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Yo@@@this program writed with MATLAB soaftware for calculate important
terms of free get flow:

cle

clear all

digits(128)

Ye@@@constant parameters:

LX=50;(length of domain in x-direct)

LY=1; (length of domain in y-direct-mapped)
eps=1e-40;(very small number)

NX=100;(number of spice in x-direct)

NY=70; (number of spice in y-direct)
GAMA=1;(constant parameter in inlet velocity profile)
GAMA2=1; (constant parameter in inlet velocity profile)
BETA=4;(mapping parameter)

RE=300;(Reynolds number)

DX=LX/NX;

DY=LY/NY;

I=NY+1;(number of grid in x-direct)
J=NX+1;(number of grid in y-direct)

t0=0;(initial time)

DT=.1*DX;(spice time)

time=300;(final time)

speed=.25;(parameter of “c” in convective equation)
c=[8/15,5/12,3/4];(constant parameters in rk3)
d=[0,-17/60,-5/12]; (constant parameters in rk3)
DIRECTX=0:DX:LX;

DIRECTY=0:DY:LY;

Wi1=5/12;

W2=43/54;

W3=28/27;

Y%@@@A1X(calculate matrix A in equation AF = BF"):
AlX=zeros(J);
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AIX(1,1)=-W1%5/2;A1X(1,2)=W1*2;A1X(1,3)=W1*.5;A 1X(1,4)=0;
AIX(J,J)=W1#5/2;A1X(J,J-1)=W1*-2;A1X(J,J-2)=-W1*5;A 1X(J,J-3)=0;
ATX(2,1)=-W2*3/4;A1X(2,2)=0;A1X(2,3)=W2*3/4;
A1X(J-1,0)=W23/4;A1X(J-1,J-1)=0; A1X(J-1,J-2)=-W2*3/4;
A1X(3,1)=-W3*3/112;A1X(3,2)=-
W3#87/112;A1X(3,3)=0;A1X(3,4)=W3%87/112;A1X(3,5)=W3%3/112;
A1X(J-2,J)=W3%3/112;A1X(J-2,J-1)=W3*87/112;A1X(J-2,J-2)=0; A1X (J-2,J-
3)=-W3*87/112;A1X(J-2,J-4)=-W3*3/112;
for j=4:J-3

ATX(j,j)=0; A 1X(joj-1)=-T/9; A 1X(j,j+1)=7/9; A1X(j,j-2)=-1/36; A1X(j,j-+2)=1/36;
end;
A1X=(1/(DX)).*A1X;
Y% @@@B1X(calculate matrix B in equation AF = BF"):
B1X=zeros(J);
B1X(1,1)=W1*1;B1X(1,2)=W1*2;
B1X(J,J)=W1*1;B1X(J,J-1)=W1*2;
B1X(2,1)=W2*1/4;B1X(2,2)=W2*1;B1X(2,3)=W2*1/4;
B1X(J-1,J)=W2#1/4;B1X(J-1,J-1)=W2*1;B1X(J-1,J-2)=W2*1/4;
B1X(3,2)=W3#37/112;B1X(3,3)=W3*1;B1X(3,4)=W3*37/112;
B1X(J-2,J-1)=W3*37/112;B1X(J-2,J-2)=W3*1;B1X(J-2,J-3)=W3*37/112;
for j=4:J-3

