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Abstract. The issue of accounting for the accumulation of liquid in the 
mine degassing network during gas-dynamic calculations is considered. 
Geometry of fluid accumulation in the cross section of degassing pipeline 
and the formulas for geometric parameters are presented. A scheme of 
wave generation on the liquid surface is considered. Dependence for the 
coefficient of resistance to interfacial friction on the liquid surface is 
proposed. Formulas for calculation of gas-dynamic parameters on the 
pipeline section are given. The results calculation of the resistance 
coefficients in the place accumulation of liquid, changes in flow and 
pressure of the gas mixture are presented. Calculations carried out for 
pipelines with accumulations of liquid. 

1 Introduction 

The operation of the mine degassing of system is characterized by the interaction of its 
main elements with each other. The efficiency of degassing depends on the nature of the 
gas-dynamic processes in the degassing network. The unsatisfactory condition of mine 
degassing pipelines is caused by a decrease in their tightness, damage to the walls, as well 
as their contamination by distributed and local sediments. This leads to an increase in the 
total aerodynamic resistance of degassing network [1-3], and growth in the cost of 
electricity for transporting the gas mixture and an increase in the concentration of methane 
in mining. When designing degassing of systems, local resistances in the degassing network 
are taken into account by increasing the length for pipes by 10 % or more.  At the same 
time influence of liquid phase accumulations formed as a result of condensation processes 
and liquid from degassing wells is not fully taken into account. These accumulations lead to 
noticeable fluctuations in vacuum, absolute pressure and flow of the gas mixture in the 
pipelines. In the case of complete closure of the pipeline section, these fluctuations reach a 
maximum. This disrupts the process of transporting the gas mixture and increases the 
likelihood of accidents. In this regard, when carrying out gas dynamic calculations at the 
design and reconstruction stage of the degassing system, it is necessary to take into account 
the factor of moisture accumulation [1]. 
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2 Methods  

When calculating the degassing pipeline, the following gas dynamic parameters are 
determined: density and flow rate of gas mixture; speed of gas mixture and concentration of 
methane; absolute pressure and vacuum in the pipeline; aerodynamic resistance for 
pipeline; temperature of the gas mixture.  

Initial data for the calculation of degassing system: gas flow; type of local resistance; 
degassing wells; fluid intensity from wells; length and diameter of the pipeline (Fig. 1). 

 

Fig. 1. Degassing network: 1, 2 - 10 – nodes; 1, 2 - 10 – branches; Li  – lengths of branches, m; ci –
methane concentration, %, Qi  – gas mixture flow rate, m3/s; I – vacuum pumping station (VPS); II – 
degassing wells; III – device for draining water; IV – adjusting valve; V – main pipeline; VI – 
precinct pipeline. 

During the calculations, the parameters of the gas mixture in the branches and nodes of 
the network are determined; efficiency of the vacuum pumps is checked. According to the 
results, adjustment of the design scheme is carried out.  

Presence of the water in degassing network, as well as the flow of air through the flange 
connections of the pipeline lead to a change in values of resistance coefficients and density 
of gas mixture. In turn, this leads to corresponding changes in other gas-dynamic 
parameters.  

Figure 2 illustrates the form of fluid accumulation in the pipeline cross section. 

Fig. 2. Form of liquid accumulation in cross section pipeline: 1 – free surface of liquid; Pg, Pf  – 
pipeline perimeters, respectively, for gas and liquid, m; h – liquid level, m; α – central angle, rad; B – 
fluid accumulation width, m; d – pipeline internal diameter, m. 
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A segment of liquid accumulation is presented in Figure 2. For a segment, you can write 
the following relations:  

P = Pg + B;                                                             (1) 

B = 2(hd – h2)0.5;                                                         (2) 

Pg = 0.5d(2π - α) = 0.5d [2π - 2arccos(1 - 2d -1h)];                              (3) 

