	Zusammenfassung
	Abstract
	1 Introduction
	1.1 Post-Darcy regime in porous media and its significance in industry
	1.2 Bio-inspired permeable interface engineering
	1.3 Governing equations
	1.4 Data-driven analysis and modeling
	1.4.1 Dimensionality reduction: Proper Orthogonal Decomposition (POD)
	1.4.2 Deep autoencoder (DAE)
	1.4.3 Echo state network (ESN)

	1.5 Information theory and causal inference
	1.5.1 Transfer entropy
	1.5.2 Local transfer entropy

	1.6 Structure of the work

	2 Laminar-turbulent transition
	2.1 Introduction
	2.2 Numerical framework
	2.2.1 Flow configuration and problem formulation
	2.2.2 Governing equations
	2.2.3 Base flow computation and linear stability analysis
	2.2.4 Adjoint stability formulation
	2.2.5 Perturbation energy analysis

	2.3 Numerical method
	2.3.1 Numerical simulation
	2.3.2 Code validation
	2.3.3 Base flow and linearized solver
	2.3.4 Validation

	2.4 Linear stability analysis
	2.4.1 Base flow
	2.4.2 Linear stability analysis
	2.4.3 Two-dimensional unstable mode at =0
	2.4.4 Three-dimensional instability at =5

	2.5 Three-dimensional numerical simulation
	2.6 Conclusions

	3 Turbulent flow in porous media
	3.1 Introduction
	3.2 Numerical details
	3.2.1 Numerical solver
	3.2.2 Code validation and grid sensitivity study
	3.2.3 Simulation conditions

	3.3 Results and discussion
	3.3.1 Macroscopic flow statistics
	3.3.2 Microscopic flow statistics
	3.3.3 Budget of turbulent kinetic energy
	3.3.4 One-dimensional energy spectrum
	3.3.5 Anisotropy characteristics
	3.3.6 Modal analysis with proper orthogonal decomposition (POD)

	3.4 Conclusions

	4 Convective heat transfer in porous media
	4.1 Introduction
	4.2 Numerical details
	4.2.1 Geometry
	4.2.2 Governing equations
	4.2.3 Finite-volume solver
	4.2.4 Spectral/hp element solver
	4.2.5 Computational details
	4.2.6 Microscopic code validation

	4.3 Results and discussion
	4.3.1 Macroscopic statistics
	4.3.2 Microscopic statistics

	4.4 Conclusions

	5 Information transfer between turbulent boundary layers and porous media
	5.1 Introduction
	5.2 Numerical details
	5.3 Results and discussion
	5.3.1 Mean velocity and turbulent kinetic energy profiles
	5.3.2 Upwelling and downwelling events
	5.3.3 Spectral density and linear coherence spectra
	5.3.4 Information transfer between free-flow and porous-media structures

	5.4 Conclusions

	6 Spatial and spectral characteristics of information flux between turbulent boundary layers and porous media
	6.1 Introduction
	6.2 Numerical details
	6.3 Results and discussion
	6.3.1 Local transfer entropy
	6.3.2 Inter-layer correlation and transfer entropy
	6.3.3 Optimal information transfer locations
	6.3.4 Spectral-resolved transfer entropy
	6.3.5 Statistical structure of informative events
	6.3.6 Application of causal inference in remote sensing

	6.4 Conclusions

	7 An assessment of turbulence transport near regular and random permeable interfaces
	7.1 Introduction
	7.2 Numerical details
	7.2.1 Numerical strategy
	7.2.2 Permeability of regular and random cylinder arrays

	7.3 Results and discussion
	7.3.1 Effects of the interface on flow statistics
	7.3.2 Spectral analysis of turbulent kinetic energy
	7.3.3 Profiles of TKE budget terms
	7.3.4 Lagrangian coherent structures via Finite-time Lyapunov exponent fields

	7.4 Conclusions

	8 Non-intrusive, transferable model for coupled turbulent channel-porous media flow based upon neural networks
	8.1 Introduction
	8.2 Synthetic data generation
	8.3 Data-driven modelling
	8.3.1 Feature extraction with autoencoder
	8.3.2 Echo State Network (ESN)

	8.4 Results and Discussion
	8.4.1 Data driver flow model
	8.4.2 Fine tuning to a various porosity

	8.5 Conclusions

	9 Conclusion and outlook
	Bibliography

