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Use of an adaptive grid procedure for 
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Abstract-An adaptive grid procedure is devised for the calculation of two-dimensional parabolic flows. The 
procedure redistributes the nodal points at each streamwise location of the flow so as to provide a finer mesh 
spacingin regionsofrapid profilevariation.Guidanceis taken from the behavior ofeachdependent variable in 
deciding the final distribution of nodal points. Thus, critical regions in the flow field are always accurately 
resolved. It is shown that conventional diffe~n~ing schemes do not perform satisfactorily on skewed grids, 
which are inherently associated with the adaptation procedure. A more suitable differencing scheme, which 
gives stable and accurate results, is developed. By means of various test problems, the improvement in results 

obtained by the adaptive grid procedure is demonstrated. 

INTRODUCTION 

IN MANY flow and heat transfer problems, physically 
important regions occur where the dependent variables 
exhibit iarge changes in gradient and/or curvature. In 
the numerical solution of such problems, satisfactory 
numerical accuracy can be obtained only if one 
provides a fine mesh spacing in these regions. But quite 
often, the location of a high-gradient or a high- 
curvature region is not known a priori. Therefore, a 
predetermined distribution of nodal points is either 
inadequate or computationally wasteful. What is 
needed is a method wherein the distribution of nodal 
points is continuously adjusted in response to the 
nature ofthe computed solution. By this procedure, it is 
possible to generate a mesh, which at all times 
concentrates the nodal points in the crucial regions. 
Such a method is called an adaptive grid procedure. 

There are many practical situations where an 
adaptive grid procedure is especially beneficial. In 
combustion problems, the flame front is characterized 
by large gradients and curvature and Continuously 
advances with time. In melting or freezing problems, 
the moving phase-change boundary plays a similar 
role. In heat exchanger applications, the boundaries are 
intentionally made discontinuous in order to augment 
heat transfer. At each discontinuity, new boundary 
layers (which are regions of steep gradients) are created. 

‘The need for adaptation in many problems ofinterest 
has resulted in a systematic effort to develop suitable 
adaptation procedures. Bonnerot and Jamet [f, 21 
have used space-time finite elements for the solution of 
the Stefan problem. Mori [3], Lynch and Gray [4,5] 
and Lynch and O’Neill [6] have used continuously 
deforming finite elements in space and finite difference 
techniques for the integration in time. Miller and Miller 
[7] have also developed a moving finite element 
method which was later modified by Miller [8] and 
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used by Gelinas ef at. [9] and Djomehri [IO]. Babuska 
and Rheinboldt [l 1,121 have developed a theory of c1 
posteriori error estimates to help design an optimal 
grid. Pereyra and Sewell[13], White [ 141 and Pierson 
and Kutler [15] have each used the idea of 
equidistributing an estimate for the truncation error. 
Olsen [16], Chong [ 171, Dwyet et al. Cl 81, and Rai and 
Anderson [ 193 have developed adaptation procedures 
by providing a finer mesh in regions of large spatial 
gradients. 

Most of the published literature deals with 
adaptation based on a single dependent variable. In 
addition, many of the investigations (e.g. E17, 181) 
report problems arising from numerical instability. The 
motivation for the present work is to develop a simple, 
economical and stable adaptation procedure &hat will 
account for the profile variations of each dependent 
variable. Only two-dimensional parabolic flows with 
adaptation along the cross-stream coordinate are 
considered. 

The basic calculation procedure used here for a 
parabolic ilow problem is due to Patankar and 
Spalding [20]. This is an implicit finite difference 
marching procedure with the streamwise coordinate X 
and the cross-stream coordinate o( = rl/ - $,/GE - 9,) 
as the independent variables. At each downstream step, 
the governing partial differential equations are 
integrated over control volumes laid out as shown in 
Fig. 1. This yields a system of tri-diagonal algebraic 
equations which are solved by using the Thomas 
algorithm. 

