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Abstract

Tunnel ventilation is essential in utilization. Because it provides safety and comfort for traffic in the
tunnel, no tunnel or underground passage can be used safely and healthily without a proper and efficient
ventilation system. In this research, the best ventilation system of tunnel number 2 of the main road from
Pataweh to Dehdasht (third section) in the southwest of Kohgiluyeh and Boyer Ahmad province was
designed during operation. First, by using different standards, the necessity of using mechanical ventilation
in this tunnel was determined, and considering the advantages of using longitudinal ventilation, this
ventilation method was selected for the tunnel. Using the classic techniques and the PIARC method, the
required flow intensity for tunnel ventilation was calculated. Then, considering different pressure
components, the necessary pressure drop was also obtained. Statistical analysis was used to obtain the final
flow intensity, and finally, the value of 155 cubic meters per second was obtained as the necessary airflow
intensity in the tunnel. The total pressure drop in this tunnel is equal to 47 Pa. According to the calculations,
the specifications of several fans were checked, and finally, 9 fans' model 900/403-6 from Novenco company
were selected..

Keywords

Tunnel No. 2 of the main Pataveh-Dahdasht road, Ventilation system during utilization, Longitudinal
ventilation, traffic.

* Corresponding Author


https://dx.doi.org/10.22034/ijme.2024.2014505.1989
https://creativecommons.org/licenses/by/4.0/

Mohammadreza Bahmani, Hasan Madani, Majid Ataee-pour, Shabir Arshadnejad Iranian Journal of Mining Engineering (IJME)

1- Introduction

Underground structures need ventilation. In the meantime, tunnels, as one of the most important
communication arteries, need a ventilation system due to their type of use. A large volume of
people and equipment is moved from one point to another through tunnels, resulting in the
accumulation of pollution caused by vehicles passing through the tunnels. In the case of a lack of
proper ventilation, breathing in such an environment is difficult and is associated with reduced
visibility for drivers. On the other hand, in the event of unexpected incidents such as severe
accidents and massive fires, it is difficult to access the place where the incident occurred; Therefore,
until the rescue forces arrive at the scene of the accident, the role of the ventilation system is very
vital in controlling and removing polluted air. The main pollution factors during road tunnels'
operation are smoke and gases from the combustion of internal combustion gasoline and diesel
engines. For these tunnels, in terms of hourly traffic, volume of pollution, specifications

The geometry and position of the tunnel, etc., and the possibility of natural or mechanical
ventilation (longitudinal, transverse, and semi-transverse ventilation) are investigated [1].

The stages of tunnel ventilation system design in the operation phase are as follows [2]:

Tunnel traffic estimation

Investigating the necessity of mechanical ventilation
Calculate the intensity of the required airflow
Choosing the possible ventilation method or methods
Calculation of pressure drop due to ventilation
Selection of fans or fans

The purpose of this study is to design the ventilation system of tunnel No. 2 of the Pataveh-
Dohdasht main road (third section) during operation.

2- Methods
2-1- Investigating the necessity of implementing mechanical ventilation

To investigate the necessity of using mechanical ventilation in tunnel No. 2, the pieces of 3
Pataveh Road obtained from the French, Japanese, Norwegian, German, English and American
standards are used. Based on the calculations, it is necessary to make this tunnel artificially
according to the standards. The final result is that, with the assumptions of the design, the use of
mechanical methods for ventilation of the tunnel is required.

2-2- Calculation of the intensity of the required airflow

In calculating the flow intensity of this tunnel, three categories of pollutants, carbon monoxide,
soot, and nitrogen oxides, were considered. Although the amount of carbon monoxide is often used
as the basis for calculating the amount of air required for ventilation, in this tunnel, the amount of
emissions of all pollutants and the amount of air required for each ventilation were calculated.
Then, statistical analysis obtained the airflow intensity needed for this tunnel's ventilation.

