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A SIMPLE GRID GENERATION METHOD
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SUMMARY

This paper presents a simple grid generation method which adopts the uni-directional interpolation idea
but only interpolates one co-ordinate between two opposite boundaries. The use of this new scheme
showed that (a) it is convenient to use; and (b) compared with the built-in grid generator of certain
commercial computational fluid dynamics (CFD) code, it saves time significantly. © 1998 John Wiley &
Sons, Ltd.
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1. INTRODUCTION

In the past two decades, since the pioneering work of Thompson et al. [1-2], the role of
numerical grid generation in computational fluid dynamics (CFD) has received much atten-
tion. Since then considerable advances have been made in grid generation techniques. In the
class of structured grids, algebraic [3], elliptic [4], composite or hybrid [5,6] and adaptive [7]
grid generation schemes have been devised. Some general generators are available, such as
Eagle [8], 3DGrape [9], INGRID [10], GRID2D/3D [11] and FLAGG [12]. Most of them,
however, require a considerable amount of CPU time (some may exceed the time for flow
simulation) due to the effort to gain the technique’s flexibility [12].

Many commercial CFD codes, including Phoenics (Cham), Fluent, CFX4 (AEA Technol-
ogy), and FIDAP (Fluid Dynamics International), also offer the facilities for mesh generation.
They are often called preprocessors or built-in grid generators. However, customers often find
them confusing and time-consuming due to various limitations, especially when defining a
domain surrounded by curved boundaries. This paper will present a new and simple algebraic
grid generation method.

2. GRID GENERATION

For ease of description, first consider a two-dimensional domain, as shown in Figure 1. For
this physical domain, the inner grid can be determined using a multi-directional interpolation
scheme as follows [13—15]
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On the right hand side of Equation (1), the first and second terms are interpolators between
two constant # boundaries and two constant ¢ boundaries respectively, while the last one is
deliberately designed for the purpose of preserving the four boundaries. Although Equation (1)
maps four boundaries correctly, it has disadvantages, in that the grids near the curved
boundaries may not be uniform, such as shown in Figure 2—a rectangular sitting on a quarter
of a circle. If the circle represents a cylinder and the problem is to simulate the flow around
the cylinder (in which case the grid has to be reflected against its y-axis for symmetrical flows
or both axes for transient flows), Figure 2 shows that using Equation (1), the gridding near the
cylindrical surface is rather poor. Another disadvantage of the above equation is that no
partial derivatives of the boundary curves have been included and therefore the grid generated
may not be locally orthogonal to boundaries. Several improvement methods have been
proposed [3,11] and given below are expressions of Shih et al’s.

x(&n)=x"(&, n)+Ax(E, n), 2

y(& )=y (& n)+ Ay, n). 3)

The detailed expressions of x'(¢, ), y'(¢, ), Ax(&, ) and Ay(¢&, i) are listed by Shih et al.
[11]. To use Equations (2) and (3), four constants, K;, K,, K5 and K, need to be determined.
Shih et al. proposed the values of 0.3, 0.3, 0.1 and 0.1 to be used corresponding to K, K,, K;
and K,, respectively, but gave no reason why these values were chosen. Figure 3(a) shows the
grid generated using this method for a domain the same as that of Figure 3. Better gridding
near the cylindrical surface was obtained using Shih et al.’s algorithm, but overlapping may
occur (Figure 3(a)) when K, K,, K; and K, are set to values of 0.3, 0.3, 0.1 and 0.1
respectively, as proposed by Shih er al. This overlapping can be avoided by adopting smaller
values of K; (i=1, 2, 3, 4), such as K; =0.06, K, =0.06, K; =0.02 and K, = 0.02 (Figure 3(b)).
These values were obtained using a trial-and-error method and therefore should not be
regarded as optimal. Clearly, these values have a significant effect on gridding but the way to
obtain the optimum values may be time-consuming.
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Figure 1. An arbitrary two-dimensional domain.
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Figure 2. Grid generation using the multi-domain method, Equation (1).

In this study, an alternative interpolation scheme is proposed by adopting the uni-directional
interpolation idea [1], but only interpolating one co-ordinate between two opposite boundaries.
Consider the domain shown in Figure 1, interpolating the x-co-ordinate between the ¢ =0 and
¢ =1 boundaries and the y-co-ordinate between the # =0 and 5 = 1 boundaries, we get the
following mathematical expressions for inner grid co-ordinates.