The salient features of adaptation procedure 
developed in the present work is described next. 
Further details of the method can be found in [21]. 

ADAPTATION PROCEDURE 

To explain the adaptation procedure, it is convenient 
tointroduce theconcept ofacomputationalcoordinate 
q, although it does not directly participate in the 
discretizationpro~ss.Thecomputationalcoordinate~ 
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NOMENCLATURE 

pre-exponential constant, equations 
(11) and (12) 
ratio of the number of nodes in a 
coarse grid to the number of nodes in 
the corresponding adaptive grid 
adaptation criterion 
thermal conductivity 
aspect ratio in an interrupted wall 
channel 
Nusselt number 
djmension~ess pressure 
Prandti number 
strength of a point heat source, 
equation (4) 
Reynolds number 
time 
temperature 
initial temperature, equation (4) 
wall temperature, equation (8) 
free-stream temperature, equation (9) 
X- and Y-direction velocities 
free-stream velocity, equation (9) 
coordinate directions 
value of Y at a node pointj and the 
value of Y at the control-volume face 
below j 
maximum value of Y. 

Greek symbols 
thermal diffusivity 
computed increment in v at a node j 
and associated with a variable c;bi 
computed increment in yf at a nodeJ 
and associated with the variable that 
advocates the densest clustering atj 
computed uniform increment in q 
(with F(Y) = 1) 
resealed values of Aej, equation (3) 
percentage error in local Nusselt 
number 
computational coordinate, equation (1) 
values of Q at control volume faces and 
computed from &qj values 
viscosity 
constant, equations (11) and (12) 
density 
species concentration of A 
general dependent variable 
particular dependent variable 
dinlensionless gross-stream coordinate, 

~-~~~~-~~ 
w-value at control volume face below 
node j 
stream function value 
value of tt( at the internal and external 
boundaries. 

x I boun;faty 

Frc. t. The X-CS grid for the boundary Iayer on a flat plate. 

is related to the physical coordinate Y according to the 
following equation 

The function F( Y)iscalled the adaptation criterion and 
is expected to be positive everywhere. The choice of 
F(Y) describes how the nodal points in the physical 

is introduced to normalize the computational 
coordinate so that 9 always goes from 0 to I. 

Without any loss of generality, the nodal points can 
conveniently beassumed to be un~formiydistrib~t~d in 
the g space. If F(Y) is equal to a constant [Fig. 2(a)], 
then equation (1) prescribes a uniform nodal 
distribution in the physical space. If F(Y) is not a 
constant [Fig. 2(b)] then the physical location of the 
nodal points is nonuniform. Further, the regions with 
large F( Y) are associated with a fine distribution in the 
physical space. Thus, the key to obtaining an optimal 
mesh lies in an appropriate choice of F(Y). 

A mesh is considered to be optimal if it accurately 
resolves local regions oflar~gra~ents and curvatures. 
The logical choices for F(Y) are, therefore, the gradient 
~~/aY, and the curvature ~‘~/~Y~, where I$ is the 

a L_-l--i 
Y Y 

(a) (b) 

space are distributed. The denominator in equation (I) FIG. 2. The q - Y relationship: (a) F(Y) = 1; (b) F(Y) it 1. 
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relevant dependant variable. In the basic finite 
difference method, a linear profile is assumed to exist 
between any two adjacent nodal points. If 84/t?Y does 
not vary significantly between the two points, the 
linear-profile assumption is reasonable. If, however, 
there is a rapid change in 8$/a Y, a finer grid is necessary 
in this region so that a linear profile continues to be 
satisfactory. Therefore, la’b/a Y21, which is a measure of 
the rate of change of ab/aY, is chosen here as the 
adaptation criterion F(Y). 

Although the curvature la*~/aY’l is used as the 
primary adaptation criterion for the results presented 
in this paper, it should be pointed out that in many 
problems the regions of large la*+/aY*l coincide with 
the regions of large k?+/aYl. In such situations, the 
use of lL@/aYl as the adaptation criterion is not 
inappropriate. 