B1X(j,j)=1; B1X(j,j-1)=1/3; B1X(j,j +1)=1/3;
end;
Y% @@@A1Y (calculate matrix A in equation AF = BF"):
AlY=zeros(l);
A1Y(1,1)=-W1%5/2;A1Y(1,2)=W1*2;A1Y(1,3)=W1*.5;A1Y(1,4)=0;
A1Y(L,D=W1%5/2; A1Y(L,I-1)=W1#-2;A1Y(L,I-2)=-W1*.5;A1Y(L1I-3)=0;
ATY(2,1)=-W2#3/4;A1Y(2,2)=0;A1Y(2,3)=W2+*3/4;
A1Y(I-1,1)=W2%3/4;A1Y (I-1,I-1)=0; A1Y (I-1,1-2)=-W2*3/4;
A1Y(3,1)=-W3*3/112;A1Y(3,2)=-
W3+87/112;A1Y(3,3)=0;A1Y(3,4)=W3*87/112;A1Y(3,5)=W3*3/112;
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ATY(I-2,1)=W3*3/112;A1Y(1-2,I-1)=W3*87/112; A1Y (I-2,1-2)=0; A1Y (I-2,I-3)=-
W3%87/112;A1Y(1-2,I-4)=-W3*3/112;
for i=4:1-3
ATY(i,1)=0;A1Y (i,i-1)=-7/9;A1Y (i,i+1)=7/9; A1Y (i,i-2)=-1/36;A1Y (i,i+2)=1/36;
end;
A1Y=(1/(DY)).*A1Y;
Ye@@@B1Y(calculate matrix B in equation AF = BF'"):
B1Y=zeros(I);
B1Y(1,1)=W1*1;B1Y(1,2)=W1%*2;
B1Y(LI)=W1#1;B1Y(LI-1)=W1%*2;
B1Y(2,1)=W2*1/4;B1Y(2,2)=W2*1;B1Y(2,3)=W2*1/4;
B1Y(I-1,I)=W2*1/4;B1Y(I-1,I-1)=W2*1;B1Y(I-1,I-2)=W2*1/4;
B1Y(3,2)=W3*37/112;B1Y(3,3)=W3*1;B1Y(3,4)=W3*37/112;
B1Y(I-2,I-1)=W3#37/112; B1Y(I-2,I-2)=W3*1;B1Y(I-2,I-3)=W3*37/112;
for i=4:1-3
B1Y(i,i)=1;B1Y(i,i-1)=1/3; B1Y(i,i+1)=1/3;
end;
% @@@A2X(calculate matrix A in equation AF = BF"):
A2X=zeros(J); ‘
A2X(1,1)=13;A2X(1,2)=-27;A2X(1,3)=15;A2X (1,4)=-1;A2X(J,J)=13;A2X(J,J-
1)=-27;A2X(J,J-2)=15;A2X(J,J-3)=-1;
A2X(2,1)=12;A2X(2,2)=-24;A2X(2,3)=12;A2X(J-1,J)=12;A2X(J-1,J-1)=-
24;A2X(J-1,J-2)=12;
for j=3:J-2
A2X(j,))=9;A2X(j,j-1)=4;A2X(j,j+1)=4;A2X(j,j-2)=1/2;A2X(},j+2)=1/2;
end;
A2Xu=A2X;
A2Xu(1,1)=-3/2;
A2Xu(1,2)=0;
A2Xu(1,3)=3/2;
A2Xu(1,4)=0;
%o
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A2Xu(J,J)=-3/2;
A2Xu(J,J-1)=0;
A2Xu(J,J-2)=3/2;
A2Xu(J,J-3)=0;
%
A2Xu=((1/DX)"2).*A2Xu;
%
A2X=((1/DX)"2).*A2X;
% @@ @B2X(calculate matrix B in equation AF = BE™"):
B2X=zeros(J);
B2X(1,1)=1;B2X(1,2)=11;B2X(J,J)=1; B2X(J,J-1)=11;
B2X(2,1)=1;B2X(2,2)=10;B2X(2,3)=1;B2X(J-1,J)=1;B2X(J-1,J-1)=10; B2X (J-1,J-
2)=1;
for j=3:J-2
B2X(j,j)=4; B2X(j,j- 1)=1; B2X(j,j+ 1)=1;
end;
%
B2Xu=B2X;
B2Xu(1,2)=2;
B2Xu(J,J-1)=2;
Y% @@@A2Y (calculate matrix A in equation AF = BI"™"):
A2Y=zeros(I);
A2Y(1,1)=13;A2Y(1,2)=-27;A2Y(1,3)=15;A2Y (1,4)=-1;A2Y(L,L1)=13; A2Y (L,I-1)=-
27;A2Y(LI-2)=15;A2Y(L,I-3)=-1;
A2Y(2,1)=12;A2Y(2,2)=-24;A2Y(2,3)=12;A2Y(I-1,1)=12;A2Y(I-1,I-1)=-
24;A2Y(I-1,I-2)=12;
for i=3:1-2
A2Y(i,1)=-9;A2Y (i,i-1)=4;A2 Y (i,i+1)=4;A2Y (i,i-2)=1/2; A2Y (i,i+2)=1/2;
end;
A2Y=((1/DY)"2).*A2Y;
Y%@@@B2Y(calculate matrix B in equation AF = BF"):
B2Y=zeros(I);
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B2Y(1,1)=1;B2Y(1,2)=11;B2Y(LL1)=1;B2Y(I,I-1)=11;
B2Y(2,1)=1;B2Y(2,2)=10;B2Y(2,3)=1;B2Y(I-1,I)=1;B2Y(I-1,I-1)=10; B2 Y (I- 1,I-
2)=1;
for i=3:1-2
