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S3 sample 

 

Figure A.2. Comparison of target and reconstructed autocorrelation functions for the remained micro-

CT models 
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Figure A.3. Comparison of original micro-CT images with randomly chosen 2D cuts of the 

reconstructed media 
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Table A.1. Comparison of porosity for the target and reconstructed images 

S1 S3 

Image # Porosity, φ [%] Image # Porosity, φ [%] 

Target image 14.03 Target image 16.86 

Micro-CT image 

sequence 
14.21 

Micro-CT image 

sequence 
16.86 

Reconstructed 

sequence 
14.94 

Reconstructed 

sequence 
16.59 

S1 sample 

   

S3 sample 

   

Figure A.4. The pore space of original (left) vs. reconstructed (right) for remaining models; pores are 

shown in magenta color 
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3D velocity plots 

S1 sample 
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S3 sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.5. Velocity distribution for remaining models. 

Original are at top and reconstructed – at bottom; direction of the flow is showing by arrows 

Note: Due to the chosen delta p, the velocity values for S3 sample were too small to show them 

in Volume mode. Therefore, the blue background has to be added to visualize velocity 

distribution in this case. 
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% threshold_blue = 128; % for blue component 
% blue_t = blue > threshold_blue; 
% rgb_t = uint8(red_t & green & blue_t); 
rgb_t = uint8(red_t & green & blue_t); 
maskedrgbimage = uint8(zeros(size(rgb_t))); % Initialize 
maskedrgbimage(:,:,1) = rgbimage(:,:,1) .* rgb_t; 
maskedrgbimage(:,:,2) = rgbimage(:,:,2) .* rgb_t; 
maskedrgbimage(:,:,3) = rgbimage(:,:,3) .* rgb_t; 
% imshow(maskedrgbImage); 
% title('Masked Original Image'); 
b = im2bw(maskedrgbimage); 
binary = imcomplement(b); 
figure (3) 
imshow(binary); 
% Counting the amount of white and black pixels 
pixels = numel(binary); 
whitepix = sum(binary(:)); 
blackpix = pixels - whitepix; 
% Porosity will be found as the percentage of black pixels to the total 

amount of them 
phi = blackpix / pixels; 

 

Double threshold and pore size distribution: 

clear all  
clc; close all; 
% Read input images  
a = imread('Sherwood_sand.jpg'); 
% a = imread('Bridport_sand.jpg');  
g = rgb2gray(a); % transform to gray-colored image    
% Gray image  
figure (1)  
imshow(g);  
title ('Gray image');    
% Histogram of image data (y-axis: Number of pixels, x-axis: Color tones) 

=>   
% show distribution of pixels based on color pattern (for gray images the 

default is 256)  
figure (2)  
imhist (g);  
title ('Gray image data histogram');  
ylabel('Number of pixels'); xlabel('Gray-level value'); 
% Based on the histogram, set custom defined min-max thresholds for the 

gray image  
% for Bridport   
% min_1 = 127;   
% max_1 = 171;  
% 127 and 163    
% % for Sherwood  
min_1 = 127;   
max_1 = 201;  
% 127 and 188    
% Threshold -> everything out of min & max becomes 0  
g1 = g;  
g1(g1<min_1|g1>max_1) = 0; 
figure (3) 
imshow(g1); title ('Gray image after thresholding'); 
b = im2bw(g1); % inversed binary image (pores - white, grains - black) 
bw1 = imcomplement(b); % 'anti-inversed' binary image 
% Filtering 
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B1 = medfilt2(bw1,[7 7]); % median filter to decrease noise 
B1 = bwareaopen(B1,10); 
figure(4) 
imshow(B1); 
% Counting the amount of white and black pixels 
pixels = numel(B1); 
whitepix = sum(B1(:)); 
blackpix = pixels - whitepix; 
% Porosity is found as a percentage of black pixels to their total amount 
phi = blackpix / pixels; 
% Segmentation 
Ed = -bwdist(bw1); % Euclidian distance function; bw1 
B = medfilt2(Ed,[7 7]); % median filter for the distance map (avoid 

oversegmentation) 
Ld1 = watershed(B); 
% Pore size distribution 
[s1, s2] = size(B); 
Pr = zeros(s1,s2); 
for i = 1:s1 
for j = 1:s2 
if B1(i,j)==0 && Ld1(i,j)~= 0 % find pores 
Pr(i,j) = 1; 
end 
end 
end 
Pr = bwareaopen(Pr,10); % pores greater than 10 pixels are considered 
[Pr_L,Pr_n] = bwlabel(Pr); % here Pr_n - number of connected objects, Pr_L 

