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Abstract—The coal bed methane is methane mainly and it 
has less heavier than conventional natural gas, thus coal bed 
methane has a slightly higher value than natural gas. 
Developing and utilization of coal bed methane is an 
important way to release contraction between supply and 
demand of natural gas in China. The pipeline is principle 
way of transporting the coal bed methane from sources to 
end-users. In view of the characteristics of coal bed 
methane, equation of state BWRS is used to calculate the 
thermodynamic parameters. Then based on continuity 
equation, momentum equation, characteristic equations of 
non-pipe elements and flow quantity balance equation, the 
transient simulation mathematic model of coal bed methane 
transmission pipeline is built. Considering the slow transient 
characteristic of gas flowing, the implicit central difference 
method is used to transform partial differential equations of 
the model into finite difference equations. Aiming at non-
linear characteristics of differential equations, Newton 
iteration format is constructed and the model’s solution 
method is discussed. Finally, MS Visual C++ is utilized to 
develop a simulation software name coal bed methane 
pipeline emulation system, and the practical applications 
are carried out. The results show the mathematic model 
built in the paper and its solving method are both feasible. 
They provide technical supports for reasonable design and 
operation of the coal bed methane pipelines.  
 
Index Terms—coal bed methane; pipeline transmission; 
mathematical model; implicit central difference method; 
simulation  
 

I. INTRODUCTION 
Coal bed methane is the generic term given to methane 

gas held in coal and released or produced when the water 
pressure within the buried coal is reduced by pumping 
from rather vertical or inclined to horizontal surface holes. 
The methane is predominantly formed during the 
coalification process whereby organic matter is slowly 
transformed into coal by increasing temperature and 
pressure as the organic matter is buried deeper and deeper 
by additional deposits of organic and inorganic matter 
over long periods of geological time. This is referred to as 
thermogentic coal bed methane (CBM). Alternatively, 
and more often in lower rank and thermally immature 
coals, recent bacterial processes can dominate and 

generation of CBM. This referred to as late-stage 
biogenic coal bed methane. Generally, gas derived from 
coal is pure and requires little or no processing because it 
is methane mainly with a little heavier hydrocarbon, such 
as ethane and propane. Consequently, coal bed methane 
has a slightly higher energy value than conventional 
natural gas. In this paper, we focus on the previous one 
[1]. 

As a kind of high-quality, efficient and clean energy, 
coal bed methane (CBM) has attractive large-scale 
development and utilization prospect. According to 
statistics, the total amount of CBM resources in China 
nearly equal to the amount of natural gas, ranking third in 
the world [2]. Thus developing CBM is an important way 
to release contradiction between supply and demand of 
natural gas. As conveyance of CBM development, CBM 
pipeline construction has entered a period of rapid 
development. It is estimated that by the end of 2010, the 
total length of CBM pipeline will reach 675 km and the 
design capacity will reach 22 ×108m3/a. Thus how to 
ensure the reasonable design and efficient operation of 
these pipelines is a serious problem. 

Pipeline simulation technology can provide technical 
supports for CBM pipeline’s reasonable design and 
operation. It can simulate hydraulic and thermodynamic 
behaviors of CBM pipeline by building mathematic 
models and solving them. Many scholars have conducted 
researches in this area. M. Z. Jiang, Z. Q. Zeng [3] built 
trunk gas pipeline and branch pipeline mathematic 
models which are the first Volterra calculus equations. In 
order to ensure stability of solutions, Tikhonov 
regularization method is used to gain the models’ 
analytical solutions. In 1994, Tian and Adewumi[4] used 
a one-dimensional compressible fluid equation flow 
equation to describe steady state compressible flow of gas 
through a pipeline system. Tian and Adewumi coupled 
the compressibe flow equation with the conservation of 
energy equation to determine the fluid flow friction factor. 
Zhou and Adewumi[5] presented the method for solving 
one dimensional transient natural gas flow in a horizontal 
pipeline without neglecting any term in the conservation 
of momentum equation. They used method of 
characteristic (MOC), implicit central difference method 
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and explicit difference method to solve the gas pipeline 
mathematic model. Osiadac[6] compared a variety of 
transient pipeline models. Numerical solution of the 
partial differential equations, which characterize a 
dynamic model of the network, requires significant 
computational resources. He indicated that for a given 
mathematical model of a pipeline, a numerical method 
meets the accuracy and relatively small computation time. 
Osiadac[7] compared isothermal and non-isothermal 
transient models for gas pipelines. In the case of fast 
dynamic changes in the gas, heat conduction effects 
cannot be neglected. In the case of slow dynamic changes, 
the temperature within the gas can be neglected due to 
heat conduction between the pipe and the soil are 
sufficiently slow. J. Li used galerkin’s method [8], 
functional analysis theory and operator series method [9] 
to solve pipeline model. In his monograph [10], a detail 
procedures description of implicit central difference 
method used to solve general pipeline simulation model 
is given. Martinez R.[11] describe steady-state 
compressible flow through a pipeline. The basic 
mathematical model assumed a gas network with two 
elements: nodes and nodes connectors. The connectors 
represent elements with a different pressure at the inlet 
and outlet, such as the pipeline, compressors, valves and 
regulators. Recently, E. B. Liu and C.J. Li [12] also 
introduce a successful application example of applying 
implicit central difference method to solve natural gas 
gathering pipeline system model. 

