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Rocket Propulsion
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Ideal Rocket Engine Calculations 
Text Reading: Sutton Ch. 3 



Homework Assignment Due: Monday, 3/4/19
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1. Mercury Redstone Rocket.  The Redstone rocket was used to lanuch the United State’s first man in space.  The flight was a 15 minute, sub-orbital flight with an altitude of 186,400 m.  The Redstone rocket was powered by a single A-7 rocket engine, which burned a mixture of ethanol and water with liquid oxygen at a chamber pressure of 320 psia.  The total mass flow rate was 155 kg/s, the nozzle exit pressure was 5 psia and the nozzle area ratio (Ae/At) was 10.
Based on thermodynamic calculations, this propellant combination results in the following: Tc = 3200 K,  = 1.12, MW = 23.6 g/mol.  

Calculate:

a) C*

b) At
c) CF at sea level

d) Specific Impulse at sea level

e) Thrust at sea level
f) CF at 10,000 m

g) Specific impulse at 10,000 m
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h) Thrust at 10,000 m
2.  NASA 1 kW Arcjet.  Calculate the c*, 
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, Isp and thrust for a 1 kW class Arcjet operating on Helium, Hydrogen (H2) and Hydrazine (N2H4).   Assume the following parameters are the same for each propellants: Pc = 50 psia, Pa = 0.2 Torr, Ae/At = 150, dt = 0.64 mm, Tc = 5000 K

The following thermodynamic calculations were performed for each of the three propellants:

	
	He
	H2
	N2H4

	Tc
	5000 K
	5000 K
	5000 K

	Pc
	50 psia
	50 psia
	50 psia

	Species mole fractions present at Tc, Pc
	He  1.0000
	H      0.92836

H2   0.07164
	H                .74177

H2               .04573

N                .00806

NH               .00021

N2               .20422

	
	1.6667
	1.2755
	1.2548


3. More on the German V2 Rocket.  The V2 Rocket had a similar engine to that of the Mercury Redstone (no coincidence).  Assuming that the rocket engine and rocket had the following parameters:

Tc = 3200 K,  = 1.12, MW = 23.6 g/mol, Ae/At = 16, Pc = 320 psia, Mo = 12700 kg, Mp = 8610 kg, tb = 60 s
Redo your numerical calculations for height, acceleraton and velocity vs. time for a vertically launched V2, taking into account the variation in specific impulse with altitude.  The following equation can be used for atmospheric pressure vs. altitude: 
p = 101325 (1 – 0.0000225577h)5.25588  for 0 < h < 40,000 m

p = 0   for h ≥ 40,000 m.  

where p = air pressure (Pa) and h = altitude above sea level (m).
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