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ABSTRACT

The aim of this work is to provide a parallel code for computing viscous flows in complex geometries,
based on the immersed boundary (IB) approach and the Reynolds-averaged Navier-Stokes (RANS)
equations.

The RANS solver developed by the authors in the last five years [1-5] is parallelized using the MPI
protocol and a domain decomposition strategy, so as to obtain a balanced partition of the computational
grid thus allowing a considerable speed-up on a number of processors of the order of one hundred. In
the IB approach, the presence of a complex boundary is replaced by a forcing term which mimics the
effect of the body on the flow. Such a technique allows one to employ a simple locally refined Cartesian
grid so as to avoid the generation process of a body-fitted grid, which, in the case of complex three-
dimensional geometries becomes extremely difficult and time-consuming, easily exceeding the time
needed to obtain the flow solution. The grid generation procedure is also parallelized so as to generate
grids containing ten millions cells or more on a hundred or so processors, within a few minutes. The
heat equation will be solved at all Cartesian cells within the solid body, coupled with the RANS flow
equations, so as to assess the structural integrity of the body.

The simulation of a film-cooled highly-loaded linear turbine cascade will be considered as a suitable
test case for validating the proposed methodology. The geometry of the blade is provided in [6] and
coincides with the configuration T106-300-4 which is characterized by fan shaped cooling holes with
30 degrees streamwise inclination, 10 degrees diffusion angle, and an additional laid-back angle of 10
degrees. One row of holes, with pitch-to-chord ratio equal to 0.05, is drilled into the suction side of the
blade at 40% of the chord. The holes communicate with the main channel which spans the core of the
blade. A preliminary result is shown in figures 1 and 2 which show the (locally refined) grid and a local
view of the streamlines.

Moreover, the solver will be employed to support the design of modern low-cost reusable space ve-
hicles, such as the prototype designed and built by the Italian Aerospace Research Centre (CIRA) in
the Italian unmanned space vehicle research program which aims realizing flying test beds (FTB) to
develop and demonstrate key technologies needed for future reusable launch vehicles. Such a winged



re-entry vehicle has been employed in his first mission to investigate the final transonic part of the
orbital return phase, focusing on the aerodynamic characterization of the vehicle rudders for different
angles of attack and rudder deflections. In the final paper, the numerical predictions of the proposed
code will be compared versus the aerodynamic and structural data measured and recorded during this
flight.

(a) geometry and grid (b) local view of velocity vectors

Figure 1: T106-300-4 test case.
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