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m General Description

This Notebook solves the problem of three-dimensional incompressible fluid flow around a body

of revolution by the method of sources and sinks in the case where the freestream vel ocity is directed along anormal to the
symmetry axis of the body.

In order to avoid atoo hig length of the list of the input parameters we have placed the specification
of theinitial points (z,y) of the streamlines in the body of the program ThreeDimFlow]...]. The user can
introduce his changes in these coordinates by re-specifying the entries of the lists z0l and yOl.

The user can aso re-specify the coordinates in the option ViewPoint -> {...}, see the body of
our function grlin[j_].

The formulation of this problem and the discussion of its solution may be found in Section 4.3.4
of the above book.
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m User's Guide

m Stepl
Load and compile the program file beginning with the line
Cl ear Al | [body, uxyz, ThreeDi nFl ow];

(see the Section "Program Listing")

m Step 2

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

ThreeDi nFl ow[1l, 0.2, 15]

Then click in thisline and wait for the result of symboli/ numerical computation.
The meaning of the input parametersis explained in the Section
"Parameters Used in Program prog4-6.nb".
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m Program Listing

Cl ear Al |l [body, uxyz, ThreeD nFl ow];

(* ——-— The function x = body[z], the profile NACA 0020 --- *)
body[z5 ] := (al = 1.4779155; a2 = -0.624424; a3 = -1.727016;
a4 = 1.384087; a5 = -0.489769;

tl*(@l*Sgrt [z5] +z5* (a2 + z5* (a3 + z5* (a4 + a5*z5)))) );

UXyz[x5_, y5_, z5_1:= (r2 = x5"2 + y5*2; r = Sqrt [r2];
VI = Vo *X5/1r = (X577 (4Pi *r))*Sum[m[[m]]*h/ ((Sqrt [r2 +
(z5- (M-0.5)*h)"21)"3) = 3*m[[m]]*r2*h/
((Sgrt [r2 + (z5- (m-0.5) *h)"2])"5), {m nd5}];
uz = x57 (4P ) *Summ[[m]]*3* (z5- (m-0.5) *h) *h/
((Sart [r2 + (z5- (m-0.5) *h)"2])"5), {m n5}1];
Vg = -V *y5/r + (y5/ (4*Pi *r)) *Summ[[m]]*h/ ((Sqrt [r2 +
(z5- (m-0.5) *h)"2]1)73), {m n5}1;
Ux = (X5*vr —y5*vq) /r; uy = (y5*vr + x5*vq) /r;
If[(z5>0&&2z5<1) &&r2 <body[z5]"2, UX =V,; uy =0; uz =07;
{ux, uy, uz});

griinfj_1:= (dt = €[[j1]; xu = xul [[j1];
(* The initial condition for a stream ine *)

X0 = x0l [[j11; yO =vyOl [[[11; zO = 2Ol [[j1];

xx = {x0}; yy = {y0}; zz = {z0};
Wil e[x0 < xu, {dx0, dyO, dzO} = N[uxyz[x0, yO0, zO0]*dt];
{dx1, dyl, dzl} N[dt *uxyz [xO0+dx0/2, y0O+dy0/2, z0+dz0/2]1;
{dx2, dy2, dz2} N[dt *uxyz[xO0+dx1/2, yO+dyl/2, zO+dz1/2]];
{dx3, dy3, dz3} N[dt *uxyz [x0 + dx2, y0 + dy2, z0 + dz2]];

xn = N[x0 + (dx0 + 2* (dx1 + dx2) + dx3) /6];
yn = N[yO + (dy0 + 2* (dyl + dy2) + dy3) /6];
zn = N[z0 + (dzO0 + 2* (dzl1l + dz2) + dz3) /6];

X0 = xn; y0 = yn; z0 = zn; AppendTo[xx, xn]; AppendTo[yy, yn];
AppendTo[zz, zn]];
np = Lengt h[xx];

Xp[t_]1:= (n= Mn[Floor[t], np-11;
Xj = (XX[[N+1]] =XX[[Nn]])*(t =n) +XX[[n]];, X );

yp[t _1:= (n= Mn[Floor[t], np-17;
yi =(y[In+111-yy[[n]]) *(t -n) +yy[[n]]; Y] );
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zp[t _]1:= (n= Mn[Floor[t], np-17;
zj =(zz[[n+1]]1-2zz[[Nn]])*(t -n) +zz[[n]]; Z] );
streanmlin = ParanmetricPl ot 3D[{yp[t], zp[t], xp[t]1}, {t, 1, np}
(* ViewPoi nt -> {2.59, -0.864, 2},7%*)
ViewPoint -> {0.8, -1.3, 0.4},
Boxed -> Fal se,
Di spl ayFunction -> ldentity];
Print ["Streamline No. ", j, " is ready."];
streamin);