- matrix of labeled elements 
z = regionprops(Pr_L,'Area'); 
Area = [z.Area]; 
% Pixels to microns 
% Resolution = 1310/677; % Bridport [micron/pixel] 
Resolution = 2320/968; % Sherwood 
k = regionprops(Pr_L,'area'); 
R = Resolution.*sqrt(Area)./sqrt(pi); % Pore radius (A = pi*R^2); 
Diam = 2*R; 
Number_of_categories = 20; 
% Histogram of relative frequency 
Pore_rad_av = mean(R); % Average pore radius [microns] 
St_dev = std(R); % Standard deviation of pore radius [micron] 
Rel_Frequencies = 

hist(R,(1:round(max(R)/Number_of_categories):round(max(R))))./sum(sum(hist(

R,(1:round(max(R)/Number_of_categories):round(max(R)))))); 
formatSpec = 'Average pore radius is %6.4f microns '; 
fprintf(formatSpec,Pore_rad_av); 
figure(5) 
bar((1:round(max(R)/Number_of_categories):round(max(R))),Rel_Frequencies); 
title('Histogram of pore size distribution') 
xlabel('Equivalent pore radius (micron)'); ylabel('Relative Frequency'); 
% Cumulative distribution function 
figure(6) 
m = cdfplot(Diam); 
set(gca,'XScale','log') 
title('Cumulative Distribution Function') 
xlabel('Equivalent pore diameter, micron'); ylabel('Cumulative 

percentage'); 
q = label2rgb(Pr_L); % show pore & throats  
figure(7) 
imshow(q); 
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  run("FD Math...", "image1=["+tempTitle+"] operation=Correlate 

image2=["+tempTitle+"] result=AutoCorrelation do"); 

  psID=getImageID(); 

  run("Subtract...", "value="+(nPixels*mean*mean)); 

  selectImage(tempID); 

  close(); 

 

  //make autocorrelation reference to correct finite image size effects 

  newImage("frame", "8-bit White", width, height, 1); 

  run("Set...", "value=255"); 

  tempID=getImageID(); 

  rename(tempTitle); 

  run("Canvas Size...", "width="+ size+" height="+ size+" position=Center 

zero"); 

  run("FD Math...", "image1=["+tempTitle+"] operation=Correlate 

image2=["+tempTitle+"] result=AutoCorrReference do"); 

  refID=getImageID(); 

  imageCalculator("Divide", psID,refID); 

  selectImage(refID); 

  close(); 

  selectImage(tempID); 

  close(); 

 

  //prepare normalized power spectrum for radial averaging 

  selectImage(psID); 

  circleSize=2*floor(maxRadius)+1; 

  norm = getPixel(size/2, size/2); 

  run("Divide...", "value="+norm); 

  run("Specify...", "width="+circleSize+" height="+circleSize+" 

x="+(size/2+0.5)+" y="+(size/2+0.5)+" oval centered"); 

  run("Radial Profile", "x="+(size/2+0.5)+" y="+(size/2+0.5)+" 

radius="+floor(maxRadius)-1); 

  Plot.getValues(x, y); 

  plotID=getImageID(); 

  selectImage(psID); 

  close(); 

   if (slice==firstSlice) ySum = newArray(y.length); 

  for (i=0; i<y.length; i++) 

    ySum[i]+=y[i]/nSlices; 

  selectImage(plotID); 

  close(); 

} 

if (pixelWidth==pixelHeight) { 

  for (i=0; i<x.length; i++) 

    x[i] *= pixelWidth; 

} else 

  unit = "pixels"; 

if (doStack) title = title + " (stack)"; 

Plot.create("Autocorrelation of "+title, "Distance ("+unit+")", "Normalized 

Autocorrelation", x, ySum); 

