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Theme

Q combined integral, explicit finite-difference method
is presented. The example calculation predicts the three-
dimensional compressible blast wave loading on a rigid four-
sided structure. Previous techniques for the inviscid slip flow
pressure loading on such structures include a variety of linear
interpolation and extrapolation techniques to predict the tran-
sient pressure distribution on the structure walls. The present
approach introduces a combination of the finite-difference
computation with an integral method># which is confined to
the irregular finite-difference cell volumes adjoining the
walls, edges, and corners of the structure. Separate numerical
techniques are applied inturn to the finite-difference com-
putations and the integral regions, with an initial condition
boundary condition overlap coupling at each discrete time
step in the computations.

Contents

A rigid structure, shown cross-hatched (Fig. 1) is immersed
in transient blast wave flow emanating from a distant ground-
level, K=1, source. The finite-difference computation is im-
plemented on an orthogonal three-dimensional mesh, with
regular uniform mesh spacing equivalent to Y the charac-
teristic height, A, of the structure as shown. The use of
variable mesh spacing and taking advantage of the centerline
symmetry along the flow direction were considered but not
applied for reasons discussed in the back-up paper.

In inviscid, compressible, adiabatic flow, the governing
Eulerian equations are written vectorially:
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The variables p, U, P, g, and E are the mass density, vector
velocity, pressure, von Neumann-Richtmyer numerical dam-
ping, and specific total energy, respectively. The polytropic
coefficient, v, is held constant in the present calculation,
while § denotes the unit tensor.

The basic finite-difference procedure makes use of a first-
order space and time accurate scheme for three-dimensional
compressible flow.! In this method conditional Courant
stability is achieved by use of a spatial staggering of the
velocity computational nodes from the mass (and energy)
computational nodes.? The boundary conditions applied in-
clude assumptions of a thermally insulated (slip-flow) ground
surface, insulated slip-flow at the structure walls, and con-
tinuous flow-through conditions at the outer boundaries
U max> T mins Jmaxs Kmax)- The unsteady incident shock-wave is
conditionally imposed at the input boundary (I=1).

To predict the transient pressure loading on the walls of the
structure, an integral method is applied to the finite-
difference cells which overlap or adjoin the structure. Dimen-
sionless variables are introduced relative to the integral
domain coordinate system (see Fig. 2).
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Fig. 1 Three-dimen-
sional computational
grid used in finite- L
difference simulation. ——
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Fig. 2 Integral
domain and coor-
dinates.

The subscript ‘‘o0’” on the velocity moduli designates
maximum initial blast wave velocity amplitudes, while the
same subscript on the density and energy terms denotes
quiescent conditions at the structure before blast wave arrival.
The subscript ““8’’ refers to the ‘“‘outer’” finite-difference

results applied as boundary conditions at every discrete time

step. Integration along the outward normal of the governing
equations in the transformed domain yields the integro-
differential relations for the slip wall boundary calculations:
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where p=p+q,;;, where g; is the diagonal component of the
damping tensor §.

The integrals I; are defined by
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Boundary conditions over the integral domain are the in-
stantaneous conditions for the outer (1) limit (supplied by the
finite-difference calculation), while the wall is the inner (0)
limit. .

The wall solutions of Eqgs. (6-9), subject to the boundary
conditions, are obtained at each finite-difference time step by
substitution of quadratic polynomial functions for the dimen-
sionless variable distributions in the integrals, Eq. (10).
Solution is by means of an implicit finite-difference scheme at
the wall surface where the polynomial coefficients are deter-
mined as part of the iterative matrix inversion procedure.!
The wall solution scheme is second-order accurate in space
and first-order accurate in time.

The present method provides smoothness in the results that
is not present when using ordinary linear extrapolation
procedures. This is primarily a result of the simultaneous
coupling of tangential and normal gradients at the wall
through the integral approximation.

In the back-up paper the results of the combined integral-
explicit finite-difference method are compared with both
basic finite-difference and shock tube experiments.’ Typical
results of the enhanced accuracy of the present procedure are
shown in Fig. 3, where the instantaneous experimental values
are depicted by the solid symbol.
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