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Program package for 3D boundary-value
elliptic problem®

Y.L. Gurieva, V.P. II'in

The main topic of the paper is to present a program package to solve 3D BVP
for the Helmholtz-type equation. Numerical algorithms concerning data structures,
approximations, and solving are described. Structure of the input data file and the
usage examples are presented. Some useful recommendations for users are given.

The purpose of the described program is to solve a mixed boundary value
problem (BVP) for the Helmholtz type equation with the piece-wise smooth
coefficients in composed of parallelepipeds computational domain using fast
incomplete factorization solvers on the basis of 7-, 19-, or 27-point finite-
volume schemes on a non-uniform or uniform grid.

1. The BVP statement

Let u(z,y, z) be a solution of the partial differential equation (PDE)

-2 (M) - 2 (Mewa)g) - 5 (Mewa) +
u(z,y,2)u = f(z,9,2), (2,9,2)€N= U Qi (1)
k=1

in a bounded domain £ composed of m rectangular subdomains €2, where
the given function X is the positive constant or the function and functions
1 >0, f are smooth in each Q.

On the surfaces I'; of possible of discontinuity of A (on common sides of
different 0, or “internal boundaries”) the conjugate conditions hold:

du Ou
= , A=—| =A_z=| 2
v, =vlro Mgl =GRk @
where signs “+” and “—” mean one-sided values of the function and its

normal derivative on the different sides of I'. _
On the external boundary I" = I’y UT}, of Q the following Dirichlet (first
kind) or Neumann (Newton if 2 # 0) conditions are given:
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du
up, =9, @ut p T (3)

where g, a, v are given functions and 7 is an outerward normal to the
boundary I

The external and internal boundaries of €2 are considered to be multi-
connected, all their parts being parallel to the coordinate axis.

2. Algorithms
The domain (2 is discretized by non-uniform parallelepipedoidal grid

Tip1 =z +hf, yir=yi+hi, zky =z +hE,
i=0,...,L—1, j=0,....M—1, k=0,...,N—1,

and supposed to be embedded in parallelepiped ¢ < = < z1, yo < ¥ < Y,
29 < z < zpn, so that the boundary crosses the grid lines in the nodes only.

Along each coordinate, the grid consists of the finite number of mesh
zones in which mesh steps are defined as a constant (so-called “u-zone” or
“u-type” zone) or by a geometric progression (“g-zone”) or by an arithmetic
one (“a-zone”).

Let the values n;, n,, n, mean the numbers of zones in z-, y- and 2-
direction, and

Xp) p=0’1:“-1n21 }’q’ q=0,1,--—,"y, Zrt 1‘=0,1,...,ﬂz,
be the boundaries of such zones with the following properties
Xﬂ = o, Xp > X, -1 Xn. =L,

o= Yo, lfq > 1,q—l, Yny =YM,
Zy =20, 2y > Zp, Zn, = 2ZN-.

The numbers of mesh steps in the zones are defined as l,, m,, and n, and
total numbers of nodes in each direction are given as

ne ny Nz
L+1=Y1l,, M+1=) mg N+1=) n,.
p=1 q=1 r=1

If the mesh zone is the zone of u-type, then the constant steps are defined
as follows:

B P
hZ = hg)=u’—_—l, i=Lp1+1,...,Ly, Ly=) 1,

lp s=1
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Woap@=Yo ety m M—zq:
3T Ty T y ] = g1 1oy Mgy g= My,

mg s=1
Ly — Zp_ -
hz = hy)=rn—r1’ k=N,_1+1,...,N,, N"=Zn"'
- s=1

The mesh steps in g-type zones can be found using the formulas

R = hPop "0, =Ly +1,...,Ly,
B = K@M = My +1,..., M,
B = hOykMeo1 k= Nog 41,00, N,

Here ap, By, 7r are the denominators of geometrical progressions in the

corresponding zones and P, h®, B are initial mesh steps defined by the
relations

an —1
hg’)=(xp"'xp-l)£ y ap#1l, 1<p<n,,
RO = (Y, - ¥,_y) Do 1
o = (Yp— —1)m, Be#1, 1<g<mn,

q
) = (2 7 1
z —(r_zr—l)ms ¥ #1, 1<r<n,.

A

The mesh steps in a-zones are defined as

B = B 4 (- Lp)d®), i=Lpoa+1,.., Ly,
h}”) - hg‘” +( - Mq-1)d§q), i=My_1+1,..., M,
B = B0 4 (k= N, k=N 41,0, N

where d¥, a9, d{") are the differences of arithmetical progressions

X, — X, 2
dg’) = (-Pl—f’l_hgp))_l, 1<p<ng,

R I, -
Y, - Y,
(@) — (297 %9=1 _ 1(q)
dy ._( . hy) 1 1< qg<ny,

Zy — Zn_ 2
r) — (Zr T 4r=1  pir)
d.(z —( h’z )n,.—l’ 1<r<n,,

satisfjing the conditions of positiveness of the initial mesh steps