 

setBatchMode(false); 
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cinit1 = [30 0.08 299]; 
% Correlation function from paper of A. Roberts "Statistical reconstruction 
% of 3D porous media from 2D images" (eq. 8), or equation (3.10) in this 

work 
%  Here c(1) is a correlation length, c(2) is a cutoff scale and c(3) is a 
%  domain scale 
analyt = @(c,r)((exp(-r./c(1))-(c(2)./c(1)).*exp(-

r./c(2))).*sin(2.*pi.*r./c(3)))./((1-c(2)./c(1)).*(2.*pi.*r./c(3))); 
c1 = lsqcurvefit(analyt,cinit1,Dist2,Rz); 
f1 = analyt(c1,Dist2); 
figure (4) 
plot(Dist2,Rz,'-o',Dist2,f1,'--') 
title('Comparison of target and reconstructed autocorrelation functions') 
xlabel('Distance, microns') 
ylabel('R_z(r)') 
legend ('Target R_z','Reconstructed R_z','Location', 'NorthEast'); 
%% Stochastic reconstruction by GRF 
V = s1.^3; % cube 
ImFolder = 'M:\MATLAB codes for thesis\S1';  
alpha = sqrt(2)*erfinv(1-2*phi); % equation (3.15) 

c = c1; % coefficents obtained from 'Solution of non-linear equation' 

section 
% Power spectral density function -> from Roberts, (eq. 9), or equation 

(3.12)  

% in this work 
PSD = @(freq,c) pi^(-2)*(c(1)-c(2))^(-

1)*c(1)^4*c(3)^4/((c(3)^2+c(1)^2*(freq*c(3)-

2*pi)^2)*(c(3)^2+c(1)^2*(freq*c(3)+2*pi)^2))... 
    -pi^(-2)*(c(1)-c(2))^(-1)*c(2)^4*c(3)^4/((c(3)^2+c(2)^2*(freq*c(3)-

2*pi)^2)*(c(3)^2+c(2)^2*(freq*c(3)+2*pi)^2)); 
% Define matrix 
Yijk = zeros(s1,s1,s1); 
Eff_rad = s1/2/s1; 
% case 1 
for ii = 2:s1/2+1 
    for jj = 2:s1/2+1 
        for kk = 2:s1/2+1 
            freq = sqrt((ii-1)^2+(jj-1)^2+(kk-1)^2)/s1; 
            if freq <= Eff_rad  
                Yijk(ii,jj,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,s1+2-jj,s1+2-kk) = conj(Yijk(ii,jj,kk)); 
            end 
        end 
for kk = s1/2+2:s1 
    freq = sqrt((ii-1)^2+(jj-1)^2+(kk-s1-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,jj,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,s1+2-jj,s1+2-kk) = conj(Yijk(ii,jj,kk)); 
         end 
end 
    end 
    for jj = s1/2+2:s1 
        for kk = 2:s1/2+1 
            freq = sqrt((ii-1)^2+(jj-s1-1)^2+(kk-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,jj,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,s1+2-jj,s1+2-kk) = conj(Yijk(ii,jj,kk)); 
         end 
        end 
    for kk = s1/2+2:s1 
            freq = sqrt((ii-1)^2+(jj-s1-1)^2+(kk-s1-1)^2)/s1; 
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         if freq <= Eff_rad  
                Yijk(ii,jj,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,s1+2-jj,s1+2-kk) = conj(Yijk(ii,jj,kk)); 
         end 
    end 
    end 
end 
% case2: ii = 1 
for jj = 2:s1/2+1 
    for kk = 2:s1/2+1 
            freq = sqrt((jj-1)^2+(kk-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(1,jj,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(1,s1+2-jj,s1+2-kk) = conj(Yijk(1,jj,kk)); 
         end 
    end 
    for kk = s1/2+2:s1 
            freq = sqrt((jj-1)^2+(kk-s1-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(1,jj,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(1,s1+2-jj,s1+2-kk) = conj(Yijk(1,jj,kk)); 
         end 
   end 
end 
% case3: jj = 1 
for ii = 2:s1/2+1 
    for kk = 2:s1/2+1 
            freq = sqrt((ii-1)^2+(kk-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,1,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,1,s1+2-kk) = conj(Yijk(ii,1,kk)); 
         end 
    end      
   for kk = s1/2+2:s1 
            freq = sqrt((ii-1)^2+(kk-s1-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,1,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,1,s1+2-kk) = conj(Yijk(ii,1,kk)); 
         end 
   end 
end 
% case4: kk = 1 
for ii = 2:s1/2+1 
    for jj = 2:s1/2+1 
            freq = sqrt((ii-1)^2+(jj-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,jj,1) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,s1+2-jj,1) = conj(Yijk(ii,jj,1)); 
         end 
    end    
   for jj = s1/2+2:s1 
            freq = sqrt((ii-1)^2+(jj-s1-1)^2)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,jj,1) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,s1+2-jj,1) = conj(Yijk(ii,jj,1)); 
         end 
   end 
end 
% case5: ii = jj = 1 
for kk = 2:s1/2 
    freq = (kk-1)/s1; 
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         if freq <= Eff_rad  
                Yijk(1,1,kk) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(1,1,s1+2-kk) = conj(Yijk(1,1,kk)); 
         end 
end 
% case6: ii = kk = 1 
for jj = 2:s1/2 
    freq = (jj-1)/s1; 
         if freq <= Eff_rad  
                Yijk(1,jj,1) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(1,s1+2-jj,1) = conj(Yijk(1,jj,1)); 
         end 
end 
% case7: jj = kk = 1 
for ii = 2:s1/2 
    freq = (ii-1)/s1; 
         if freq <= Eff_rad  
                Yijk(ii,1,1) = (randn+1i*randn)*sqrt(0.5*V*PSD(freq,c)); 
                Yijk(s1+2-ii,1,1) = conj(Yijk(ii,1,1)); 
         end 
end 
% case 8: points of Yijk are real numbers 
freq = s1/2/s1; 
Yijk(1,1,s1/2+1) = randn*sqrt(V*PSD(freq,c)); 
Yijk(s1/2+1,1,1) = randn*sqrt(V*PSD(freq,c)); 
Yijk(1,s1/2+1,1) = randn*sqrt(V*PSD(freq,c)); 
Yijk(1,1,1) = randn*sqrt(V*PSD(0,c)); 
% solve for Ylmn - FFT 
yLMN = ifftn(Yijk); %3D inverse FFT 
clear Yijk; 
yLMN = sign(yLMN - alpha); 
for i = 1:s1 
imwrite(yLMN(:,:,i),[ImFolder '/' 'S1_images' int2str(000+i) '.bmp']); % 