2-2-1- Selection of final current intensity

The final flow intensity from the classic method during regular traffic, dense traffic, traffic jams,
and during a fire equals 125 cubic meters per second. The required final flow intensity based on
different pollutants was obtained by the Piark method, which is equal to 157 cubic meters per
second. Averaging these two numbers, the final flow intensity equals 141 cubic meters per second.
The determined flow intensity (141 cubic meters per second) was multiplied by 1.1 as a safety
factor, and the ventilation system was designed based on it. As a result, the final flow intensity for
the ventilation of tunnel No. 2 of the Pataveh-Dahdasht main road was equal to 155 cubic meters
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per second.
2-3- Selection of ventilation system

Considering the tunnel's length and the project's budget, it is not possible to use transverse and
semi-transverse ventilation methods. In Tunnel No. 2 of the Pataweh-Dohdasht main road, due to
various factors and environmental restrictions, including the area's topography and the ventilation
method's economy, a longitudinal ventilation system was considered for tunnel ventilation.
Therefore, there are two options for ventilation of this tunnel: the first option is longitudinal
ventilation using doils, and the second option is longitudinal ventilation using ceiling fans.
Considering that the thickness of the overburden is high and the digging of the middle hole is not
economically justified (Figure 2), also considering the calculated flow intensity (155 cubic meters
per second) and the cross-sectional area of the tunnel (70 square meters), the speed The air inside
the tunnel will be equal to 2.2 meters per second, which is less than 10 meters per second, and there
is no need to dig dolls, so according to the dimensions of the tunnel, longitudinal ventilation using
ceiling fans (jet fans) was chosen.

2-4- Calculate the total pressure drop of the tunnel

In the next step, considering the various pressure drop components, the pressure drop in this
tunnel was calculated to calculate the required number of fans. Since the longitudinal ventilation
system is chosen for tunnel ventilation, the total pressure drop will equal the sum of the partial
pressure drops. Therefore, the total pressure drop in tunnel No. 2 of the main Pataveh-Dehdasht
road is as follows:

AP, = 0.3 4+ 2.9 + 25.997 + 2.903 + 15 = 47 Pa
2-5- Fan selection
After determining the air pressure drop inside the tunnel, it is time to choose the fan.

Because the hydraulic diameter of this tunnel is equal to 8.5 meters, the distance between the
fans was considered equal to 85 meters. As a result, according to the distance between the fans, the
model 900/403-6 fan from Novenco company was selected.

3- Findings and Argument

Classical methods and the method proposed by the World Road Association (PAYAR) have
been used to calculate the flow intensity required for the air conditioning of tunnel No. 2 of the
Pataveh-Dohdasht main road. Since each of these methods has obtained a different value as the
required airflow intensity, a statistical analysis has been used to obtain the final flow intensity, and
finally, the value of 155 cubic meters per second as the required airflow intensity In tunnel No. 2,
the main road of Pataveh-Dohdasht is considered. Considering the intensity of the airflow required
for the ventilation of tunnel No. 2 of the Pataveh-Dohdasht main road, taking into account different
pressure components, the total pressure drop in the Pataveh-Dohdasht main road tunnel No. 2 is
equal to 47 pascals. After that, the specifications of several fans were checked, and finally, 9 fans
model 900/403-6 from Novenco company were selected.

4- Conclusions

In this research, the selection of the ventilation system for tunnel number 2 from section 3 of the
Pataweh road to Dehdasht in the southwest of Kohgiluyeh and Boyer Ahmed provinces was
investigated during the operation. The tunnel length is 802 meters, and one lane for going and one
for returning is installed. In the design of the ventilation system of this tunnel during the operation
phase, traffic information was used from the information available in the study report of the second
phase of tunnel No. 2 of the main Pataveh-Dehdasht road (third section). Classical methods and
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Piark's method were used to calculate the required flow intensity for tunnel ventilation, using the
statistical analysis of the selected final flow intensity was calculated by applying the safety factor
equal to 155 cubic meters per second. The total pressure drop of the tunnel was calculated as 47
pascals. Finally, 9 fans model 900/403-6 from Novenco company are required.
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