Sg = 0.25 πd 2 – Sf ;                                                       (4) 

dg = 4SgPg
-1;                                                           (5) 

dz = 4Sg P
-1;                                                           (6) 
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where P is perimeter of the passage cross section of the pipeline, m; Sg is area of 
passage section of the pipeline, m2; Sf is cross sectional area of liquid accumulation, m2; dg 
is hydraulic diameter of the pipeline, m; dz is hydraulic diameter for the passage section, m;  
Reg is Reynolds number for the gas perimeter; Rez is Reynolds number for perimeter of the 
passage section of the pipeline; ρ is density of the gas mixture, kg/m3; μ is dynamic 
viscosity of the gas mixture, kg/(m·s); Q is flow rate of the gas mixture; m3/s. 

A value of the total coefficient of friction resistance at the place of accumulation of 
liquid [4] is determined by the formula [1, 2]: 

ftsum ξξξ  ,                                                          (9) 

where ξt is coefficient of friction resistance; ξf is coefficient of resistance to interfacial 
friction [4]. 

A coefficient of friction resistance for a clean pipeline is determined by the formula 
[2, 5]: 
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were λ is Darcy coefficient; Δ is absolute equivalent roughness for internal surface of the 
pipeline, m; Re is Reynolds number (10∆-1d < Re < 500∆-1d); Lt is pipeline length, m. 

For fluid accumulation, the expression (10) takes the view: 
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were Ls is length of accumulation, m. 
Suppose that the wave surface of liquid (small waves) is similar to the roughness for 

inner surface of degassing pipeline. 
In Figure 3 the shape of wave surface is presented. 

3

E3S Web of Conferences 109, 00063 (2019) https://doi.org/10.1051/e3sconf/201910900063
Essays of Mining Science and Practice 2019



 

Fig. 3. Formation of waves on the free surface of the liquid in the pipeline: 1 – protrusions roughness; 
2 – wave surface; ∆r , ∆s – wave heights on free surface of film water and fluid accumulation, m; h – 
liquid level, m. 

The maximum roughness of the inner surface of the pipeline Δ = Δmax ≈ 2-2.5 mm. This 
is typical for degassing pipes after long-term operation (effect of corrosion processes). 

The total coefficient of friction resistance can be determined by the formula: 
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Using the expression (12) it is possible to obtain an approximate dependence of the 
coefficient of resistance to interfacial friction: 
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where λf is interfacial friction loss coefficient (analogue λ). 
Based on the analysis of accumulation form [1, 5], the formula for cross-sectional area of 

the degassing pipeline is obtained: 
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where h = aVb; V is volume of liquids, m3; a, b are numeric coefficients.  
The expression (14) allows connecting the cross-sectional area of the pipeline with the 

liquid level and its volume. A volume and level of liquid are determined experimentally. 
The degassing pipeline consists of links. It should be borne in mind that the air enters 

the pipeline through the flange connections of the links. 
For an arbitrary link of the pipeline, we write down the relations for the following gas-

dynamic parameters: 
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ρk = ρv(1 - ck) + ρm ck,                                                     (17) 

where pn is absolute pressure of the gas mixture in the initial cross section of the 
pipeline link, kg/(m·s2); pk is absolute pressure of the gas mixture in the final cross section 
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of the  pipeline link, kg/(m·s2); Qn is gas mixture flow rate in the initial cross sectional of 
the pipeline link, m3/s; Qk is gas mixture flow rate in the final cross sectional of the pipeline 
link, m3/s; pa is air pressure under normal conditions, kg/(m·s2); T0 is air temperature under 
normal conditions, K; Tk is temperature of the gas mixture in the final cross section of the 
pipeline link, K; ∆Q is inflow of air for the link of pipeline, m3/s; ρn is density of the gas 
mixture in the initial cross section of the pipeline link, kg/m3; ρk is density of the gas 
mixture in the final cross section of the pipeline link, kg/m3; ρv, ρm are air and methane 
density, kg/m3; ck  is concentration of methane at the end of the pipeline link, %. 

