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In the widest practical and technical sense, ventilation systems are nothing more than 

an appropriate schematic representation of the mine's overall or individual aeration 

plans, which only include the specific works that are used to circulate air; other works 

are left out. The study analyzed the serial aeration system, giving concrete examples of 

serial connection of the workshops in the mines. Furthermore, the study utilized simple 

parallel analysis in analyzing the systems of two parallel ventilation system of the mine. 

In addition, the aerodynamic resistance of the ventilation system was analyzed in 

relation to the emergence of the COVID-19 pandemic; alongside the political, social, 

and economic concerns brought out by the COVID-19 pandemic. It is observed that the 

general resistances of the branched ventilation system through parallel branches are 

smaller than the minimum resistances of each branch. The findings of this study hold 

significant implications for managing health risks in mines during pandemics. 

Implementing parallel ventilation branches ensures consistent airflow distribution, 

minimizing areas of stagnant air where viruses may accumulate. Taking into account 

the values of the total resistances that are reached in the ventilation systems in the mine, 

it was concluded that the probability of COVID-19 over time is always decreasing. This 

was as a result of the medical measures that were applied for the phenomenon in 

question. 
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1. INTRODUCTION

Mining operations are crucial to global economy, as they 

provide essential raw materials for several industries [1, 2]. 

The effect of aerodynamic resistance on mining lines is one 

feature of mining operations that is frequently disregarded. 

Aerodynamic resistance, commonly referred to as air drag, is 

the force that air exerts on objects in motion. This resistance 

can have a big impact on energy use, environmental 

sustainability, and operational efficiency in the mining 

industry [2, 3]. 

Reducing aerodynamic resistance improves energy 

efficiency and aids environmental conservation [4]. The 

mining industry can lessen the environmental impact of energy 

production and its carbon footprint by reducing the energy 

requirements of its activities. Aerodynamic resistance research 

is a crucial field of study for the mining industry since 

sustainable mining methods are critical in light of global 

climate change [5, 6]. 

Furthermore, enhancing operational effectiveness, cutting 

energy use, and advancing environmental sustainability all 

depend on an understanding and mitigation of aerodynamic 

resistance on mining lines. To maximize mining operations as 

well as minimize their environmental impact, ongoing 

research and creative design solutions are required.  

The mining sector plays an essential role in global 

economies, their operations can pose significant threats to 

human health [7] and the environment at large, which was 

even more threatening during the COVID-19 pandemic. 

Crucial for the maintenance of air quality and the control of 

airborne contaminants (mitigating the spread of infectious 

diseases among workers), is adequate ventilation. Effective 

ventilation systems in mines are necessary to ensure an 

environment that is safe to work in. 

Ventilation helps in not just diluting but eliminating toxic 

gases as well as other airborne contaminants which may have 

been produced as a result of mining operations. In respect to 

the coronavirus pandemic, the need for adequate ventilation is 

even of greater significance in reducing the risk of 

transmission of the virus among mine workers. Poor 

ventilation systems and mining practices at mines poses 

significant health and safety impacts to the workers. This was 

reported by Mayala et al. [8] who carried out a study on 

Merelani's artisanal mines. According to them, “The current 

ventilation systems mainly utilize forced fresh air supply by 

using small compressors with average capacity of 10 m3/min 

and natural ventilation from the surface atmosphere. This is far 

from required air quantity in an underground opening 

considering that the number of miners in each shift can reach 

120 [8]”. 

Mathematical Modelling of Engineering Problems 
Vol. 11, No. 5, May, 2024, pp. 1307-1314 

Journal homepage: http://iieta.org/journals/mmep 

1307

https://orcid.org/0000-0003-1330-9923
https://orcid.org/0000-0002-6155-8425
https://orcid.org/0009-0006-6656-1582
https://crossmark.crossref.org/dialog/?doi=10.18280/mmep.110521&domain=pdf


 

 In the mining industry, ventilation systems are essential in 

ensuring the safety and well-being of underground workers [9-

11]. These systems are made to manage airborne pollutants, 

eliminate hazardous gases and give fresh air continuously [12-

18]. 

Ventilation systems calculation is primarily based on 

several considerations which include: calculating the air 

currents in the system's branches (also known as the 

ventilation network); calculating the system's overall 

aerodynamic resistance; calculating the amount of air that is 

distributed in each system branch; and calculating the system’s 

pressure loss, which is effectively linked to the ventilators' 

specifications. 