write cross sections 
end 
my_folder = 'M:\MATLAB codes for thesis\S1\'; 
ImFolder = 'M:\MATLAB codes for thesis\S1\S1_filtered'; % mkdir(ImFolder);  
f = fullfile(my_folder,'*.bmp'); f = dir(f); % list bmp-files in the 

current folder 
fileNames = {f.name}; 
ff = natsortfiles(fileNames); % sort files in normal order (1,2,3,... 

instead of 1,11,100,...) 
for z = 1:s1 
  Im{z} = imread([my_folder,(ff{z})]); 
  II = bwareaopen(Im{z},5); % II = medfilt2(I,[5 5]); % opening & median 

filter to delete reconstruction's artifacts 
  imwrite(II,[ImFolder '/' 'S1_filtered' int2str(000+z) '.bmp']); % write 

filtered images 
end 
%% Find porosity of reconstructed sections, further image cropping and 

dilation-erosion 
fold = 'M:\MATLAB codes for thesis\S1\S1_filtered\'; 
fold3 = 'M:\MATLAB codes for thesis\S1\S1_recon_cropped\'; 
fold4 = 'M:\MATLAB codes for thesis\S1\S1_recon_cropped_dil_er\'; 
find_fil = fullfile(fold,'*.bmp'); 
fil_files = dir(find_fil); 
fil_names = {fil_files.name}; 
f_sort = natsortfiles(fil_names); 

% Counting the amount of white and black pixels, cropping 
for yy = 1:s1 
Images{yy} = imread([fold,(f_sort{yy})]); 
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%Images{yy} = im2bw(Images{yy}); 
SmallImages{yy} = imcrop(Images{yy}, [0 0 150 150]); % image cropping 
imwrite(SmallImages{yy},[fold2 '/' 'S4_recon_cropped' int2str(000+yy) 