Although there is a wide range of method on the 
natural gas pipeline simulation, few scholars have 
researched the simulation of CBM pipelines. This paper 
discusses the characteristics of CBM to determine the 
thermodynamic parameters calculation method in Sect.2. 
In Sect.3 we build a CBM pipeline transmission transient 
mathematic model. Then, based on the implicit central 
difference method, the partial differential equations of the 
model are transformed into finite difference equations. In 
view of non-linear characteristics of differential 
equations, Newton iteration format is introduced to solve 
the model in Sect.4. We provide the software named 
CBM Pipeline Emulation System (CBMPES) in Sect.5. 
In sect.6, two application examples are given and 
discussed. Finally, we end this paper in Sect.7 with the 
conclusions and directions for future work. 

II. TRANSIENT MATHEMATICAL MODEL 
In this section, this paper introduces the features of 

CBM and the calculation method of its physical 
parameters. Then, the mathematical models of pipeline 
and non-pipe elements are illustrated. Finally, this paper 
presents the model’s sealing. 

A. Physical parameters of CBM 
It is estimated that the components of CBM in China 

are very similar to natural gas. The content of methane 
ranges from 80% to 98%. The contents of CO2 and N2 are 
relatively high but there are nearly no contents of 
hydrocarbon above C2 which is different from natural gas. 
The components of CBM in China is show in TABLE I. 

TABLE I.  TYPICAL MOLAR FRICTION OF CBM IN CHINA 

Region CH4(%) C2H6(%) CO2(%) O2(%) N2(%) 

Jin 
Cheng 

89.53~ 
97.91 

0.04~ 
0.73 

0.36~ 
2.83 

0.11~ 
0.88 

1.26~ 
9.12 

Ordos 83.09~ 
94.68 

0.56~ 
1.01 

1.09~ 
1.73 

0.72~ 
1.30 

2.17~ 
13.75 

Feng 
Cheng 96.62 0.08 0.58 1.21 1.51 

Da 
Cheng 97.94 -- 0.23 0.93 0.90 

 
Physical parameters are related to hydraulic and 

thermodynamic nature of CBM. Therefore calculation of 
them is the basis of transmission simulation. Generally, 
the physical parameters involve density, viscosity, 
compressibility factors, enthalpy, entropy, isobaric heat 
capacity and isochoric heat capacity. 

According to the study, it is accepted by the scholars 
that it is recommended the following method to obtain the 
physical parameters of natural gas[9]: Equation BWRS is 
applied to calculate compressibility factors, density, 
relative density, isobaric heat capacity and isochoric heat 
capacity of gas, isentropic exponent is obtained by the 
isobaric and isochoric heat capacity gotten before and 
enthalpy is also calculated by Equation BWRS because it 
is related to compressibility factor and density. As 
discussed above, the components of CBM is basically the 
same as natural gas and applying Equation BWRS to 
calculate the physical parameters of CO2 and N2 can also 
get satisfactory results. Therefore, Equation BWRS is 
applied to calculate the physical parameters of CBM and 
the specific formulas are shown in [9]. 

B. Mathematical model 
The transmission system of CBM is formed by 

pipeline elements, non-pipe elements and nodes.  
Generally, the lengths of pipes are significantly bigger 

than their diameters, and all flows inside the pipelines are 
considered to be shock-free. All these allow for the 
projection of 3D gas dynamic integral equations onto the 
pipeline axis. Thus, we can reduce the 3D integral 
problem to an equivalent one-dimensional problem [13].  

