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Abstract: A new method for the generation of orthogonal body-fitted grids is presented in this paper. The 
positions of boundary points in the physical domain are adjusted to obtain orthogonal curvilinear grids without 
changing the value of $ and r/during the numerical process. The densities of $ and r/ are given in advance. 
Good results were achieved in the application of this method on the cooling system of an internal combustion 
engine and a trail duct. 
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INTRODUCTION 

Many flows and heat exchanges in engineer- 
ing occur in complex regions. In the study of 
computational fluid dynamics, the generation of 
body-fitted coordinates for these complicated ar- 
eas is generally a critical requirement for accu- 
rate numerical flow simulations. A poorly con- 
structed grid system may cause erroneous results 
and bring about slow numerical convergence, 
even divergence. 

The existing methods for the generation of a 
curvilinear body-fitted coordinate system are 
based on two different principles: conformal 
mapping and the solution of elliptic partial differ- 
ential equations. 

The general method proposed by D. E. Pa- 
pantonis and N. A. Athanassiadis(1985) is based 
on the solution by finite difference means of a set 
of Laplace equations and application of a relax- 
ation method. In this paper, a simple and effec- 
tive numerical method for the generation of or- 
thogonal grids is presented and used to illushrate 
the capabilities and characteristics of the meshes 
w h i c h  are generated. The orthogonal grids are 
generated in the cooling system of an internal 
combustion engine and a trail duct. 

GOVERNING EQUATIONS 

The elliptic grid generation equations pio- 
neered by J. F.  Thompson (1974)  are era- 

ployed. The system utilized for generating body- 
fitted grids is based on the formulation of elliptic 
partial differential equations. In vector form, the 
equation may be written: 

72~  i = P / (~ ,7 ] )  ( i  = 1 ,2)  (1)  

The curvilinear grid is non-orthogonal with 
the method described above. It is known that the 
governing equations can be briefly expressed by 
the adoption of an orthogonal curvilinear grid 
system and rapid numerical convergence and sat- 
isfactory results can be obtained. 

Suppose the set of lines r ( x ,  y )  = Cl and 
ffJ'(x, y )  = c2 in the Cartesian coordinates sys- 
tem satisfies the Cauchy-Riemann condition: 

~x m "ff~I'y ; aY21" x = -  (}gy 

ff $ ( x ,  y )  and 7? ( x ,  y )  represent the func- 
tions r and W" respectively, the desired curvi- 
linear system ( $,  r/) satisfies a set of Laplace 
equations in the physical domain ( x ,  y )  : 

7 2 r  = 0 ( i  = 1 ,2)  (2)  

It is known that the solution of the equations 
above corresponds to a set of ~ ( x ,  y )  = constant 
and q ( x ,  y )  = constant lines which are mutually 
orthogonal. 

Considering the Cartesian coordinates x and 
y as functions of ~ and 7] respectively, i . e .  x 
= ( ~ ,  r/) and y = y ( ~ ,  r ] ) ,  the Laplace 

equation (2)  in the physical domain, taking into 
account the orthogonality of the ~ = constant and 
r /= constant lines, is equivalent to the equations 
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below in body-fitted coordinates: 

V 2xi = 0 (3)  

where x i = x ,  y ( i = 1 , 2 )  
By iterative procedure, we introduce into the 

set of Laplace equations (3)  a scaling factor h 
which is equal to the ratio of the scale factors L~ 
and L~ associated with the orthogonal coordinates 

and ~ respectively, described by K. A. Anto- 
nopoulos(1979). That is 

L~ 
h - L~ 

where L~ is the total length of all the 6: = con- 
stant lines and L,~ is the total length of all the r/ 
= constant lines. The following set of equations 

is obtained: 

X~ + x ~ / h  2 = 0 (4a) 

y~ + y,m/h 2 = 0 (4b) 

The following finite difference equation is 
obtained by integrating the equations ( 4 )  over 
control volumes centered on the grid point P (~ ,  
~) :  

A p Z p  = A E Z  g + AwZve + AsZs + ANZN 

(5)  

where Z represents x and y respectively, the 
grid points sun~unding the grid point P are 
characterized by the subscripts E ,  W ,  N ,  and 
S ,  with 

1 
AE = (~E -- ~ ) ( ~ E  -- ~P) 

1 

1 
AN = ( ~N -- ~S ) ( ~N -- rIP) h2 

1 
As = ( t IN_  ~s)(~lp - ris) h2 

Ap = A~ + Ave + As + AN 

The finite difference equation (5 )  is solved 
numerically by applying an iterative relaxation 
method and appropriate boundary conditions. 