'.bmp']); 
% Porosity will be found as the percentage of black pixels to the total 

amount of them 
pixs_1{yy} = numel(Images{1,yy}); 
white_pixs_1{yy} = sum(Images{1,yy}(:)); black_pixs_1{yy} = pixs_1{yy} - 

white_pixs_1{yy}; 
poro_1{yy} = white_pixs_1{yy} / pixs_1{yy}; 
se = strel('sphere',1); %sphere 2 
dilatedimages{yy} = imdilate(SmallImages{yy},se);   
erodedimages{yy}= imerode(dilatedimages{yy},se); 
imwrite(erodedimages{yy},[fold3 '/' 'S4_recon_dilated_eroded' 

int2str(000+yy) '.bmp']); 
pixs_2{yy} = numel(erodedimages{1,yy}); 
white_pixs_2{yy} = sum(erodedimages{1,yy}(:)); black_pixs_2{yy} = 

pixs_2{yy} - white_pixs_2{yy}; 
poro_2{yy} = white_pixs_2{yy} / pixs_2{yy}; 
end  
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ufA = circshift(wholeGeom,[1,0,1]); 
ubA = circshift(wholeGeom,[-1,0,1]); 
urfA = circshift(wholeGeom,[1,1,1]); 
urbA = circshift(wholeGeom,[-1,1,1]); 
ulfA = circshift(wholeGeom,[1,-1,1]); 
ulbA = circshift(wholeGeom,[-1,-1,1]); 

  
for i = 1:nx 
        for j = 1:ny 
            if (wholeGeom(j,i,1) == 255 && rA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && lA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && fA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && bA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && rfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && rbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && lfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && lbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && uA(j,i)==0) 
                B(j,i) = 1;  
            elseif (wholeGeom(j,i,1) == 255 && urA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && ulA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && ufA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && ubA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && urfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && urbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && ulfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 255 && ulbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,1) == 0) 
                B(j,i) = 0; 
            else 
                B(j,i) = 2; 
            end 
        end 
end 

  
image(30*B) 
axis equal 
drawnow 

  
% printing first slice 
fprintf(fid, '%i\n', B); 

  
%%%%%%%%%%%%%%%%%%%%% INTERNAL SLICES %%%%%%%%%%%%%%%%%%%%%%%% 

  



Appendix E

 

111 

for ii = 2:numFiles-1 
ii 
% fname = [basename num2str(ii, '%0.4i') '.bmp']; 
% fnamed =[basename num2str(ii-1, '%0.4i') '.bmp']; 
% fnameu = [basename num2str(ii+1, '%0.4i') '.bmp']; 
fname = [basename num2str(ii) '.bmp']; 
fnamed =[basename num2str(ii-1) '.bmp']; 
fnameu = [basename num2str(ii+1) '.bmp']; 
AA = imread(fnamed ,'bmp'); 
BB = imread(fname ,'bmp'); 
CC = imread(fnameu ,'bmp'); 

  
wholeGeom = zeros(ny,nx,3); 
wholeGeom(:,:,1) = AA; 
wholeGeom(:,:,2) = BB; 
wholeGeom(:,:,3) = CC; 

  
indexMin = find(wholeGeom==0); 
indexMax = find(wholeGeom>0); 

  
wholeGeom(indexMin) = 255; 
wholeGeom(indexMax) = 0; 

  
%i 
rA = circshift(wholeGeom,[0,1,0]); 
lA = circshift(wholeGeom,[0,-1,0]); 
fA = circshift(wholeGeom,[1,0,0]); 
bA = circshift(wholeGeom,[-1,0,0]); 
rfA = circshift(wholeGeom,[1,1,0]); 
rbA = circshift(wholeGeom,[-1,1,0]); 
lfA = circshift(wholeGeom,[1,-1,0]); 
lbA = circshift(wholeGeom,[-1,-1,0]); 

  
%i-1 
dA=circshift(wholeGeom,[0,0,-1]); 
drA = circshift(wholeGeom,[0,1,-1]); 
dlA = circshift(wholeGeom,[0,-1,-1]); 
dfA = circshift(wholeGeom,[1,0,-1]); 
dbA = circshift(wholeGeom,[-1,0,-1]); 
drfA = circshift(wholeGeom,[1,1,-1]); 
drbA = circshift(wholeGeom,[-1,1,-1]); 
dlfA = circshift(wholeGeom,[1,-1,-1]); 
dlbA = circshift(wholeGeom,[-1,-1,-1]); 

