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figure 
hold on 
num4=xlsread('Washburn.xlsx'); %Read in Excel data  

  
%Trial 1 
plot(num4(1:46,1),num4(1:46,2),'rx') 
P1=polyfit(num4(1:46,1),num4(1:46,2),1); %Determine slope of plot 
stats1 = regstats(num4(1:46,1),num4(1:46,2),'linear','rsquare'); 

%Determine R2 value 

  
%Trial 2 
plot(num4(1:45,5),num4(1:45,6),'b*') 
P2=polyfit(num4(1:45,5),num4(1:45,6),1); 
stats2 = regstats(num4(1:45,5),num4(1:45,6),'linear','rsquare'); 

  
%Trial 3 
plot(num4(:,7),num4(:,8),'k+') 
P3=polyfit(num4(:,7),num4(:,8),1); 
stats3 = regstats(num4(:,7),num4(:,8),'linear','rsquare'); 

  
%Calculate average Lucas-Washburn coefficient value 
CLW_all=[P1(1),P2(1),P3(1)]; 
CLW=mean(CLW_all); 
CLWsd=std(CLW_all); 

  
%Set plot style 
h_legend=legend('Trial 1','Trial 2','Trial 3'); 
set(h_legend,'FontSize',12); 
xlabel('Time (sec)','FontSize',14) 
ylabel('Wet out Length^2 (mm^2)','FontSize',14) 
hold off 
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%% PSEUDO-1DPN DEVICE WITH CAPILLARY TUBE SOURCES 

  

%% Set parameters and variables 

Vtot=10^-8*[1.5 1.5 1.5]; 

Tstep=1; 

PP=10800;  

u=0.001; 

w=0.004;  

h=1.35*10^(-4);  

k=0.55*10^-12; 

Lover=0.002125; 

Ls=[.00425 .00425]; 

Lp=[0.002 0.002 0.002]; 

Cap=w*11.3*10^-5; %[volume/length traveled]  

  

%% Set initial conditions 

r12=(u*Ls(1))/(k*w*h); %Resistance of spacer segment [kg/m^4*s]  

r23=(u*Ls(2))/(k*w*h);  

%Initial position of the fluid front assuming that it wets out 

%to half way position 

L0=[Lp(1)+0.5*Ls(1)+0.5*Ls(1) Lp(2)+0.5*Ls(2)+0.5*Ls(1) 

Lp(3)+Lover+0.5*Ls(2)]; 

L=zeros(1,100000); %Fluid front progression from Source 1 

L(1)=0.5*Ls(1);  

L1=zeros(1,100000); %Fluid front progression from Sources 2,3 

R=zeros(1,100000); %Time dependent resistance associated with Source 1 

R(1)=(u*L(1))/(k*w*h); 

R1=zeros(1,100000); 

Ldrain=zeros(3,100000); %Length traveled by the fluid due to leakage                 

flow 

Vdrain=zeros(3,100000); %Additional volume drained after the previous 

pad is drained 

  

%Initial condition for drained volume 

V=zeros(3,100000);  

V(1,1)=L0(1)*Cap; 

V(2,1)=L0(2)*Cap; 

V(3,1)=L0(3)*Cap; 

  

%Initial condition for pad percent saturation 

alpha=zeros(3,100000); 

alpha(1,1)=(Vtot(1)-V(1,1))/Vtot(1); 

alpha(2,1)=(Vtot(2)-V(2,1))/Vtot(2); 

alpha(3,1)=(Vtot(3)-V(3,1))/Vtot(3); 

  

%Initial condition for pad pressures 

PS=zeros(3,100000); 



 
 

 

 

  

grav=9.8;  

dens=1000;  

rad=Lp/2;  

Pcap=154; 

  

Pgrav=zeros(3,100000); 

Pgrav(1,1)=dens*grav*(Vtot(1)-V(1,1))/(pi*rad(1)^2); 

Pgrav(2,1)=dens*grav*(Vtot(2)-V(2,1))/(pi*rad(2)^2); 

Pgrav(3,1)=dens*grav*(Vtot(3)-V(3,1))/(pi*rad(3)^2); 

  

PS(1,1)=Pcap-Pgrav(1,1); 

PS(2,1)=Pcap-Pgrav(2,1); 

PS(3,1)=Pcap-Pgrav(3,1); 

  

