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Surfaces with constant roughness properties.  
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Surfaces with matched multi-scale roughness properties.  
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Skin friction coefficient repeatability.
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% Program performs a profile analysis using the total shear method 
% to determine the skin friction coefficient 
% Programmer: Timothy Shannon 
% Last Modified: 09/02/17 
clear all; close all; clc 
  
% Number of x-locations to evaluate 
nn = 26; 
  
% For each x-location import summary txt file and parse 
for i = 1:nn 
    file = ['MeasSummary_Pos',num2str(i),'.txt']; 
    dat  = importdata(file); 
     
    % Extract y, u, u'v', Trun, Prun, RelH, delP 
    y      = dat(:,2);                              % in 
    u      = dat(:,7);                              % m/s 
    v      = dat(:,11);                             % m/s 
    upvp   = dat(:,15);                             % m^2/s^2 
    Trun = mean(dat(:,3) + 273.15);                 % K 
    Prun = mean(dat(:,4));                          % Pa 
    RelH = mean(dat(:,5));                          % percent 
    delP = dat(:,6)*1000*9.807*0.0254;              % Pa 
         
    % Determine fluid density and viscosity 
    [rho,mu] = MoistAirProps(Trun,Prun,RelH); 
     
    % Calculate freestream velocity (U_inf) 
    Uinf = mean(((2*delP)./rho).^(1/2));            % m/s 
     
    % Excluding the first and last 3 u-values, determine du/dy using 

second order polynomial for u 
     
    % Initialize du/dy 
    dudy = zeros(length(u),1); 
     
    % Center each u-value about y = 0 and perform regression 
    for j = 4:length(u)-3 
        reg = polyfit(y(j-3:j+3)*0.0254 - y(j)*0.0254,u(j-3:j+3),2); 



        dudy(j) = reg(2); 
    end 
     
    % Calculate the shear (tau) 
    tau_tot = mu*dudy + rho*upvp*1.1893; 
     
    % Determine max shear 
    [tau_max,~] = max(tau_tot); 
     
    % Calculate Cf 
    Cf(i) = tau_max/(1/2*rho*Uinf^2);    
end 



% Program evaluates the LEWICE2D skin friction model using a constant 
% roughness value 
% Programmer: Timothy Shannon 
% Last Modified: 12/18/17 
clear all; close all; clc 
  
% Number of x-locations to evaluate, transition location, streamwise 
array 
nn = 26; 
n = 8; 
x = ((7.7285+n-1):1:32.7285)*0.0254;                % m 
  
% For each x-location after turbulent transition import summary txt 
file 
for i = n:nn 
    file = ['MeasSummary_Pos',num2str(i),'.txt']; 
    dat  = importdata(file); 
     
    % Extract y, u, Trun, Prun, RelH, delP 
    y      = dat(:,2);                              % in 
    u      = dat(:,7);                              % m/s 
    Trun = mean(dat(:,3) + 273.15);                 % K 
    Prun = mean(dat(:,4));                          % Pa 
    RelH = mean(dat(:,5));                          % percent 
    delP = dat(:,6)*1000*9.807*0.0254;              % Pa 
     
    % Insert "wall" data point in velocity profile 
    y = [0;y+1/16]; 
    u = [0;u]; 
     
    if i == n 
        % Based on post-processed data, calculate freestream velocity,  
        % laminar momentum thickness (del2_L) from measured profile 
        Uinf = mean(u(46:60)); 
        del2_L = trapz(y(1:50)*0.0254,(u(1:50)./Uinf).*... 
            (1 - u(1:50)./Uinf));                        % m 
    end 



     
    % Determine fluid density and viscosity 
    [rho,mu,~,~,~,Pr] = MoistAirProps(Trun,Prun,RelH); 
     
    % Calculate freestream velocity (U_inf) 
    Uinf = mean(((2*delP)./rho).^(1/2));             % m/s 
     
    % Calculate turbulent momentum thickness 
    del2_T(i-n+1) = 0.036*(mu/rho)^0.2/Uinf^3.29*... 
        (Uinf^3.86*(x(i-n+1) - (x(1)-0.0254)))^0.8 + del2_L;    
end 
% Calculate skin friction coefficient 
D = 1.1019*(12/100)^2*210*2*0.0254;                  % m 
xk = 1/2*sqrt(0.15 + 0.3/0.217)*D;                   % m 
Cf = 0.3362./log(864*del2_T./xk + 2.568).^2; 

% Program evaluates the LEWICE2D skin friction model using 
% the Flack and Schultz roughness model 
% Programmer: Timothy Shannon 
% Last Modified: 12/18/17 
clear all; close all; clc 
  
% Number of x-locations to evaluate, transition location, streamwise 
array 
nn = 26; 
n = 8; 
x = ((7.7285+n-1):1:32.7285)*0.0254;                % m 
  
% Import ks data 
dat = importdata('ks_correlation.txt'); 
x_ks = dat(:,5); x_ks(isnan(x_ks)) = []; 
ks = dat(:,6); ks(isnan(ks)) = []; 
  