  
%i+1 
uA=circshift(wholeGeom,[0,0,1]); 
urA = circshift(wholeGeom,[0,1,1]); 
ulA = circshift(wholeGeom,[0,-1,1]); 
ufA = circshift(wholeGeom,[1,0,1]); 
ubA = circshift(wholeGeom,[-1,0,1]); 

  
urfA = circshift(wholeGeom,[1,1,1]); 
urbA = circshift(wholeGeom,[-1,1,1]); 
ulfA = circshift(wholeGeom,[1,-1,1]); 
ulbA = circshift(wholeGeom,[-1,-1,1]); 

  
for i = 1:nx 
        for j = 1:ny 
            if (wholeGeom(j,i,2) == 255 && rA(j,i)==0) 
                B(j,i) = 1; 
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            elseif (wholeGeom(j,i,2) == 255 && lA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && fA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && bA(j,i)==0) 
                B(j,i) = 1;             
            elseif (wholeGeom(j,i,2) == 255 && rfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && rbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && lfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && lbA(j,i)==0) 
                B(j,i) = 1;     
            elseif (wholeGeom(j,i,2) == 255 && dA(j,i)==0) 
                B(j,i) = 1;    
            elseif (wholeGeom(j,i,2) == 255 && drA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dlA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dbA(j,i)==0) 
                B(j,i) = 1;      
            elseif (wholeGeom(j,i,2) == 255 && drfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && drbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dlfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dlbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && uA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && urA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && ulA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && ufA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && ubA(j,i)==0) 
                B(j,i) = 1;     
            elseif (wholeGeom(j,i,2) == 255 && urfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && urbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && ulfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && ulbA(j,i)==0) 
                B(j,i) = 1;       
            elseif (wholeGeom(j,i,2) == 0) 
                B(j,i) = 0; 
            else 
                B(j,i) = 2; 
            end 
        end 
end 

  
image(30*B) 
axis equal 
drawnow 
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fprintf(fid, '%i\n', B); 
end 

  
%%%%%%%%%%%%%%%%%%%%% OUTLET SLICES %%%%%%%%%%%%%%%%%%%%%%%% 

  
% fname = [basename num2str(numFiles, '%0.4i') '.bmp']; 
% fnamed =[basename num2str(numFiles-1, '%0.4i') '.bmp']; 
fname = [basename num2str(numFiles) '.bmp']; 
fnamed =[basename num2str(numFiles-1) '.bmp']; 

  
AA = imread(fnamed ,'bmp'); 
BB = imread(fname ,'bmp'); 

  
wholeGeom = zeros(ny,nx,2); 
wholeGeom(:,:,1) = AA; 
wholeGeom(:,:,2) = BB; 

  
indexMin = find(wholeGeom==0); 
indexMax = find(wholeGeom>0); 

  
wholeGeom(indexMin)=255; 
wholeGeom(indexMax)=0; 

  
%i 
rA = circshift(wholeGeom,[0,1,0]); 
lA = circshift(wholeGeom,[0,-1,0]); 
fA = circshift(wholeGeom,[1,0,0]); 
bA = circshift(wholeGeom,[-1,0,0]); 
rfA = circshift(wholeGeom,[1,1,0]); 
rbA = circshift(wholeGeom,[-1,1,0]); 
lfA = circshift(wholeGeom,[1,-1,0]); 
lbA = circshift(wholeGeom,[-1,-1,0]); 

  
%i-1 
dA = circshift(wholeGeom,[0,0,-1]); 
drA = circshift(wholeGeom,[0,1,-1]); 
dlA = circshift(wholeGeom,[0,-1,-1]); 
dfA = circshift(wholeGeom,[1,0,-1]); 
dbA = circshift(wholeGeom,[-1,0,-1]); 
drfA = circshift(wholeGeom,[1,1,-1]); 
drbA = circshift(wholeGeom,[-1,1,-1]); 
dlfA = circshift(wholeGeom,[1,-1,-1]); 
dlbA = circshift(wholeGeom,[-1,-1,-1]); 

  
for i = 1:nx 
        for j = 1:ny 
            if (wholeGeom(j,i,2) == 255 && rA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && lA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && fA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && bA(j,i)==0) 
                B(j,i) = 1;  
            elseif (wholeGeom(j,i,2) == 255 && rfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && rbA(j,i)==0) 
                B(j,i) = 1; 
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            elseif (wholeGeom(j,i,2) == 255 && lfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && lbA(j,i)==0) 
                B(j,i) = 1;    
            elseif (wholeGeom(j,i,2) == 255 && dA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && drA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dlA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && drfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && drbA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dlfA(j,i)==0) 
                B(j,i) = 1; 
            elseif (wholeGeom(j,i,2) == 255 && dlbA(j,i)==0) 
                B(j,i) = 1;                         
            elseif (wholeGeom(j,i,2) == 0) 
                B(j,i) = 0; 
            else 
                B(j,i) = 2; 
            end 
        end 
end 

