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Transport network problems

Ref: T. Clees et al., Making Network Solvers Globally Convergent, 
Advances in Intelligent Systems and Computing, 676:140-153, Springer 2018.

 network is an oriented graph

 linear Kirchhoff equations  ∑i Qi = 0 (conservation of flows, per node)

 non-linear element equations  f(Pin , Pout , Q) = 0, per edge

 where Pin / Pout – nodal variables (e.g., pressures)

 Q – flow variable per edge (different normalizations, mass flow, 
molar flow, volumetric flow,  etc.)

 generalized resistivity: 

∂f /∂Pin > 0, ∂f /∂Pout < 0, ∂f /∂Q < 0,  (+––) signature

 required for existence of a single solution (reachable by stabilized 
Newton method with an arbitrary starting point)
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Generalized resistivity, illustration

 simple network with equation 

 Pout(Pset1,Q) = Pset2+RQ

 R>0

 case A: resistivity condition satisfied, Pout 
decreases with Q, single solution exists

 case B: resistivity condition not satisfied, 
Pout increases with Q, multiple solutions 
or no solution possible

A

B
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Modeling of gas compressors

 elements increasing pressure
 free model: 

where parameters PL , PH , QH define target values,

for example, PH = SPO for specified output pressure,

or upper and lower limits for other controlled values,

ε – regularization parameter
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Modeling of gas compressors

 advanced model: 

 where fi – additional conditions

Ref: T. Clees et al. Modeling of Gas Compressors and Hierarchical Reduction for Globally 
Convergent Stationary Network Solvers, Int. J. on Advances in Systems and 
Measurements, vol. 11, 2018, pp. 61-71.

A. Baldin et al., Topological Reduction of Stationary Network Problems: Example of Gas 
Transport, Int. J. on Advances in Systems and Measurements, vol. 13, 2020, pp. 83-93.
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Modeling of gas compressors

 advanced model, additional internal variables:

 revolution number rev, adiabatic enthalpy increase Had , 
performance Perf , efficiency η, torque Mt ,density ρ, universal gas 
constant R, absolute temperature T , compressibility factor z, molar 
mass μ, adiabatic exponent κ > 1

Ref: A. Baldin et al., AdvWarp: A Transformation Algorithm for Advanced Modeling of Gas 
Compressors and Drives, in Proc. of SIMULTECH 2021, pp. 231-238, SciTePress, 2021.
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Modeling of gas compressors

Perf(rev) Mt(rev) Qmin(rev) m(ρ1) (Qvol,Had) (ρ1,m) (P1,m)
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additional relationships between internal 
variables based on the calibration procedure

Turbocompressors
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Modeling of gas compressors

 piston compressors:

where Perfmax(rev) determined by the characteristics of the compressor 
drive, other limits are constant
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Modeling of gas compressors

 stability analysis:

the required signature (+––) is marginally satisfied,
enforced by ε-regularization
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Modeling of gas compressors

 generic compressors (with constant limits):

 stability analysis:

the required signature 
(+––) is marginally 
satisfied, enforced 
by ε-regularization
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Numerical tests

 Test networks
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Numerical tests
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Numerical tests

Examples of test networks
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 N1: piston compressors in station c1|2, generic – in station c3|4

 ME&N85: realistic networks, each containing up to 3 piston and 
generic compressors

 convergence not influenced by their presence

Numerical tests
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Conclusion

 modeling of piston and generic gas compressors was carried out 
 stability analysis is performed, working regions are identified
 numerical tests on a number of realistic gas networks have been 

done, stability is confirmed 
 the modeling enhances our network solver MYNTS
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Thank you for your attention!

mynts@scai.fraunhofer.de
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