X(f, ”)Zx(()? ’7)+bé[x(1> ”)_X(O’ ’7)]’ (4)
(&) =y 0)+b,p(& 1) —p(, 0 ®)
where, b. and b, are two stretching functions given below.
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Here, a,, (1 —a,), a; and (1 — a;) are weighted functions and m is a constant which controls
the effect of boundary stretching functions, s,(¢), so(¢), ri(n) and ry(n) (see Figure 4), on the
inner grid distribution. Figure 5 shows the relationship between a: and ¢ with m =1, 2 and 3
corresponding to linear, quadratic and cubic transformations from ry(#) to r (1), respectively.
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The calculation of stretching functions on four boundaries is illustrated in Figure 6. As an
example, the figure shows the boundary 7 = 0 only. The stretching function s,(¢,) is calculated
using the projection of this boundary on the x- or y-axis, depending on the difference of x- or
y-co-ordinates between two end points at ¢ =0 and ¢ = 1. Its mathematical expression is given

below.
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Figure 3. Grid generation using Shih ez al.’s scheme: (a) K, =K, =0.3, K;=K,=0.1, (b) K, =K, =0.06, K;=K, =
0.02.
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Figure 4. Stretching functions and their corresponding boundaries.

so(§) =50(&) 1f [x(1,0) — x(0, 0)] # 0,

5o($) =5,0(8)  else,

where
_x(£,0)—x(0,0)
$0€) = 1, 0) = x(0, 0
50(&) _ V(0 =x(0,0)
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(10)
(11

(12)

(13)

Similar expressions for s,(¢), r,(n) and ro(y) are given in Appendix A. To ensure that the
interpolation is made right within the required domain, b and b, must increase monotonically
and vary between 0 and 1. Such a requirement can be met if the x-co-ordinate on the constant
1 boundaries increases (or decreases) monotonically from ¢ =0 to ¢ = 1 and the y-co-ordinate
on the constant ¢ boundaries increases (or decreases) monotonically from # =0 to # = 1. This
is usually the case for many practical problems, or alternatively the requirement can be met by
dividing the whole domain into several subdomains, and then generating the mesh for each

subdomain.
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Figure 5. The effect of m on interpolation coefficient.
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Figure 6. Boundary # =0 and its projections on x- and y-co-ordinates.

Before applying the above scheme to the domain shown in Figures 2 and 3, let us first
examine a simple square with uniform grid distributions on two vertical boundaries and
non-uniform distributions on two horizontal ones. The significance of m on the grid generation
is clearly demonstrated (Figure 7). In this particular case, using m = 2 has advantages because
it gives orthogonal grids on all the boundaries. Figure 8 shows the grid generated using the
present method for the domain shown in Figures 2 and 3. The boundary points were generated
using an appropriate subroutine with uniform distributions on J=1 (y =0) and J = NJ (n =1)
and the following distributions on /=1 (¢( =0) and /= NI (¢ =1). Here, I and J are indices
of nodes in x- and y-co-ordinates, respectively, and NI and NJ are numbers of points in ¢-
and #-directions, respectively.

On I=1:
x(1,J)=0; y(1,J)=0.5+1.5((J — D/(NJ — 1),
On I = NI:

X(NI, J)=0.5+ 1.0((J — 1)/(NJ — 1))*; Y(NI, J)=0.

Better gridding near the cylinder surface was achieved compared with that shown in Figure 2.
The advantages of the present method over Shih et al’s are that the former requires less
computer time and the latter may produce overlapping. However, as described in Zhou [16],
the present method also has disadvantages in that the orientation of the co-ordinate system
may affect the inner gridding, although such effect is limited in practice. For complex domains
with very distorted boundaries, the generation of the meshes in divided subdomains which are
then linked together may also be required. Dividing the complex domains into several smaller
and simpler subdomains has the advantage of minimising the effect of the co-ordinate system’s
orientation by selecting the localised co-ordinate system for each subdomain. Of course, in
many cases, such as the domain shown in Figures 2 and 3, this is not required.