  
image(30*B) 
axis equal 
drawnow 

  
% printing last slice 
fprintf(fid, '%i\n', B); 
fclose(fid); 
toc 

Example of the script (for S1 sample): 

numFiles = 200; 
path = 'S1_200'; 
baseInput = 'S1_200'; 
baseOutput = 'S1_200.dat'; 
createDAT_init(numFiles,path,baseInput,baseOutput);  
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    void operator() (plint iX, plint iY, plint iZ, T& density, 

Array<T,3>& velocity) const 

    { 

        velocity.resetToZero(); 

        density = 1. - deltaP*DESCRIPTOR<T>::invCs2 / (T)(nx-1) * 

(T)iX; 

 

    } 

private: 

    T deltaP; 

    plint nx; 

}; 

 

void porousMediaSetup( MultiBlockLattice3D<T,DESCRIPTOR>& lattice, 

    OnLatticeBoundaryCondition3D<T,DESCRIPTOR>* boundaryCondition, 

    MultiScalarField3D<int>& geometry, T deltaP) 

{ 

    const plint nx = lattice.getNx(); 

    const plint ny = lattice.getNy(); 

    const plint nz = lattice.getNz(); 

 

    pcout << "Definition of inlet/outlet." << endl; 

    Box3D inlet (0,0,      1,ny-2, 1,nz-2); 

    boundaryCondition->addPressureBoundary0N(inlet, lattice); 

    setBoundaryDensity(lattice, inlet, 1.); 

 

    Box3D outlet(nx-1,nx-1, 1,ny-2, 1,nz-2); 

    boundaryCondition->addPressureBoundary0P(outlet, lattice); 

    setBoundaryDensity(lattice, outlet, 1. - 

deltaP*DESCRIPTOR<T>::invCs2); 

 

    pcout << "Definition of the geometry." << endl; 

    // Where "geometry" evaluates to 1, use bounce-back. 

    defineDynamics(lattice, geometry, new 

BounceBack<T,DESCRIPTOR>(), 1); 

    // Where "geometry" evaluates to 2, use no-dynamics (which 

does nothing). 

    defineDynamics(lattice, geometry, new 

NoDynamics<T,DESCRIPTOR>(), 2); 

 

    pcout << "Initilization of rho and u." << endl; 

    initializeAtEquilibrium( lattice, lattice.getBoundingBox(), 

PressureGradient(deltaP, nx) ); 

 

    lattice.initialize(); 

    delete boundaryCondition; 

} 

 

void writeGifs(MultiBlockLattice3D<T,DESCRIPTOR>& lattice, plint 

iter) 

{ 

    const plint nx = lattice.getNx(); 

    const plint ny = lattice.getNy(); 

    const plint nz = lattice.getNz(); 

 

    const plint imSize = 600; 

    ImageWriter<T> imageWriter("leeloo"); 

 

    // Write velocity-norm at x=0. 
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    imageWriter.writeScaledGif( createFileName("ux_inlet", iter, 

6), 

        *computeVelocityNorm(lattice, Box3D(0,0, 0,ny-1, 0,nz-1)), 

        imSize, imSize ); 

 

    // Write velocity-norm at x=nx/2. 

    imageWriter.writeScaledGif( createFileName("ux_half", iter, 

6), 

        *computeVelocityNorm(lattice, Box3D(nx/2,nx/2, 0,ny-1, 

0,nz-1)), 

        imSize, imSize ); 

 

} 

 

 

void writeVTK(MultiBlockLattice3D<T,DESCRIPTOR>& lattice, plint 

iter) 

{ 

        VtkImageOutput3D<T> vtkOut(createFileName("vtk", iter, 6), 

1.); 

        vtkOut.writeData<float>(*computeVelocityNorm(lattice), 

"velocityNorm", 1.); 

        vtkOut.writeData<3,float>(*computeVelocity(lattice), 

"velocity", 1.); 

} 

 

T computePermeability ( 

    MultiBlockLattice3D<T,DESCRIPTOR>& lattice, T nu, T deltaP, 

Box3D domain ) 

