Galerkin/ least squares finite-element flow solver that is
second-order accurate in space and time (Lyons et al.
2009). The code imports a number of grid formats.
Fluent case files provided the primary interchange
between the grid generation code, Gridgen, from
Pointwise, Inc., and AcuSolve. The code implements a
broad range of boundary conditions and is richly
instrumented with data monitoring and data extraction
tools. Our experience with the code confirms that it is
robust and accurate for the single phase,
incompressible, RANS and DES cases. It has been
successful at demonstrating the details of flow around
objects, including horseshoe vortices and details of
separation and reattachment (Wilson et al. 2009).

The grid used for modeling is 2.7 km x 2.0 km in
the horizontal and 1 km deep. Figure 5 indicates the
domain. The fine mesh is 200 x 200 x 100, with
horizontal resolution is at 1.5 m and vertical resolution
has 1 m spacing near the lower boundary. A courser
mesh is used for some of the calculations with a
resolution of 40 x 40 x 70 as a demonstration that even
coarser meshes can reproduce vertical flow features.

Figure 5. Domain and coarser computational mesh
for the Rock Springs AcuSolve simulation.

The model was run using no slip boundary
conditions at the surface, inflow conditions from WRF
444 m grid on the north and west sides, and outflow
conditions on the east, south, and top boundaries.

3.3 Inflow Modeling

Inflow conditions are specified using two different
methods for comparison. In the first control experiment,
a constant inflow of 10 m/s is used everywhere. In the
second experiment, we input a spatially varying inflow,
both vertically and horizontally, from the WRF 444 m
grid as shown in Figures 4 and 5.

4. RESULTS

Figure 6 shows the impact of including a velocity
profile as computed by WRF as an inflow condition to
Acusolve. Figure 6a indicated that if no inflow condition
is provide (that is, a constant inflow is used), Acusolve is
not able to spin up a realistic velocity profile, even after
a substantial integration time on a sufficiently fine grid.
In contrast, when initialized with the velocity profile
computed by the fine mesh of WRF, the resulting
velocity profile is realistic.

b

Figure 6. Comparison of velocity profiles
perpendicular to the terrain for a) constant inflow
velocity (fine grid) and b) inflow velocity specified
from WRF 444 m input. (coarse grid)

Example stream traces are shown for the WRF
initialized case in Figure 7. Note the vortex
development in the lee of the mountain that
subsequently impacts the downwind flow conditions.

These results are preliminary. More extensive
comparisons must be accomplished before moving on
toward full assimilation modeling.

5. CONCLUSIONS AND PROSPECTS

This project has demonstrated the first steps toward
assimilating mesoscale model data into a CFD



simulation. By using the spatially varying inflow
determined by a fine-scale WRF run as a boundary
condition for Acusolve, we have approximately
replicated a realization for a particular time. Note that
the WRF run used four dimensional data assimilation to
produce a flow field consistent with simultaneous
observations. The Acusolve computed wind field
showed more variability in the flow field that did the
constant velocity control run.

w300
22.5

15.0

Figure 7. Selected stream traces when inflow

velocity is specified from WREF input.

This work is the first step toward fully assimilating
both fine scale WRF data and local meteorological
observations into a CFD model. By doing such an
assimilation, we expect to approach simulating a
specific observed realization of fine scale atmospheric
flow that indicates specific flow features and differential
winds. Note that temporally varying conditions can also
be used for dynamic assimilation.
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