In equation(l is required todetermine the Y values 
for uniformly specified q. However, the procedure to be 
followed here is to first calculate n from the available 
$J - Y distribution (either the upstream solution or a 
downstream solution based on an a priori grid) thereby 
establishing the q - Y (or w) relationship. Then, for 
uniformly specified q values, the corresponding Y (or w) 
values are obtained by suitable interpolation. 

The adaptation criterion is to be calculated for each 
dependent variable & and at each cross-stream 
location rj. This can be done by any reasonable 
method. The procedure adopted here is to use the 
monotonic cubic interpolation scheme of Fritsch and 
Carlson [22] to fit the bi - 5 data. This yields the 
(8$i/8Y)j values. Central differences of the first 
derivatives are then used to obtain (a2@i/dY2)j, the 
absolute value of which represents the magnitude of the 
primary adaptation criterion. 

A flow and heat transfer problem typically requires 
the solution of momentum and energy equations. In 
certain situations, differential equations for other 
variables, such as chemical species concentration, 
turbulence quantities, etc. have to be solved. For each 
dependent variable, equation( 1)defines a unique q - Y 
relationship. The final rl - Y relation should ideally 
satisfy the individual demands for grid refinement 
made by each dependent variable. To accomplish this, 
each physical location is considered in turn and the 
dependent variable which advocates the smallest mesh 
size (in the physical space) at that location is used in the 
definition of the adaptation criterion. 

To implement the above idea, it is convenient to write 
equation (1) for each control volume and to express the 
integral in the numerator as the sum of two integrals. 
This gives 

Aqij = (I 
YI 

l@*Wa Y2)j I d Y 
Yf, 
Yfi+l + 5 l(a24JaY2)i I dY 
y/ 

+ l(a24i/ay2), I dY (2) 

where Aqij is the computational mesh size calculated for 
the dependent variable +i at the cross-stream location 
5. Each integral is evaluated by first expressing the 
l(a2c5i/dY2)j 1 - Yj variation by the cubic interpolating 
curve in [22]. This permits the integrals in equation (2) 
to be expressed in terms of known quantities. Each 
column of the two-dimensional array Anij corresponds 
to a particular cross-stream location (characterized by 
subscriptj) while each entry in the column is the mesh 
size (at that location) advocated by a dependent 
variable (4J. If the largest entry in each column is 
chosen and normalized, a one-dimensional array (say 
Aqj) is obtained, each element of which corresponds to 
a particular cross-stream location (j) and contains the 
value of the mesh size advocated by the dependent 
variable which has the largest profile curvature at that 
point. 

In certain situations, the sole use of la*&aY*l as the 

adaptation criterion was found to produce excessively 
skewed grids. Although an appropriate amount of 
stretching is desirable, excessive stretching could 
produce mesh sizes in the round-off error range and 
could also result in errors due to inaccurate 
interpolation. To avoid such problems, an additional 
constraint on the grid distribution needs to be imposed. 
This is done by using another adaptation criterion 
F(Y) = 1 in conjunction with F(Y) = (a*~/aY’l. With 
F(Y) = 1, the computational mesh sizes as computed 
from equation (1) are all of the same size (say A#). A 
mesh size Aqj is then computed as 

Aqj = Greater of (Ali,, A$‘) 

+ 1 Greater of (Arjj, A$). (3) 
j 

The resulting grid has less drastic nonuniformity than 
does the grid defined by equation (2). With the 
computational mesh sizes as calculated from equation 
(3) the coordinate values nf; at the control volume face 
location can be obtained as 

with the starting value of qf set equal to zero at the 
o = 0 boundary. This procedure provides the necessary 
constraint needed to design an appropriately skewed 
grid. 

The computational coordinate sfi corresponds to a 
physical location Yf, (or wfi). In the basic finite 
difference calculation procedure [20] the w-values at 
the downstream step are needed and so the adapted 
mesh must be described in terms of w-values. 

A relationship between the computational and 

physical space is established by using the Fritsch- 
Carlson monotonic interpolating curve [22] to define a 
polynomial relationship between the r~fj, obtained from 
equation (3’) and the corresponding wfi values. It is 
important to use a monotonic interpolating curve since 
for increasing values of the computational coordinate 
the physical coordinate can only increase. As 
mentioned earlier, the adaptation procedure is based 
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on calculating the physical locations that correspond to 
a uniformly specified computational mesh. Hence, the 
cubic interpolating curve (between 11; and wfj) 
obtained as described above, is used to calculate the 
new ofvalues that correspond to uniformly increasing 
values of the computational coordinate. These wf 
values describe the adapted mesh at the downstream 
location. 

In every marching step of the parabolic flow 
calculation, the & - 5 distribution at an upstream 
station is known and the distribution at the next 
downstream station is to be calculated. In the present 
procedure it was initially decided that the (~Z~i/~Y2)j 
values would be evaluated from the upstream & - q 
distribution. This would permit a dynamic adaptation, 
i.e. no a priori evaluation of the solution at the 
downstream step is needed to determine the grid 
distribution. However, this procedure led to oscil- 
lations between the adapted grid and the solution. 
Dwyer et al. [ 181 have encountered similar problems. 
The remedy they adopt is to perform the adaptation less 
frequently, i.e. once every four forward steps. 

It is, of course, desirable to have a procedure that 
adapts at every forward step so that the large curvature 
regions are always appropriately accounted for. Also, 
the adaptation scheme should be stable since 
oscillatory solutions are obviously unacceptable. 

The adaptation procedure developed here involves 
obtaining two solutions in parallel. First, a course 

predetermined grid solution is obtained ; it provides the 
inputs from which the (a’$i/8Y2)j values and thus the 
adapted grid can be determined. Then, the main 
solution is obtained on the adapted grid. This 
procedure is repeated at every forward step, with the 
predetermined grid solution immediately preceding the 
adaptive grid solution. In essence, this procedure 
decouples the calculation of the adapted grid from the 
solution of the differential equations on the adapted 
grid. Thus, the oscillations associated with the adaptive 
grid based on the upstream solution are eliminated. 

It should be mentioned that this procedure involves 
additional computational work for obtaining the 
solution on the predetermined grid. But, a relatively 
coarse predetermined grid is found to suffice, since the 
corresponding solution is used only for defining an 
interpolating curve from which the values of 
(@$JJL?Y~)~ are evaluated. Hence, if the adaptive grid 
has N nodal points, the predetermined grid need only 
have fN nodes, wheref < 1. The number of equations 
to be solved is then (1 +f)N which is less than the 2N 
equations required to be solved in many other 
adaptation procedures [7-10, 15, 161. Usually, a 
satisfactory value off is 0.4 or less. 

CHOICE OF A DIFFERENCING SCHEME 

In the discretization of the governing differential 
equations, a control volume approach is used, where 
profile assumptions are used in both the streamwise 
and the cross-stream directions. The accuracy of the 

calculation procedure depends on the choice of profile 
assumptions. 

In the conventional definition of a control volume, 
the control volume face between the downstream nodes 
j and j + 1 also lies between the same upstream nodes. 
An example is the Patanker-Spalding method [20] 
where lines of constant w are used to define the cross- 
stream control volume faces (see Fig. 1). In a similar 
fashion, the present work was initiated with control 
volumes bounded by lines of constant n [Fig. 4(a)]. 
Since, in general, the distribution of nodal points in the 
physical space can drastically change from one station 
to the next, the lines of constant r~ are likely to be more 
oblique in the physical space than the lines of constant 
w or Y. As a result, there could be significant mass flow 
crossing the constant-n lines. Thus, how the cross- 
stream convection (with the associated diffusion) is 
handled by the differencing scheme becomes more 
important for the X-n grid than for the X-w or the X-Y 
grid. 

To determine the most appropriate differencing 
scheme, a model test problem with a known analytical 
solution was solved using a number of differencing 
schemes. The choice of the differencing scheme is based 
on the accuracy of the results obtained. 

The test problem is that of a uniform, unidirectional 
flow past a point heat source of strength Q. The exact 
solution for the temperature T can be written as 

T-_T, =_Q e--w41iX 

2&kX 

where To is the initial (upstream) temperature of the 
fluid and k is the thermal conductivity. The calculation 
is initiated at X = X, with the starting condition 
obtained from equation (4). Values of the heat source 
strength Q, and the location X = X, may be specified 
arbitrarily. 

The streamwise convection at the upstream and 
downstream faces of the control volume was calculated 
by assuming a stepwise profile, in which the convected 
value of 4 was taken to be the nodal value of 4 located 
on the control-volume face. For the convection and 
diffusion across the cross-stream faces of the control 
volume, the following profile assumptions were tried : 

1. Explicit convection/Crank-Nicholson diffusion. 
2. Explicit convection/implicit diffusion. 
3. Crank-Nicholson convection/implicit diffusion. 
4. Crank-Nicholson convection/Crank---Nicholson 

diffusion. 
5. Implicit exponential scheme. 

The explicit terms are calculated from the known 
upstream solution while the implicit convection and 
diffusion fluxes are expressed in terms of the unknown 
downstream values. The Crank-Nicholson convection 
and diffusion terms are obtained as a mean of the 
upstream and downstream values. In the implicit 
exponential scheme, the total flux (convective plus 
diffusive flux) across the cross-stream face is obtained 
from the exact solution of the one-dimensional 
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FIG. 3. Performance of various differencing schemes. 

~~nv~cti~n~~~us~~n equation (at the downstream 
Iocationf. This scheme was first proposed by Spatding 
[233 and has been widely used. 

The calculation is done on a grid that is appreciably 
skewed. Theexact solution at a certain X [equation (4)] 
and the corresponding results obtained by using 
schemes l-5 are plotted in Fig. 3. It can be seen that 
none of the schemes 1-5 appear to produce reasonable 
solutions. Schemes l-4 give negative values which are 
obviously unrealistic. Scheme 5 appears to produce a 
‘smeared’ profile, indicative of appreciable false 
diffusion. 

Evidently, there is a need for a more satisfactory 

scheme. Experience with schemes 1-4 indicates that as 
the inclination of the control volume faces (in the 
physical plane) is reduced, all schemes give more 
satisfactory results. This is particularly true for scheme 
5, which for small inclination of control volume faces 
gives results very close to the exact solution. 

Guidance is taken from these experiences, to 
construct a new scheme called the o-tracing scheme. 
The central idea in the new scheme is to modify the 
definition ofthecontrol volume faces. Instead oflines of 
constant q, the control volume faces are taken to be 
constant w lines originating from the interface 
focations between the downstream nodal points and 
traced backwards to the upstream station [Fig. 4(b)]. 
Since the o-values of the downstream nodal points are 
different from the w-values of the corresponding 
upstream nodes (due to cross-stream adaptation) a 
typical control volume in the w-tracing scheme will 
contain a nodal point on the downstream face but may 
contain any number of nodal points (including zero) on 
the upstream face. This complicates the calculation of 
the upstream streamwise convection, which now must 
be obtained by suitabie interpolation. The piecewise 
cubic interpolating curve in [22] is once again 
employed for this purpose. The cross-stream convec- 
tion and d&sion terms are calculated imphcidy by the 
exponential scheme. 

The results of this method (called scheme 6) are also 
shown in Fig. 3. The solution obtained is very accurate 
and obviously superior to the other methods discussed 
(schemes l-5). Therefore, scheme 6 is adopted for 
implementation in the calculation procedure. 

RESULTS 

To demonstrate the improvements obtained by the 
grid adaptation procedure, a variety of problems have 

(UPSTREAM I (DOWNSTREAM) (UPSTREAM) (DOWNSTREAM) 

CONVENTIONAL CONTROL VOLUME w- TRACED CONTROL VOLUME 

(al @I 

FIG. 4. Conventional and W-traced control vohxmes. 



1062 S. ACHARVA and S. V. PATANKAR 
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FIG. 5. Test problem 1. Flate plate with an unheated starting 
length. 

been solved both on an adaptive grid and on a fixed 
grid. The results obtained have been compared with an 
exact solution. In all the test problems, the forward step 
sizes chosen are of the order of 10-5. Further reduction 
in the forward step size had a negligible influence on the 
results. The test problems chosen are representative of 
the multitude of flow and heat transfer problems 
encountered in many practical situations. 

Test problems 

1. Flat plate with an unheated starting length. Figure 5 
shows the physical situation which schematically 
represents the flow over a flat plate with an unheated 
starting length. When the flow encounters the point of 
thermal discontinuity, a thin thermal boundary layer 
develops. To accurately resolve this region, a fine mesh 
spacing is necessary near the heated wall. As the 
thermal layer grows, the grid needs to expand so as to 
correctly account for the entire thermal layer. The 
adaptive grid procedure is expected to provide the 
correct cross-stream distribution of nodal points at 
each streamwise location. 

To obtain the desired solution, the equations 
expressing the conservation of mass, momentum and 

7. 

6 
t 

energy have to be solved. These are 

The boundary conditions are, 

at Y = 0, 

u=o 

8T 
-=0 for O<X<l 
dY (8) 

T = T, for X 2 1 

at Y = Ys, 

u = u,, T = T, for all X. (9) 

The adaptive grid and the fixed grid solutions are 

both obtained with 20 grid points. The results predicted 
by Abdel-Wahad et al. [24] are re-evaluated by using 
300 grid points in a fixed grid method. These results are 
used as the exact solution for the purpose of 
determining errors. 

Figure 6 shows the distribution of the nodal points at 
various streamwise locations. At X = 1, the onset of the 
constant temperature boundary condition and the 
ensuing rapid profile variations cause adense clustering 
of nodal points near the wall. As the thermal boundary 
layer grows the nodal points appropriately spread out. 

For the purpose of comparing the relative accuracy 

of the computed solutions, the percentage error in the 
local Nusselt number along the thermally active plate is 

FIG. 6. Nodal point distribution in test problem 1. 
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FIG. 7. Percentage error of the local Nusselt number along the 
thermally active plate in test problem 1. 

plotted in Fig. 7. While the errors incurred in the fixed 
grid method (solid line) are as large as 25x, the adaptive 
grid solution (dashed line) has a maximum error of 
about 3%. The fixed grid method is found to be 
especially inadequate over the initial thermally 
developing region. 

2. Interrupted wall channel. In an interrupted wall 
channel, the solid boundaries of a parallel plate channel 
are interrupted periodically in the streamwise 
direction. Such a configuration is commonly used to 
augment heat transfer since the periodic interruptions 
are associated with creation of new boundary layers 
and therefore higher heat transfer coefficients. 
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FIG. 8. Test problem 2. An interrupted wall channel. 

A schematic of the physical situation is shown in Fig. 
8. Over each plate, the near wall regions close to the 
leading edge are associated with rapid profile 
variations and therefore demand a fine mesh spacing. 
Locations far removed from the wall have mild profile 
variations and therefore a coarse mesh should suffice in 
those regions. 

The solutions are again obtained by numerically 
integrating equations (5)-(7). The boundary conditions 
are zero velocity and temperature at the walls and zero 
gradients at the symmetry line. 

Both the fixed grid and the adaptive grid solution are 
obtained using 32 cross-stream nodal points. Figure 9 
plots the nodal point locations (Y/H) of the adaptive 
grid at different streamwise positions (X/H). As may be 
seen, the grid is automatically rezoned at each forward 
step, in order to provide a fine mesh in regions of large 
curvature. 

For the purpose of comparing results, an exact 
Nusselt number is calculated by using 300cross-stream 
nodal points in a fixed grid method. The Nusselt 

FIG. 9. Nodal point distribution in test problem 2. 
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Table 1. Percentageerror in thefullydeveloped Nusselt 
number in test problem 2 

‘;b Error in Nusselt number 

Re Pi-/( L/H) Fixed grid Adaptive grid 

28 1.60 0.00 
70 2.50 0.00 

140 3.30 0.00 
280 4.23 0.05 
560 5.11 0.21 

1400 5.02 0.36 
2800 3.45 0.87 

number (at a downstream step) is defined as in [25] and 
takes the following form, 

Nu = [Re Pr/(L/H)] In [(T,-T,)‘/(T,--T,)“] (10) 

where (T,- ‘Q” is the wall to bulk temperature 
difference at the downstream step and (T, - Tb)’ is the 
temperature difference at the corresponding step of the 
previous plate. When flow is fully developed, the 
Nusselt number becomes a constant. 

The percentage error in the fully developed Nusselt 
number is tabulated against Re Pr/(L/H) in Table 1. 
These results again demonstrate the improvements 
obtained by using the adaptive grid method. 

3. One-dimensional combustion in a solid material. 

This problem was earlier investigated by Otey and 
Dwyer [26] to test the efficiency of five numerical 
procedures. They have considered a slab of material A 
heated from the right hand side. As the temperature 
rises material A decomposes to material B. A reaction 
zone, characterized by large curvatures, proceeds 
through the slab until all ofmaterial A is converted to B. 

This problem may be modelled as a transient 

and S. V. PATANKAR 

x,0 X=1 

b_I,O T:T,+t/C FOR t < C 

bX =Tf FOR+ >C 

BYLO Z&Lo 

bX bX 

FIG. 10. Test problem 3. One-dimensional combustion in a 
solid material. 

diffusion equation with Arrhenius type source terms. 
If T and pA denote the temperature and species 
concentration ofA, then the problem isdescribed by the 
following equations : 

(?PA a2PA 

at 2x2 
AlpAe-O1l’, (11) 

C7T d2T 
-- = aF + AlpA e~el~T. 
dt 

(12) 

The boundary conditions to be used are indicated in 
Fig. 10. While the left hand boundary is held adiabatic, 
the right hand boundary is heated so that the 
temperature rises linearly up to a time t < c beyond 
which it is held fixed at T,. The values of the parameters 
in the problem are chosen from those used by Otey and 
Dwyer [26]. 

It is possible to use the two-dimensional boundary- 
layer procedure to solve the one-dimensional unsteady 
problem by replacing U 8/8X in the boundary layer 
case by d/at for the unsteady situation. 

In Fig. 11, the temperature distribution at two 

_ EXACT SOLN. 

____. ADAPTIVE GRID SOLN. 

FIXED GRID SOLN. 

FIG. 11. Temperature distribution in test problem 3. 
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instances of time are compared with the exact solution. 
Both the fixed grid and the adaptive grid solutions are 
based on 20 nodal points while the exact solution is 
obtained by using 300 cross-stream nodal points in a 
fixed-grid calculation. Again the adaptive grid results 
(dashed 1ines)lie much closer to the exact solution(solid 
lines) than the fixed grid results (dotted lines). 

CLOSING REMARKS 

An adaptive grid procedure is developed and 
implemented for parabolic flows. The procedure, which 
takes guidance from each dependent variable, clusters 
the nodal points in regions of large curvatures. The 
conventional differencing schemes are found to yield 
inaccurate solutions on an adapted grid. A new 
differencing scheme called the w-tracing scheme is 
developed and shown to produce accurate solutions. 
Results of three test problems are presented to 
demonstrate the improvements in accuracy obtained 
with the adaptive grid procedure. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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UTILISATION DUNE PROCEDURE A GRILLE ADAPTATIVE 
D’ECOULEMENT PARABOLIQUES 

