%. The target air flow
temperature for cooling is 30°C, with a humidity of 46%. Based on the air volume, the mass flow rate
of the air is calculated as G = 4.425 kg/s. Referring to the psychrometric chart for moist air, the
enthalpy before cooling is h2 = 77 kJ/kg, and after cooling, it is hi = 60 kJ/kg. Using the formula
(Equation 3-1), the cooling load is calculated as 75.2 kW, and considering a 20% safety margin, the
final cooling load is 90.3 kW.

5. Conclusions

This study takes the 11-3107 fully mechanized mining face of the Menkeqing Coal Mine as the
primary research object. Based on data collected from field measurements, a geometric model was
established, and the influence of the ventilation system on the underground thermal environment
was analyzed using Computational Fluid Dynamics (CFD) simulations. The corresponding cooling
load was also calculated. The main findings are as follows:

(1) Heat sources such as the central pump room and rubber-tired vehicles significantly affect the
temperature in the surrounding roadways or chambers where the heat sources are located.
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However, they have minimal impact on the initial airflow temperature entering the main

airways and almost no influence on the thermal environment of the 11-3107 working face.

(2) Numerical simulation of the influence of the ventilation system on the thermal environment
shows that the U-shaped ventilation system is relatively reasonable. However, without the
application of cooling equipment, merely adjusting the ventilation method has limited effect
on reducing the maximum temperature at the working face. When all equipment is arranged
in the return air roadway, the temperatures of the intake airway and the working face
environment are lower. As the length of the roadway increases, the final temperature in the
return airway tends to rise. Higher airflow velocity results in lower air temperatures at various
locations, with an optimal airflow velocity of 4 m/s identified for the working face. Under the
same airflow velocity, a lower initial air temperature leads to lower airflow temperatures at all
points along the roadway. The optimal initial air temperature is found to be 6 °C. However,
considering heat exchange between the airflow and the auxiliary shaft, the target temperature
is difficult to achieve under real conditions. Therefore, cooling equipment should be installed
near the intake airway of the 11-3107 fully mechanized mining area to reduce the airflow
temperature as much as possible. Among the four simulated working conditions, the optimal
face advancement rate is determined to be 9 m/d.

Based on model construction and numerical simulation, further calculation of the required
cooling capacity indicates that, considering a 20% reserve factor, the cooling load near the auxiliary
shaft central pump room should exceed 995.3 kW; the cooling load for the 11-3107 fully mechanized
working face should exceed 2417 kW under normal conditions, and exceed 3082 kW during critical
periods. The determination of the cooling load provides quantitative support for the selection of
refrigeration equipment and thermal hazard mitigation in the Menkeqing Mine.
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Abbreviations

The following abbreviations are used in this manuscript:

CFD Computational Fluid Dynamics

GB50418-2007 Design Code for Thermal Hazard Control in Underground Coal Mines
k-¢ standard k-epsilon turbulence model

U-shaped U-shaped ventilation system

Y-shaped Y-shaped ventilation system

W-shaped W-shaped ventilation system
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E-shaped E-shaped ventilation system
kg/s kilogram per second

kW kilowatt

m meter

m/d meter per day

m/s meter per second

m? square meter

m3/min cubic meter per minute

°C degree Celsius
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