B2Y(i,i)=4;B2Y(i,i-1)=1;B2Y(i,i+1)=1;
end;
Yo % %0 % %0 %0 %0 %0 % %0 %0 %0 %0 %0 %o %o %0 %0 % %o %o %o %6 %o %o %o %o Yo Yo Yo %o %o Yo Yo
% % %0 % %0 % %0 %o %0 %6 %6 %0 % %0 %0 %0 %0 %0 % Yo
% % %0 % % % % % % % % %0 %0 % % % % % %% % % % % % %6 AA1Y
AAl1Y=zeros(I);
AA1Y(1,1)=-17/6;AA1Y(1,2)=3/2;AA1Y(1,3)=3/2;AA1Y(1,4)=-1/6;
AATY(LI=17/6; AAT1Y (LI-1)=-3/2;AA1Y(LI-2)=-3/2;AA1Y(LI-3)=1/6;
AA1Y(2,1)=-3;AA1Y(2,2)=0;AA1Y(2,3)=3;
AA1Y(I-1,D)=3;AA1Y(I-1,I-1)=0;AA1Y(I-1,I-2)=-3;
AA1Y(3,1)=-5/16;AA1Y(3,2)=-.5;AA1Y(3,3)=0;AA1Y(3,4)=.5;AA1Y(3,5)=5/16;
AA1Y(I-2,1)=5/16;AA1Y(I-2,I-1)=.5;AA1Y (I-2,I-2)=0; AA1Y (I-2,I-3)=-
S;AA1Y(1-2,1-4)=-5/16;
for i=4:1-3
AATY(i,1)=0;AA1Y(i,i-1)=-75/36; AA1Y (i,i+1)=75/36; AATY (i,i-2)=-
2/15;AA1Y(1,i+2)=2/15;AA1Y (i,i-3)=1/180; AA1Y (i,i+3)=-1/180;
end;
AA1Y=(1/(DY)).*AA1Y;
% %% %% %% % %% % % % B1Y
BB1Y=zeros(I);
BB1Y(1,1)=1;BB1Y(1,2)=3;
BB1Y(LI)=1;BB1Y(LI-1)=3;
BB1Y(2,1)=1;BB1Y(2,2)=4;BB1Y(2,3)=1;
BB1Y(I-1,I)=1;BB1Y(I-1,I-1)=4;BB1Y(I-1,I-2)=1;
BB1Y(3,2)=1;BB1Y(3,3)=1/4;BB1Y(3,4)=1;
BB1Y(I-2,I-1)=1;BB1Y(I-2,1-2)=1/4;BB1Y(I-2,1-3)=1;
for i=4:1-3
BB1Y(i,i)=8/3; BB1Y(i,i-1)=1; BB1Y(i,i+1)=1;
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end;
% %% % % %% % % % Y% AA2Y
AA2Y=zeros(]);
AA2Y(1,1)=13;AA2Y(1,2)=-27;AA2Y(1,3)=15;AA2Y(1,4)=-1;
AA2Y(LD=13;AA2Y(LI-1)=-27;AA2Y(LI-2)=15;AA2Y (1,I-3)=-1;
AA2Y(2,1)=12;AA2Y(2,2)=-24;AA2Y(2,3)=12;
AA2Y(I-1,1)=12;AA2Y(I-1,I-1)=-24;AA2Y(I-1,]-2)=12;
AA2Y(3,3)=-51/4;AA2Y(3,2)=6;AA2Y(3,4)=6;AA2Y(3,1)=3/8;AA2Y(3,5)=3/8;
AA2Y(1-2,I-2)=-51/4;AA2Y(I-2,I-1)=6;AA2Y(I-2,I-3)=6; AA2Y(I-
2,1)=3/8;AA2Y(1-2,1-4)=3/8;
for i=4:1-3
AA2Y (i,i)=(1065/1798)%(-2)+(1038/899)(-.5)+(79/1798) *(-2/9);
AA2Y(i,i-1)=(1065/1798); AA2Y (i,i+1)=(1065/1798);
AA2Y(i,i-2)=(1038/899)/4; AA2Y (i,i+2)=(1038/899)/4;
AA2Y(i,i-3)=(79/1798)/9; AA2Y (i,i+3)=(79/1798)/9;
end;
AA2Y=((1/DY)"2).*AA2Y;
% %% %% %% % % % % B2Y
BB2Y=zeros(I);
BB2Y(1,1)=1;BB2Y(1,2)=11;
BB2Y(L,I)=1;BB2Y(LI-1)=11;
BB2Y(2,1)=1;BB2Y(2,2)=10;BB2Y(2,3)=1;
BB2Y(I-1,I)=1;BB2Y(I-1,]-1)=10; BB2Y(I-1,I-2)=1;
BB2Y(3,2)=1;BB2Y(3,3)=11/2;BB2Y(3,4)=1;
BB2Y(I-2,I-1)=1;BB2Y(I-2,I-2)=11/2;BB2Y (I-2,I-3)=1;
for i=4:1-3
BB2Y(i,i)=1;BB2Y (i,i-1)=(334/899); BB2 Y (i,i-
2)=(43/1798); BB2Y (i,i+1)=(334/899); BB2 Y (i,i+2)=(43/1798);
end;
% % % % % Yo %o %o %o Yo %0 %o %o Yo %o %o %o %o %o %o %o %0 %o %o %o Yo %o %o %o %0 %o %o %0 %o
% %% % % %% %
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Yo% %0 %0 % %0 %o %o %o %o %o %o %0 %6 %% %o %6 %o %o %o Yo %o Yo Yo %o % Yo %o Yo % % %o %
% %% %% % % %
AIX(2,:)=4*A1X(2,:); A1X(J-1,:)=4*A1X(J-1,:);
A1X(3,:)=(112/37)*A1X(3,:); A1X(J-2,:)=(112/37)*A1X(J-2,:);
for j=4:J-3

