AAE 439 Hourly Exam #1
Fall, 2018 Semester

Open Book & Notes
Attempt all Problems

1. (25 pts) Spinlaunch is one of over 100 small companies supported by venture capital
funds to develop small launch vehicles for future orbital constellations of smallsats.
Their approach is to reduce launcher size by accelerating the payload and an upper stage
propulsion system in a giant centrifuge/catapult to launch the rocket from the Earth’s
surface at velocities of the order of 5000 mph (2.2 km/s). Assume that the firm sets up a
launch site at the 28 deg. latitude of Kennedy Space Center and that the upper stage
rocket system has an Isp of 300 sec and a propellant mass fraction of A=0.9.

)] If the rocket is to place payloads in 150 km circular orbit what is the total Av that
must be imparted by the upper stage system neglecting any gravity, drag or
steering losses?

i) If the desired spacecraft payload has a mass of 100 kg, that what is the gross mass
that must be accelerated by the catapult?

iii) The mass fraction of 0.9 is likely ambitious given that the entire system is
exposed to high acceleration loads by the catapult. At what A does the entire
concept become unviable?

2. (30 pts) The sketch below shows a launch vehicle engine that operates with a chamber
pressure of 1200 psi and delivers a c¢* value of 5000 f/s. Engineers have developed a
translating nozzle extension that can be deployed at high altitudes to augment thrust in
the latter portions of the boost trajectory. Assuming ideal performance and an average
ratio of specific heats of 1.2 for the nozzle flow, determine:

)] Sea level thrust and specific impulse

i) Vacuum thrust and specific impulse

iii) In order to maximize performance, what altitude should the nozzle extension be
deployed?
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3. (30 pts) The solid rocket motor shown below is fired at sea level on a test stand. Measured
pressure and thrust data are curvefit to give the following results:

p, =600+63.3t—1.22t*, 0<t <60 sec, p, [ psi
F =6600+ 696t —13.4t>, 0<t <60 sec, F I Ibf

The c* value for its propellant is 5000 f/s. Using these data and the motor dimensions in
the sketch, determine:

1) The propellant weight in the motor, mp, in Ibf
i) The sea level specific impulse (in seconds)
iii) The vacuum specific impulse (in seconds)

4. (15 pts) Consider the pros/cons of the Spinlaunch approach described in Problem #2 #1.
List and briefly discuss three pros and three cons of this approach relative to a conventional
two-stage launch vehicle. Specifically address loss mechanisms (gravity, drag, and
steering) for this concept in one of your three pros/cons. Are losses greater or less than
conventional launch vehicles?
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Thrust Coefficient

Ratio of specific heats = 1.2




psl = 14.696 psi = 1.0132x105 Pa, Tsl =518.6 R =288.16 K

rhosl = 0.002377 slug/f3 = 1.226 kg/m3, asl = 1116.4 f/s = 340.0 m/s

hkft hkm p/psl
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U.S. standard atmosphere
sl=sea level




