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Problem #2 continued

ME 331 Homework 3 - Problem 2

J— Steady state Temperature Distribution within Cylinder
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%% Plot temperature profiles for new and old tips

r = 0:le-5:1.5e-3;

R =1.5e-3; $m

k = 373; %W/m-K

% New tip - convection onlt

gnew = 1.09e7; %SW/m"3

Tnew = (gnew/ (4*k))* (R"2-r."2)+673;

% 0ld tip - convection plus radiation
gqold = 2.37e7; SW/m"3

Told = (gold/ (4*k))*(R"2-r."2)+673;

figure(l); clf

plot (1000*r, Tnew-273, 'k', 'Linewidth',1.6); grid on; hold on
plot (1000*r, Told-273, 'k--"', 'Linewidth',1.6);

xlabel('r (m)'); ylabel('Temperature ("oC)")

legend('New tip','Old tip')

title({'ME 331 Homework 3 - Problem 2';'Steady state Temperature Distribution
within Cylinder'})
set (gca, 'Fontsize',13)
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Problem #3 continued

ME 331 Homework 3 - Problem 2

Temp of new and aged tips as a function of t after power off

400
L —New tip
350 ! - - Aged tip| |
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Comments:

The aged tip cools more rapidly due to radiation.

(see MATLAB code below)
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Problem #3 continued

$% ME331 : Homework 3
P3

o
o

r = 1.5e-3; L = 0.01; $m

k = 393; c = 397;

V = pi*(r"2)*L; A = pi*r*2 + 2*pi*r*L;
Lc = V/A

h = 20;

Bi = h*Lc/k

rho = 8933; sigma = 5.67e-8; epsilon = 0.8;
Tinf = 293; To = 673;

%% Plot new tip Temps

= 0:2:1000;

= Tinf+ (To-Tinf) *exp (- (h*A/ (rho*V*c)) *t) ;

ENs
[

figure(l); clf
plot (t/60,T-273,'k', 'Linewidth',1.6); grid on; hold on

%% Plot old tip temps
const = -A/ (rho*V*c);
fun = @(T) (const*( h*(T-Tinf) +epsilon*sigma* (T"4-Tinf"4) ) );

deltat = le-2; %small time step 1/100 s
t = 0:deltat:1000;

T = zeros(size(t));
T(1l) = 673; %initial condition
for k = 2:1length(t)
T(k) = T(k-1) + deltat*fun(T(k-1));
end

plot(t/60,T-273, 'k--", 'Linewidth',1.6);
xlabel ('time (min)'); ylabel ('Temperature (%oC)"')
legend ('New tip', 'Aged tip')

title({'ME 331 Homework 3 - Problem 2';

'Temp of new and aged tips as a function of t after power off'})

set (gca, 'Fontsize',13)

x1im ([0 157)

12
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Fo=0.05; t=0.1255 hours
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Fo=0.001; t=9.036s

19

RMSE computed from the 5 the error between the 1% term and five terms approximations.
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Comments:

We see that for large enough values of the Fo number the series converges pretty quickly (as seen in the
RMSE plor above). However the series does not converge quickly early in the process (at small t, small
Fo). For instance, as appreciated in the plot for Fo = 0.001 it is evident that we need many more terms in
the series to obtain an accurate solution.

MATLAB code:

clear; clc
%% ME331 : Homework 3

%% Problem 4

% properties

rho = 2050; k = 0.52; ¢ = 1840; alpha = k/(rho*c);
L = 4e-2;

% solution of eqgn 5.60

fun = Q@(w) (erf(w)-5/9);

w = fzero(fun,0.54) ;

Zmin = 2*w*sqrt (alpha*100*3600*24); % Zmin in m

%% Problem 5

% Properties

rho = 720; k = 0.16; ¢ = 1255; alpha = k/(rho*c)
h = 80; % W/ (m"2-K)

