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Cadet Lectures



  

Physics of Aircraft Instrumentation



  

Velocity – the Pitot Tube



  

Conservation of energy

Pressure/ρ + gravitational potential + kinetic energy = constant
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Neglecting elevation
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Flowing Pressure chamber

But v2=0

so v1=√ 2
ρ×( p2− p1)



  

Heading - the Gyrocompass



  

The Gyroscope



  

Torque changes angular momentum

F=ma

In rotation, the equivalent becomes

M= I×α= I×
dω

dt
=
d
dt
I ω

But I ω=L(angular momentum)

so M=
dL
dt



  

To become a gyrocompass
it must precess to follow earth's 

rotation



  

To precess we need torque applied

One method, used by Sperry, is to attach a mercury U-tube to the 
gimball points at right angles to the desired rotation axis providing an 
unbalanced force when the earth rotates.



  

When the earth rotates



  

Rocketry



  

Model rocketry
height, velocity and drag



  

How high by observation



  

Inclinometer



  

Published Impulse



  

What is its initial velocity?

Impulse = change in momentum

Impulse = ∫ F dt

Change in momentum = mv2−mv1

But v1=0

So v2=
I
m



  

How high, ideally?

It's simple if you consider conservation of energy

Energy at lift off 
1
2
mv2

Energy at peak altitude m g h

Equating h=
v2

2
g

More precisely 
h=

(m1
v2

2
)

(m2 g )



  

How long to get there, ideally

The formula for velocity at any time after liftoff is

v (t )=v0+(g t )

At the top of flight, v = 0

So t=
v0

g



  

But, my rocket didn't get that high,
Why?



  

What's drag???

In short: friction off the air stream against the parts of 
the rocket which slows the rocket down



  

Is there a formula for it?

Yes, measurement has established this relationship:

F d=(
1
2
)ρair v

2 AC d

Where F d is the drag force and  C d is an 

experimentally determined coefficient usually 
measured in wind tunnels 

We can use this as an extra g force, ie g d=
F d
mrocket



  

Reynolds Number and C
D

C
D
, the coefficient of drag is obtained by 

experiment using wind tunnels. Since every 
possible combination of airspeed conditions cannot 
be tested, data is grouped by Reynolds number:  

ℜ=
vD
υ

Where v is aircraft velocity, D is a dimension 
and epsilon is kinematic viscosity.  



  

Some accelerometer data for model 
rockets

Determining the Drag Coefficient of A Model Rocket Using Acclerometer Based Payloads, Tim Van Milligan



  



  

How do I use this?

Numerical analysis using v (t )=v0+(g1 t )

Transformed to vnew=v last+(g netΔ t )

Δ t is called a time step

g (net), the net acceleration = g (gravity) + 
F d
mrocket

1. where is m? See Galileo



  

It's done like this



  

Here is what we get for height



  

And for velocity
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