
Lab (S/L2) – Rocket Trajectory Calculation

Reading: Lab 2 Notes — Trajectory Calculation

Learning Objectives

• Introduction to numerical solution of ODEs
• Determination of numerical integration method accuracy
• Prediction of thrust burn time effects on projectile trajectory

Procedure

Implement a numerical algorithm for integration of the trajectory ODEs given in the notes.
The various parameters appearing in the equations, m0, ṁfuel, A, ∆t, etc. must be easily
changable in your program. Using a spreadsheet is suggested, although MATLAB, C, etc.
are OK.
Unless otherwise noted, set the parameters in your program to the following baseline values,
corresponding to a typical model rocket launched from a standstill.

h0 = 0 m
V0 = 0 m/s
m0 = 0.15 kg

mfuel = 0.03 kg
ue = 550 m/s
A = 0.001 m2

ρ = 1.22 kg/m3

CD = 0.35

You will first perform a simple test case to check the correctness of you program, and then
you will investigate the effect of varying the fuel burn rate ṁfuel on rocket performance.

Calculations and Reporting

1a) As a test case, run your simulation program with the following inputs, corresponding to
an impulsive launch, followed by a ballistic flight in vacuum.

V0 = 65 m/s
ṁfuel = 0 kg/s

ρ = 0 kg/m3

Also derive the exact solution V (t), h(t) for this case. Note that m(t) = m0 is trivial.

1b) Perform three separate calculations for ∆t = 0.2 s, 0.05 s, 0.01 s, until hi ≤ 0 (rocket
lands back on the ground). Plot all three hi curves versus time on one plot, and also include
the exact h(t) solution.

1c) Does your algorithm appear to be consistent? (see Lab 2 Notes). Explain.
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2a) Using the baseline parameter values, together with ρ = 0 to simulate launch in vacuum,
perform calculations for the following burn rates:

ṁfuel = 0.005 kg/s
ṁfuel = 0.015 kg/s
ṁfuel = 0.03 kg/s
ṁfuel = 0.06 kg/s
ṁfuel = 0.12 kg/s

Pick a suitable ∆t for acceptable accuracy for each case. You may wish to determine the
burn time for each case to help select ∆t. Plot all the h(t) trajectories overlaid. Explain
physically why the maximum altitude depends on the burn rate. (Hint: Consider what really
might happen if a very slow burn rate, e.g. ṁfuel = 0.001 kg/s is used.)

2b) Now using all the baseline parameter values, perform calculations for the same burn
rates as in 2a). Plot all the h(t) trajectories overlaid. Explain physically why the optimum
burn rate for this case differs from that in 2a). Specifically, what are the loss mechanisms if
the fuel is burned i) too slowly, or ii) too quickly in this case?

Note: Save your spreadsheet or MATLAB program!
It will be a good starting point for simulating water rocket performance in a later lab.
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