Without considering the variation of the pipelines’ 
cross-section area, the continuity equation of gas flowing 
in pipelines can be illustrated as follow: 

( )
0

v
t x

ρρ ∂∂
+ =

∂ ∂
                             (1) 

According to Newton’s second law， the continuity 
equation and momentum conservation equation of CBM 
flowing in the pipeline can be described as follow [8]: 

( ) ( )2 2

sin
2

vv P vg
t x x D

ρρ λρ θ ρ
∂∂ ∂

+ = − − −
∂ ∂ ∂

         (2) 

In which, ρ is fluid density, kg/m3; P is pressure in 
pipeline, Pa; θ is pipeline slope, rad; t is time, s; D is 
pipeline internal diameter, m; g is gravitational 
acceleration, m/s2; x is pipeline position, m; v is gas flow 
velocity, m/s. 
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Introduce mass flow rate M vAρ=  into (1) and (2), 
the equations can be transformed into the following forms: 

0MA
t x
ρ∂ ∂

+ =
∂ ∂

                          (3) 

21 sin 0
2
M MM M pA g A

t A x x DA
λ

ρ θ
ρ ρ

⎛ ⎞∂ ∂ ∂
+ + + + =⎜ ⎟∂ ∂ ∂⎝ ⎠

(4) 

In which, A is the pipeline’s cross section area, m2; M 
is mass flow rate, kg/s. 

Based on the definition of gas sound speed under 
adiabatic condition: 

s

Pa
ρ

⎛ ⎞∂
= ⎜ ⎟∂⎝ ⎠

                                  (5) 

and the equation of state (EOS): 

 2P a
ρ

=                                      (6) 

The mathematic model of gas flowing in pipeline 
elements can be simplified as: 

0U US B C
t x

∂ ∂
+ + =

∂ ∂
                        (7) 

In which, U is independent variable column vector U=[P 
M]T. 

1 0
10

S
A

⎛ ⎞
⎜ ⎟= ⎜ ⎟⎜ ⎟
⎝ ⎠

                                   (8) 

2

0

1 0

a
B A

⎛ ⎞
⎜ ⎟= ⎜ ⎟⎜ ⎟
⎝ ⎠

                                    (9) 

2 2

2 2

0
sin

2

C Pg a M
a DA P

θ λ
⎛ ⎞
⎜ ⎟= ⎜ ⎟+⎜ ⎟
⎝ ⎠

                       (10) 

In which, a=P/ρ is gas wave speed, m/s. 
If there are non-pipe elements in the system, their 

influence on the system flow rate must be considered. 
The non-pipe elements include compressors, valves and 
some local resistance devices and the flow model of them 
is usually described by inlet pressure Pin, outlet pressure 
Pout and flow rate M. The model is shown below: 

( )1 , , 0in outf P P M =                                (11) 

Besides, the quantity flow in any node at any time 
must equal to the quantity flow out according to the law 
of conservation mass, namely: 

2 0
n

nk nk n
k C

f M Lα
∈

= + =∑                         (12) 

In which, Cn represents the set of elements connected 
with node n; Mnk is absolute value of inflow (outflow) 
quantity of element k connected with node n，m3; Ln is 

exchange flow rate between node n and outside (inflow is 
set as positive value and outflow is negative value), m3; 
aik is a coefficient, its value is     -1when gas in element k 
flow into node n, the value is 1 when gas in element k 
flow out of node n. 

C. Sealing of the mathematical model 
Suppose there are m sections of the pipeline system, r 

non-pipe elements and n nodes. The sum total of 
unknown quantities is 2m+r+2n which are pressure and 
flow rate of each segment (2m), flow rate of each non-
pipe element (r) and pressure and flow rate of each node 
(2n). On the other side, the sum total of equations is 
2m+r+n which are continuity equation and momentum 
conservation equation of each segment (2m), 
characteristic equation of each non-pipe element (r) and 
the flow balance equation of each node (n). Therefore, the 
pressure or flow rate of each node is needed as boundary 
conditions to seal the model. 

III. SOLUTION OF THE MATHMATIC MODEL 

In this section, we provide the solution method of 
CBM transmission pipeline based on the implicit 
difference method. 

