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Abstract—In view of the current lack of dynamic modeling 

and analysis of steam modeling, the numerical method needs to 

balance between accuracy and computational efficiency. Based 

on the basic equation of steam flow, this paper establishes a 

mathematical model of the hydrothermal process of steam flow. 

Hydrothermal model is carried out by using a mixture of 

analytical and numerical methods, and the thermal model is 

solved by finite difference method for simulation. Compared with 

the simulation data of commercial simulation software, the 

solution error of this method is about 0.43%, and the influence of 

different solution conditions on the thermal process is explored.  

Keywords—steam system, dynamic model, thermal model, finite 

difference method, backward differential 

I. INTRODUCTION  

At present, the modeling and simulation, planning design, 
and optimal scheduling of the heating network of the integrated 
energy system have become the research hotspots[1]-[5]. The 
transportation of steam in the heating network is very 
important. 2/3 of the industrial heating system uses steam to 
meet the of. Compared with the hot water in the heat network 
to transfer heat, steam is more volatile due to its 
compressibility and easy phase change, and it is easy to cause 
dangerous situations such as condensation, which brings more 
challenges to the optimal scheduling of the heat network in the 
integrated energy system. One of the ways to solve this 
problem is to model the mechanism of steam transportation in 
the heating network, thus laying a theoretical foundation for 
the effective planning of the pipeline network and the 
minimization of comprehensive costs. 

The existing thermal pipe network model is mainly based 
on the steady-state model. Xie et al. [6] established a hydraulic 
calculation model of the pipe network based on the pipeline 
pressure variation formula, the nodal flow equation, and the 

nodal pressure continuity equation. Zhang[7] established a 
steady-state hydraulic calculation model and gave the pressure, 
friction resistance, density calculation formula, and flow chart. 
Guo[8] optimized the pipeline pressure variation formula. 

However, the flow of steam in the pipe network is often in 
an unstable working state, and its parameters continue to 
change with time [9]. Liu et al. [10] used Apros software to 
study the dynamic delay of long-distance steam heating 
networks and its influencing factors. Lu et al. [11] and Sun[12] 
used Modelica software to study the dynamic simulation model 
of a single steam pipeline and its delay evaluation. Gao et al. 
[13] used the Gensystem model development platform to build 
a dynamic model of pipe network simulation. Zhou[14] 
established a dynamic hydraulic model based on the node and 
branch theory and solved it with the improved square root 
method. Chen et al. [15] established a dynamic hydraulic 
model, using the Euler finite difference technique and 
introducing virtual nodes to solve it. Song et al. [16] used the 
sparse matrix method to solve the dynamic hydrothermal 
model of the steam heating pipe network, which reduced the 
solution time and accelerated the solution speed. Hu et al. [9] 
established a dynamic thermal model to accurately and 
quantitatively describe the key processes of heat storage, heat 
transfer, and dissipation in the pipe network. 

In this paper, for the steam transportation process in a 
single pipe, the hydraulic and dynamic thermal model are 
solved step by step from the dynamic modeling of steam, and 
the explicit difference method in the finite difference method is 
used to solve the dynamic thermal model, and the analysis of 
its transportation is emphasized. This paper focuses on the 
analysis of the dynamic thermal characteristics of the transport 
process and the influence of discrete stepping length and inner 
diameter of the pipeline on the thermal model. 
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