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Abstract—A new numerical scheme, which is expected to be applied for numerical analyses of various
engineering problems, is proposed for the orthogonal grid generation in an arbitrary 2-D domain. The scheme
is robust and non-iterative, and based on the conjunction of boundary integral technique and the covariant
Laplace equation method. In the scheme, two types of problems are considered: 1) The distortion function
is specified in the product form f(& n)=IIE @), or 2) Boundary correspondence is specified on the two
adjacent sides of the boundary. The scheme has also been tested for various application problems, and it
has been confirmed that the scheme is very successful.
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Fig. 1. Orthogonal mapping from a rectangular domain
to an arbitrary simply-connected 2-D domain.
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Fig. 2. Decomposition of an orthogonal mapping into con-
formal mapping and nonlinear stretching of confor-
mal coordinate.
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Fig. 5. Notations for the boundary integral technique; (a)
notations for integral equation, (b) discretization
along the boundary, (c) knowns and unknowns in
the boundary integral technique(e: knowns, x : un-
knowns).
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Fig. 6. Boundary integral technique for a domain with al-
most singular region; (a) an example of almost
singular region, (b) composition of analytical and
numerical solutions.
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Fig. 7. Examples of orthogonal mapping for specified f(§,
n)=I1() O(n); (a) grid system for a two-roll mill
(f=1-0.8¢), (b) gird system for a blast furnace
(f= constant#1).
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Fig. 8. Example of orthogonal mapping for the specified
boundary correspondences at two adjacent bound-
aries; the region between the twin rolls of twin

drum process.

Fig. 9. Schematic diagram for the twin drum process.
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Fig. 10. Physical and computational domains for numeri-
cal analysis for twin drum process.
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Fig. 11. Contours of stream functions for the melt flow
in the region between twin rolls of twin drum pro-
cess.
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NOMENCLATURE
A, B, M, N :matrices in the boundary integral tech-
ique
a; a, : covariant base vectors
e, e :unit vectors

f(&, ), f(&, )

: distortion function defined as f=h,

/by

G(x—x,) : Green’s function in the boundary in-
tegral technique
hs, hy, h,, h, :scale factors appropriately defined

28 29 A4S 19914 88

B w5

P& ), Q&) : control functions in Thompson’s meth-

od

r : distance |x—x,]

X, ¥ : coordinates for the physical domain

u(&, n), v(&n) : coordinates for the intermediate do-
main

u v, w : vectors in the boundary integral tech-
nique

u : velocity vector

Greek Letters

a B : angles defined in the boundary integ-
ral technique

& : coordinates for the computational do-
main

e, ey : functions in the distortion function,
f(&

v : stream function

® : vorticity
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