ME521 Really Advanced Fluid Mechanics

Hwk 1c -- Computer Project -- Due February 4, 2003
A plastic toy rocket is propelled by a jet of water forced out the nozzle by compressed air. Your assignment is to create a model of a rocket and determine the optimum initial water mass in the rocket. This will require using the conservation of mass and momentum in an unsteady manner. 

Conservation of mass. The mass of the rocket changes continuously with time as water leaves. Neglect the mass of the air.

Velocity at the nozzle exit can be calculated from the Bernoulli equation.  For simplicity, use the steady Bernoulli equation and ignore gravitational effects and the velocity of the air-water interface inside the rocket. The air pressure will change continuously as the water leaves and the air expands. We can assume that the expansion is isentropic (i.e., adiabatic and reversible).

Conservation of momentum. The acceleration of the rocket, as a function of time, is determined from a momentum study in the vertical direction. For simplicity assume all the water inside the rocket has the same velocity as the rocket itself. The momentum flux from the water is the driving force and the acceleration of gravity opposes it.  Neglect air drag on the outside.

Numerical time marching. The equations are nonlinear with time-varying coefficients.  The only way to solve them is to do it numerically.  We can do this by a time-marching technique called an explicit Euler technique.  For example, consider the spring-mass-damper system
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where x is the displacement of mass m, $b$ and $k$ are the damper and spring constants, and $f$ is a forcing term.  We can solve this by marching in time by forming a system of first order equations formed from the following Taylor series equations: 
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To start, we set t=0 and set (t to a small value. All of the terms on the right-hand side are known from initial conditions except for 
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) which is determined from the differential equation.  Then the process is repeated with the terms on the right-hand side evaluated at t=(t to find the values for t=2(t… 

For the rocket problem, you will need (at least) three first-order equations for z, 
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z and m.  (A fourth equation for $Vnozzle is needed if you decide to solve the unsteady Bernoulli equation. You will need to use small time steps until the water or pressure “runs out”. Then a larger time step is sufficient. The minimum information you will need is given below:   

M_{rocket}= .0184 kg


Vrocket=74.9 x 10-6 m3
Pinit=5 atm 



Dnozzle=.0055m

where P is considered gauge pressure. Your write-up should be approximately 3 pages long (excluding figures and program listing or output) and contain the following items in an appropriate order:
1. Problem statement---including sketch, governing equations and list of assumptions 

2. Solution method---including brief discussion of any ``canned" subroutines 

3. Error analysis (show that your $\Delta t$ is sufficiently small) 

4. Find the optimum original mass of water (by ``trial and error" analysis, a figure would be nice) 

5. Conclusions and Recommendations 

  appendix--computer program listing (Fortran, Basic, Pascal, whatever) 

  appendix--sample computer output \end{enumerate} 
Some suggestions for model improvements:  Use the unsteady Bernoulli equation 

1. Include air-water interface velocity and gravity in Bernoulli. (Shape data available from WWS.) 

2. Add head loss to the Bernoulli equation 

3. Add a drag coefficient to the rocket
4. Consider Rocket rotation

Volume fluid vs. Height in rocket when upside-down
 ht    vol

    cm    ml(cc)

2.15  10

3.7   20

4.9   30

5.9   40

6.95  50

8.15  60

9.65  70

11.2  73

  12.7  74.5    
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