AIX(j, )=3*A1X(jy2 )5
end;
B1X(2,:)=4*B1X(2,:); B1X(J-1,:)=4*B1X(J-1,:);
B1X(3,:)=(112/37)*B1X(3,:); B1X(J-2,:)=(112/37)*B1X(J-2,:);
for j=4:J-3

B1X(j,:)=3*B1X(j,:);
end;
% %% % % %o %0 % Yo % %o %o %o %0 Yo % %o %o %o % %o %o %o %o %o %o %o %0 %o %0 %6 %6 % %6 %
% %% % % % % %
A1Y(2,:)=4*A1Y(2,:);A1Y(I-1,:)=4*A1Y(I-1,:);
A1Y(3,:)=(112/37)*A1Y(3,:);A1Y(1-2,:)=(112/37)*A1Y (1-2,:);
for i=4:1-3

A1Y(1,:)=3*A1Y (i,:);
end;
B1Y(2,:)=4*B1Y(2,:);B1Y(I-1,:)=4*B1Y(I-1,:);
B1Y(3,:)=(112/37)*B1Y(3,:); B1Y(1-2,:)=(112/37)*B1Y(I-2,:);
for i=4:1-3 ‘

B1Y(i,:)=3*B1Y(i,:);
end;
% %6 % % %0 %o %o %o %o % %0 %0 %0 %0 % %6 %0 %0 % Y0 %o %0 % % %0 %0 %0 %0 % % % %0 %0 Y
% % % %% %0 % Yo
%@@@ LANIl(parameter A,)
LANI1=zeros(I);
for i=1:1

LANI1(i,i)=(1/(pi*BETA))*((sin(pi*(i-1)*DY))"2);
end;

%@@@ LAN2(parameter A,)
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LAN2=LAN1./2;

Yo@@@ LAN3(parameter A,)

LAN3=zeros(I);

fori=1:1
LAN3(i,i)=(2/(pi*(BETA"2)))*((sin(pi*(i-1)*DY))"3)*cos(pi*(i-1)*DY);

end;LAN3;

Yo@@@ D1Y(operator first derivate in y-direct)

D1Y=LAN1*(B1Y"-1)*AlY;

Y% @@@ D2Y (operator second derivate in y-direct)

D2Y=(LAN2#(B2Y"-1)*A2Y)+HLAN3*(B1Y"-1)*A1Y);

DDD2Y=(LAN2*(BB2Y"-1)*AA2Y)+(LAN3*(BB1Y"-1)*AA1Y);

% @@@ D1X(operator first derivate in x-direct)

D1X=(B1X"-1)*A1X;

% @@@ D2X(operator second derivate in x-direct)

D2X=(B2X"-1)*A2X;

Y @@@calculateor of base flow & initial flow:

UO=zeros(L,J);

for i=1:1
for j=1:J

% U0(i,j)=exp(-GAMA*(-BETA.*cot(pi.*(i-1).* DY +eps))"2);

U0(i,j)=GAMA *(1-(tanh(GAMA 2*(-BETA.*cot(pi.*(i-1). * DY +eps))))"2);

end;

end;

%@@@

U01Y=zeros(I,J);

U01Y=D1Y*U0;

Y%

U01X=zeros(IL,J);

%

U02X=zeros(I,J);

