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Two - dimensional Flow Visualization of An Airfoil
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Abstract

The objectives of this thesis are to study and to design flow visualization unit , which can be
used as a part for learning fluid mechanics and fundamental aerodynamics.The scope of this thesis
comprises basic theory of computational fluid mechanics such as Laplace's equation ; flow patterns
in way of mathematical model : real flow patterns in practical engineering problem such as wake ,
transition ; writing a program to analyze any flow profiles ; computing a shape of wing ; designing an
equipment with basic concept for the system components ; experiment was carried out to support
that the equipment is in a good working condition.

However, this equipment is still in an early stage of development , the study team believes that
a more complex work can be done with this equipment in the future. Since the attractiveness of the
equipment is the simplicity in constructing the body model when the flow is two dimentional , i.e. the
flow pattern on every plane parallel to the flow direction in the same , also the cost of the equipment

is inexpensive in relation to the overseas market.
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nput airfoil chord, thickness ratio,distance between the leading edge
and the maximum camberpoint, maximum camber

i <= int(600*c)

cal upper wing, lower wing, middie wing

Grint wing gra@

<
31 4.1 FLOW CHART OF AIRCRAFT WING



choose coordinate or graph type

Yes (coordinate)

i compute graph
l compute coordinate

A

print output | A 4

31 4.2 FLOW CHART OF STREAMLINE (PJ 1)



CINPUT BOUNDARY CONDITION >

FIND ANSWER OF EACH POINT

v

GINT THE ANSWER BY PICTURa

gll‘ﬁ 4.3 FLOW CHART OF LAPLACE EQUATION SOLVING (PJ 2)
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Program Aircraft_Wing;
uses crt,graph,printer;
var
k.c.p.e.pc,ec :real;
] :integer;
S :string;
function t(x :real) :real;
begin
t:=10"c*k*(0.2969sqrt(x/c) - 0.126*(x/c) - 0.3537*sqr(x/c) + 0.2843*sqr(x/c)*(x/c) - 0.1015*sqr(sqr(x/c));
end;
function y(x : real) : real:
begin
if (0<=x/c) and(x/c<p)then
y = e™x"(2'p -x/c ) / sqr(p);
if (p<=x/c)and (x/c <=1)then
y := e*(c-x)* (1-x/c+2*p) / sqr(1-p);
end;
function dy(x : real) : real ;
begin
if (0<=x/c)and ( x/c <p)then
dy 1= 2*e*(c"p-x) / (c*sar(p));
if (p<=x/c)and{x/c<=1)then
dy := 2*e*(c*p-x) / (c*sqr(1-p));
end;
function xu(x : real) : real;
begin
Xu =X - t(x)* sin(arctan(dy(x)));
end;
function xI( x: real) : real;
begin
xl := t(x)* sin(arctan(dy(x)));
end;
function yu(x :real) : real ;
begin
yu ;= y(x) + t(x)* cos(arctan(dy(x)));
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end; -
function yl(x:real) : real;
begin

yl = y(x) - t(x)*cos(arctan(dy(x)));

end;

procedure axis;
var
a,gradriver,gramode :integer ;
begin
clrscr;
gradriver ;= vga ;
gramode := vgahi :
initgraph (gradriver, gramode, ‘a:\);
line(35,300,635,300);
line(35,470,35,10);
fora:=1 to 10 do
begin
line(60*a~35 , 298 , 60*a+35,302 );
line(33,50*a,37,50%a);
end;

outtextxy (120,10, PROGRAM TO DESIGN AIRCRAFT WING VERSION 1.0 *);

outtextxy (120,20, Pk
outtextxy (25,310, '0" );
outtextxy (85,310, '0.1°);
outtextxy (145,310, '0.2");
outtextxy (205,310, ‘0.3);
outtextxy (265,310, '0.4°);
outtextxy (325,310, '0.5’);
outtextxy (385, 310,'0.6");
outtextxy (445,310, *0.7");
outtextxy (505,310,'0.8");
outtextxy (565,310,'0.9');
outtextxy (625, 310 ,'1");
outtextxy (0,47.'0.5");