BOUNDARY CONDITIONS AND NUMERICAL 
PROCEDURE 

The boundaries of the physical domain are 

also grid lines, so the physical domain bound- 
aries must be mutually perpendicular between 
them. 

For simplicity, as seen in Fig. 1, the line of 
the ( ~ ,  r/) domain r /=  0 is associated with the 
boundary of t)hysical domain AB, The line 7? = 1 
is associated with DC,  the line ~ = 0 is associat- 
ed with AD, the line ~: = 1 is associated with 
BC. 

t]~-I C=I 
D ~ 

x 
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schematic of physical (a) and_ 
computational (b) dmnatn 

In this paper, finite difference equation (5)  
is solved with the successive underrelax itemtive 
method. The block-correction method is used t o  

accelerate convergence. In the references Y. Li- 
ren ( 1 9 8 9 ) ,  the set of Laplace equations is 
solved by itemtive procedure. The value of 
and r/ is  ,gradually changed to obtain the orthogo- 
hal grid by using the expressions ~ = C~91 and 
@ = C.&p2 during the computational process, 
where C is the coefficient associated with the 
computational convergence, 391 and #92 are the 
angles of the correction for orthogonality. 

IMPROVED NUMERICAL PROCEDURE 

Due to the difficulty in the choice of coeffi- 
cient C,  this paper brings forward a numerical 
method. The distribution of ~ and ~7 is given in 
advance for the requirements of computational 
grids and is not changed during the whole itera- 
tion. The grid points on the boundaries are ad- 
justed in order to make the internal grid lines 
perpendicular to the boundaries. 

If the grid points B ( I ,  2) are not located at 
the normals to the boundary from the correspond- 
ing points A ( I ,  1 ) ,  as is seen in Fig. 2,  for the 
next iteration, the grid points on the boundaries 
must be adjusted for the requirement of orthogo- 
nality. The new grid points A ' (  I ,  1 ) on the 
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boundary are taken as the intersection point of 
the boundary with the normals to the boundary 
from the grid points B ( I ,  2 ) .  A' ( I ,  1 ) is the 
new boundary condition for the next iteration. 

B (1,2) 

Fig.2 Adjustment of boundary grid points 

The grid points on the other boundaries are 
also obtained with the same process described 
above. The finite difference equation ( 5 )  is 
solved for all the internal nodes of the grid. The 
new physical coordinates x and y of the grid 
points are then obtained. The block-correction 
method is used to rapidly transfer the new 
boundary conditions to the domain inside, and 
the value of $ and T/ is not changed. As a final 
result, good convergence and a brief program 
can be obtained. The method for the solving pro- 
cess is described below: 

1. The densities of $ and r/ are ascertained 
in advance according to the needs of computa- 
tional grids. 

2. Set initial the boundary conditions and 
the values of internal domain for the solution. 

3. Adjust the grid points on the boundaries 
to achieve orthogonality by the method described 
above.  

4. Solve the finite difference equation ( 5 ) .  
5. Calculate the maximum value of grid 

points on the boundaries, i.  e ,  max x -- 
_ [ y . + l  _ 

xn and maxy = i Y~ " The 

whole computation ends and the outputs are giv- 
en if max x and max y are less than the value e 
which is the parameter controlling convergence, 
or return to step 3 until the convergence is achie- 
ved. 

EXAMPLES 

To illustrate the capabilities of the proposed 
method for generating body-fitted orthogonal cur- 
vilinear coordinates, the trail duct and cooling 
system of an internal combustion engine are ap- 
plied. 

An example of the cooling system is given in 
Fig. 3 and Fig. 4. Fig. 3 displays a non-orthogo- 
nal grid generated by the TFM method by using 
Poisson equations. Fig. 4 illustrates a grid sys- 
tem generated by the improved method described 
in this paper.  The grid system in Fig. 4 has good 
orthogonality, compared with Fig. 3. 

Fig.3 Grid distribution for cooling system 
by TrM method 

An example of the trail duct grid system is 
given in Fig. 5 and Fig. 6 to illustrate the capa- 
bility for adjusting densities of ~ and r/ for con- 
trolling densities of grid lines. The densities of 

Fig.4 Orthogonal grid by the method 
in this paper 

and 7? are different, so different dense grids are 
obtained for different purposes for numerical 
computations. 
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Fig. 5 Grid distribution for trail duct Fig. 6 

CONCLUSIONS 

A grid generation algorithm based on the La- 
place equations for achieving grid orthogonality 
was developed in this paper. A modification of 
the numerical method of Papantonis was intro- 
duced that improves convergence rates and 
makes brief programs possible. The densities of 

and ~/are set in advance for the computational 
requirements and are not changed during the 
whole process. Different grids are obtained by 
using different densities of ~ and r/. 
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