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One of the ventilation design methods of underground mines is to use the
incompressibility model. In the incompressibility model, several methods have
been presented by different researchers for ventilation design in underground
mines. Some of them are the Hardy Cross method and its correction models,
such as the Wang model, the conflation model, the second conflation model,
and the corrected Newtonian models. Also, the Newton-Raphson method and
its correction models, such as the Wang model, the variable-directions model,
and the no-derivative model. Using ventilation software is necessary to
increase the accuracy and speed of calculations. Accordingly, numerous
software have been presented in this field. The most common of them is
Ventsim software. This software and other software always use a single
standard method model. Accordingly, they couldn't enrich ventilation science
by exploring different methods. Therefore, the new software Ventilation
Design: Incompressible Model was presented in this article, which is capable
of analyzing 12 different Hardy-Cross and Newton-Raphson methods.
Validation of this new software was conducted using two hypothetical models
and one case study. The results of this validation confirm the correct
functioning of the new Ventilation Design: Incompressible Model software.
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EXTENDED ABSTRACT
1. Introduction

Some researchers in underground mine ventilation believe that if the mining depth is less than 500
meters relative to the highest topographic level, the air in these mines' ventilation systems can be
treated as an incompressible fluid. The design of underground mine ventilation in the incompressible
model has been presented to various methods such as the Hardy-Cross method [1] and its modified
models [2-3], and [5-13], the Newton-Raphson method and its modified models [2], [4], [5], [7], the
critical path [ 14], the linear method [15], and nonlinear programming [20]. Each of the above methods
can be performed manually or by computer, but to increase the accuracy and speed of ventilation
calculations, it is better to use a computer. Accordingly, the computer method is preferable to the
manual method. The most common method of mine ventilation design among computer ventilation
designers is the use of various Hardy-Cross and Newton-Raphson methods. This article will refer to
12 Hardy-Cross methods and 3 Newton-Raphson methods, each with its own specific equations.
Several software programs, such as MINVENT, AVENT, VNETPC, and VENTSIM, are based on
the Hardy-Cross equation, with VENTSIM being the most common. But so far, no software can
define most ventilation design methods in mines using the incompressibility model.

2. Methodology

In this article, a new software, Ventilation Design: Incompressible Model, was introduced for
ventilation design in underground mines. The ventilation design in this new software is based on
methods such as the Hardy-Cross and Newton-Raphson methods, along with their corrected models.
Some of them are Hardy Cross correction models, such as the Wang model, the conflation model, the
second conflation model, and the corrected Newtonian models. Also, some of them are correction
models based on the Newton-Raphson method, such as the Wang model, the variable-direction
model, and the derivative-free model.

3. Findings and argument

The primary purpose of this paper is to present new ventilation software, named Ventilation Design:
Incompressible Model. The main view of this new software is shown in Figure 1; the other views are
shown in Figures 2 to 10.
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Figure 1. The main view of Ventilation Design: Incompressible Model
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Figure 2. The Read-Classic command functionality
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Figure 4. The Incompressible-Classic-Hardy Cross command functionality
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Figure 5. The Incompressible-Classic-Newton Raphson command functionality
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Figure 6. The Incompressible-Optimum-Newton Raphson command functionality
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Figure 7. The Build-Run command functionality
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Figure 8. The Output command functionality
4. Conclusions

For mine ventilation design, the compressibility model was defined using the Hardy-Cross method
and its modified models, such as the Wang model, combination models, and Newtonian models.
Also, the Newton-Raphson method and its variants, such as the Wang, variable-direction, and
derivative-free models, can be used for ventilation design.

Using a computer to increase the accuracy and speed of ventilation calculations is necessary.
Accordingly, several software have been developed in this field; the most common is Vensim. But
this software and other software always solve a model of computer methods. Therefore, to solve
this disadvantage, the Ventilation Design: Incompressible Model software was introduced in this
article.

The ventilation design software, Incompressible Model, was coded in Visual C++ and can design
underground mine ventilation using 12 different models from the Hardy-Cross and Newton-
Raphson methods.

To validate the results of the Ventilation Design: Incompressible Model software, two manual and
computer methods were used in two hypothetical models and a case study (West Razmja Mine).
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According to the information in Tables 1 to 4 and Figures 10 and 11, it is shown that the results
obtained from the hypothetical model for manual methods such as the modified Wang model of
Hardy-Cross method, the second combination model of the Hardy-Cross method, the Newton-
Raphson method without derivative model, and the modified 16th-order Newtonian model of Hardy-
Cross method with Ventsim software and Ventilation Design: Incompressible Model software have
presented completely same results. Also, according to the information in Figures 15 and 16, the results
obtained from the case study model (Western Razmja Mine) using Ventsim software and Ventilation
Design: Incompressible Model software are identical. Therefore, these validations confirm the correct
functioning of the Ventilation Design: Incompressible Model software.
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Accuracy of Calculations: 1.000000E-009

Q(1-2) Q@2-5) Q(5-7) Q(7-8)  Q(8-5) Q@2-10)
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Q(10-8)  Q(10-23) Q(7-23) Q(23-24)
-10.021732 19.193068 8.640012 27.842080
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