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This research studied the flow of fluid through a rectangular barrier with the Lattice
Boltizmann Method. The concept of this method relies on the streaming and collision of particles
with respect to the conservation laws of mass and momentum. The objective of this research was
studied patterns of fluid flow through the obstruction and Reynolds number to affect the flow

pattern. The simulation showed that the flow pattern changes from laminar flow to turbulent flow
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when Reynolds numbers increased. In accordance with the theory.
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TisuunsunisérnaanisTnadieds InsananTuadaiu

%% %0 %% %% %% %% % % %0 %% % %6 %% %% %% % %% % %% % %% %% %% %% % %% % %% % %
% cylinder.m: Channel flow past a cylinderical obstacle, using a LB method

%%0%%% %% %% %% %% % % %% %% % %% %6 %% %% % % % % % % % % %% % %% % % % % % % %
% Lattice Boltzmann sample, written in C

% Copyright (C) 2006 Jonas Latt

% Address: Rue General Dufour 24, 1211 Geneva 4, Switzerland

% E-mail: Jonas.Latt@cui.unige.ch

%%%%6%% %% % % % %% % %% %6% %% %6 %% % %% %% % %% %% % %% %% %% %% %% % % %% %
% This program is free software; you can redistribute it and/or

% modify it under the terms of the GNU General Public License

% as published by the Free Software Foundation; either version 2

% of the License, or (at your option) any later version.

% This program is distributed in the hope that it will be useful,

% but WITHOUT ANY WARRANTY; without even the implied warranty of

% MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

% GNU General Public License for more details.

% You should have received a copy of the GNU General Public

% License along with this program; if not, write to the Free

% Software Foundation, Inc., 51 Franklin Street, Fifth Floor,

% Boston, MA 02110-1301, USA.

%%%%% %% %% % %% %% %% % % %% %% % % % %% % % % %6 % % %% % % % % % % % % %% % %
clear all

% GENERAL FLOW CONSTANTS

Ix = 250;

ly = 81; Y%number of grid

obst_x = Ix/5+1; % position of the cylinder; (exact

obst_y = ly/2+1; % y-symmetry is avoided)

obst_r=1y/5; % radius of the cylinder (9.2)


mailto:Jonas.Latt@cuLunige.ch
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d=12; %the width of square obstacle

uMax =0.02; % maximum velocity of Poiseuille inflow
Re =7000; % Reynolds number

%nu  =uMax * 2.*obst_r/Re; % kinematic viscosity for cylinder
nu =uMax *d/Re; % kinematic viscosity for square
omega = 1./(3*nu+1./2.); % relaxation parameter
maxT = 200000; % total number of iterations

tPlot = 50; % cycles

% D2Q9 LATTICE CONSTANTS

t =[4/9, 1/9,1/9,1/9,1/9, 1/36,1/36,1/36,1/36];

ex=[6 1,0-1,0, 1,-1, -1, 1}

cy=[0, 0, 1, 0,-1, 1, 1, -1, -1},

opp=1[1, 4,5 2,3, 8 9, 6, 7]

col = [2:(ly-1));

{y,x] = meshgrid(1:ly,1:1x);

% For cylinder -----

Yo0bst = (x-obst_x).#2 + (y-obst_y).”2 <= obst_r."2;

9,

9
%---- For Random ------~

%obst = rand(Ix,ly)>0.99; %extremely porous random domain

0,
Y4l

%---- For Square Chanels ------
uuu = SquareChanels(Ix,ly);
obst = uuu;

0,
(4

obst(:,[1,iyD) = 1;

bbRegion = find(obst);

% INITIAL CONDITION: (rho=0, u=0) ==> fIn(i) = t(i)
fIn = reshape( t' * ones(1,lx*ly), 9, Ix, ly);

% MAIN LOOP (TIME CYCLES)


http:rand(Jx,ly�0.99

cyclex = 0;
for cycle = I'maxT
% MACROSCOPIC VARIABLES
rho = sum(fln);
ux = reshape ( ...
(cx * reshape(fIn,9,Ix*1y)), 1,Ix,ly) /rho;
uy = reshape ( ...
(cy * reshape(fn,9,I1x*1y)), 1,Ix,ly) ./rho;
% MACROSCOPIC (DIRICHLET) BOUNDARY CONDITIONS
% Inlet: Poiseuille profile
L=1y-2;y=col-1.5;
ux(:,1,col) = 4 * uMax / (L*L) * (y *L-y.*y);
uy(:,1,c0l) = 0;
rho(:,1,col) = 1 / (1-ux(;,1,col)) * (...
sum(fIn{{1,3,5},1,col)) + ...
2*sum{fIn([4,7,8],1,col)) );
% Outlet: Zero gradient on rhofux
rho(:,1x,col) = rho(;,1x-1,col);
uy(:,Ix,col) =0;
ux(:,Ix,col) =ux{:Ix-1,col);
% COLLISION STEP
fori=1:9
cu = 3*(cx(i)*ux+cy(iy*uy);
fEq(i,;,:) =tho * (i) .* ..
(1 +cu+1/2%cu*cu) ...
- 3/2%(ux. 2+uy N 2) )
fOut(i,;,)) = fIin(i,;,)) - ...
omega .* (fIn(i,:,:)-fEq(i,:,2));
end

% MICROSCOPIC BOUNDARY CONDITIONS



fori=1:9
% Left boundary
fOut(i,1,col) = fEq(i,1,col) + ...
18*t(i)*ex(i)*cy(i)* ( fIn(8,1,col) - ...
fIn(7,1,c0l)-fEq(8,1,col+Eqg(7,1,c0l) };
% Right boundary
fOut(i,Ix,col) = fEq(i,Ix,col) + ...
18*t(iy*ex(i)y*cy(iy* ( fIn(s,Ix,col) - ...
fIn(9,1x,col)}-fEq(6,1x,col +fEq(9,1x,col) );
% Bounce back region
fOut(i,bbRegion) = fln(opp(i),bbRegion);
end
% STREAMING STEP
fori=1:9
fIn(i,;,:} = ...
cireshift(fOut(i,:,:), [0,ex(i),cy(i)});
end
%--- Define name for SAVE ----
str = num2str(cycle);
namel = streat('uxx_',str);
name2 = strcat(’uyy ',str);
name3 = strcat{’ur_',sir);
name4 = strcat{’rho_',str);
% VISUALIZATION
%if (cycle > 2000}
if (mod(cycle,tPlot)==0)
u = reshape(sqrt(ux.*2+uy.22},1x,1y);
uxx = reshape(ux,Ix,ly);
uyy = reshape(uy,Ix,ly);

rhos = reshape(rho,Ix,ly);
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%
%
%
%
%

u(bbRegion) = nan;
%---- SAVE in mat-file format ----
save(namel,'uxx’);
save(name2,'uyy');
save(name3,'u’);
save(named,'thos’);
%---- Compariston Plot -—-----
%subplot(211)
Y%imagesc(u',[0 0.03]);colorbar;
imagesc(u');%colorbar;
Y%subplot(212)
%contour{u');colorbar;
title(cycle);
axis equal off; drawnow
end
%end

cyclex = cvelex+1

end
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