A. Foundation of difference equations 
Since natural gas is compressible, its unsteady flow is 

a slow transient process which is different from fluid. So, 
implicit difference method which is not severe to the 
time-stepping is adopted. Because of the variable time-
stepping, there is more flexibility as well as shorter time 
of the simulation. 

As shown in Fig. 1, the plane composed of pipeline 
length and time is meshed into grids according to the 
space step x and time space step t, then two partial 
differential equations (7) in each grid are transformed 
into difference equations by the using of implicit 
difference method. The difference equations are as 
below: 

x x− ∆ x x+ ∆

t∆

x

x∆

 
Figure 1.  Pipeline differential Grid diagram 

, 1 , 1, 1 1,
1

2
1, , 1, 1 , 1

2

0
2

i j i j i j i j

i j i j i j i j

P P P P
F

t
M M M Ma

A x

+ + + +

+ + + +

− + −
= +

∆
− + −

       =
∆

             (13) 
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22
, 1 , 1, 1 1, 1,

2 1,
1,

2 2 22 2 2
, 1, 1 , 1

, 1, 1 , 1
, 1, 1 , 1

2
, , 1 1, 1, 1 , , 1 1,

1 (
2 2

)

( )

8

i j i j i j i j i j
i j

i j

i j i j i j
i j i j i j

i j i j i j

i j i j i j i j i j i j i j i

M M M M MaF AP
t x A P

M M Ma a aAP AP AP
A P A P A P

M M M M M M M Ma
DA

λ

+ + + + +
+

+

+ + +
+ + +

+ + +

+ + + + + + +

− + −
= + +

∆ ∆

 − − + + − −

+ + + + + +
  + 1, 1

, , 1 1, 1, 1

, , 1 1, 1, 12 ( ) 0
4

j

i j i j i j i j

i j i j i j i j

P P P P

Ag h P P P P
a l

+

+ + + +

+ + + +

+ + +

∆
  + + + + =

 

(14) 
Thus, the problem of solving pipeline’s variables on x-t 

plane is converted into solving the variables on finite 
grids. The pipeline’s differential equations are also 
transformed into finite difference equations. It can be 
proofed that the difference equations above satisfy 
convergence, compatibility and stability. 

B. Solution of equations 
In order to solve the non-liner equations (11)-(14), this 

paper uses Newton iteration method. Firstly, solve the 
unknown parameters of the first time step according to 
initial conditions. Then set the solved parameters of the 
first time step as initial conditions to solve the second 
time step’s variables. Repeat the process and solve the 
variables step by step. At last, all the variables can be 
obtained. Use Taylor expansion method to expand (13) 
and (14) and retain one-time items, and then Newton 
iteration format can be written as follow: 

1 1
1 1

, 1 , 1
, 1 , 1

i i

i j i j
i ii j i j

F F
P M F

P M

+ +

+ +
+ +

⎛ ⎞ ⎛ ⎞∂ ∂
∆ + ∆ =⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟∂ ∂⎝ ⎠ ⎝ ⎠

∑ ∑          (15) 

1 1
2 2

, 1 , 1
, 1 , 1

i i

i j i j
i ii j i j

F F
P M F

P M

+ +

+ +
+ +

⎛ ⎞ ⎛ ⎞∂ ∂
∆ + ∆ =⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟∂ ∂⎝ ⎠ ⎝ ⎠

∑ ∑        (16) 

Considering the entire pipeline system, similar 
equations also can be obtained by numbering variables 
uniformly. The general form is as below: 

( ) ( )J X X F X∆ =                                (17) 

In which, X is variables vector; X is revised vector; 
F(X) is function vector. 

It is not difficult to find the Jacobian matrix J(X) are 
non-symmetrical, non-banded sparse matrices through 
analysis of equation (17). In order to save the calculation 
time and storage space when solving a large pipeline 
network, this paper adopts specific computing techniques. 