Y%

U04X=zeros(I,J);
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%o
U02Y=zeros(I,J);
U02Y=D2Y*U0;
%
U04Y=zeros(I,J);
U04Y=D2Y*U02Y;
%
U042X2Y=zeros(1,J);
7"@@@
U=zeros(1,J);
for i=1:1
for j=1:J
Yo U(i,j)=exp(-GAMA#*(-BETA.*cot(pi.*(i-1).*“DY+eps))"2);
U(i,j)=GAMA*(1-(tanh(GAMA2*(-BETA.*cot(pi.*(i-1).* DY +eps))))"2);
end;
end;
u=U-U0;
Y% @@ @ calculate boundary condition u(initional):
inflowu(:,1,1)=u(:,1);
outflowu(:,1,1)=u(:,J);
Yo@@@ calculate boundary condition v(initional)
fori=1:1
for j=1:J
V_be(i,})=0;
end;
end;
v_bc=V_bc;
inflowv(:,1,1)=v_bc(:,1);
outflowv(:,1,1)=v_bec(:,J);
% @@@ calculate boundary condition du/dx:
inflowv1Y=zeros(LJ);

inflowvl1 Y=D1Y *inflowv(:,1,1);
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inflowdu(:,1,1)=-inflowv1Y;

%

outflowvlY=zeros(L,J);
outflowv1Y=D1Y *outflowv(:,1,1);
outflowdu(:,1,1)=-outflowv1lY;
% @@ @ calculate initial gradU
u2X=(D2X*u")";

u2Y=D2Y*u;
gradu(:,:,1)=u2X+u2Y;
%@@@ advancing in time:
t(1)=t0;

NT=0;

while t(1)<time

%

for sub=1:3

%
t(sub+1)=t(sub)+(c(sub)+d(sub)).*DT;
% @@@ du/dx:
ulX=(D1X*u")";
ulX(:,1)=inflowdu(:,1,sub);
ulX(:,J)=outflowdu(:,1,sub);
%@ @@, calculate v from integration u:
Q2=-D1Y*(ulX);

Q2(1,:)=[15

Q2(L-1,:)=[];

%

DD2Y=DDD2Y;

DD2Y(:,1)=[];

DD2Y(:,I-1)=[];

DD2Y(1,:)=(];

DD2Y(I-1,:)=[];
v_int=linsolve(DD2Y,Q2);
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v=[zeros(J,1),v_int',zeros(J,1)]';
v(:,1)=inflowv(:,1,sub);
v(:,J)=outflowv(:,1,sub);

Y% @@@ calculate U&V

U=u+U0;

V=v;

Y@ @@ calculate vorticity w:
VIX=(D1X*V")';

ulY=D1Y*u;

UlY=ulY+UO01Y;

w=(V1X-U1Y);

Y% @@@ calculate H1 & H2 terms:
H1=V. *w;

H2=(-U).*w;

Y@@ @ calculate non-linear term:
H12Y=zeros(I,J);

H12Y=D2Y*H1;

%

H21X=(D1X*H2')';
H22XY=D1Y*((D1X*H2")");

Y% @@@ calculate viscous term:
u2X=zeros(LJ);u2X=u2X";
AA2Xu=zeros(1,J);
ZER=zeros(I,J-2);
AA2Xu=[(-3/DX).*inflowdu(:,1,sub),ZER,(3/DX).*outflowdu(:,1,sub)]';
u2X=(B2Xu”"-1)*(AA2Xu+(A2Xu*u'));
w2 X=u2X";
D2Xu=(B2Xu"-1)*A2Xu;
U2X=U02X+u2X;

%

u2Y=D2Y*u;

U2Y=u2Y+U02Y;
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%
udX=(D2X*u2X")";
Ud4X=udX+U04X;
Z
udY=D2Y*u2Y;
U4Y=udY+U04Y;
%
udX2Y2=(D2X*u2Y")';
U4X2Y2=u4X2Y2+U042X2Y;
Y% @ @@ calculate right hand side of navier stoks equation:
RHS=H12Y-H22XY+(1/RE).*(U4Y+U4X+(2.*U4X2Y2));
RHSu(:,:,sub)=RHS;
Y% @@@set be,s boundary condition u:
for i=1:1
for j=1:J
% U_bc(i,j)=exp(-GAMA *(-BETA.*cot(pi.*(i-1).*DY+eps))"2);
U _be(i,))=GAMA*(1-(tanh(GAMA2*(-BETA.*cot(pi.*(i-1).*DY+eps))))"2);
end;
end;
u_bc=U_bc-U0;
Y%
inflowu(:,1,sub+1)=u_bc(:,1);
% @@@ set boundary condition v
for i=1:1
for j=1:J
V_be(i,j)=0;
end;
end;
v_be=V_bc;
inflowv(:,1,sub+1)=v_be(:,1);
Y% @@@calculate boundary condition in outflow for u (convection equation):

tt(1)=t(sub);
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dtt=t(sub+1)-t(sub);
u_l=u;