ThreeDi nFl ow[v0_, tprf_, n_, vpts_ ]:=

(h=1/n; vo=v0; tl1 =tprf; n5 =n

(* == Nunerical solution of the systemAm = b —-- *)

b = Tabl e[N[Vs 1, {k, n}I;

dd = Tabl e[Sqrt [body [k *h]”*2 + ((k-i +0.5)*h)"2], {i, n}, {k, n}]

A = N[Tabl e[body' [k*h]/ (4Pi)*3*body[k*h]*(k -i +0.5)*h*h/
(dd[[k, i117"5) + 1/ (4Pi)*(h/(dd[[k, i]1]1"3) -
3*body[k*h]”2*h/ (dd[[k, i 1175)), {i, n}, {k, n}11;

m = Li near Sol ve[A, bJ;

Print["m =", m];

(* -- The approxi nate anal ytic fornulas for the velocity
conponents Vv, (X,y,Z), Vq (X,Y,2Z), and v, (X,y,z) -- %)

{ul, u2, u3} = uxyzI[Xx, Yy, z];

(* Print["ux(x, vy, z) =", ul]; Print["uy(X, Yy, z) =", u2]; *)

Print ["uz(x, vy, z) =", u3]j;

(* The specification of the coordinates z,y of the initia
poi nts of of the streamines *)

z0l = {0.2, 0.2, 0.5, 0.5, 0.8, 0.8};
yOl = {-0.05, 0.05, -0.05, 0.05, -0.05, 0.05};
nxl = Length[zOl ];

Print ["The nunber of streanlines =", nxlJ;

x0l = Table[-0.4, {i, nxl}]; xul = Table[0.3, {i, nxl }];

t = {0.02, 0.02, 0.02, 0.02, 0.02, 0.02, 0.02, 0.02, 0.02, 0.02,
0.02, 0.02, 0.03, 0.033;

(* -— The picture of streamines -- *)

streamines = Table[grlin[j], {j, nxl}];

bound = ParanetricPl ot 3D[{body[z] *Sin[u], z, body[z] *Cos[u]},
{z, 0, 1}, {u, 0, 2P},
AspectRati o -> Automati c,
Boxed -> Fal se,
Axes -> Fal se,
ViewPoint -> {0.8, -1.3, 0.4},
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D spl ayFunction -> ldentity];
gr = Show[streanl ines, bound,
Aspect Rati o -> Automati c,
Pl ot Range -> Al |,
Axes -> Fal se,
Di spl ayFuncti on -> $Di spl ayFuncti on];
(* -=- The 3D plot of the velocity vectors field -- *)
bound = Paranetri cPl ot 3D[{body[z] *Cos[u], body[z]*Sin[u],
{z, 0, 1}, {u, 0, 2P},
AspectRati o -> Automati c,
Boxed -> Fal se,
Axes -> Fal se,
Di spl ayFunction -> Identity];
xvl = -t1 -0.1; xvr =t1 + 0.11;
g5 = Pl ot VectorFi el d3D[uxyz [X, V¥, 2], {X, Xvl, Xxvr},
{y, xvl, xvr}, {z, -0.2, 1.1},
Pl ot Poi nts -> vpts,
Vect or Heads -> True, DisplayFunction -> ldentity];
Show[g5, bound, AspectRatio -> Autonatic,
Viewertical -> {1, 0, 0},
Pl ot Range -> Al |,
Axes -> Fal se,
Di spl ayFuncti on -> $Di spl ayFunction] )

m Parameters Used in Program prog4-6.nb

Parameter Description

v0 the magnitude of the freestream velocity, vO > 0;

tprf the relative thickness of the body profile, that is tprf istheratio of the profile thickness
and chord length; 0 < tprf < 1;

n the number of sources and sinks; n is a positive integer;

vpts the number of mesh pointsin each of the spatial directions x,y,z for the plot of the

velocity vectors; vpts > 1

m Examples of the Input Data

m Examplel

ThreeDi nFlow{ 1, 0.2, 20, 7]

Z},
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m = {-0.00346033, -0.0235973, -0.0400043, -0. 0502304, -0.0571718, -0. 0597075, -0. 060343,
-0. 0579864, -0.0548961, -0. 0497748, -0. 0448252, -0. 038448, -0. 0330143, -0. 0264969,
-0. 0217828, -0.0161306, -0.01384, -0.0109999, -0. 0258113, 0. 00647203}

The nunber of streamlines = 6

Stream ine No. 1 is ready.

Streamine No. 2 is ready.
Stream ine No. 3 is ready.
Stream ine No. 4 is ready.
Streamine No. 5 is ready.
Streamine No. 6 is ready.

0 G aphi cs3D0

m Example 2

ThreeDi nFlowf 1, 0.4, 20, 8]

m The Structure of the Output

The following information is printed as the result of the work of the above program :
(1) thelist of the numerical values of the source strengths m(z;), i = 1,...,n;

(2) the analytical expression for the velocity component u,(x,y,2);

(3) graphics picture showing both the body of revolution and the fluid streamlines.

Toresize 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 thisway itis
possible to resize the height and width of the graphic image.



