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Ventilation Summary

Underground excavation One of the methods for ventilating underground spaces is the use of a
gofnt:/\l?ress'b”'ty model compressible-flow model. In the compressible-flow model, the air is
0 are

analyzed under both dry and humid conditions. The humid model enables
the analysis of the actual conditions prevailing in underground spaces. In general, a comprehensive analysis of
underground spaces using a compressible-flow model requires solving many mathematical equations. Therefore, the
development of an appropriate software tool for analyzing the corresponding equations is essential. One of the
commonly used software packages in this field is Ventsim. Although Ventsim offers a wide range of capabilities,
this study demonstrates that some of the mathematical equations required for analyzing the thermal model are not
explicitly incorporated into the software. Accordingly, to enhance the comprehensiveness of ventilation design
analysis for underground spaces using the compressible-flow model, a computer program entitled “Ventilation
Design: Compressible Model” has been developed and presented in this study. Multiple validation tests, conducted
to check the results of this computer program, demonstrate its reliable performance in analyzing various models.

Introduction

Researchers suggest that when the depth of an underground space exceeds 500 m, the air properties for ventilation
purposes should preferably be assumed to correspond to a compressible fluid. In this model, first, the specific
volume of air is not assumed to be constant; second, depending on the presence or absence of water vapor, the
ventilation design is carried out using either a dry or a humid compressible-flow model. In the compressible-flow
model, if the amount of water vapor in the air is assumed to be zero, the ventilation design is considered to be based
on the dry compressible-flow model. However, in practice, the air moisture content in most underground mines is
not zero. Therefore, the ventilation design is based on the humid compressible-flow model. In general,
thermodynamic analysis is commonly employed for the accurate design of ventilation systems in underground
spaces using the compressible-flow model. In these equations, various heat-transfer mechanisms, together with a
certain amount of moisture, are taken into account within underground excavations.

Methodology and Approaches

The main and important equations required for the thermodynamic analysis of underground space networks have
been presented in equations (1) to (21) presented below, as reported by McPherson (1993), Hall (1998), Madani
(2003), Samadzadegan (2010), Roghanchi (2017), Tong et al. (2017), Wu et al. (2017), Li et al. (2019), and Elahi
Zeyni (2020). Given the large number and complexity of the equations involved, the development and
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implementation of dedicated software are essential for the design of ventilation systems in underground spaces
based on an air-compressibility model. Heat transfer under the air-compressibility model is considered one of the
key parameters in the design of ventilation systems for underground spaces. Accordingly, the heat-transfer problem
is formulated for nine different models, as described below, in which each of the models is governed by its own set
of specific equations.

a. Heat transfer from the surrounding rock of underground excavations (Fourier’s law)

b. Heat transfer from electrical equipment

c. Heat transfer from diesel-powered equipment

d. Heat transfer from water within underground excavations

e. Heat transfer from the oxidation of mineral materials

f. Heat transfer generated by explosive blasting

g. Heat transfer from the transportation of fragmented material

h. Heat transfer generated by personnel activities

i. Heat transfer due to the natural compression of air
Furthermore, the thermodynamic equations in the compressible-flow model are non-linear equations, which are
generally solved using the Newton—Raphson method, the Delta method, the K method, and the K-W method (Hall,
1998; Madani, 2003; Elahi Zeyni, 2020; Elahi Zeyni et al., 2024).

Results and Conclusions

One of the most widely used and well-known software packages for ventilation network design is Ventsim. This
software offers a wide range of capabilities and is capable of solving the thermodynamic equations of dry and
humid air under both incompressible and compressible flow models. It also provides the capability to analyze five
heat-transfer models, assesses the behavior of useful and harmful gases, performs fire simulations, evaluates natural
ventilation, and conducts economic analyses of ventilation networks.

However, in the Ventsim software, certain heat-transfer mechanisms have not been considered in the ventilation
networks, including heat transfer from water within underground mine workings, heat transfer generated by
explosive blasting, heat transfer associated with the transportation of fragmented material, and heat transfer
generated by personnel activities. Therefore, in the present study, a dedicated software program was first developed
for the ventilation design of underground spaces based on the compressible-flow model of air. In addition to the
various heat-transfer models incorporated in Ventsim, four additional heat-transfer mechanisms that are not
considered in Ventsim were implemented in the new ventilation software. This new ventilation software that is
designated in this study is called as “Ventilation Design: Compressible Model.” The main window of this new
computer program is presented in Figure 1, and some of its commands are shown in Figures 2 and 3.

To validate this computer program, eleven solved compressibility models from various sources have been used. The
validation results indicate that the final findings are entirely consistent; consequently, the output data from this
computer program can be considered as fully reliable.
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Figure 1. The main window of the new computer program called as
Ventilation Design: Compressible Model
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Figure 2. The operation of the branch data command
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Figure 3. The operation of the heat model command
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