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Project description:
Simulation and Optimization on Finite Graphs is considered for the example of Gas Networks.
We are interested in two models defined on the graph. The first model for steady state solutions.
The second model for evolution problems. The steady state solutions are considered for the geometrical
optimization and robust design of the structure. The location of nodes and the length of vertices are
selected at this stage. The more complex model for evolution problems is considered for control and
management of the network. At this stage the location of compressors is selected on some vertices of the
network.
The model is a distributed parameter system with solutions depending on the space variable in the
static case. In the dynamic case the evolution in time is considered. The possible connection between two
models is the objective function that pull the system towards a static state, which results in *the turnpike
phenomenon*.
The geometry of finite graphs is optimized for a given task characterized by its cost. The task is
a control problem or an optimization problem in the static case. Modeling of gas flow and coupling
conditions for flow through vertices is considered over a given network. Gas models are considered for
spatially one-dimensional flow governed by hyperbolic balance laws. The classical solutions of the model
are considered as well as weak solutions. The networks are described by finite graphs. The stationary
states of the model of gas networks are used for the design of the graph.
The tools of shape optimization are applied to the shape and topology optimization of finite graphs.
The model considered is well posed for a fixed geometry of the graph. The optimal value of the cost
for the optimization problem for the gas network depends on the geometry of the graph. The design
of the network means the selection of an admissible geometry of the graph which minimizes the given
shape functional. If the gas network is considered with random demands, the stochastic optimization
methodology can be applied.
References:
MR2854546 Leugering, Günter; Sokolowski, Jan. Topological derivatives for networks of elastic strings.
ZAMM Z. Angew. Math. Mech. 91 (2011), no. 12, 926–943.
MR2536483 Leugering, Günter; Sokolowski, Jan. Topological sensitivity analysis for elliptic problems on
graphs. Control Cybernet. 37 (2008), no. 4, 971–997.
Gugat, Martin; Herty, Michael. Chapter 2 - Modeling, control, and numerics of gas networks, in Handbook
of Numerical Analysis, Volume 23, Elsevier(2022), Pages 59-86, https://doi.org/10.1016/bs.hna.2021.12.002
MR4319540 Adelhütte, Dennis; Abmann, Denis; Gonzàlez Grandòn, Tatiana; Gugat, Martin; Heitsch,
Holger; Henrion, René; Liers, Frauke; Nitsche, Sabrina; Schultz, Rüdiger; Stingl, Michael; Wintergerst,
David . Joint model of probabilistic-robust (probust) constraints applied to gas network optimization.
Vietnam J. Math. 49 (2021), no. 4, 1097–1130.
MR3804115 Gugat, Martin; Schultz, Rüdiger; Wintergerst, David. Networks of pipelines for gas with
nonconstant compressibility factor: stationary states. Comput. Appl. Math. 37 (2018), no. 2, 1066–1097.
MR2963679 Plotnikov, Pavel; Sokołowski, Jan. Compressible Navier-Stokes equations. Theory and shape
optimization. Instytut Matematyczny Polskiej Akademii Nauk. Monografie Matematyczne (New Series)
[Mathematics Institute of the Polish Academy of Sciences. Mathematical Monographs (New Series)], 73.
Birkhäuser/Springer Basel AG, Basel, 2012. xvi+457 pp. ISBN: 978-3-0348-0366-3