The source point of the depression and its direction of action 

(e.g., the fan's location within the system and its operation) 

must be determined in order to determine the aeration system 

from the aforementioned information. Other data that must be 

taken into consideration are: airflow entering or exiting the 

mine as a whole (this size establishes the fan's appropriate 

capacity); and the branch's aerodynamic resistance between 

two joints. 

 

1.1 Research objectives 

 

The paper aims to achieve the following objectives: 

• To access the effectiveness of ventilation networks in 

mines, in mitigating the spread of the coronavirus 

pandemic. 

• To ascertain the feasibility and the impact of the use of 

parallel ventilation branches in enhancing the distribution 

of airflow in mine workshops. 

• To conduct a probability analysis as it relates to the 

emergence of the COVID-19 pandemic. 

 

1.2 Theoretical framework 

 

The possible relationship that exists between mine 

ventilation, aerodynamic resistance and health/environmental 

outcomes are posited by theoretical framework that in mining, 

adequate ventilation is crucial in order to maintain a safe work 

environment as well as minimize the environmental impacts. 

How effective a ventilation system is, is impacted by the 

aerodynamic resistance (likely influenced by factors such as 

mine layout, geological conditions etc.). A higher resistance 

will not only impede airflow, which would lead to inadequate 

ventilation but also increase exposure to pollutants. 

Health outcome is directly linked ventilation efficacy. Poor 

ventilation is likely to cause respiratory illness as well worsen 

an already existing respiratory condition among mine workers 

[19, 20]. The efficacy of ventilation not only affect the 

outcome of health but also that of the environment. The quality 

of ventilation determines the condition of the environment, 

which may directly or indirectly have an effect on health. 

 

 

2. DATA AND METHODS 

 

2.1 Serial system calculation 

 

Serial aeration system entails the “aeration of air without 

branching the air at all and sending it from the entrance to the 

mine in a certain way serially through all the underground 

workshops to the exit of the mine [the lowest degree of 

aeration in the system]” [18]. This technique of aeration is 

risky, and standard protocols forbid the mining of methane or 

coal dust or areas threatened by underground fires [14-16]. 

This is because the explosive nature of these materials and the 

hazardous byproducts of fires can be readily transferred from 

one workshop to another, greatly increasing the impact of the 

disaster. When opposed to branching ventilation systems, this 

method of ventilation has drawbacks from both a technical and 

financial standpoint. The total resistances per plant makes up 

the overall resistance R of the “serial aeration system”, which 

indicates: 
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The following formula is used to determine the system's 

overall depression:  
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where, Q is the system's air circulation quantity. 

The power needed for the ventilation fan is: 

 

3

1

n

i

i
V

Q R
Q h

N
 

=




= =


 
(3) 

 

where, the “fan utilization coefficient” is η. 

According to the Bernoulli equation's concept of 

conservation of energy, the pressure loss, in other words 

“depression of the serial system” is equal to the total of the 

pressure losses in all parts of the mine workshop, which is 

where air travels from the input to the outlet: 
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As can be seen below, the air flow can be expressed as a 

product of the flow velocity (v) and the cross-sectional area (A) 

of the flow branch: 

 

1Q A v A v=  =    (5) 

 

Therefore, the air stream's coefficient of contraction, or 

suppression, is represented by ε. 

We have the following based on the flow continuity 

equation: 
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According to Eqs. (5) and (6) we get: 
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Similar holes are needed for the serial aeration system 

according to: 
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respectively, 
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2.2 Solving a concrete example 

 

Additionally, a specific representation will be selected, in 

which the ventilation network for the serial system is shown 

as seen in Figure 1. 

 

 
 

Figure 1. Serial connection within the mine’s workshops 

 

The mine's workshops' serial connection is depicted in 

Figure 1. In this instance, the overall resistance is: 

 

1 2 2 3 3 4 4 5 5 6

( ) 2 ( ) 7

R R R R R R

R R B R R R C R R

− − − − −= + + + +

= + − + + − +
 (10) 

 

In order for B and C to be established through 

experimentation, Eq. (10) is obtained: 

 

 
 

Figure 2. Total aerodynamic resistance for the detailed 

instance [Rt=f(B,C,R)] 

 

Together with the single aerodynamic resistance (R), Figure 

2 displays the “aerodynamic resistance” Rt [Pa] for the 

circumstance established as an expression of variables B and 

C.  