When calculating degassing pipelines, it is necessary to take into account the presence 
of fluid accumulations and changes in the parameters of the gas mixture due to air inflows. 
To improve the accuracy, a sequential calculation of each pipeline link is carried out. 

In Figure 4 presents the classification of methods for calculating networks of pipelines. 

 

Fig. 4. Classification of calculation methods gas pipelines. 

Flow rate coefficient method takes into account the change in the capacity of the gas 
pipeline in comparison with the reference pipeline. Nodal pressure method allows 
determining the gas pressure in the network nodes. Contouring method is used to consider a 
network graph indicating the direction of gas flow. Global gradient method allows 
calculating networks with different configurations. In this case, the gas flow and pressure 
values are set at the network nodes. The considered methods use assumptions about 
stationary and isothermal gas flow.  The disadvantages of the methods are the occurrence of 
errors in the calculation of gas-dynamic parameters for local resistances (including fluid 
accumulations), as well as for the connections of pipelines of different diameters. 

3 Results and discussion 

During the calculations, a degassing pipeline with an internal diameter of 0.257 and 
0.309 m was considered. The velocity of the gas mixture is U = 10-15 m/s. The liquid level 
in the place of its accumulation is h = 0.5d. 

Table 1 presents the results calculation of Darcy coefficient and the coefficient of loss 
for interfacial friction. 

Table 1. Resistance coefficients for degassing pipeline. 

d, m U, m/s ∆, m Re·105 λ λf 
0.00005 1.36-2.0 0.018-0.017 – 

0.001 1.35-1.99 0.0283-0.028 – 0.257 
0.002 1.35-1.98  0.033  0.056 

0.00005   1.63-2.41  0.02-0.015  – 
0.001 1.63-2.40 0.027   – 0.309 

10-15 

0.002 1.63-2.39  0.032-0.031 0.053-0.054 
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From the analysis of Table 1 it follows that the value of the coefficient of loss in 
interfacial friction exceeds the value of Darcy coefficient by 1.7 times. 

Figure 5 presents the results of the calculation of the volume flow of the gas mixture on 
area of degassing pipeline with the accumulation of liquid. 

Fig. 5. Changes in the flow rate of the gas mixture along the length of the degassing pipeline section 
with fluid accumulation: ---- – flow rate of behind an accumulation; 1 – d = 0.257 m; 2 – d = 0.309 m.  

Analysis of figure 5 shows that the decrease in the flow rate of gas mixture in the place 
of liquid accumulation is due to pressure losses. At the same time influence of the gas flow 
leads to the generation of wave disturbances in the liquid. This results in periodic overlap of 
pipeline.  

Figure 6 shows the flow characteristics of the pipeline at different values of absolute 
equivalent roughness of its inner surface. 

Fig. 6. Flow characteristics for pipeline at various values of roughness of its inner surface: 1 – Δ = 
0.00005 m; 2 – Δ = 0.0003 m; 3 – Δ = 0.001 m; 4 – Δ = 0.001 m and fluid accumulation.  

Analysis of Figure 6 shows that the flow rate of gas mixture is inversely proportional to 
the absolute pressure at the end of the pipeline. With an increase internal roughness of the 
pipeline, its flow characteristic is shifted to the area of lower pressures.  
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Conclusions 

On the basis of research, the following conclusions can be made: 
1. When determining the coefficients of friction resistance in degassing pipelines it is 

necessary to take into account the interaction of the gas mixture flow with the free surface 
of the liquid. In this case low-intensity wave perturbations of liquid are approximately 
considered as analogues of the roughness for solid surface. 

2. At the given values of the conditional roughness for free surface of liquid in the 
degassing pipeline the value of the loss coefficient for interfacial friction exceeds the value 
of Darcy coefficient on average by 1.7 times. 

3. A sharp drop in the flow rate of gas mixture is associated with the generation of wave 
perturbations liquid which periodically overlap the cross section of degassing pipeline. 
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