%Initial condition for flow rate 

Q=zeros(3,100000); 

Q(1,1)=(-1*PS(1,1)+PP)/R(1); 

Q(2,1)=(-1*PS(2,1)+PS(1,1))/r12; 

Q(3,1)=(-1*PS(3,1)+PS(2,1))/r23; 

  

%% Track movement of the fluids in time 

  

for j=2:100000 

     

    %Adjust depletion volume based on previous flow rate 

    V(1,j)=V(1,j-1)+Q(1,j-1)*Tstep; 

    V(2,j)=V(2,j-1)+Q(2,j-1)*Tstep; 

    V(3,j)=V(3,j-1)+Q(3,j-1)*Tstep; 

     

    %Ensures non-negative saturation values  

    if V(1,j)>=Vtot(1) 

        V(1,j)=Vtot(1); 

    end 

    if V(2,j)>=Vtot(2) 

        V(2,j)=Vtot(2); 

    end 

    if V(3,j)>=Vtot(3) 

        V(3,j)=Vtot(3); 

    end 

    

    alpha(1,j)=(Vtot(1)-V(1,j))/Vtot(1); 

    alpha(2,j)=(Vtot(2)-V(2,j))/Vtot(2); 

    alpha(3,j)=(Vtot(3)-V(3,j))/Vtot(3); 

     

    Pgrav(1,j)=dens*grav*(Vtot(1)-V(1,j))/(pi*rad(1)^2); 

    Pgrav(2,j)=dens*grav*(Vtot(2)-V(2,j))/(pi*rad(2)^2); 

    Pgrav(3,j)=dens*grav*(Vtot(3)-V(3,j))/(pi*rad(3)^2); 

  

    PS(1,j)=Pcap-Pgrav(1,j); 

    PS(2,j)=Pcap-Pgrav(2,j); 



 
 

 

 

    PS(3,j)=Pcap-Pgrav(3,j); 

     

    % Case where all the pads are still draining 

    if (alpha(1,j)>0 && alpha(2,j)>0 && alpha(3,j)>0) 

         

        L(j)=(V(1,j)/Cap)-L0(1)+L(1); 

        R(j)=(u*L(j))/(k*w*h); 

         

        Q(1,j)=(-1*PS(1,j)+PP)/R(j); 

        Q(2,j)=(-1*PS(2,j)+PS(1,j))/r12; 

        Q(3,j)=(-1*PS(3,j)+PS(2,j))/r23; 

         

        Lend=L(j); %Distance of the fluid from Source 1 in the NC  

        v2end=V(2,j); %Volume drained from Source 2 when Source 1 is 

drained 

         

        % Case where the first sourcce is completely drained 

    elseif (alpha(2,j)>0 && alpha(3,j)>0 && alpha(1,j)<=0) 

         

        Vdrain(2,j)=V(2,j)-v2end; 

        Ldrain(2,j)=Vdrain(2,j)/Cap; %Length of fluid released from 

Source 2 since Source 1 has drained 

        L1(j)=Ls(1)+Lp(1)+Lend+Ldrain(2,j); %New wet out length 

        R1(j)=(u*L1(j))/(k*w*h); 

         

        Q(1,j)=(-1*PS(2,j)+PP)/R1(j); 

        Q(2,j)=(-1*PS(2,j)+PP)/R1(j); 

        Q(3,j)=(-1*PS(3,j)+PS(2,j))/r23; 

         

        L2end=L1(j); %Distance of fluid from Source 2 in the NC  

        v3end=V(3,j); %volume drained from Source 3 when Source 2 is 

drained 

         

        % Case where first two sources are completely drained 

    elseif (alpha(3,j)>0 && alpha(2,j)<=0 && alpha(1,j)<=0) 

         

        Vdrain(3,j)=V(3,j)-v3end; 

        Ldrain(3,j)=Vdrain(3,j)/Cap; 

        L1(j)=Ls(2)+Lp(2)+L2end+Ldrain(3,j); 

        R1(j)=(u*L1(j))/(k*w*h); 

         

        Q(1,j)=(-1*PS(3,j)+PP)/R1(j); 

        Q(2,j)=(-1*PS(3,j)+PP)/R1(j); 

        Q(3,j)=(-1*PS(3,j)+PP)/R1(j); 

         

    else 

        break 

    end 

end 
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