{ 

    pcout << "Computing the permeability." << endl; 

 

    // Compute only the x-direction of the velocity (direction of 

the flow). 

    plint xComponent = 0; 

    plint nx = lattice.getNx(); 

 

    T meanU = computeAverage ( 

        *computeVelocityComponent (lattice, domain, xComponent ) 

); 

 

 

    pcout << "Average velocity     = " << meanU             << 

endl; 

    pcout << "Lattice viscosity nu = " << nu                << 

endl; 

    pcout << "Grad P               = " << deltaP/(T)(nx-1)            

<< endl; 

    pcout << "Permeability         = " << nu*meanU / 

(deltaP/(T)(nx-1)) << endl; 

 

    return meanU; 

} 

 

int main(int argc, char **argv) 

{ 

    plbInit(&argc, &argv); 

 

    if (argc!=7) 
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    { 

        pcout << "Error missing some input parameter\n"; 

        pcout << "The structure is :\n"; 

        pcout << "1. Input file name.\n"; 

        pcout << "2. Output directory name.\n"; 

        pcout << "3. number of cells in X direction.\n"; 

        pcout << "4. number of cells in Y direction.\n"; 

        pcout << "5. number of cells in Z direction.\n"; 

        pcout << "6. Delta P .\n"; 

        exit (EXIT_FAILURE); 

    } 

    std::string fNameIn  = argv[1]; 

    std::string fNameOut = argv[2]; 

 

    const plint nx = atoi(argv[3]); 

    const plint ny = atoi(argv[4]); 

    const plint nz = atoi(argv[5]); 

    const T   deltaP = atof(argv[6]); 

 

    global::directories().setOutputDir(fNameOut+"/"); 

 

    const T omega = 1.0; 

    const T nu    = ((T)1/omega-0.5)/DESCRIPTOR<T>::invCs2; 

 

    pcout << "Creation of the lattice." << endl; 

    MultiBlockLattice3D<T,DESCRIPTOR> lattice(nx,ny,nz, new 

BGKdynamics<T,DESCRIPTOR>(omega)); 

    // Switch off periodicity. 

    lattice.periodicity().toggleAll(false); 

 

    pcout << "Reading the geometry file." << endl; 

    MultiScalarField3D<int> geometry(nx,ny,nz); 

    plb_ifstream geometryFile(fNameIn.c_str()); 

    if (!geometryFile.is_open()) { 

            pcout << "Error: could not open geometry file " << 

fNameIn << endl; 

            return -1; 

    } 

    geometryFile >> geometry; 

 

    pcout << "nu = " << nu << endl; 

    pcout << "deltaP = " << deltaP << endl; 

    pcout << "omega = " << omega << endl; 

    pcout << "nx = " << lattice.getNx() << endl; 

    pcout << "ny = " << lattice.getNy() << endl; 

    pcout << "nz = " << lattice.getNz() << endl; 

 

    porousMediaSetup(lattice, 

createLocalBoundaryCondition3D<T,DESCRIPTOR>(), geometry, deltaP); 

 

    // The value-tracer is used to stop the simulation once it has 

converged. 

    // 1st parameter:velocity 

    // 2nd parameter:size 

    // 3rd parameters:threshold 

    // 1st and second parameters ae used for the length of the 

time average (size/velocity) 

    util::ValueTracer<T> converge(1.0,1000.0,1.0e-4); 

 



Appendix F

 

119 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

    pcout << "Simulation begins" << endl; 

    plint iT=0; 

 

    const plint maxT = 30000; 

    for (;iT<maxT; ++iT) 

    { 

        if (iT % 20 == 0) { 

            pcout << "Iteration " << iT << endl; 

        } 

        if (iT % 500 == 0 && iT>0) { 

            writeGifs(lattice,iT); 

        } 

 

        lattice.collideAndStream(); 

        converge.takeValue(getStoredAverageEnergy(lattice),true); 

 

        if (converge.hasConverged()) 

        { 

            break; 

        } 

    } 

 

    pcout << "End of simulation at iteration " << iT << endl; 

 

    pcout << "Permeability:" << endl << endl; 

    computePermeability(lattice, nu, deltaP, 

lattice.getBoundingBox()); 

    pcout << endl; 

 

    pcout << "Writing VTK file ..." << endl << endl; 

    writeVTK(lattice,iT); 

    pcout << "Finished!" << endl << endl; 

} 
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