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Abstract: With the interconnection and networking of gas pipelines, it is necessary to simulate the operation status of the pipeline
network under various working conditions, so as to improve the gas supply capacity of the pipeline network and reduce the operation
costs. The existing intelligent simulation methods rely heavily on data drive, but neglect the gas flow mechanism, resulting in poor
accuracy and stability. And the results are uninterpretable. In this paper, the basic control equations of gas flow and the topological
structure of the pipeline network are analyzed from the perspective of mechanism, the mechanism information is coupled to the loss
function of deep learning to guide the structure design and training, and a physics-informed neural network (PINN) simulation model is
established. Then, the coupling relationship between the input and output variables is described, the hard constraint mode of embedding
boundary condition into training is designed, and a model integrating boundary hard constraint (BHC) and PINN, i.e. BHC-PINN model,
is established, so that simulation monitoring of gas pipeline network under the full time-space state is realized. The following results
are obtained. First, the PINN model couples the mechanism information of pipelines and topological structures into the loss function to
improve the interpretability of the model, and utilizes redundant data of pipeline inlet and outlet to improve accuracy, so as to achieve
the accurate monitoring of pipeline pressure and flow rate. Second, the established BHC-PINN model forces the output of the neural
network to meet the boundary conditions, resulting in a decrease in flow rate and pressure simulation errors from 2.1% and 0.32% to
1.5% and 0.082%, respectively, and an increase in training efficiency and speed by 48.5% and 55.9%, respectively. Third, the BHC-PINN
model can observe the gas flow state at any position in the pipeline network, with the maximum simulation error of the pressure in the
intermediate valve chamber being 0.2%. In conclusion, the new BHC-PINN method can accurately simulate the flow state inside the gas
pipeline network, enhance the interpretability of data-driven models, and provide a new idea of data and mechanism hybrid driving for
transient simulation of gas pipeline network.
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