Firstly, transform equation (15) and (16) as follow: 

1, 1 1 , 1 , 1, 1i j i j i j iM A M B P F+ + + +−∆ + ∆ + ∆ =               (18) 

1, 1 2 , 1 2 , 1 2i j i j i jP A M B P F+ + + +−∆ + ∆ + ∆ =             (19) 

In which 

1 2 2 1
1

1, 1 , 1 1, 1 , 1

/
i j i j i j i j

F F F F
A D

P M P M+ + + + + +

⎛ ⎞∂ ∂ ∂ ∂
= ⋅ − ⋅⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠  

1 2 2 1

1, 1 , 1 1, 1 , 1

/i
i j i j i j i j

F F F F
B D

P P P P+ + + + + +

⎛ ⎞∂ ∂ ∂ ∂
= ⋅ − ⋅⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠

 

1 2
1 2 1

1, 1 1, 1

/
i j i j

F F
F F F D

P P+ + + +

⎛ ⎞∂ ∂
= ⋅ − ⋅⎜ ⎟⎜ ⎟∂ ∂⎝ ⎠

 

2 1 1 2
2

1, 1 , 1 1, 1 , 1

/
i j i j i j i j

F F F F
A D

M M M M+ + + + + +

⎛ ⎞∂ ∂ ∂ ∂
= ⋅ − ⋅⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠

 

1 2 2 1
2

, 1 1, 1 , 1 1, 1

/
i j i j i j i j

F F F F
B D

P M P M+ + + + + +

⎛ ⎞∂ ∂ ∂ ∂
= ⋅ − ⋅⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠

 

2 1
2 1 2

1, 1 1, 1

/
i j i j

F F
F F F D

M M+ + + +

⎛ ⎞∂ ∂
= ⋅ − ⋅⎜ ⎟⎜ ⎟∂ ∂⎝ ⎠

 

1,1

1

1,1

2

1,1

2

1,1

1

++++++++ ∂
∂

⋅
∂

∂
−

∂
∂

⋅
∂

∂
=

jijijiji P
F

M
F

P
F

M
FD

 
Then, in view of the pipeline system which contains m 

pipeline sections, r non-pipe elements and n nodes, lay 
the 2m+r equations in front and n equations behind, (18) 
and (19) can be written as follow: 

1 2 1 1

3 4 2 2

H H x F
H H x F

⎡ ⎤∆⎡ ⎤ ⎡ ⎤
   = ⎢ ⎥⎢ ⎥ ⎢ ⎥∆⎣ ⎦⎣ ⎦ ⎢ ⎥⎣ ⎦

                         (20) 

x1,  x2 are increment vectors; 1 2F F  、  are function 
vectors determined previous; H1 is banded matrix; H2 , H3  
are sparse matrix; H4  is zero matrix. According to 
equation (14), we can obtain 

1 1 2 2 1H x H x F∆ + ∆ =                                (21) 

      3 1 4 2 2H x H x F∆ + ∆ =                              (22) 

By (13) and (14) can be 

( )1 1
3 1 2 4 2 3 1 1 2H H H H x H H F F− −⋅ ⋅ − ∆ = ⋅ ⋅ −            (23) 

As can be seen in (23), the total of initial equations is 
2m+n+r, but only n equations are left after equations 
transformation. Revised vector of x1 can be gained by 
solving equations (23) and introducing solutions into 
(21): 

( )1
1 1 1 2 2x H F H x−∆ = − ∆                         (24) 

C. Simulation procedures 
Step1: Input the pipeline’s basic data. 
Step2: Calculate the pressure and flow rate variation 

along the pipeline according to steady-state simulation. 
Step3. Input the boundary conditions of each node. 
Step4: Determine the total simulation time and time 

step ∆t of dynamic simulation. Confirm mesh-size of 
pipelines. 

Step5: Set t=0 and calculate the pressure and flow rate 
of each interior node in pipeline. 

332 JOURNAL OF COMPUTERS, VOL. 6, NO. 2, FEBRUARY 2011

© 2011 ACADEMY PUBLISHER



Step6: Calculate the pressure and flow rate of all the 
boundary nodes. 

Step7: Increase the time t=t+∆t, and repeat step step 5 
to step 6 until t>tz. 

IV. SOFTWARE DEVELOPMENT 
On the basis of mathematical model built above and 

the solution method discussed, the MS VC++ is utilized 

to develop the Coal Bed Methane Pipeline Emulation 
Software (CBMPES). 

The core software is composed of three modules which 
are mathematical module, numerical solution module and 
results output module. The general functions of the 
software are: to calculate the physical parameters of 
CBM; to simulate the hydraulic and thermodynamic 
parameters of pipeline elements and non-pipe elements. 
Its framework is shown in Fig. 2. 

