
10th OpenFOAM Workshop

June 29 – July 2, 2015 – University of Michigan, Ann Arbor

Simulation of Fractures in OpenFOAM:
From Adhesive Joints to Hydraulic Fractures

Philip Cardiff∗1,2, Ripudaman Manchanda2, Eric C. Bryant2, Dongkeun Lee2,
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Although considered a CFD toolbox, OpenFOAM is additionally capable of complex
multi-physics simulations. In particular, considerable features have been developed for
linear and nonlinear solid mechanics analyses, e.g. [1]. Advanced algorithms such as the
Arbitrary Crack Propagation method [2, 3] allow complex 3-D fractures paths to captured,
where Cohesive Zone Models are employed to accurately capture energy dissipation near
the crack tip.

This work presents the latest developments for fracture analyses in OpenFOAM with
emphasis given to simulation of hydraulic fracturing. Hydraulic fracturing, as employed
in gas wells, is a process where a water-sand slurry is pumped underground to fracture
porous rock releasing trapped gas. In order to accurately simulate such a process, a two
domain approach is adopted here: the rock domain is represented as a poro-elastic solid
through which there is porous flow; whereas the fracture domain captures the slurry flow
within the fracture cavities and is approximated as slot flow.

An outline is given of the poro-elastic and flow mathematical models, in addition to the
employed Fluid-Solid-Interaction approach for coupling the rock and fracture domains.
A newly developed dynamic mesh class fractureMesh is described, which dynamically
grows cells at the tips of the propagating fractures allowing flow within the fractures to
be resolved. Lastly, a number of test cases are presented highlighting the capabilities of
the method, and future directions are indicated.
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