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ABSTRACT: The integrated energy system has been a hotspot
and frontier of international research. To realize the disciplinary
integration of different energy network research, an energy
circuit theory was proposed based on the methodology of the
deduction from “field” to “circuit” in the electric circuit theory.
This paper derived a gaseous circuit model with distributed
parameters in the time domain from the conservation equations
of mass and momentum. Fourier transform was employed to
map the gaseous circuit into the frequency domain and a
two-port equivalent model with lump parameters was proposed
to simplify the gaseous circuit model from partial differential
equations to algebraic equations. Finally, the network matrix
and network equation of the natural gas network were derived
based on the gaseous circuit, having a unified mathematical
form with those of the electricity network. It establishes the
theoretical basis for the integrated analysis of the
heterogeneous energy flows. The gaseous circuit method has
less computational complexity and outperforms the
conventional analysis method in terms of efficiency under the

same accuracy.
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distributed parameters
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