outtextxy (0,97,'0.4');
outtextxy (0,147,'0.3");
outtextxy (0,197,'0.2°);
outtextxy (0,247,'0.1");
outtextxy (0,347,'-0.1");
outtextxy (0,397,'-0.2');
outtextxy (0,447,'-0.3");
outtextxy (0,497,'-0.4');

end;

function int(x:real) : integer;
var
llinteger;
begin
:=0;
if x>0 then
begin
while I<x do
= 1+1;
int:=I-1:
end
else
begin
while |< abs(x) do
1= 1+1;
int .= 1-1;
end;
end;

procedure printscreen;

var row, col, bandno :integer;

piccode, n1,n2 : byte;

begin
n2:= getmaxx div 256;
n1:= getmaxx div 256;

bandno :=0;
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repeat
write(1 st, #27#51#23);
write(1 st, #27#42#6+chr(n1)+chr(n2));
for col:=0 to getmaxx do
begin
piccode := Q;
for row := 0+bandno to 7+bandno do
begin
if getpixel (col,row) <> getbkcolor then
case row-bandno of
0O:piccode := piccode+128;
1:piccode := piccode +64;
2:piccode :=piccode +32;
3:piccode :=piccode +16;
4:piccode:=piccode +8;
5:piccode:=piccode +4;
6:piccode:=piccode +2;
7:piccode:=piccode +1;
end;
end;
write(1 st,chr(piccode));
end;
write(1 st, #10);
inc (bandno,8);
until bandno > getmaxy ;
write (1. st #12#50);

end;

begin
clrscr;

writein(* THIS IS PROGRAM TO AIRCRAFT WING VERSION 1.0');

writeln(* == )
writeln(‘Please enter data of aircraft wing to design’);

writeln(‘Enter the “airfoil chord” (between 0.51 and 1.00) : *):
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readin( c); ’
writeln;
write(‘Enter the “thickness ratio ¥ (maximum thickness /chord) : *);
readin(k );
writeln;
writeln(‘Enter the “distance between the leading edge and’);
write(* the maximum chamber point (between 0.00 and *, ¢:2:2,"): *);
readin(pc);
p:=pc/c;
writeln;
write(‘Enter the “maximum camber * (between 0.00 and 0.50) : *);
readin(ec);

e:=ec/c;
axis;
1:=0;
while I<= int (600*c) do
begin
putpixel( 35+, 300- int (500*y(i/600)) , 12);
putpixel(35+Int(600*xu(i/600)) , 300 -int(500*yu(i/600)),13);
putpixel(35 + int(600*xIl(i/600)),300-int(500*yI(i/600)) ,13);
:==1+1;
end;
printscreen;

end.
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THIS IS PROGRAM TO DESIGN AIRCRFT WING VERSION 1.0

Please enter data of aircraft wing to design
Enter the "airfoil chord" (between 0.51 and 1.00): 1.00
Enter the "thickness ratio" (maximum thickness/chord) : 0.10
Enter the "distance between the leading edge and

the maximum chamber point (between 0.00 and 1.00) :0.40
Enter the "maximum camber" (between 0.00 and 0.50) : 0.10
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JUM 4.4 yamamiseenuuY Airfoil Taol% NACA four digit (Taaiden 7 =0.12,airfoil chord
=1, thickness ratio = 0.1,529ENNILNIN leading edge 0%  maximum camber point =0.4 A%

maximum camber=0.1)
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program pj2;

uses crt,graph,printer;

var u :array[1..100,1..100] of real;
s :string;
f1,f2,13,f14 rreal;

i.j,a.b,l,n,gradriver,gramode,uu k :integer;

procedure input;
begin
write('f1 =");
readIn(f1);
write('f2 = ');
readin(f2);
write('f3 = );
readin(f3);
write('f4 = ');
readin(f4);
write('a = ');
readin(a);
write('b = );
readin(b);