%
u_l1X=zeros(LJ);u_11X=u_11X";
u_ 11X=D1X*u 1';
u_11X=u_11X";

%

RR1=-speed*u_11X;
tt(2)=tt(1)+dtt*(c(1)+d(1));
u_2=u_l+c¢(1)*dtt*RR1;

%
u_21X=zeros(L,J);u_21X=u_21X"
u_21X=D1X*u_2';
u_21X=u_21X'";

%

RR2=-speed*u_21X;
tt(3)=tt(2)+dtt*(c(2)+d(2));
u_3=u_2+(c(2)*RR2+d(2)*RR1).*dtt;
%
u_31X=zeros(LJ);u_31X=u_31X";
u_31X=D1X*u_3';

u_31X=u 31X';

%

RR3=-speed*u_31X;
tt(4)=tt(3)+dtt.*(c(3)+d(3));
u_4=u_3+(c(3)*RR3+d(3)*RR2).*dtt;
%

outflowu(:,1,sub+1)=u_4(:,J);

Y% @@@calculate boundary condition in outflow for v (convection equation):
ttt(1)=t(sub);
dttt=t(sub+1)-t(sub);

v_1=v;
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%
v_11X=zeros(l,J);v_11X=v 11X';
v_11X=DIX*v_1';

v_11X=v_11X";

%

RRR1=-speed*v_11X;
ttt(2)=ttt(1)+dttt*(c(1)+d(1));
v_2=v_1+c¢(1)*dttt*RRR1;

%
v_21X=zeros(L,J);v_21X=v 21X";
v_21X=D1X*v_2';

v_21X=v 21X';

%

RRR2=-speed*v_21X;
ttt(3)=ttt(2)+dttt*(c(2)+d(2));
v_3=v_2+(c(2)*RRR2+d(2)*RRR1)*dttt;
%

v_31X=zeros(L,J);v_31X=v 31X';
v_31X=D1X*v_ 3';

v_31X=v_31X";

%

RRR3=-speed*v_31X;
ttt(4)=ttt(3)+dttt=(c(3)+d(3));
v_d=v_3+(c(3)*RRR3+d(3)*RRR2)*dttt;
%

outflowv(:,1,sub+1)=v_4(:,J);

% @@@ calculate boundary condition du/dx for next time:
inflowvlY=zeros(L,J);
inflowvlY=D1Y *inflowv(:,1,sub+1);
inflowdu(:,1,sub+1)=-inflowvlY;

%

outflowvlY=zeros(1,J);
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outflowv1Y=D1Y *outflowv(:,1,sub+1);
outflowdu(:,1,sub+1)=-outflowvlY;
%
ulX_SBC(:,:,sub+1)=outflowdu(:,1,sub+1);
%
%@@@ calculate new V°y with rk3-equations:
if sub==
gradu(:,:,sub+1)=gradu(:,:,sub)+(c(sub)*RHSu(:,:,sub)).*DT;
else
gradu(:,:,sub+1)=gradu(:,:,sub)#(c(sub)*RHSu(:,:,sub)+d(sub)*RHSu(:,:,sub-
1)).*DT;
end;
% @@@AA2Xu
AA2Xu=[(-3/DX).*inflowdu(:,1,sub+1),ZER,(3/DX).*outflowdu(:,1,sub+1)]";
%
C=gradu(:,:,sub+1)-(B2Xu"-1*AA2Xu)";
% @@@ solution of poissin equation(sylvester) and calculate new u:
A=D2Y;
B=D2Xu';
% @@@remedy equation with boundary condition u:
for i=1:1
for j=2:J-1
sl=inflowu(i,1,sub+1)*B(1,j)+outflowu(i,1,sub+1)*B(J,j);
Cli,p)=C(isj)-s1;
end;
end;
%
B(:,1)=[1;
B(:,J-1)=[];
B(L,:)=ll;
B(J-1,:)=[];
CGD=I5
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CEJ-1)=[];

Y@ @@ solution of poisson eq:
u_int=lyap(A,B,-C);

%
u=[inflowu(:,1,sub+1),u_int,outflowu(:,1,sub+1)][;
%

u(1,:)=0;

u(L,:)=0;

end; %(end of for continu while)

