MATLAB Routines – ODEs

ODEProb – routines for Taylor Methods, solving a couple of examples.

Freefall – 

h0=100;
tmax=5;
tmin=0;
[t,y]=ode45('odef',[tmin tmax],[h0;0]);
plot(t,y(:,1),'k')
hold on
[t,y]=ode45('gravf',[tmin tmax],[h0;0]);
plot(t,y(:,1),'r.')
hold off
	function dy=odef(t,y);
dy(1,1)=y(2);
dy(2,1)=-9.8;

	function dy=gravf(t,y);
G=6.67E-11;
M=5.97E24;
R=6375000;
dy(1,1)=y(2);
dy(2,1)=-G*M/(R+y(1)).^2;
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freefall1 (uses saveeps)
Damped Freefall

h0=100;
tmax=5;
tmin=0;
[t,y]=ode45('odef',[tmin tmax],[h0;0]);
plot(t,y(:,1),'k')
hold on
[t,y]=ode45('gravf',[tmin tmax],[h0;0]);
plot(t,y(:,1),'r.')
[t,y]=ode45('dgravf',[tmin tmax],[h0;0]);
plot(t,y(:,1),'b--')
hold off
	function dy=gravf(t,y);
G=6.67E-11;
M=5.97E24;
R=6375000;
m=90;
C=.8;
A=1;
rho=1.29;
dy(1,1)=y(2);
dy(2,1)=-G*M/(R+y(1)).^2+.5*rho*C*A*y(2).^2/m;
	function dy=gravf2(t,y);
G=6.67E-11;
M=5.97E24;
R=6375000;
m=90;
C=.8;
A=1;
rho=1.29;
dy(1,1)=y(2);
dy(2,1)=-G*M/(R+y(1)).^2+.5*density(y(1))*C*A*y(2).^2/m;

	function D=density(y)
H=y*3.28084;
N=length(H);
for i=1:N
    h=H(i);
    if h<36152
        D(i)=2116*(1.000192827-0.6864635557e-5*h)^5.256/...
            (8.911266*10^5-6.11608*h);
    elseif (h>36152 & h<82345) 
        D(i)=0.7066418961e-3*exp(1.73-0.48e-4*h);
    elseif h>82345
        D(i)=51.97/((.6529822044+0.4205343863e-5*h)^11.388...
            *(4.3748870*10^5+2.81752*h));
    else
        D(i)=0;
    end
end



** Here y is in units of meters. In the next code h is in km.
% Exponential fit using fminsearch
 h =  linspace(0,40,1000);
 D = density(h*1000);
% Define exponential function
 f = @(x,p) p(1) + p(2)*exp(-x./p(3));
% define the error function. 
 errf = @(p,x,y) sum((y(:)-f(x(:),p)).^2);
% an initial guess of the exponential parameters
 p0 = [mean(D) (max(D)-min(D)) (max(h) - min(h))/2];
% search for solution
 P = fminsearch(errf,p0,[],h,D); 
% plot the result
 figure(1)
 plot(h,D,'k',h,f(h,P),'b-')
% Compare to linearization approach
 LD=log(D);
 X=h'; Y=LD';
 B = [ones(length(X),1) X] \ Y;
 Y2=B(2)*h+B(1);
 figure(2)
 semilogy(h,exp(Y2),'b') 
 hold
 semilogy(h,D,'k')
 hold
 figure(3)
 plot(h,density(h*1000),'k')
 hold
 plot(h,exp(Y2),'b')
 hold
 % Output function
 display('Function:')
 display([num2str(P(1)) ' + ' num2str(P(2)) ' exp(-x/' num2str(P(3)) ')'])
[image: image2.emf]0 10 20 30 40

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4


Densityfit – leads to fit:               -0.031287 + 1.3042 exp(-x/8.9719)
Attempt to use linearization before fit – 
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Densityfit2
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Densityfit3  - using fit from last figure as compared to data 

Density data based on http://www.grc.nasa.gov/WWW/k-12/rocket/atmos.html 
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For h > 82345 (Upper Stratosphere)
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For 36152 < h < 82345 (Lower Stratosphere)
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For h > 25000 (Upper Stratosphere)
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For 11000 <h < 25000 (Lower Stratosphere)

o (1.73 - 000157 h)
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Properties
Density = p

Pressure =p  Temperature =T  Volume =V

Mass =M
Observations
Boyle: For a given mass, at constant temperature, the
pressure times the volume is a constant. pVvV =C,
Charles and
Gay-Lussac:

For a given mass, at constant pressure, the volume
is directly proportional to the temperature. V=C,T
Combine:

pVIT =n A R =831J/mole/K°

(Universal)
pv =nAT n = number of moles
X, Divide by mass: pv=.1 g ~ Specific Volume =v

y= volume _ 1

mass P
pv=RT or p=RpT
= Constant value for each gas
= 286 kl/ kg/K® (for air)