% for valid one term approx

tone = 0.2*(L"2)/alpha % t in s

o\°
o\°

% find the zeta n and Cn

Bi = h*L/k
fun = Q@(x) (x.*tan(x)-Bi);
pnn = 1;
aold = -2;
zeta = [];
for knn = 0.3:0.5:30
a = fzero(fun, knn) ;

if abs(fun(a))<le-9
if abs(a-aold)>le-6

zeta (pnn) = a;
pnn = pnn+l;
aold = a;

end
end
end




zeta = unique (zeta);

zeta = zeta'; % 1 like column vectors
Cn = 4*sin(zeta) ./ (2*zeta+sin (2*zeta));
[zeta Cn]

Tinf = 925+273.15;
To = 25+273.15;
x = linspace(0,0.04);

%% PLot first inaccurate
krm = 1;
figure(l); clf
for FoM = 1:4
Fo = 0.05*FoM; t = (L"2)*Fo/alpha;
for nterms = 1:5
T = Temp_sol(x,t,zeta,Cn,To,Tinf,L,alpha,nterms);
eval (['subplot 22" num2str (FoM) ])
plot (x*100,T-273.15, "Linewidth',1.4); hold on
end
xlabel ('x (cm)'"); ylabel ('T ("oC)'); grid on
title(['Fo = " num2str (Fo) ' ; ' num2str (t/3600) ' hours'])

t:
'n=5"', 'Location', "Northwest')

legend('n=1", 'n=2"', 'n=3"', 'n=4",
% get RMSE

Fofo (krm) = Fo;
RMSE (krm) = sqgrt (mean((T -

Temp sol (x,t,zeta,Cn,To,Tinf,L,alpha,1)).”2)); % Root Mean Squared Error
krm = krm+1l;

%% PLot accurate
figure(2); clf
for FoM = 1:4

Fo = 0.25*FoM; t = (L"2)*Fo/alpha;
for nterms = 1:5
T = Temp_sol(x,t,zeta,Cn,To,Tinf,L,alpha,nterms);

eval (['subplot 22" num2str (FoM)])
plot (x*100,T-273.15, 'Linewidth',2); hold on

end
xlabel ('x (cm)'); ylabel('T ("oC)'"); grid on
title(['Fo = ' num2str(Fo) ' ; t = ' num2str(t/3600) ' hours'])
legend('n=1"', 'n=2"', 'n=3', 'n=4"', 'n=5"', 'Location', 'Northwest")
Fofo(krm) = Fo;
RMSE (krm) = sqgrt (mean ((T -

Temp sol(x,t,zeta,Cn,To,Tinf,L,alpha,1l)).”2)); % Root Mean Squared Error
krm = krm+1;

end

[Fofo' RMSE']

%% for very small Fo
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figure(3); clf
Fo = 0.001; t = (L"2)*Fo/alpha;
for nterms = 1:9
T = Temp_sol(X,t,zeta,Cn,To,Tinf,L,alpha,nterms);
plot (x*100,T-273.15, 'Linewidth',2); hold on
end
xlabel ('x (cm)'"); ylabel ('T ("oC)'); grid on
title(['Fo = " num2str(Fo) ' ; t = ' num2str(t) ' s'])
legend ('n=1"
'Location', "Northwest')
set (gca, 'Fontsize', 14)

figure(4); clf

plot (Fofo,RMSE, 'r', 'Linewidth',2); xlabel ('Fo'); ylabel ('RMSE (K)')
grid on

title ('RMSE vs Fo')

function [ T ] = Temp sol(x,t,zeta,Cn,To,Tinf,L,alpha,nterms)
SUNTITLED2 Summary of this function goes here
% Detailed explanation goes here
m = length(x) ;
theta = zeros(size(x));
zeta = zeta(l:nterms);
Cn = Cn(l:nterms);
Fo = alpha*t/(L"2);
for km = 1:m
theta (km) = sum(Cn.*exp (- (zeta.”2)*Fo).*cos (zeta.*x (km)./L));
end

T = Tinf+ (To-Tinf) *theta;

end
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