
Accepted Manuscript

Operator splitting method for simulation of dynamic flows in natural gas
pipeline networks

Sergey A. Dyachenko, Anatoly Zlotnik, Alexander O. Korotkevich,
Michael Chertkov

PII: S0167-2789(17)30083-0
DOI: http://dx.doi.org/10.1016/j.physd.2017.09.002
Reference: PHYSD 31944

To appear in: Physica D

Received date : 9 February 2017
Revised date : 8 August 2017
Accepted date : 11 September 2017

Please cite this article as: S.A. Dyachenko, A. Zlotnik, A.O. Korotkevich, M. Chertkov, Operator
splitting method for simulation of dynamic flows in natural gas pipeline networks, Physica D
(2017), http://dx.doi.org/10.1016/j.physd.2017.09.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.physd.2017.09.002


Operator Splitting Method for Simulation of Dynamic
Flows in Natural Gas Pipeline Networks

Sergey A. Dyachenkoa,b, Anatoly Zlotnikc, Alexander O. Korotkevichd,e,,
Michael Chertkovf,g

aDepartment of Mathematics, University of Illinois Urbana-Champaign, 1409 W. Green
Street, Urbana, IL 61801, USA;

bcurrent address: ICERM, Brown University, Box 1995, Providence, RI 02912, USA
cTheoretical Division, T-5, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
dDepartment of Mathematics & Statistics, The University of New Mexico, MSC01 1115, 1

University of New Mexico, Albuquerque, New Mexico, 87131-0001, USA
eL.D. Landau Institute for Theoretical Physics, 2 Kosygin Str., Moscow, 119334, Russia
fTheoretical Division, T-4 & CNLS, Los Alamos National Laboratory, Los Alamos, NM

87545, USA
gEnergy System Center, Skoltech, Moscow, 143026, Russia.

Abstract

We develop an operator splitting method to simulate flows of isothermal com-
pressible natural gas over transmission pipelines. The method solves a system
of nonlinear hyperbolic partial differential equations (PDEs) of hydrodynamic
type for mass flow and pressure on a metric graph, where turbulent losses of
momentum are modeled by phenomenological Darcy-Weisbach friction. Mass
flow balance is maintained through the boundary conditions at the network
nodes, where natural gas is injected or withdrawn from the system. Gas flow
through the network is controlled by compressors boosting pressure at the inlet
of the adjoint pipe. Our operator splitting numerical scheme is unconditionally
stable and it is second order accurate in space and time. The scheme is explicit,
and it is formulated to work with general networks with loops. We test the
scheme over range of regimes and network configurations, also comparing its
performance with performance of two other state of the art implicit schemes.
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1. Introduction

Economic and technological changes have driven an increase in natural gas
usage for power generation, which has created new challenges for the operation
of gas pipeline networks. Intermittent and varying gas-fired power plant activity
produces fluctuations in withdrawals from natural gas pipelines, which today5
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