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In the age of digitization simulation models play a central role. For the 
time-efficientdesignorconditionmonitoringofcomplexsystems,precise
numerical calculation models are required because such systems cannot 
be calculated analytically. This applies in particular to highly dynamic sys-
temsusingcompressiblegasasoperatingmedium,since theunderlying
mathematical description is based on equations of gas dynamics. Exa-
mplescanbefoundinprocessengineering,pneumaticsandcombustion
 engineering.

The aim of this thesis is the development of a transient simulation library 
forthetime-efficientcalculationofgas-powerednetworksconsistingofthe
followingcomponents:pipe,pipeconnector,valve,pipewithdiscontinuous
cross-sectionalextension,reservoir,L-connector,T-connectorandcylinder.
 
The components are locally resolved in at least one dimension. For compo-
nentswherethisisnotpossibleduetocomplexphysicalbehavior,thelocal
discretizationiscarriedoutintwodimensions.Thecalculationcoreofeach
componentisbasedonanexplicitfirstorderfinitevolumemethod.Theva-
lidationofthecomponentsiscarriedoutintwosteps:analyticallyapplying
closedsolutioncasesandexperimentallyonatestbench.Theanalytical
validation serves as proof that the components provide physically correct 
results. Experimental validation is used to demonstrate the accuracy of
 individual components and systems consisting of several components. 

The developed component library achieves an accuracy of more than 
95%comparedtotheexperiment.Thecomputingtimepermetersystem’s
length isfifteen times thesimulation time.However, thiscanbereduced
considerablyinfuturework.Thiswouldmakeitpossibletorealizereal-time
capableconditionmonitoringofcomplexgas-poweredsystems.
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