Y % Yo %% %0 %o %6 %o %o %0 %0 %o %0 %0 %0 % %o %0 %o %o %o
TIME=t(sub+1)% % % % % % % % % % % % % % % %
% @ @@ updating:

t(1)=t(sub+1);

gradu(:,:,1)=gradu(:,:,sub+1);
inflowu(:,1,1)=inflowu(:,1,sub+1);
inflowv(:,1,1)=inflowv(:,1,sub+1);
outflowu(:,1,1)=outflowu(:,1,sub+1);
outflowv(:,1,1)=outflowv(:,1,sub+1);
inflowdu(:,1,1)=inflowdu(:,1,sub+1);
outflowdu(:,1,1)=outflowdu(:,1,sub+1j;

%

NT=NT+1;

T(NT,1)=t(1);

% % % % %0 % % Yo Yo %6 %6 % Yo %o %o %6 %0 %o %o %o %o Yo %o %o %0 %0 Y0 %0 Ve
UXO(NT,1)=U((I-1)/2,1);
UX20(NT,1)=U((I-1)/2,20);
UX40(NT,1)=U((I-1)/2,40);
UX60(NT,1)=U((I-1)/2,60);
UXS80(NT,1)=U((I-1)/2,80);
UX101(NT,1)=U((I-1)/2,101);
SoHHHHHHHHBHHHBHABHHHHHBH I

% UXO(NT,1)=U((I-1)/2+1,1);
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% UX50(NT,1)=U((I-1)/2+1,50);
% UX100(NT,1)=U((I-1)/2+1,100);

% UX121(NT,1)=U((I-1)/2+1,121);

% UX201(NT,1)=U((I-1)/2+1,201);

% % % % UX201(NT,1)=U((I-1)/2+1,201);

% UX250(NT,1)=U((I-1)/2+1,250);

% UX301(NT,1)=U((I-1)/2+1,301);

% UX41(NT,1)=U((I-1)/2+1,81);

%% % Yo Yo% % % % % Yo% % % % % %o % Yo % % %o % % % %o % Yo %o % Yo
VXO(NT,1)=V((I-1)/2,1);

VX20(NT,1)=V((I-1)/2,20);
VX40(NT,1)=V((I-1)/2,40);
VX60(NT,1)=V((I-1)/2,60);
VX80(NT,1)=V((I-1)/2,80);
VX101(NT,1)=V((I-1)/2,101);

o R

% VXO(NT,1)=V((I-1)/2,1);

% VX50(NT,1)=V((I-1)/2,50);

% VX100(NT,1)=V((I-1)/2,100);

% VX121(NT,1)=V((I-1)/2,121);

% VX201(NT,1)=V((I-1)/2,201);

% % % % VX401(NT,1)=V((I-1)/2,401);

% VX250(NT,1)=V((I-1)/2+1,250);

% VX301(NT,1)=V((I-1)/2+1,301);

% VXO010L(NT,1)=V((I-1)/2+1,101);
%plot(DIRECTX,U((I-1)/2+1,:))

% % % Y Yo % %o % Yo % Yo % Y Yo % % Y% %o %o % Y Yo%
subplot(2,3,1),plot(DIRECTX, U((I-1)/2+1,:))
subplot(2,3,6),plot(DIRECTX,V((I-1)/2+1,:))

% % % Y Yo % %o Yo %o % %o %o Yo Yo %o % Y %o %o % Y %o %
% subplot(2,3,4),plot(t(1),V((I-1)/2+1,10),".r",t(1), V((I-1)/2+1,30),".b")
% subplot(2,3,6),plot(DIRECTX,v(30,:))
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% subplot(2,3,1),plot(DIRECTX,outflowv(:,1,1)),title('outflowv"')
% pause(.0001)
%

% % % % % % %
subplot(2,3,2),plot(T,UX100,".R", T, UX201,".G',T,UX50,'. K", T,UX150,".b"); %, T,
UX250,'.¢',T,UX301,".B"); %,T,UX350,'.K',T,UX401,".R")

% % % % % % % pause(.001)

% % % Y% % Y% %
subplot(2,3,3),plot(T,VX100,'.R",T,VX201,'.G',T,VX50,' . K',T,VX150,'.b"); %, T,
VX250,'.¢',T,VX301,'.B"); %,T,VX350," K',T,VX401,".R")

% subplot(2,3,2),semilogy(T,UX0,'.R");

% subplot(2,3,4),semilogy(T,VX0,".R");

