This is a full development of the “Water Rocket” example for the implications of the Linear Momentum Equation.  An added feature to this presentation is the scaling of the variables by characteristic values of the different variables.  For  note pages 1-3 one uses as scaling parameters::

Mass = Mass of rocket= MR

Length= Ae1/2

Velocity = Velocity of fuel relative to rocket = Vf/r

Force = Inertia of exhaust flow = (Vf/r2Ae

Time= Ae1/2/Vf/r

Density= (e
This permits one to define dimensionless groups, which characterize the problem such as:

Script R =Dimensionless Density ratio

Script F = Dimensionless Gravity effects = sort of a Froude number

Script A = Dimensionless Area ratio

Script E = Dimensionless Mass ratio

Script V = Dimensionless rocket velocity

Script Tau = Dimensionless time

On page 2 the two conservation equations from page 1 are recast into a dimensionless format

On page 3 is shown a solution for a rocket launched in space with no gravity effects, no surrounding atmosphere and no drag.  

The curves show the resultant mass fuel decrease to zero, the acceleration that increases to a maximum at which point the fuel is gone and acceleration drops to zero, the velocity that increase to a maximum and then the rocket continues at constant velocity, and a distance traveled from the origin.

_________________________________________________________________

Finally page 4 shows what happens to the equations if one uses a scaling 

Mass = Mass of initial fuel = Mfo
Result has the same format but dimensionless time is different. 
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