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Among the various power boundary conditions available in NSU3D, the IFIN boundary condition
can be used in various ways to set the conditions for an engine inlet for external flow
simulations. Boundary conditions at the inlet can be set in 3 ways:

e PSTATIC: Prescribed static pressure at engine inlet plane
e MACH: Prescribed Mach number at engine inlet plane
e MASS_FLOW_RATIO: Prescribed mass flow ratio at engine inlet plane

In practice, the boundary condition is controlled by a prescribed Mach number. PSTATIC and
MACH specification are equivalent, in that the corresponding static pressure for a given Mach
number is computed using isentropic flow relations. Similarly, the mass flow ratio is prescribed
by continuously adjusting the back pressure/Mach number at the boundary face using a local
Newton solver to achieve the prescribed mass flow ratio.

In previous versions, the flow was assumed to be isentopic from the freestream to the engine
inlet. This precluded the possibility of properly managing cases with supersonic freestream
conditions where normal or oblique shock waves may occur along streamlines entering the
inlet. Additionally, total pressure losses are possible due to viscous effects and discretization
errors or numerical errors. Therefore, starting in version r-398, the total pressure is first
computed at the boundary face and used to set the IFIN boundary conditions.

For backward compatibility, the optional parameter USE_BCS_IFIN_OLD is provided which has
the following effect:

e USE_BCS_IFIN_OLD = 1: Use old implementation. Note that the isentropic assumption
may be inaccurate and results in slightly different results for subsonic flows. For
supersonic flows, the MASS_FLOW _RATIO boundary condition is only available for cases
with subsonic freestream conditions.

e USE_BCS_IFIN_OLD = 0: This is the DEFAULT; if the parameter is not specified this value
is assumed. In this case, the new implementation that computes the total pressure at
the boundary face is used.

Details for MASS FLOW RATIO boundary condition

The mass flow ratio boundary condition assumes that the flow is always SUBSONIC at the
boundary where it is specified. This is required because a supersonic flow which crosses a
boundary can not be altered by conditions at this boundary. However a supersonic inlet flow



can be compressed to subsonic conditions through a converging diverging nozzle or a nozzle
where internal shock waves are present. Once the flow is subsonic, the usual engine inlet
conditions can be used. These in turn can alter the upstream flow to affect the flow at the
supersonic inlet plane. The mas flow ratio boundary condition includes two parameters:

e MASS_FLOW_RATIO: Ratio of desired mass flow across engine inlet to mass flow
computed using freestream conditions at engine inlet

e AREA _RATIO: Ratio of Area at engine inlet (i.e. where mass flow ratio is defined using
freestream conditions) to area of inlet where boundary condition is prescribed (and flow
is presumably subsonic). Note that often the area ratio can be unity (=1.0)

The mass flow boundary condition computes an average total pressure at the boundary where
the condition is being applied. This average total pressure value is then used to set the
corresponding Mach number that is adjusted during the convergence process to achieve the
desired mass flow ratio. Note that the total pressure may not be constant along the engine inlet
face. However, an average value of the total pressure at the face is used, since a single constant
value of Mach number is determined for matching the prescribed mass flow rate over the inlet
face.

For supersonic inlets, mass flow rates larger than 1 may or may not be achievable, depending on
the flow pattern between the freestream and the engine inlet. A maximum mass flow rate is
computed assuming isentropic flow and output to std out with a warning that this may be
higher than the maximum achievable mass flow rate. When the prescribed mass flow rate
cannot be achieved, the Mach number at the engine inlet boundary will grow to Mach=1.0 at
which point the maximum achievable mass flow rate will be reached.

Convergence history of the mass flow rate for each individual IFIN boundary condition is output
to files called massflobc.n, (in the ./WRK directory) where n denotes the number of the
boundary condition specified in the bcs file. This file records the prescribed mass flow rate, the
achieved or computed mass flow rate, along with the resulting Mach number, static pressure,
and total pressure ratio (total pressure at face over freestream total pressure) at each iteration
of the convergence process.

The user is encouraged to inspect the massflowbc.n files to ensure that the specified mass flow
rates have been achieved in the computation and that the flow is not choked in any of the
inlets.

An abbreviated example of a massflobc file is given below:






