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† Copyright
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‡ General Description

     This Notebook  implements with Mathematica the analytical solution (4.2.14) of the problem of
a circulatory stationary irrotational flow of an incompressible fluid past the cylinder for the case of
one or two critical points.
      The formulation of this problem and the discussion of its solution may be found in Section 4.2.1
of the above book.      

‡ User's Guide

† Step 1

 Load and compile the program file beginning with the line

ClearAll y, CircFlow1 ;

(see the Section "Program Listing")

PROG4-3.NB 1



† Step 2

Specify the input data by entering them in the line (see also Section 
"Examples of the Input Data" below)

CircFlow1 1, 3, -4, 4, -3, 4, 90

Then click in this line and wait for the result of numerical computation.
The meaning of the input parameters is explained in the Section
"Parameters Used in  Program prog4-3.nb".
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‡ Program Listing

ClearAll y, CircFlow1 ;
y := -0.5 cg Log #1^2 + #2^2 + #2 1 - rc^2 #1^2 + #2^2 &;

CircFlow1 R_, g_, xl_, xr_, yb_, yt_, npp_ :=

* rc = the cylinder radius *

rc = R; cg = g;
* Determination of ycrit *
eq1 = D y x, y , y . x -> 0;
eq1 = Expand y^2 eq1 ;
sol = Solve eq1 == 0, y ;

ycr = y . sol 2 ;

psicr = ycr 1 -
rc
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ycr

2

- cg Log ycr ;

Print "ycr = ", ycr, "; ", "psicr = ", psicr ;
streamlines = ContourPlot y x, y , x, xl, xr , y, yb, yt ,
PlotPoints Æ npp,
Contours Æ 0, psicr, -0.5, -.75, -1, -2, -3, -4, 0.5, 1, 2, 3, 4 ,
ContourShading Æ False,
ContourSmoothing Æ Automatic,
DisplayFunction Æ Identity ;

obj = Polygon Table rc Cos
n p
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40

, rc Sin
n p
ÄÄÄÄÄÄÄÄÄ
40

, n, 80 ;

cylinder = Graphics RGBColor 0.1, 1.0, 1.0 , obj ;
bound = ParametricPlot rc Cos t , rc Sin t , t, 0, 2 p ,

DisplayFunction Æ Identity ;
gr = Show streamlines, cylinder, bound,

AspectRatio Æ Automatic,
DefaultFont Æ "Helvetica", 10 ,
Axes Æ True, AxesLabel Æ "x", "y" ,

DisplayFunction Æ $DisplayFunction ;
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‡ Parameters Used in Program prog4-3.nb

____________________________________________________________________________
 Parameter                        Description
____________________________________________________________________________
R                     the cylinder radius, R > 0;
g                      g = G/(2p v∞ ) > 2R to ensure the existence of a single critical point;                   
xl                     the abscissaa of the left boundary of a rectangular region D in the (x,y) plane,
                        in which the fluid flow is to be determined; |xl| >= R ;
xr                     the abscissa of the right boundary of region D, xr > R >= xl;
yb                    the ordinate of the lower (bottom) boundary of region D, |yb| >= R;
yt                     the ordinate of the upper boundary of region D, yt > R >= yb;
npp                   the number of points of each streamline for the graphics function ContourPlot, 
                        npp > 10.
____________________________________________________________________________

‡ Examples of the Input Data

† Example 1

CircFlow1[1, 3, -4, 4, -3, 4, 90]

ycr = 2.61803; psicr = -0.651203
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† Example 2

CircFlow1[1,4, -5, 5, -5, 5, 80]

ycr = 3.73205; psicr = -1.80373

PROG4-3.NB 4



† Example 3

CircFlow1 1, 2.5, -6, 6, -3, 6, 80

ycr = 2.; psicr = -0.232868

‡ The Structure of the Output

The  result of the work of the above program is the graphics picture showing both the cylinder and
the fluid streamlines.

 To resize an individual picture obtained by Mathematica, please
     
     (i) Click anywhere inside the cell, but not the cell bracket itself. A bounding box with small 
          handles appears around the graphic image.
          
     (ii) Drag one of the handles to adjust the size and shape of the bounding box. In this way it is
          possible to resize the height and width of the graphic image.     
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