 
Figure 2.  Framework of CBMPES 

 
Figure 3.  Network creating interface 

 

Figure 4.  Results output in text file form 

 
Figure 5.  Results output in figure file form 

CBMPES has an input and output interface in the form 
of text files and figure files in Chinese. It allows 
operators to create a network on the software interface; to 
receive initial values of supplies, demands and gas 
parameters; to produce and present a graphic output as 
shown in Fig.3 to Fig.5. 

V. APPLICATION EXAMPLE 
Assume the CBM in Dacheng provided in TABLE I is 

the medium transported through the pipeline. On the basis 
of CBMPES, the parameters of two different CBM 
pipeline networks are simulated. The rest of the section 
describes the application examples in detail. 

A  Example 1 
Fig. 6 describes a CBM gathering pipeline network. 

This network is formed by 16 segments of pipelines 
(black lines), 24 nodes and 8 valves (blue lines). The 
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basic data of pipelines which include internal diameter, 
length, thickness and friction coefficient are provided in 
TABLE II. Take the pressure of node 1 (1MPa) and the 
mass flow rate of the rest as the boundary conditions. The 
flow rate, pressures of each side and storage capacity of 
each segment can be obtained by simulation. The results 
are presented in TABLE III. 

 
Figure 6.  Diagram of  the 1st pipeline network 

TABLE II.  BASIC DATA OF EACH SEGMENT 

Pipeline 
No 

Internal 
diameter 

(mm) 

Length 
(km) 

Thickness 
(mm) 

Friction 
coefficient 

1 980 0.1 10.0 0.018 
2 98 8.0 5.0 0.018 
3 149 10.0 5.0 0.018 
4 147 20.1 6.0 0.018 
5 98 4.0 5.0 0.018 
6 143 4.5 8.0 0.018 
7 149 9.2 5.0 0.018 
8 203 37.0 8.0 0.018 
9 204 18.5 7.0 0.500 
10 204 8.0 7.2 0.070 
11 147 4.0 6.0 5.000 
12 96 4.1 6.0 0.020 
13 980 1.0 10.0 0.020 
14 980 1.0 10.0 0.020 
15 980 1.0 10.0 0.020 
16 147 15.3 6.0 7.500 

 

TABLE III.  SIMULATION RESULTS OF THE 1ST PIPELINE NETWORK 

Pipeline  
NO. 

Pressure 
of 

starting 
point 

(MPa) 

Pressure 
of  

end  
(MPa) 

Flow 
rate 

(104m3/d) 

Gas 
storage 
Volume 
(104m3) 

1 1.00 1.00 -2.00 0.08 
2 1.00 0.95 2.00 0.06 
3 0.95 0.95 0.20 0.18 
4 0.95 0.95 0.30 0.35 
5 0.95 0.99 -2.63 0.03 
6 0.99 1.00 -2.72 0.08 
7 1.02 1.00 3.70 0.18 
8 1.00 1.03 -4.52 1.37 
9 2.39 2.18 5.10 1.58 
10 2.39 2.46 -11.50 0.72 
11 2.73 2.46 1.80 0.20 
12 2.46 2.72 -9.50 0.09 
13 1.00 1.00 0.50 0.83 
14 1.00 1.00 0.50 0.83 
15 1.00 1.00 0.50 0.83 
16 2.39 1.17 1.30 0.54 

 
According to the results, it can be concluded that the 

maximum pressure of nodes is 2.73MPa, the maximum 

flow rate of nodes is 11.5×104m3/d and the maximum 
storage capacity is 1.37×104m3. If the flow rate through 
the pipeline is a negative value, the pressure of end is 
larger than the starting point. As the negative values 
indicate the gas flow direction is contrary to supposing 
such as pipeline 12 and 10. The pressure drop of the 
pipeline 16 is 1.22MPa, which means the pipeline’s 
diameter can be enlarged to decrease pressure drop.  

B. Example 2 
Fig. 7 presents another CBM pipeline network. This 

network is formed by 28 segments of pipelines (black 
lines), 39 nodes and 10 valves (blue lines are listed). The 
basic data of pipelines are shown in Table IV. The same 
as example 1, set the pressure of node 1 and the flow rate 
of the rest as the boundary conditions. Through the 
application of CBMPES, the simulation r in Table V. 

