Rocket Problem

A rocket ascends directly upward. The rocket encounters a horizontal wind at T = 12 seconds while having a vertical velocity of 521 ft/sec and a weight or 390 lbs. Using the known information answer the questions given below.

Known:

Weight = W =390 lbs

Rocket Velocity = VR = 521 ft/sec

Wind Velocity = VW = 7 mile per hour

Vertical facing cross sectional area opposing the free stream flow = Aup = 1.2 ft2 

Horizontal facing cross sectional area opposing the wind direction = Aside = 3.4 ft2 

Drag coefficient facing cross sectional area opposing the free stream flow = Cup = 0.1 sec2/ft

Drag coefficient facing cross sectional area opposing the wind direction = Cside = 0.2 sec2/ft

Density of air = ρ = .075 lbs/ft3
Rocket engine Exhaust velocity = Eexhaust = Vex = 410 ft/sec 
Fuel burn rate = Mdot = 175 lbs/sec

Rocket engine exhaust pressure = Pe = 310 PSI

Atmospheric pressure = 14.5 PSI

Engine bell Area = Ae = .8 ft2
Lift = L = 12 lbs (NOTE: this force is in the same direction as the wind)

Unknown:

Engine Thrust = T 

Horizontal Drag = Dhorizontal = Dh
Vertical Drag = Dvertical = Dv
Total Horizontal force = Fhorizontal = Fh
Total Vertical force = F vertical = Fv
Horizontal Acceleration = ahorizontal = ah
Vertical Acceleration = avertical = av
Gimble angle = G

Answer these questions:

Part 1. Draw a free body diagram

Part 2. Place the forces at the correct CG and CP locations (assume cg is at the center of the rocket and cp is ¼ of the distance from the base of the rocket.

Part 3. Find the thrust of the engine

Part 4. Right down the force equation in the vertical direction for the rocket

Part 5. Find the Drag on the rocket in lbs

Part 6. Find the force on the rocket in the vertical direction in lbs

Part 7. Find the force on the rocket in the horizontal direction in lbs

Part 8. Find the vertical acceleration of the rocket in ft/sec2
Part 10. Find the horizontal acceleration of the rocket in ft/sec2?

Part 11. Mission control would like the rocket to fly straight upward. At what gimble angle must the engine be set to cause the rocket to fly straight upward if the engine thrust is kept constant. START by drawing a picture of the engine bell and rocket.

Part 14. If the lift were perpendicular to the wind and the thrust so that it pointed out of the page what would the 3 components of the force be prior to gimbling the engine?

Part 13. If the lift were perpendicular to the wind and the thrust so that it pointed out of the page what would the 3 components of the acceleration be prior to gimbling the engine?

Part 14. If the engine cuts off how high will the rocket fly? Start with a fist order calculation where there is no air resistance and no wind. Then try to calculate the maximum height with wind and then with drag.

Useful equations and information:
x = ½ at2 + Vot +xo
V = at + Vo
T = mdotVe + ( Pe – Pa)Ae
D = ½ C ρ A V2
g = 32 sec2/ft

1 mile = 5280 ft

1 hour = 3600 seconds

1 slug * g = 32 pounds

1 PSI = 1 lbs per square inch

	At t = 12 sec
	 
	 
	 
	 
	 

	discription
	name
	value
	units
	value
	conversion

	 
	
	
	
	
	 

	Vertical drag
	
	
	
	
	 

	Weight
	W=
	390.00
	lbs
	 
	 

	Air density
	R=
	0.08
	lbs/ft^2
	 
	 

	Drag coe
	Cup=
	0.10
	sec^2/ft
	 
	 

	Area
	Aup=
	1.20
	ft^2
	 
	 

	Rocket speed
	V=
	521.00
	ft/sec
	 
	 

	vertical drag
	D=
	1221.48
	lbs
	 
	 

	Horizontal drag
	
	
	
	
	 

	Air density
	R=
	0.08
	lbs/ft^2
	 
	 

	Drag coe
	Cside=
	0.20
	sec^2/ft
	 
	 

	Area
	Aside=
	3.40
	ft^2
	 
	 

	wind speed
	V=
	7.00
	mph
	10.267
	ft/sec

	Horizontal Drag
	D=
	2.69
	lbs
	 
	 

	Trust
	
	
	
	
	 

	Fuel burn rate
	Mdot=
	175.00
	lbs/sec
	5.4688
	slug/sec

	Exhaust velocity
	Ve=
	410.00
	ft/sec
	 
	 

	Engine exhaust pressure
	Pe=
	310.00
	psi
	44640
	lbs/ft^2

	Atmospheric Pressure
	Pa=
	14.50
	psi
	2088
	lbs/ft^2

	Engine bell area
	Ae=
	0.80
	ft^2
	 
	 

	Trust force
	T=
	36283.79
	lbs
	 
	 

	
	
	
	
	
	

	Lift
	L=
	12.00
	lbs in the direction of the wind

	
	
	
	
	
	

	Gimble angle
	Theta
	0.00
	degrees
	 
	 

	Force in the Vertical
	Fv=
	34672.30
	lbs
	av=
	2844.90691

	Force in the horizontal
	Fh=
	14.69
	lbs
	ah=
	1.20515391

	Force perp
	Fp=
	0.00
	lbs
	ap=
	0

	 
	
	
	
	
	 

	Gimble angle
	Theta
	0.02
	degrees
	
	 

	Force in the Vertical
	Fv=
	34672.30
	lbs
	av=
	2844.90666

	Force in the horizontal
	Fh=
	0.00
	lbs
	ah=
	0

	Force perp
	Fp=
	0.00
	lbs
	ap=
	

	
	
	
	
	
	

	Gimble angle
	Theta
	0.00
	degrees
	 
	 

	Force in the Vertical
	Fv=
	34672.30
	lbs
	av=
	2844.90691

	Force in the horizontal
	Fh=
	2.69
	lbs
	ah=
	0.22053853

	Force perp
	Fp=
	12.00
	lbs
	ap=
	0.98461538