From our analysis of the diagram, we can infer: 

-As the “unit resistance” R increases, the “total resistance” 

rises significantly to a maximum value, after which it falls to 

the value. 

-When the variable B increases and parameter C's value 

lowers, the parametric curve's maximum pushes toward the 

greater values of the unit resistance.  

The “maximum aerodynamic resistance” Rt(max) [Pa] is 

plotted against parameters B and C in Figure 3. From our 

analysis of this diagram, we can infer: 

 

 
 

Figure 3. The highest value of the elaborated case's “total 

aerodynamic resistance”, expressed as “Rt(maximum)=f(B,C)” 

 

The maximum value of the “total aerodynamic resistance” 

corresponds to the greater measure of “parameter” B with an 

increase in parameter C. For the lowest value of the “parameter” 

B, the corresponding parametric curve's growth trend is more 

noticeable. 

 

 
 

Figure 4. Equivalent holes as a function of unit resistance, B, 

and C 
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The corresponding hole of mine A [m2] is plotted against 

variables B, C, and R in Figure 4. Drawing conclusions from 

the diagram analysis: 

-The corresponding hole reduces significantly to a minimal 

value as the unit resistance R increases, and then it increases. 

-The parametric curves with the variables B and C 

increasing and decreasing respectively, drive the minimum 

towards the greater values of the “unit resistance” R, making 

the changing trend less noticeable. 

 

 
 

Figure 5. Fan drive at the proper power “N = f(B,C,R)” 

 

The required power N[W] to operate the fan is shown 

graphically in Figure 5 as an expression of B, C, and R. After 

the chart has been analysed, the following conclusions may be 

drawn: The power grows significantly to a maximum value 

and subsequently drops towards the value as the unit resistance 

(R) increases. 

-Maximum values are moved to the right for parametric 

curves where variable B's value increases and variable C's 

value decreases, resulting in a less noticeable change trend. 

The aforementioned diagrams are designed for an “air flow” 

(Q) of 30 m3/s, an “air flow suppression coefficient” (ε) of 65%, 

and a fan efficiency of η = 67%. 

 

2.3 Simple parallel connection analysis  

 

Next, the system of two parallel ventilation branches of the 

ventilation system of the mine will be analyzed. For these two 

parallel branches, for the corresponding ventilation flow Q1 

and Q2, and for the adequate resistances R1 and R2 the ratio is 

valid:  

 

1 2

2 1

Q R
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=  (11) 

 

Considering that q = Q1 + Q2, we can further write: 
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(12) 

According to the obtained result, it is observed that the 

general resistances of the branched ventilation system through 

parallel branches are smaller than the minimum resistances of 

each branch. 

 

 

3. RESULT AND DISCUSSION 

 

3.1 Analysis of the elaborated problem of the COVID-19 

pandemic 

 

The analysis of the elaborated problem is of special 

importance also in relation to the emergence of the COVID-19 

pandemic. Such a thing can also be verified according to the 

normal distribution. 

Assume that the continuous random variable R of the 

resistance to air flow of the ventilation system in the mine is 

separated by the normal distribution R ~ N(μ, σ), and that the 

density of the distribution is given by: 
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The probability that the random variable R ~ N(μ, σ), takes 

the values in the time interval (a, b) is equal to: 
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Now it is obtained t1 = (a−μ)/σ and t2 = (b−μ)/σ. 

 

 
 

Figure 6. Laplace function according to dependence Eq. (15) 

 

If the Laplace function as shown in Figure 6 is taken into 

consideration: 
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According to Eqs. (14) and (15) it is obtained: 

 

( ) ( )P a R b t  =  (16) 

 

 
 

Figure 7. General social-economic and medical losses to the 

number of patients affected by COVID-19 

 

 
 

Figure 8. Assigning the maximum value of total losses to the 

detailed problem 

 

Taking into account the values of the total resistances that 

are reached in the ventilation systems in the mine, we conclude 

that the probability of COVID-19 over time is always 

decreasing. This is as a result of the medical measures that are 

applied for the phenomenon in question. 

