Class 26 – Boundary Value ODEs (Chp. 24)
ChE310_Sec1_F2019 / 11.21.19
http://www.reuelgroup.org/numerical-methods-che-310.html 

Announcements:
· Phase II memo returned.  Class project due 12.10 for demo!
· Thanksgiving break! Have a good safe one.  Sleep!
· Dec 3 – Recorded Lecture (Reuel flying to Boston)
· Dec 5 – Prof. Roling practice of ODE
· Final is Dec. 19 from 7:30 to 9:30 AM
Warm Up Group Activity: submit to Slack by 2:25 pm. 
Solve the following ODE and plot solutions with:
a) Analytical method
b) Using a 2nd order RK method of your choice
c) Using the 4th order RK method (code your own)
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Outline for Class 27 Lecture
1. Boundary Value Problems vs. IVP
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Boundary values
· Constants (Dirichlet Boundary Conditions)
· Rates (flux, gradient, insulated)
· Neumann Boundary Conditions
· Two ways to solve numerically:
· Shooting method
· Finite difference method (mesh w/ nodes)
2. Shooting Method
“For linear ordinary differential equations can use interpolation.  For nonlinear you can use root finding.”
[bookmark: _GoBack]DEMO - https://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.html 
(interpolation as linear, doesn’t work w/ air resistance)
Examples:
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3. Finite Difference Method: ODE sys of eqns.
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a. These result in sparse matrices (tridiag)
Example (return to the heated rod)
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Another example of Neumann Boundary value problem solved with finite difference method (24.14)
[image: ]24.14 (book)
image2.png
dy,
o =fieny)

dy,
7,2 = ft 130

whereat? = 0,y, =y, gandy, = y, o

¥y
Yo Y1
Initial conditions. -
Y20
0 t
2 (a)
&
=L = rey)
3 Jexy
where atx = 0,y
x=LYy Boundary
¥y condition
Y
Boundary
condition ~——
1
0 L ox

(b)




image3.png
24.3 Use the shooting method to solve
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with the boundary conditions y(0) = 5 and y(20)
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24.21 Suppose that the position of a falling object is gov-
erned by the following differential equation:

d*x  cdx

where ¢ = a first-order drag coefficient = 12.5 kg/s, m =
mass = 70 kg, and g = gravitational acceleration = 9.81 m/s>.

Use the shooting method to solve this equation for the
boundary conditions:

x(0)=0
x(12) =500
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24.16 The basic differential equation of the elastic curve for
a simply supported, uniformly loaded beam (Fig. P24.16) is
given as

where E = the modulus of elasticity, and / = the moment of
inertia. The boundary conditions are y(0) = y(L) = 0. Solve
for the deflection of the beam using (a) the finite-difference
approach (Ax = 0.6 m) and (b) the shooting method. The
following parameter values apply: E = 200 GPa, I =
30,000 cm*, w = 15 kN/m, and L = 3 m. Compare your

numerical results to the analytical solution:
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FIGURE P24.14
A biofilm growing on a solid surface.
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