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Overview

Incompressible, single-phase, steady-state flow in porous media

∇ ·
(

− k

µ
∇p

)
= 0

with permeability k, viscosity µ, and pressure p.

Our Ansatz:

p(x) =
N∑

i=1

wip̂(TG→L
i x) + p∞(x)

Each fracture has the same basis function p̂, but different weights wi → 1 DoF per Fracture.

Solve a dense N × N system with N the number of fractures.
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Theory

∇ ·
(

− k

µ
∇p

)
= 0 =⇒ −km

µ
∇2p = q
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Theory

Green’s Solution

p̂(x) = − µ

km

∫ 1/2

−1/2

λ0(s)
2π

ln ∥x − sêx∥ ds

Assume linear pressure profile across the fracture → λ0

p(x) =
N∑

i=1

wip̂(TG→L
i x) + p∞(x)

Collocation method to find the weights wi

p(xtip A) − p(xtip B) = ∆p

• Infinite conductivity: ∆p = 0
• Finite conductivity: ∆p = F (af , kf , lf )
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Assume linear pressure profile across the fracture → λ0

p(x) =
N∑

i=1

wip̂(TG→L
i x) + p∞(x)

Collocation method to find the weights wi

p(xtip A) − p(xtip B) = ∆p

• Infinite conductivity: ∆p = 0
• Finite conductivity: ∆p = F (af , kf , lf )

Institute of Fluid Dynamics 22.05.2026 4/19



Theory

Green’s Solution

p̂(x) = − µ

km

∫ 1/2

−1/2

λ0(s)
2π

ln ∥x − sêx∥ ds
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Theory

p(x) =
N∑

i=1

wip̂(TG→L
i x) + p∞(x)

Ψ(x) =
N∑

i=1

wiΨ̂(TG→L
i x) + Ψ∞(x)

• Similar derivation for stream function Ψ
• Same weights wi
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Results
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Results
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• Odling: 44 Fractures
• Meshing with GMSH
• Flow Simulation with CSMP++ (by

Stephan Matthai and collegues)
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Results
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Transport

Time of Flight
Dτ

Dt
= 1 ⇐⇒

�
��∂τ

∂t
+ ui

ϕ

∂τ

∂xi
= 1

τ = 0 τ = 1 τ = 2
τ = 3

τ = 4 Ψ1

τ = 0 τ = 1 τ = 2
τ = 3 τ = 4 Ψ2

τ = 0 τ = 1 τ = 2 τ = 3 τ = 4 Ψ3
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∂τ
= 0
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Transport

1. Calculate τ for the domain

2. Create a map (x, y, t) ↔ (Ψ, τ)
3. Transport is simply a shift in τ :

(Ψ, τ) → (Ψ, τ + ∆t)
4. Map back to physical space:

(Ψ, τ + ∆t) → (x′, y′, t + ∆t)
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Result
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Conclusion and Outlook

Conclusion:
• Meshless
• Efficient
• Few DoF (1 per fracture)

Work in Progress / Future Work:
• Passive Scalar Transport
• Coupling with Mechanics
• 3D Extension

Conti G., Matthai S., Jenny P., 2025, Fracture
Displacement Basis Function (FDBF) Method for
Efficient Geomechanical Calculations of Fractured
Rock, Int. J. Rock Mech. Min. Sci.
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