It is possible to add the derivatives of the boundary curves into Equations (4) and (5) and
generate the locally orthogonal grid near the boundaries. Obviously, it will sacrifice the
simplicity and computer time, and we leave it for future work. As for the smoothness of the
grid generated using the present method, Equations (6)—(13) provided a smooth transforma-
tion of the stretching function from one boundary to the opposite, so that the inner grid
distributions vary smoothly along the boundary node distributions. Such smoothness is not
found in Equation (1).
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Extending Equations (4) and (5) to three-dimensional cases, the following is obtained:
(14)

(15)
(16)

(&, O =x0,n, 0+ be[x(1,n, O) —x(0,7, )] 0<<<1,

y(f, n, é’) :y(§5 Oa C) +bl7[y(é> 1a C) 7y(§a Oa C)] 0< n< 1a

Z(gya n, é/):z(éa n, 0)+bg[z(€7 7, 1)_2(57 n, 0)] 0<él< 1

In the above equations, b., b, and b, are three stretching functions in the x-, y- and
z-directions, respectively. They can have different forms, but again all must vary between 0.0
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Figure 7. Grids generated for a square domain.
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Figure 8. Grids generated using the present scheme.

and 1.0 and increase (or decrease) monotonically with &,  and {, respectively. The following
examples were adopted in this study.
be=cis(n=1)+cs(n=0)+ c35({=1) + cus({=0), 17
b,=csr(C=1)+cer(E=0)+cr({ = 1)+ cgr({ = 0), (18)
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by=cot(n=1) 4 ¢;ot(n =0) + c; 1(E = 1) + ¢p1( =0), (19)

where, ¢, ¢,,...,c;, are 12 weighted coefficients, and s, r and ¢ represent the stretching
functions on six boundary surfaces. Their detailed expressions are given in Appendix B.
Similar to the two-dimensional case, three-dimensional problems must define the six surface
boundaries properly in order to generate a proper grid.

The above algebraic grid generation scheme has been used for generating the inner grid for
internal fluid flow simulations of agricultural flat fan nozzles [17—-19]. According to Zhou et al.
[17-19], the predicted spray performances, such as spray angle, flow rate and liquid flow
distribution across the spray fan agreed well with the test data. Compared with certain built-in
grid generators, the present procedure was much faster and needed less input [16].

3. CONCLUSION

A new, quick algebraic grid generation method is proposed in this paper. The new method has
been used for generating meshes for internal fluid flow simulations of typical agricultural flat
fan nozzles and satisfactory performances have been obtained with regard to the computer
time and simulation results. The dependence of the grid quality on the selection of the
orientation of the co-ordinate system would not limit its use significantly.
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APPENDIX A: STRETCHING FUNCTION FOR A TWO-DIMENSIONAL DOMAIN

The mathematical expression for s,(¢), ri() and ry(y) are given below.
For s,(¢):

si((E) =s5(8) if [x(1, 1) —x(0, D] #0
51(&)=s,1(&) else

where
o X(E D —x(0,1)
$al&) =20 =20, 1)
(& D=y(O,1)
SO=Ta ) 00
For ry(n):

ro(n) =ryo(n) if - [y(0, 1) = (0, 0)] #0
ro(in) =ryo(n)  else
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where

. 20,1 —y(0,0
" p(0, 1) — y(0, 0)
_x(0>’7)_x(030)
7 x(0, 1) — x(0, 0)
For r,(n):
ri(n)=ru() if [y, 1)—y(1,0]#0
r(n) =ra(n) else

where

_y(,n)—y(,0)
"y D)= y(1,0)

~x(L, ) — x(1,0)
P T ) = x(1, 0)

APPENDIX B: WEIGHTED COEFFICIENTS AND STRETCHING FUNCTIONS FOR
A THREE-DIMENSIONAL DOMAIN

The weighted coefficients in Equations (17)—(19) are

c,=n"|T:;

e =0=n)"/T;
c3={"T.
ca=1="T:
cs= ¢,
ce=(01-"T,
c;={"T,
cg=(1—=0"T,
co=C"T,
co=010-="T;
cn=n"|T;
co=1—=n)"/T;

and

Te=n"+A—n)"+{"+A=0"

T,=¢"4+(0 =8+ 0"+ 1=
Tg:fm_‘_(l _5)171+’7m+(1 _’7)1;1
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The 12 stretching functions are

_X(é, 1’ 4/) —X(O, 17 ()

0=D=1 T 0
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