3.2 Economic, social and political issues raised by the 

COVID-19 pandemic 

 

Because of several global social and environmental changes 

brought about by economic development, highly contagious 

illnesses that have spread to become pandemics, as COVID-

19, pose a severe threat to public health and the economy [14, 

15]. The world's population has grown significantly since the 

start of the Industrial Revolution due to economic progress, 

which has also resulted in an increase in urbanization and 

concentration in big cities. Human population density is higher 

than it has ever been. Additionally, there has been a significant 

increase in human migration across all geographic dimensions. 

These components encourage the emergence and spread of 

novel infectious illnesses. This is particularly clear when it 

comes to corona viruses, such various influenza types. This is 

particularly evident in the case of the corona viruses, which 

include the more recent COVID-19 and several influenza sub-

types. Since the occurrence of COVID-19 is dependent on the 

state of an individual's surroundings, it essentially includes an 

environmental health concern [13, 15]. 

Determining how COVID-19 will eventually compare to 

past pandemics is still premature. But just like the "Spanish" 

flu, it became a global pandemic. The WHO proclaimed it to 

be a pandemic in March 2020 after it was first reported in 

Wuhan in November of 2019 [15]. People in the majority of 

countries quickly become afflicted. 

Similar to SARS, another closely related corona virus, and 

the “Spanish” flu, its primary modes of transmission are 

droplets and sneezing [14]. Despite being less fatal than the 

"Spanish" flu and considerably less likely to claim the lives of 

younger people, an alarming number of individuals have 

already died from it globally [14]. Furthermore, it severely 

curtailed (and disturbed) social and economic life. 

Nonetheless, the availability of advancements in information 

and communication technology (ICT) has significantly 

reduced its negative consequences. This has maintained social 

contact and allowed many people—though not all—to work 

from home. 

Whether or not the COVID-19 pandemic will result in long-

term changes to the political, social, and economic landscape 

is an intriguing subject. One possibility, though, is that it will 

significantly accelerate and sustain the increased use of the 

internet while also permanently increasing the incidence of 

working from home [14]. 

A simple analysis of the COVID-19 pandemic can also be 

obtained according to Figure 7. The given curve with the 

maximum expresses the social-economic expenses for the 

pandemic, while the curve without a maximum, with an 

increasing trend, expresses the medical expenses for the 

number of affected patients with a pandemic, so that the total 

social-economic and medical losses are graphically presented 

with the area between these two curves, so that the losses are 

given as a function of time (for different periods of time, t). 

From the diagram it is clear that these total losses change 

during the treatment of the pandemic, which means that these 

losses stand out with an extreme maximum value. 

In the example given in the figure, a characteristic example 

is given: 

1. Social-economic losses are now expressed in the 

following form: 

 
5 5 5 29.143 10 1.151 10 2.429 10SEC t t=  +   −    (17) 
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2. Medical losses to the possibilities of placing patients, for 

the given hospital capacities, are now given by: 

 
5 5 5 29.350 10 3.158 10 1.068 10MC t t=  +   +    (18) 

 

It is clear that the total losses are now: 

 

6 5 2

20714.286

        1.196 10 3.496 10

TC SEC MC

t t

= − = −

+   −  
 (19) 

 

Next, the general losses to the linear constraint of the form 

will be analyzed: 

 

A Bt C+ =  (20) 

 

so that the economic parameters A, B and C are determined 

according to the monitoring of the pandemic. 

Furthermore, the Lagrange function can be presented as 

follows: 
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So that λ is the Lagrange multiplier. 

Looking for the partial derivatives 𝜕𝐿/𝜕𝑡 = 0  and 𝜕𝐿/
𝜕𝜆 = 0, we obtain: 

 

C A
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2
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B

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In Figure 8, the general losses for the analyzed case are 

graphically presented, in the cut of the curve of total losses and 

direction as a constraint, understood for the relevant time 

period (It’s done A=2, B=5, C=12). 

 

3.3 Statistical evaluation of the relevant issues 

 

Determining the “coefficient of elasticity” (EC), is more 

crucial for managing the statistical analysis of the issue at hand. 
 

( , )
( , )

Y X X
EC X Y

X Y


= 


 (23) 

 

So that in the following diagrams the coefficient of elasticity 

is marked with KE. 

The “coefficient of elasticity” between the unit resistance 

{R, Pa} and the total resistance (Rt, Pa) is displayed in Figure 

9. Conclusion drawn from the diagram analysis: 

-As the “unit resistance” increases, the “coefficient of 

elasticity” rises to a peak and then falls toward the value, 

taking both “positive (+) and negative (−)” values into 

consideration. 