% For each x-location after turbulent transition import summary txt 
file 
for i = n:nn 
    file = ['MeasSummary_Pos',num2str(i),'.txt']; 
    dat  = importdata(file); 
     
    % Extract y, u, Trun, Prun, RelH, delP 
    y      = dat(:,2);                              % in 
    u      = dat(:,7);                              % m/s 
    Trun = mean(dat(:,3) + 273.15);                 % K 
    Prun = mean(dat(:,4));                          % Pa 
    RelH = mean(dat(:,5));                          % percent 
    delP = dat(:,6)*1000*9.807*0.0254;              % Pa 
     
    % Insert "wall" data point in velocity profile 
    y = [0;y+1/16]; 
    u = [0;u]; 
     

 
 



if i == n 
        % Based on post-processed data, calculate freestream velocity  
        % laminar momentum thickness (del2_L) from measured profile 
        Uinf = mean(u(46:60)); 
        del2_L = trapz(y(1:50)*0.0254,(u(1:50)./Uinf).*... 
            (1 - u(1:50)./Uinf));                        % m 
    end 
     
    % Determine fluid density and viscosity 
    [rho,mu,~,~,~,Pr] = MoistAirProps(Trun,Prun,RelH); 
     
    % Calculate freestream velocity (U_inf) 
    Uinf = mean(((2*delP)./rho).^(1/2));             % m/s 
     
    % Calculate turbulent momentum thickness 
    del2_T(i-n+1) = 0.036*(mu/rho)^0.2/Uinf^3.29*... 
        (Uinf^3.86*(x(i-n+1) - (x(1)-0.0254)))^0.8 + del2_L; 
     
    % Calculate ks for each x postion 
    xk(i-n+1) = interp1(x_ks,ks,x(i-n+1)/0.0254)*0.0254;     
end 
% Calculate skin friction coefficient 
Cf = 0.3362./log(864*del2_T./xk + 2.568).^2; 



% Program evaluates the LEWICE2D convection model using a constant 
% roughness value 
% Programmer: Timothy Shannon 
% Last Modified: 06/28/18 
clear all; close all; clc 
  
% Scaled leading edge diameter (m) 
D = 1.1019*(12/100)^2*210*2*0.0254; 
  
% Roughness height (m) 
xk = 1/2*sqrt(0.15 + 0.3/0.217)*D; 
  
% Thermocouple distance from leading edge (m) 
x_TC = [3.3583;4.7283;6.1085;9.4785;11.2285;18.4785;25.7285;32.9785]; 
  
%% 113012.05 Surface Data 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
rho  = 1.1858;                               
mu   = 1.8714E-5;                            
k    = 0.0258;                             
Pr   = 0.7311;                               
Uinf = 6.7881;  
  
% 113012.05 skin friction data 
dat = importdata('CfLEWICE_113012_05.txt'); 
Cf_05 = dat(:,1); 
Re_05 = dat(:,2); 
  
% Calculate ks_plus 
ks_plus = Uinf*(xk)*sqrt(Cf_05/2)/(mu/rho); 
  
% Calculate St_k 
St_k = 1.92*ks_plus.^(-0.45)*Pr^(-0.8); 
  



% Calculate St_corr_05 
St_corr_05 = (Cf_05/2)./(0.9 + sqrt(Cf_05/2).*St_k.^(-1)); 

% Program evaluates the LEWICE2D convection model using the 
% Flack and Schultz roughness model 
% Programmer: Timothy Shannon 
% Last Modified: 06/28/18 
clear all; close all; clc 
  
% Load ks data 
ks = importdata('ks_correlation.txt'); 
  
% Thermocouple distance from leading edge 
x_TC = [3.3583;4.7283;6.1085;9.4785;11.2285;18.4785;25.7285;32.9785]; 
  
%% 113012.05 Surface Data 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
rho  = 1.1858;                               
mu   = 1.8714E-5;                            
k    = 0.0258;                             
Pr   = 0.7311;                               
Uinf = 6.7881;  
  
% 113012.05 skin friction and sand grain roughness data 
dat = importdata('CfLEWICE_ks_113012_05.txt'); 
Cf_05 = dat(:,1); 
Re_05 = dat(:,2); 
  
% Determine ks variation 
x_05 = ks(:,1);     x_05(isnan(x_05)) = []; 
ks_05 = ks(:,2);    ks_05(isnan(ks_05)) = []; 
ks_05 = interp1(x_05,ks_05,(13.7285:1:32.7285)); 
  
% Calculate ks_plus 
ks_plus = Uinf*(ks_05*0.0254)'.*sqrt(Cf_05/2)/(mu/rho); 
  
% Calculate St_k 
St_k = 1.92*ks_plus.^(-0.45)*Pr^(-0.8); 
  
% Calculate St_corr_05 
St_corr_05 = (Cf_05/2)./(0.9 + sqrt(Cf_05/2).*St_k.^(-1)); 
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