 
Figure 7.  Diagram of  the 2nd  pipeline network 

TABLE IV.  BASIC DATA OF EACH SEGMENT 

Pipeline 
No 

Internal 
diameter 

(mm) 

Length 
(km) 

Thickness 
(mm) 

Friction 
coefficient 

1 203 4.1 8 0.02 
2 203 3.0 8 0.02 
3 203 3.0 8 0.02 
4 203 3.0 8 0.15 
5 96 3.5 6 0.01 
6 75 2.1 7 0.01 
7 145 13.4 7 0.15 
8 311 0.2 7 0.02 
9 145 13.2 7 0.02 
10 998 0.1 1 0.02 
11 259 1.0 7 0.02 
12 259 1.0 7 0.02 
13 94 0.4 7 0.02 
14 79 2.5 5 0.02 
15 980 1.0 10 0.02 
16 980 1.0 10 0.02 
17 144 10.18 7.5 0.02 
18 147 2.2 6 0.02 
19 147 6.0 6 0.02 
20 147 6.5 6 0.02 
21 102 0.4 6 0.02 
22 111 1.0 8 0.02 
23 259 5.0 7 0.02 
24 259 9.0 7 0.02 
25 259 19 7 0.02 
26 311 0.2 7 0.02 
27 980 0.1 10 0.02 
28 203 3.0 8 0.02 
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TABLE V.  SIMULATION RESULTS OF THE 1ST PIPELINE NETWORK 

Pipeline  
NO. 

Pressure 
of 

starting 
point 

（MPa） 

Pressure 
of  

end  
(MPa) 

Flow 
rate 

(104m3/d) 

Gas 
storage 
Volume 

（104m3） 

1 0.99 1.05 -18.5 0.15 
2 1.17 1.14 18.50 0.12 
3 1.20 1.17 14.65 0.13 
4 1.24 1.20 7.50 0.13 
5 1.20 1.33 -7.15 0.04 
6 1.33 1.42 -4.35 0.01 
7 1.56 1.24 4.27 0.34 
8 0.99 0.99 18.51 0.02 
9 0.99 0.99 0.00 0.23 
10 0.99 0.99 -0.00 0.08 
11 0.99 0.99 -1.16 0.06 
12 0.99 0.99 -0.5 0.06 
13 0.99 1.02 -5.86 0.00 
14 1.02 1.02 0.00 0.01 
15 0.99 0.99 0.00 0.81 
16 0.99 0.99 0.00 0.81 
17 0.99 0.99 0.00 0.18 
18 0.99 0.99 0.00 0.04 
19 0.99 0.99 0.00 0.11 
20 0.99 0.99 -0.00 0.12 
21 0.99 0.99 -1.16 0.00 
22 0.99 0.99 0.66 0.01 
23 0.99 0.99 5.36 0.28 
24 0.99 0.99 5.36 0.51 
25 0.99 0.99 6.10 1.07 
26 0.99 0.99 19.5 0.02 
27 0.99 0.99 19.5 0.08 
28 0.99 0.99 -0.00 0.10 

 
As can be seen from the results, the maximum flow 

rate is 18.51×104m3/d and the corresponding pressure 
drop is 0Mpa in pipeline 8. That is because the is so short 
(0.2km) that pressure drop cannot be distinguished. The 
reason above can be used to express the pressure drop of 
pipeline 14 to pipeline 20.  

In conclusion, the simulation results are great 
conformed the analyzed ones. So the mathematical model 
of CBM pipeline transmission, the solution of the model 
and the simulation software is reliable and is capable to 
analyze the CBM pipelines. 

 

VI. CONCLUSION 
In this paper, we present the characteristic of CBM and 

the calculation method of its physical parameters. Then, 
on the basis of continuity equation, momentum equation 
of gas flowing in pipelines, characteristic equations of 
non-pipe elements and flow quantity balance equation, 
we build the coal bed methane pipeline transient 
simulation mathematic model. Integration of the slow 
transient characteristic of gas flowing, the implicit central 
difference method is used to transform partial differential 
equations of the model into finite difference equations. 
Aiming at non-linear characteristics of differential 
equations, Newton iteration format is constructed and the 
model’s solution method is discussed. Finally, we 
develop simulation software named CBMPES. Two 
application examples are provide through the using of 
CBMPES. The results show the mathematic model built 

and solving method is feasible. It provides technical 
supports for reasonable design and operation of the coal 
bed methane pipeline.  

Furthermore, we should consider more complicate 
CBM pipeline networks which contain even more non-
pipe elements and more precise corresponding adjusting 
characteristic. We also consider integrate the temperature 
prediction, phase changing into the model.  
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