-The biggest value of parameter C and the smallest value of 

parameter B have higher maximum values of the coefficient in 

question, which lessens the prominence of the changing trend. 

-For example, the maximum value of the coefficient 0.45 is 

attained when R = 2.5 for the parametric curve KE (where B 

and C are 1 and 7 respectively) as shown in Figure 10. 

Accordingly, for every 1% change in the unit resistance R, the 

"total resistance" increases by 0.45%, etc. 

 
 

Figure 9. Elasticity coefficient of the total resistance (Rt, Pa) 

in relation to the single resistance (R, Pa) 

 

 
 

Figure 10. Coefficient of elasticity of fan power “KE(N, B) 

in function of parameters R,C,B.” 

 

3.4 Implications of findings for managing health risks in 

mines during pandemics 

 

The findings of this study hold significant implications for 

managing health risks in mines during pandemics, especially 

in a scenario such as the COVID-19 pandemic. By optimizing 

ventilation networks, the spread of airborne contaminants 

within the mines, is greatly reduced, thus mitigating the risk of 

disease transmission among workers. Implementing parallel 

ventilation branches ensures consistent airflow distribution, 

minimizing areas of stagnant air where viruses may 

accumulate. Moreover, conducting socio-economic and 

medical analyses enables operators to understand the broader 

impact of pandemics on workforce health and productivity, 

guiding decision-making processes for preventive measures 

and resource allocation. 
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Furthermore, probability analysis aids in proactive risk 

management. This allows operators to identify high-risk areas 

for contamination and implement targeted interventions. By 

undertaking preventive measures, mine operators can 

inculcate a culture of safety and disease prevention among 

workers, as this would further reduce health risks (especially 

by breaking the chain of transmission) during pandemics.  

Overall, the study underscores the critical role of ventilation 

system optimization, strategic planning, and preventive 

measures in managing health risks in mines during pandemics. 

By incorporating the findings from this study into practice and 

policy, mine operators can safeguard the health and well-being 

of their workforce and at the same time maintain operational 

efficiency in difficult times. 

 

 

4. CONCLUSIONS 

 

The issue of determining ventilation networks in respect to 

the mine's workshop ventilation is covered in the study. 

Emphasis is placed on the many kinds of ventilation network 

characteristic systems. It is explained how to calculate the total 

resistance, the depression's size, the equivalent holes, and the 

fan's required driving power. The paper also presents the case 

when the air ventilation of the ventilation system in the mine 

is also carried out through parallel ventilation branches. The 

socio-economic and medical analysis of the emergence of the 

COVID-19 pandemic has also been presented. It has been 

shown that the general losses are generally distinguished by an 

extreme maximum value, and how it should be done so that 

the total losses are as small as possible. Of particular 

importance, it should be noted that for the total resistances 

achieved in the ventilation system in mines, through the 

normal distribution, the probability of the extinction trend of 

this phenomenon can also be determined. It has been 

established that as a result of the preventive measures 

undertaken, COVID-19 is a pandemic that can be fought and 

reduced to the greatest extent possible. 

Additionally, the approach of statistically managing the 

given problem is presented. 

 

 

5. RECOMMENDATION 

 

Based on the finding of this study, the following 

recommendations for practice and policy have been made: the 

need for implementation of parallel ventilation branches, as 

this would enhance the distribution of the airflow within the 

mine; also, mine operators should prioritize optimization of 

ventilation networks. This can be done by calculating total 

resistance, depression size, equivalent holes and fan driving 

power. Furthermore, performing socio-economic and medical 

analysis, as presented in the study will give operators (of mines) 

adequate understanding of the impact of airborne diseases 

such as the coronavirus. 
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NOMENCLATURE 

 

Q amount of air circulating in the system 

R total resistance of the serial aeration system 

n 

A 

fan utilization coefficient 

the cross-sectional area of the flow branch 

v flow velocity 

Nv required ventilation fan power 

Rt total aerodynamic resistance 

EC coefficient of elasticity 

 

Greek symbols 

 

ε coefficient of contraction (suppression) of the air 

stream 

λ Lagrange multiplier 

L(t, λ) Lagrange function 

 

  

1314