end;

procedure cal;

begin
fori:=1toado
begin
ufi, 11:=f2;
uli,b]:=f4;
end;

forj:=2 to b-1 do
begin
ul1,j]:=f1;
ufa,jl:=13;

end;
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fori:=2to a-1do
for j:=2 to b-1 do
ufi J:=(F1+f2+f3+f4)/4;

for 1:=1 to 500 do
begin
fori:=2toa-1do
begin
for j:=2 to b-1 do
ufiijl:=(uli-1,j1+uli,j-11+ufij+ 1]+uli+1,j1)/4;
end;
end;
end;
procedure axis;
var m,n :integer;
begin
gradriver:=vga;
gramode :=vgahi;
initgraph(gradriver,gramode,'a:\');
line(0,230,460,230);
line(230,0,230,460);

end;

procedure gra;
begin
§:='1234567890";
for uu:=1to 10 do
begin
fori:=1toado
begin
for j;=1to b do
if abs(uu-uli,j])<=0.1 then
begin
outtextxy(10*i+225-5%a,5*b+225-10%,s[uul);



end;
end;
end;
end;
procedure printscreen;
var row,col,bandno :integer;
piccode.n1,n2 :byte;
begin
n2:=getmaxx div 256;

n1:=getmaxx mod 256;

bandno := 0;
repeat
write(Ist #27#51#23);

write(lst, #27#42#6+chr(n1)+chr(n2));
for col :=0 to getmaxx do
begin
piccode :=0;
for row :=0 +bandno to 7+bandno do
bégin
if getpixel(col,row)<>getbkcolor then
case row-bandno of
0:piccode:=piccode+128;
1:piccode:=piccode+64;
2:piccode:=piccode+32;
3:piccode:=piccode+16;
4:piccode:=piccode+8;
5:piccode:=piccode+4;
6:piccode:=piccode+2;
7:piccode:=piccode+1;
end;
end;
write(Ist,chr(piccode));
end;
write(Ist,#10);

inc(bandno,8);
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until bandno > getmaxy;
write(Ist,#12#50);

end;

begin
cirscr;
input;
cal;
axis;
gra;
readlh;

end.

]
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program pj1;
uses crt,graph;
var v,q,x0 ‘real;
gradriver,gramode,i,j,u :integer;
s :string;
procedure axis;
var a,b :integer;
begin
clrscr;
gradriver :=vga;
gramode :=vgahi;
initgraph(gradriver,gramode,'c:\");
line(0,240,640,240);
line(320,0,320,480);
fora:=1to 16 do
begin
line(315,40*a,325,40*a);
line(40*a,235,40%a,245);
end;

end;

function w(x,y :real) :real;

begin

w:=v*y+(q*arctan( y/(x+x0) )/2*pi)-(g*arctan( y/(x-x0) )/2*pi);
end;

procedure curve;
begin
v:=0.8;



q:=2"pi; ’
x0:=2;

for u:=-4 to 4 do
begin
fori:=-150 to 150 do
begin
for j:=-80 to 80 do
begin
if (i=-10"x0)or(i=10*x0) then
else

begin

if abs(w(i/10,j/10) - u/2) <= 0.05 then

putpixel(2*i+320,2*j+240,14);
end;

end;
end;
end;

end;

procedure table;
begin

v:=0.8;

Q:=2*pi;

x0:=2;

clrscr;

for u:=-2 to 2 do
begin

writeln('w := ',u/2:2:2);
for i:=-150 to 150 do
begin

for j:=-80 to 80 do
begin

if (i=-10*x0)or(i=10*x0) then
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else
begin
if abs(w(i/10,j/10) - u/2) <= 0.001 then
write('(',i/10:4:2,","i/10:4:2,")"," ');
end;
end;
end;
writeln;
end,

end;

begin
clrscr;
writeln('Do you want to look coordinate or graph ( enter "c” or "g")");
readin(s);
if s ='c'then
table
else
begin
axis;
curve;
end,
readln;

end.
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