Problem 9.25:

25.*% The equation of motion of a rocket-propelled sled is, from Newton’s law,
mv = f — cv

where m is the sled mass, fis the rocket thrust, and ¢ is an air resistance
coefficient. Suppose that m = 1000 kg and ¢ = 500 N - s/m. Suppose also
that v(0) = 0 and f = 75,000 N for # = (. Determine the speed of the sled
att = 10s.

Problem setup:

Use the Predictor-Corrector method to solve this problem. Solve the differential equation for
dv/dt:

dv 1

E:E(f_cv) =g(t,v)

Approximate the derivative as follows:

dv _ (v(t + At) — v(t)) B
dt At =9y

where At is the time step size. Solve for v(t + At):
v(t + At) = v(t) + g(t,v)At

Put this equation into a form appropriate for computer solution. This is called the Difference
Equation:

v(try1) = v(ty) + glte, v(tx)]At; where ty,q =t + At
Rewrite this equation as follows. This is the Euler Predictor Difference Equation:
X1 = Vi + g(t, Vi) AL

This represents a preliminary estimate for v, .4, which is designated as x;,, to avoid confusion.
This estimate is then corrected using the Trapezoidal Corrector Difference Equation:

At
Vg1 = Vg + > [9(tk, vi) + g(trs1, Xit1)]

Substitute the expression for g(t, v) into the difference equations:



1 A
Ywr = vk | (F = v Bt = v+ = (= ewy)

Vk+1 = Vk +E < (f - Cvk)> <%(f_ ka+1)>l

= v, + ZA—m[(f —cv) + (f —cxpqq) |

At
Vg1 = Vi + o [2f — c(Vk + xp41)]

In the problem statement, the initial condition is
v(0) =0, m =1000kg, f =75,000N, and c = 500 % Let At = 0.1.

Predictor:

—— (75,000 — 500v;,)

_ N At( ) = 0.1
Xk+1 = Vg m f—cv) = 1000

Corrector:

At A
Vis1 = Uk + o [2f — c(vg + xp11)] = 2000 =———[150,000 — 500 (vy + x41)]

Fork =1:

Predictor:

0.1 0.1
X, = V1 + 7555(75,000 = 5000;) = (0.0) + 755 (75,000 — 500(0.0)) = 7.5

Corrector:

vy, = vy + o1 [150,000 — 500(v; + x,)] = (0.0) + oL [150,000 — 500((0.0) + (7.5))]

2000 2000
= 7.3125
Fork = 2:
Predictor:
= O 5 000 = 5000,) = (7.3125) + —= (75,000 — 500(7.3125)) = 14.4469
T v2) = ( )+ 1000 -

Corrector:



A1
——[150,000 — 500(v, + x3)]

Vs = V2% 2000
0.1
= (7.3125) + 505 [150 000 — 500((7.3125) + (14.4469))] = 14.2685
Fork = 3:
Predictor:
Xy = (75 000 — 500v3) = (14.2685) + 0—(75 000 — 500(14.2685))
1000 1000
= 21.0551
Corrector:
= 1 ——[150,000 — 500(v5 + x4)]
Vs = Y3t 5000 Va T %4
0.1
= (14.2685) + 5005 [150,000 — 500((14.2685) + (21.0551))] = 20.8854

1 % Problem 9.25

2 - clear

3= cle

4 — disp('"Problem 9.25: Scott Thomas')

5

g - m= 1000:% kg

T = c = 500;% N-=/m

g - f = T75000;% W

9

10 - W = 10;:

11 — delta t = 0.1;

12 — v = zeros(1,H):;

1zt (= Tt = zero=(1,H);

14 - vi(l) = 0.0;

15 — for k= 1:H

16 — X({k+1l) = wik) + delta_t,-’rr.*l:f - c*v(k)):

17 - vik+l) = w(k) + delta t/(2*m)*(2%f - c*(vik)+ x(k+1)));

18 — t{k+1) = t(k) + delta t;

19 — end

20 — =

21 - v

22 — T

23
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a 7.5000 14.4469 21.0551 27.3412 33.3208
v =

Q 7.3125 14.2685 20.8854 27.1788 33.1e72
&

a 0.1000 0.2000 0.3000 0.4000 0.5000

Time-Step independence study:

% Problem 9.25

clear

clc

disp('Problem 9.25: Scott Thomas')

1000;% kg
= 500;% N-s/m
f = 75000;% N

Nn =3
|

N = 100;

delta_t = 0.1;

v = zeros(1,N);

t = zeros(1,N);

v(1l) = 0.0;

for k = 1:N
x (k+1) v(k) + delta_t/m*(f - c*v(k));
v(k+1l) = v(k) + delta_t/(2*m)*(2*f - c*(v(k)+ x(k+1)));
t(k+1) = t(k) + delta_t;

end

N2 = 10;

delta_t2 = 1.0;
v2 = zeros(1,N2);
t2 = zeros(1,N2);

39.

v2(1) = 0.0;

for k = 1:N2
x2(k+1) = v2(k) + delta_t2/m*(f - c*v2(k));
v2(k+1l) = v2(k) + delta_t2/(2*m)*(2*f - c*(v2(k)+ x2(k+1)));
t2(k+1) = t2(k) + delta_t2;

end

N3 = 1000;

delta_t3 = 0.01;
v3 = zeros(1,N3);
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t3 = zeros(1,N3);

v3(1) = 0.0;
for k = 1:N3
x3(k+1) = v3(k) + delta_t3/m*(f - c*v3(k));
v3(k+1l) = v3(k) + delta_t3/(2*m)*(2*f - c*(v3(k)+ x3(k+1)));

t3Ck+1) = t3(k) + delta_t3;
end

plot(t3, v3, t,v, t2, v2)

xlabel('Time t (seconds)'), ylabel('Rocket Sled Speed v(t) (m/s)')

title('Problem 9.25: Scott Thomas')

Tegend('\Delta t = 0.01','\pelta t = 0.1","'\DPelta t = 1.0', 'Location', 'SouthEast')
%axis([0 50 5 25])
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