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Implementation of boundary conditions for RANS turbulence modelling is relatively
straightforward. This is because of the implicit scale separation involved in RANS : all
quantities being computed in a RANS simulation are basically steady. LES does not
have such a scale separation, and in fact requires the time-dependent simulation of scales
down to the mesh size. Wall boundaries in LES have been extensively investigated. Much
less work however has been focussed on the equally troublesome issue of implementing
practical and accurate inlet conditions. On a mechanistic level this involves creating a
time-varying inlet velocity on time scales down to the shortest scales simulated in the
flow, and with mathematical properties that ensure that it is compatible with the Navier-
Stokes equations being solved within the flow domain. On a physical level we would
wish to create an inlet boundary which ’looks’ like turbulence, and in particular can be
manipulated to possess particular turbulence properties (length/time scales, correlation
coefficients, mean profiles). Some work has been carried out in this area [2], but more work
needs to be done in this area, which is extremely important as many flows are strongly
dependent on inlet conditions[3].

In this paper, we look at the implementation of inlet boundary conditions for swirling
flows. The merits of synthesis and library lookup techniques are discussed and compared
with the mapping techniques available in OpenFOAM. These techniques are developed
further, introducing artificial body forces and velocity correction techniques which can
be combined with control algorithms to drive the inlet flow towards desired mean and
turbulent velocity profiles. Thus bulk flow properties such as swirl can be matched, as can
Reynolds stress profiles if known. The various individual components are demonstrated
on flow in a circular pipe, and then applied to the canonical case of swirling flow in a
sudden expansion [1].
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