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ABSTRACT

We present an Embedded Boundary Cartesian Grid method irsgtlet, Neumann and extrapola-
tion boundary conditions for the compressible Navier-8go#quations in two- and three dimensions. Of
great interest is the coupling LES/wall-model/embeddadhdary for simulating compressible flow ap-
plications. The main challenge with the embedded boundatyad is to accurately satisfy the bound-
ary conditions while retaining stability of the resultingheme. The method is second order accurate
using the second order extension of the Godunov/MUSCL seherren at the boundary. The explicit
Runge-Kutta time-stepping scheme is stable with a timedgégrmined by the grid size away from the
boundary, i.e. the method does not suffer from small-céfhsss. The benefits of a stretched grid in
boundary layers are well-known. We use local mesh refinemeantthe boundary to compensate for the
lack of stretching in the uniform grid. To mitigate the effeof unresolved flows using the embedded
boundary method in boundary layers, we have used LES andeatlapmeshless treatment of the walls
by setting so called wall-conditions [6]. In comparison ¢tassical’ methods the boundary conditions
are not imposed exactly when using the embedded boundahothdiut toO(h”) (p > 2).

Although not derived in the same manner, the proposed meathethted to the Simultaneous Approx-
imation Term (SAT) method [1]. The method we propose hasipusly been used to set boundary
conditions for the second order wave equation [2,3,4] alsorélar boundary method is used for the
Euler equations [5].

Since the actual grid is not needed for this method, we belibat it is useful as a building block in
a flow-simulator that deals with moving and/or deformingeaii$, complex objects and cases where
generating the computational grid is tedious. An examplhisfcould be a wing with morphing flaps.

We show examples of computations of flow around various ébjec2D and 3D. The results are
compared with standard methods. Furthermore, we disceskathdling of thin objects i.e. when the
embedded object is thinner than 2 cells and corners i.e. whest-points have multiple values.
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Figure 1: Examples of results with the embedded boundarpadatsing different wall-boundary con-
ditions.

We show that for resolved flows the results are excellent.riiénod is second order accurate and sta-
ble. When the flow and/or geometry are very unresolved thdtsdsecome unphysically unsymmetric.
The result remind of those when the surface is rough. Thighoess effect can to some extenent be
mitigated by the use of LES and wall-model.
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