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LECTURE #10
Numerical Solution of Boundary-Value 
Differential Equations



Shooting Method

An initial-value technique
Use successive approximation to solve for 
the missing initial conditions. 
It can utilize highly efficient initial value 
procedure. 
Shooting can be tried from either end of the 
BVP. 



Shooting Method Algorithm

Problem:
Guess initial condition for y2 : 
Integrate the system forward, 
calculated y2 at xf is 
Define the function

Solution : 
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Shooting Method
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HW

Solve the problem of 
flow of a Newtonian 
flow fluid in a pipe 
described by the 
equation:
Compare the solutions 
obtained using the 
shooting method, finite 
difference and MATLAB 
bvp4c solver
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% Canonical Form : z1= y, z2=y', z3=v, z4=v'
% z1'= z2               =f1
% z2'= -1/mu*DP/L-1/rz2  =f2
% z3'= df1/dz1*z3+df1/dz2*z4 = z4
% z4'= df2/dz1*z3+df2/dz2*z4 =-1/r*z4
R=0.0025
yb=0
eps=0.0001;
maxiter=10;
a=0; b=R;
rspan=[a:0.0001:b];
i=1;
t(i)=0.3
tol=1.0
while ((tol > eps) & i< maxiter)

z0=[t(i) 0 1 0]';
[x,z]=ode23('funchw9', rspan, z0)
[n,nn]=size(z)
m(i)=z(n,1)-yb
tol=abs(m(i));
t(i+1)=t(i)-m(i)/z(n,3)
i=i+1;

end
plot(x,z(:,1));

function zp=funchw9(x,z)
% z1'= z2               =f1
% z2'= -1/mu*DP/L-1/rz2  =f2
% z3'= df1/dz1*z3+df1/dz2*z4 = 
z4
% z4'= df2/dz1*z3+df2/dz2*z4 =-
1/r*z4
mu=0.492; DP=2.8*10^5; L=4.88; 
R=0.0025;
par=-1/mu*DP/L
zp(1)=z(2);
zp(2)=par-1/(x+0.00001)*z(2);
zp(3)=z(4);
zp(4)=-1/(x+0.00001)*z(4);
zp=zp'





Finite Difference Method
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R=0.0025
N=20
h=R/20
for n=1:N-1

r(n)=n*h
vo(n)=0.1

end
v=fsolve('bvp_fd1',vo)

function f=bvp_fd1(v)
%f= i*h*(v(i+1)-2v(i)+v(i-1))/h^2+1.166*10^5*i*h+(v(i+1)-v(i))/h
% Span; 0: R
% h=R/10
R=0.0025
N=20 % number of nodes
h=R/N;
% First Boundary condition
v0=v(1)
%First node
i=1
f(1)=i*h*(v(i+1)-2*v(i)+v0)/h^2+1.166*10^5*i*h+(v(i+1)-v0)/h;

for i=2:N-2
f(i)=i*h*(v(i+1)-2*v(i)+v(i-1))/h^2+1.166*10^5*i*h+(v(i+1)-v(i))/h;

end
%Last node
v(N)=0
i=N-1
f(i)=i*h*(0-2*v(i)+v(i-1))/h^2+1.166*10^5*i*h+(0-v(i))/h;





MATLAB command
function dydr = ge501pvb2(r,y)
% y''=-1/mu*DP/L-1/ry' y'(0)=0, y(R)=0
mu=0.492; DP=2.8*10^5; L=4.88; R=0.0025;
par=-1/mu*DP/L
dydr = [ y(2);  par-1/(r+0.000000001)*y(2)];

function res = ge501_bc2(ya,yb)
res = [ ya(2);   yb(1) ];

solin=bvpinit([0 0.001 0.0015 0.002 0.0025],[0.1 0.1]);

sol=bvp4c(@ge501pvb2,@ge501_bc2,solin);
rint=linspace(0,0.0025);
vint=deval(sol,rint);
plot(rint,vint(1,:))





Methods of Weighted Residuals

Reduces domain dimensions
Approximates solution by ”trial” function
Trial function form is specified but has adjustable 
coefs.
Trial function chosen so as to satisfy BCs
For efficiency → trial functions are linearly 
independent!
Residual (distance between exact and approximated
solns.) made zero



MWR Concept 
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MWR methods
1. Collocation method
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2. Subdomain method
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HW.5

Consider the reaction-diffusion 
problem in a spherical domain. 
The reaction rate expression is 
used to describe the Michaelis-
Menten reaction in Biological 
systems. The nondimensional
form is given as
Solve the problem using:

Shooting method
Finite difference method
MATLAB bvp4c 
MWR methods
FEMLAB
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