POUR DES PROBLEMES 

Rbumb-Une procedure a grille adaptative est concue pour calculer les bcoulements bidimensionnels 
paraboliques. La procedure redistribue les points nodaux a chaquelocation de l’tcoulement de facon a fournir 
une maille plus petite dans les regions de grande variation du profil. On tient compte du comportement de 
chaque variable pour decider de la distribution finale des points nodaux. Ainsi des regions critiques dans le 
champ de vitesse sont toujours traitees avec precision. On montre que les schemas conventionnels ne se 
comportent pas bien sur des grilles deform&es qui sont assoc&s de facon inhbrente a la procedure 
d’adaptation. On developpe un schema plus convenable qui donne des resultats stables et p&is. A partir de 

plusieurs probltmes, on demontre la qualitb des rtsultats obtenus par la procedure a grille adaptative. 
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VERWENDUNG EINER ANPASSUNGSFjiHIGEN GITTERPROZEDUR 
BEI PARABOLISCHEN STROMUNGSPROBLEMEN 

Zusammenfassung-Es wird eine anpassungsfihige Gitterprozedur zur Berechnung zweidimensionaler 
parabolischer Striimungen entworfen. Diese Prozedur verteilt die Knotenpunkte an jedem Ort der Striimung 
neu, so dal3 ein feinerer Gitterabstand in Gebieten mit starken Profillnderungen erzielt wird. Das Verhalten 
jeder abhlngigen Variablen gibt eine Anleitung zur Wahl der endgiiltigen Verteilung der Knotenpunkte. Auf 
diese Weise werden kritische Gebiete im Strijmungsfeld immer genau aufgeliist. Es zeigt sich, da13 
konventionelle Differenzenverfahren bei einem schiefen Gitter, das bci der Anpassungs-Prozedur 
zwangsliufig auftritt, nicht geniigend wirksam sind. Es wird ein ZweckmiBigeres Differenzenverfahren 
entwickelt, welchesstabileundgenaueErgebnisseliefert. DieVerbesserungder Ergebnisseunterverwendung 

der anpassungsfihigen Gitterprozedur wird mit verschiedenen Testproblemen nachgewiesen. 

nPMMEHEHME A~AllTMPYIO14MXCII CETOK flJl5l PAC’IETA fIAPA6OJJMqECKMX 
TE’4EHMfi 

AHHOTauHn~Pa3pa6OTaHa MeTOnHKa Bbl6opa ananTripyioweiica CeTKM UJIR pacqe-ra UByMepHbIx 

napa60nwecKkix TereHkiB. Y3noeble TO~KH nepepacnpeuenntox3 a ~axnoR nanpae:lennoA no re9enmo 
o6nacTM nOToKa TaKHM o6pa30M, qTo6bl o6ecnewTb 6onee VaCTOe pacno;Io~eHae RweK B 3oNax 
6bICTpOrO ki3MeHeHm npo@inn. 3aKoHoMepHocTb pacnpeneneHun ysnos 0npenenaeTcn noBenewieM 

KaXnoR 3amw~oA nepeh4ewioR. lharonapn ~TOMY, Kpemrecme 06nacm nom TeqeHm 

onpenemwzmn TO'iHO. nOKa3auO. 'IT0 06IIlenpHHSITble CXeMbl nti@epeweposauu5i 

HeyLlOBJeTBOpHTeJlbHblLUl5l HCnOJlbSOBaHHI MX Ha KOCblX C'ZTKaX,npUCyUlMX LIdHHOii MeTOIWKe. h3pa- 

6oTaHa 6onee nonxoflxuan cxerda ne~~epeHusposaHHI,nalo~aa ycToi+imbie H Towble pesy:lbTarbl. 

npN n0M0uIi pa3nuqHblx TecToBblx 3ana9 nponeMowTpepoeaH0 ynyswewie pe3ynbTaToe. 

nonysessblx Ha ananrepymusxca cemax. 