% % %o % % % % pause(.001)
subplet(2,3,2),plot(T,UX20,'.R",T,UX40,'.G', T, UX60,".Y',T,UX80,".B', T,UX101,’
K');%,T,UX600,'.R",T,UX700,'.b"),T,VX301,'.B',T,UX301,".B'

% pause(.001)

subplot(2,3,3),plot(T,VX20,".R', T, VX40,.G',T,VX60,'y', T,VX80,'.B", T, VX101,'.
K"); %,T,UX600,".R',T,UX700,".b")

pause(.001)

% subplot(2,2,1),surf(DIRECTX,DIRECTY,H21X)

% subplot(2,2,3),surf(DIRECTX,DIRECTY,H12Y)

% subplot(2,2,2),surf(DIRECTX,DIRECTY,H22XY)

%

subplot(2,3,4),mesh(DIRECTX,DIRECTY,U)
subplot(2,3,5),mesh(DIRECTX,DIRECTY,V)

% subplot(3,3,7),quiver(DIRECTX,DIRECTY,U,V)

% %% %o %o %o %o %o %o %o %6 %o Yo %o %o %o %o %o % %0 %o %o %o %o %o %o Yo %0 %o Vo %0 Yo Yo %o
% % Yo Yo %o Yo Yo HHHHHHHHBHHBHHHHHHHHHHAHHHAHHARHHH

end;%(end of while)
% % %o Yo % %o Yo Yo Yo Yo Yo Yo Yo HHHHHHHBHHHHHHBHHHHBHHHHBHHHHHHHHHHHHAHH

HEHHBHHHHHHBRHBRHHAH
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% figure

% plot(T,UX50,".R",T,UX100,".G',T,UX150,". K", T,UX201,".b");
% figure

% plot(T,VX50,".R",T,VX100,'.G',T,VX150,". K', T,VX201,".b");
% %

% for j=1:J

%  Um=U(((I-1)/2)+1,j);

% Um2=Um*.5;

%  fori=1:(I-1)/2

% if U(i,j)>=Um2

% SATR=i;
% break;
% end;

% end;

% if U(i,j)==Um?2

% b12(j)=-BETA.*cot(pi.*(SATR-1).*DY);
% else

%  b2=-BETA.*cot(pi.*(SATR-1).*DY);

%  bl=-BETA.*cot(pi.*(SATR-2).*DY);

% U2=U(SATR,j);

% Ul=U(SATR-1,j);

%  b=(((b2-b1)/(U2-U1))*(Um2-U1))+b1;

%  b12(j)=-b;

% end;

% end;

% figure

% plot(DIRECTX,b12,'.1");

%

Y% %o %% % %% %% %% %o % %6 %0 % % %o %0 Yo %o %0 %o Yo Yo %o %o %0 %0 %0 Ve Yo
% for j=1:J

%
Y%

Um(j)=U(((I-1)/2)+1,));

m=15;
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%  for i=m:I-(m-1)

% y_norm(i-(m-1),j)=(-BETA.*cot(pi.*(i-1).*DY))/b12(j);
% U_norm(i-(m-1),j)=U(i,j)/Um(j);

% w_norm(i-(m-1),j)=w(i,j)*b12(j)/Um(j);
% end;

% end;

% % %

% figure

% plot(DIRECTX,Um,'.r');

% figure

% for j=1:1:J

%  plot(y_norm(:,j),U_norm(:,j),".b");

%  hold on

% end;

% hold off

% figure

% for j=1:1:J

%  plot(y_norm(:,j),w_norm(:,j),'.b");

%  hold on

% end;

% % % %0 %0 %0 % Yo % %o %o %o %0 %o %o %o %o % %o %0 %o %6 %o %0 %o %o %0 %o %o %o %0 %o %o %o
% % % % % % % %0 %
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Abstract:

Jet flow with desired physical conditions thought lots of applications in
industrial and scientific scope has been the most important subjects in fluid
mechanic and from appearance of fluid mechanic theory; many researchers
have attended this subject.

The jet flow is produced when a new fluid with high momentum is injected
into a stationary fluid with homogeneous density. In the other words, the jet
1s produced by exit of a flow from nuzzle into fluid surround.

Orifice geometry of jets introduce in two kind of planar and circular.
Through special geometry of circular jets, the researchers have had more
attention on this kind. Therefore, there isn’t enough information about planar
jet and in this thesis we attempt to study planar jets.

[n this study, we attempted to analyze two dimensional incompressible jet
flows by direct numerical simulation method without any modeling or
simplification assumption and study self similarity of velocity profile and
vorticity. Also relation between velocity of centerline and half width line far

from away jet input was studied.



