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Abstract

In this paper, an analytic method is applied for the generation of 3D mesh sys-
tem in order for Navier-Stokes equations around ATP (Propfan). One of the advantages.
of this method is that mesh lines have strong differentiability, The differential equation
used is Poisson type and the right hand side is called control function, and this is
able to control the degree of mesh line clustering, Here, the form of control function
was contrived to cluster near the solid surfaces, By this method, several mesh lines are

laid in the boundary layer above the blade surfaces,

1. Introdugtion

Due to very rapid progress of large scale super-computers,the nonlinear partial
differential equations in fluid dynamics, e, g, Euler equation and Navier-Stokes
equation, have been possible to be solved numerically. Almost ‘all methods of solu-
tions adopt finite difference calculations in which the flow field is divided into
many polyhedrons for three=dimensional case and the /differential equations are
transformed into difference equations, Accordingly,~method of division of the flow
field is very \important, since generated computational mesh largely affects the
stability and convergence of the solutions, and, moreover, the physical quantities
solved change their values whether the mesh is good or bad,

We can find-a lot of papers(1~7labout the mesh generation techmiques cited in
the references, These techniques are divided into two groups as follows,

(i) Algebraic generation method,

(ii) Analytic generation method,

By the method (i), the every grid points and coordinate curves can be determined
arbitrarily, while the curves are determined by the solutions of elliptic or hyperbo-
lic differential equations in method(ii), Therefore, the location of coordinate curves
can be done easily, and,moreover, the normality condition upoh the boundaries and
the spacing control of mesh points in the specified region are easy, Against the
method(i), the analytic method is not so easy to ‘control the mesh lines, however,

the strong differentiability can be kept along the mesh lines,

Received July.1987.




82 Journa] of Aerospace Power Vol.3

In this paper,3D computational meshes around ATP are generated, The Poisson
equation (elliptic equation) is used for this purpose, The right hand side of this

equation, called control function, controls the mesh line locations,

2. Basic Equations

Let us try to map the physical space between two blades of an ATP into the
computational space as shown in Fig,]1, The physical space,xyz-space,is surrounded
by two blades, nacelle, outer boundary, inflow and outflow boundaries, and the
computational space,inf-space, is a rectangular pararellpiped, This is divided into
N, xN, x N, small pararellpipedes with each length as Af, and A¢, The mapping
-of this computational space into boundary fitted mesh lines in the physical space is
performed,

The elliptic differential equation is applied for the gcverning equation,and the

mapping is completed by solving a boundary value problem,
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Fig.1 Space around ATP.
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where &1 =°, _52:)7 and E3=¢
Eq.( 1) is Laplace equation, however, the following Poisson equation is more use-
ful for this purpose,
v2Ei =PI, i=1,2,3 (2)
where P7 is called the control function,and the coordinate curves are able to be con-
trolled by this value, For negative P!, a constant &' surface in the physical space
is attracted to the smaller value of x;, where x; =x, x,=y and x3=z and vice
versa, In a word, the mesh lines can be dense or coarse due to the negative or
positive values of the right hand side of Eq,.( 2 ).
Changing the dependent and independent variables with each other, Eq,( 2 ) is

rewritten as follows,
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Moreover, put
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Eq-( 3 )is written as follows,
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3. Discritization and Method of Solution

As described in the previous section, the desired mesh is obtained by solving a
boundary value problem of Eq.( 5 ). It is needless to say that the method of solu-
tion for Eq.( 5 ) is numerical, then, space differentiation is—expressed by finite
difference, The central difference with second accuracy is used herein, i,e,

ox _x(i+1,j,k)—x(i—1,j,k) '

& 2A¢

azx x(i+1,j,k)—2x(i,j,k)+x(i—l,j,'\')

325 - Agz
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ete. (6)
Substituting these ‘expressions into Eq.(5), x(i,j,k) is solved as follows,
x(i,j,k)y=w(dy +dp+dy+d  +d5+d4 +g11x£P+g22x,]Q+g33x£R/2CM (7)

where
gl! . . . .
d, = AE? {X(l+1,],k)~x(1—1,],k)}
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In order to obtain the converged x(i, j, k), we used the iteration method with
relaxation, i.e., x*(i,j,k) is calculated using n-th valuex (i, j, k) by Eq.(7),and

Ax is obtained by

szi*(iybk)_x(iyj’k) (8)
Then, (n+1)—th value of x is obtained as follows,
xPH1(, ), k) =x"(1,],k) + wAx 9)

where o is relaxation coefficient which makes convergence speed faster and so-
lution be stable, The above process should be continued until Ax )becomes smaller
than the preassigned value,

4. Control/Function

As described above, mesh lines- can be controlled by the control function Pi
(or P, Q, R), The purpose of this-paper is-to generate the mesh system which is
applied for Navier-Stokes computational code _around ATP, Therefore, the control
function is used for the mesh line clustering near solid surface where the boundary

layer is developing,\ Since the solid surfaces locate along {-constant plane, we can

put
P=0Q=0 (16)
Then, R is given by
R = —fagtexp{ -b({~ 1)} —exp{~b({y-{} (11>
where
el CoINUE-GY L,
(En=E1)? 4
12>
R S
E.N“gl
f=1, 1,

In the above equation, f controls the mesh line location along & and n direc—
tions, by second order curves, i, e, f; and f, determine the density along £ and n
directions respectively shown in Fig,2, Moreover,a’ and b’ are determined by trial

and error,
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Fig. 2 Control functions

In order to determine the degree of clustering of the mesh lines, we must esti-
mate the thickness of boundary layer, Since we only put the thin-layer assumption
upon the blade surfaces for the solution of Navier-Stokes equation, several mesh
lines may be laid in the boundary layer, Since the thickness of turbulent boundary
layer is proportional to Re~1/2 §2¢10-3 in the case of Rex=1(f, Accordingly, 104

is enough for the duration of two neighboring mesh lines,

5. Mesh System for Rotating Blades

Applying the above mentioned method to the space between two peighboring
blades, we try to generate the computational mesh system —around a propeller, By
-this mesh system, we aim to solve Navier-Stokes equations where thin boundary
layer is assumed on the blade surfaces,while-the flow slips\on the nacelle surface,
i,e, the viscous terms are neglected, then, the governing equations are Euler ones
on the nacelle surface,

The numbers of mesh-lines—are 45, 18 and. 2] .along x, y and z-directions

respectively, and-we put a’/ and b’ in Eq, (12) as
a’/=1.,5x103

b’ =1.25x10
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Fig.3 Mesh system around SR-3 ATP.
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The initial mesh system were generated appropriately by algebraic method,
Using thig system,we started the iteration, An example of mesh after 20 itera .ions
are illustr‘gated in Fig.3. Fig.4 shows mesh lines on the solid surfaces, The «lus~

tering of ‘mesh lines near the blade surfaces is depicted in these figures,
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R

Fig. 4 Meshes on the surfaces of SR-3 ATP,

6. Conclusion

In order to'solve Navier-Stokes equations numerically around ATP, it is neces-
sary to generate computational\mesh system suitable for the calculations, In this
paper,an analytic method in which the elliptic differential equation is solved is
applied for the generation of 3D mesh system, One of the advantages of this method
is that mesh lines have strong differentiability, The differential equation used is
Poisson type and the right hand side is called control function, and this is able to
control the degree of mesh line clustering., Here, the form of control function was
contrived to cluster near the solid surfaces, By this method,' several mesh lines are

laid in the boundary layer above the blade surfaces,
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