i ENCIT — Htapema, SC (Dezembro 1990)

A BOUNDARY-FITTED NUMERICAL METHOD FOR THE SOLUTION OF

C. H. MARCHI, C. B

THREE DIMENSIONAL ALL SPEED FLOWS USING CO-LOCATED VARIABLES

MALISKA & A. F., C, SILVA
Department of Mechanical Engineering
Federal Univarsity of Santa Catarina

P.0. Box 476 - 88049 - Floriandpolis, SC, Brazil

SUMMARY o

The solution of three dimensional compressible ffow probfems defined . in
anbitrany geometries nequines the use of generalized coordinates 4in oader 2o have

flexibility 4in

methods neqiines special procedure 1o deal with zthe pressure-veloed
fon promoting &sinenght 2o e coupling,

invelvdng,

in genenal, staggered grids ght
Unfontunately the use of staggered grids introduces several difficuliies

handling compfex geometnies. The use of segregated ginite-volume

coupling,
in the

computer code implementation. In this work a 30 numenicaf model s devefoped employing
co-Located variables fon the solulion of all speed §Lows.

INTRODUCTION

The majority of the existing numerical methods
and computer codes for solving high speed compressible
fluid flow problems belongs to the class of methods
which employs the state equation for the pressure
determination and the mass conservation equation for
density calculation. It is well reported, however,
that for low Mach number flows these methods are no
longer suitable [1]. The other class of methods is the
one where the density is determined from the state
equation and pressure is found through an special
equation derived wusing the mass conservation
constraint, These methods are suitable for solving
incompressible fluid flow problems or problems where
the density is a function of temperature only. It is
known that the development of the former class of
methods occured among the aerospace numerical analysts
while the latter class develop among the analysts
involved with incompressible flow. It is illustrative
to report some important differences between these two
classes of methods. The former class of methods employ

. higher order finite-difference schemes wusing co-
located variables, while the methods 1in the latter
class employ the staggered grid arrangement, to cope
with the pressure-velocity coupling, and derive the
algebraic equations involving the conservation
principles at control volume level, being called
finite volume methods.

Very recently, extensions of the methodologies
employed for incompressible flows have been applied
with success in the solution of compressible fluid
flow problems in cartesian [2,3] and general
coordinate systems [4,5]. These methods form an
equation for pressure, replacing, in the mass
conservation equation, density by a linearized form of
the state equation and velocity components by their
respective momentum equations. The drawback of these
methods is that they require the use of staggered
variables in order to provide the adequate coupling
between pressure and velocity/density. As a
consequence of the staggered arrangement the computer
code implementation becomes cumbersome, specially if
variable grid spacing is wused in three dimensions,
because the different control volume locations and the
corresponding metric storaging.

The alternative to this problem is to keep all
variables stored at the same point, that is, all of
them share the same elemental control volume. The use
of co-located variables simplifies considerably the
coefficients calculation and storaging, and
geometrical data storaging. The difficulty associated
with the use of co-located variables is the poor
coupling it provides between pressure and

velocity/density. This difficulty can be removed
taking care in numerically approximating the pressure
gradients.

Successful applications of finite volume methods
for 2D problems using nonorthogonal grids with co-
located variables can be seen in [6,7] for
incompressible flows, in [8], among others, for
cartesian grids and 2D incompressible flows, in [3]
for 2D compressible flows in cartesian grids and in
[4,5,9] for 2D compressible flows in general
curvilinear coordinates.

The very good results obtained 4in [3,4,5,9]
encouraged the authors the development of a numerical
scheme wusing co-located variables for the solution of
3D flows. The method can solve compressible flow with
presence of strong shocks as well as incompressible
fluid flow problems, due to the special linearization
performed for the mass flux in the mass conservation
equation.

The development of such a method is the main
purpose of the present paper. The model advances the
state of the art in the solution of 3D all speed flows
using co-located variables in the context of finite
volume methods. Preliminary results, which
demonstrates the aplicability of the method are also
presented. It is belived that the development here in
presented 1is in the direction of obtaining powerful,
easy to implement and general numerical methods for
the solution of all speed flows.

GOVERNING EQUATIONS

The Euler equations written for a general
coordinate system (£,n,y) for a generic scalar ¢ are
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The ¢ wvariable represents the mass cdnservation
equation, the three cartesian velocity components and
the energy equation, being equal to l, u, v, wand T,
respectively. A state equation, as below, closes the
system of equations which governs the three-
dimensional flow of an inviscid fluid.

P = pRT (2)

The Jacobian of the transformation and the
contravariant velocity components appearing in fo.(li






