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Abstract

The phenomenon of coal gas outbursts, with its direct influence on preserving the safety of mining
through tension alleviation and sustaining operational continuity, as well as the reliance on its quality for
various concerns, warrants scrutiny during the planning phase. Consequently, accurately forecasting these
sudden gas expulsions is a critical and primary measure in the initial design stage, continuing through the
mining and extraction processes.

Although the subject has been extensively researched, a complete model is lacking to predict the
interrelated impacts of methane gasification and outbursts. Hence, considering its national significance and
widespread adoption of this technique globally, it is imperative to investigate the dynamics of sudden gas
discharge and drainage.

For numerous years, across various research disciplines, experiments utilizing physical models have been
conducted to explore and comprehend systems' behaviors and physical properties. A fundamental aspect of
these models is the requirement that both the modeled system and the primary model abide by the same
physical principles. In the study detailed within this document, following the recognition of critical
parameters in the outburst process, a novel apparatus was constructed through dimensional analysis.
Utilizing this specially designed laboratory equipment, the outburst emissions were assessed on two coal
samples.
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1- Introduction

The phenomenon of coal gas outbursts, with its direct influence on preserving the safety of
mining through tension alleviation and sustaining operational continuity, as well as the reliance on
its quality for various concerns, warrants scrutiny during the planning phase. Consequently,
accurately forecasting these sudden gas expulsions is a critical and primary measure in the initial
design stage, continuing through the mining and extraction processes.

Although the subject has been extensively researched, a complete model is lacking to predict the
interrelated impacts of methane gasification and outbursts. Hence, considering its national
significance and widespread adoption of this technique globally, it is imperative to investigate the
dynamics of sudden gas discharge and drainage.

For numerous years, across various research disciplines, experiments utilizing physical models
have been conducted to explore and comprehend systems' behaviors and physical properties. A
fundamental aspect of these models is the requirement that both the modeled system and the
primary model abide by the same physical principles. In the study detailed within this document,
following the recognition of critical parameters in the outburst process, a novel apparatus was
constructed through dimensional analysis. Utilizing this specially designed laboratory equipment,
the outburst emissions were assessed on two coal samples.

2- Methods

Dimensional analysis employs dimensionless parameters and variables to analyze issues,
eschewing individual variables in favor of corresponding dimensionless numbers. Dimensional
analysis utilizes compression methods to simplify the study of physical phenomena by decreasing
variable counts and organizing them into dimensionless groups. The key objective of this analytical
approach is to consolidate variables into these non-dimensional clusters. The Pi-Buckingham
theorem creates models with dimensionless parameters (Pi terms) that encapsulate the relevant
physical variables. These Pi terms are smaller than the variables in the initial system, thus
streamlining the analysis process. Drawing on insights from dimensional analysis, an apparatus has
been constructed to explore the phenomenon of coal gas eruptions. This section of the paper details
the production process of the device, encompassing the overall design planning, crafting the
cylinder in compliance with ASME standards, preparing the necessary equipment, fabricating the
cylinder, and assembling the structural framework and the electronic components.

The device comprises a framework, test chamber, hydraulic cylinder, vacuum pump, gas capsule,
pressure sensors, connecting pipes, solenoid valves, pneumatic valve, electrical panel, accessories,
PLC, and HMI. The cylinder design is based on the ASME standard, which is crucial for pressure
vessels. The cylinder is one meter long, with an inner diameter of 500 mm and a thickness of 20
mm. According to the ASME standard analysis, two LUG supports were designed and added to
reinforce the cylinder tank holding system. The design gas pressure is 80 bar, with a working
temperature range of 10 to 55 degrees. As per the ASME standard analysis, the device's stability is
ensured with a safety factor of 5. The new device can analyze diverse conditions of instantaneous
coal gas release and methane gasification relevant to all coal mines. Following coal preparation and
pressure adjustments within the chamber, all data can be analyzed in Excel files. This includes
statistical analysis and output in pressure-time and temperature-time graphs.

The article explores the instantaneous gas emission in coal mines through physical modeling.
Coals from the K10 and K21 layers of Tazreh Mine have been prepared for experimentation with
the new coal gas emission device. The selection of these two layers is based on their high gas rate
and distinct positions within the mine, allowing for result comparison. During the test, a vacuum
was initially produced within the cylinder of the test chamber using a suction pump to create
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negative pressure, followed by gas injection. Notably, the bilayer exhibited differing behaviors in
vacuum creation. The vacuum creation time for the K10 coal layer was 520 seconds, while for the
K21 layer, it was 300 seconds. This distinction in behavior is attributed to the bilayer's differing
properties and geometrical positions. The test was conducted in two cycles. During the first cycle,
the outburst system valve was opened for 5 seconds and then immediately closed. Subsequently, the
suction pump was activated to empty the gas from the gas injection test chamber. Based on the
graph derived from the outburst simulation process, the pressure exhibited an increasing trend
corresponding to the gas quantity within the cylinder. However, this trend declined when the
outburst occurred at 3 bar pressure and gas and coal were discharged. The process was then
repeated in the second cycle of pressure increase.

3- Conclusion

The outburst of coal gas poses a significant hazard in coal mines, particularly with the longwall
mining method. Predicting methane gas is crucial to reducing this hazardous occurrence, which can
impede tunnel progress. As mining depth increases, the gas content within the coal layer also rises.
The study reveals that gas pressure, low permeability, geological factors, and inadequate methane
gas drainage influence this phenomenon. The device, designed and manufactured by ASME
standards, was calculated to remain stable at pressures up to 80 bar with a safety factor 5. To
investigate the instantaneous gas emission in the K10 and K21 layers of Tazareh mine, pressure
sensitivity analysis was conducted under 3 bar pressure. The results indicated a temperature
increase during the instantaneous release, and distinct behaviors were observed due to the varying
characteristics of these layers. This new device, a first in Iran, can analyze and compute various
conditions related to outbursts and methane drainage, making it suitable for all coal mines.
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