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Although humans have been exploring space for 50 years, the sci-
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ence of rockets and space travel has yet to be perfected. Just recently, , X and Y Posit ¢ Rocket Given a particular thrust, the rocket would go into
a Russian roclfet failed to deliver s.ate.zllites into orbit. A moc%el of a 1 x 10 L an OSI Llon OF ROCKE | _ circular orbit.  Given less than that amount of Mass of Fuel (x 9) (kg) 42000 42000 0
rocket launc.h 1s useful for both verifying whether a launch will WOIjk i ' thrust, the rocket would crash into the Earth (See Thrust (x 9) (N) 6.16E6 7.5E6 21.75
and evaluating alternative launch methods, namely electromagnetic . Figure 5). The mass, thrust, diameter, and burn Fuel Rate (x 9) (kg/s) 140 100 78 57
launching. 0.8 - ~C i : 1 . .
~ time are also based on real values and are all within Altitude of Orbit (m) 204500 204500 0
The questions we hope to answer' with our .model are W.hat 1S th.e 06 \ ] 2 orders of magnitude of a Delta II rocket [2]. Diameter Nose Cone (m) 3.6 36 0
optimal amount of fuel needed to bring a particular payload into orbait - N
around Earth and what is the efficiency of an electromagnetic launch < y
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mechanism?” To do so, we modeled the flight of a rocket from lift-off 0.4 - \ - It L L Distance (t = 4:30) (m) 210000 291120 38.63
to steady orbit. . . 08 - e | Velocity (t = 4:40) (m/s) 3700 7602 105.48
. £ o02- f ‘U o6F o * Distance (t = 6:00) (m) 264000 301500 14.20
Assumptions - ) O  Position of Rocket - 4 o ‘ v (t = 6
. Only gravity of Earth and Moon are modeled [ 0. d C ] = . | Velocity (t = 6:00) (m/s) 4300 7232 63.2
. No supersonic motion = £ Earth 5 © O Position of Rocket Distance (t = 7:20) (m) 300000 312470 4.16
. Fuel burns steadily O ¢ Desired Orbit « g ° © e f e
. Constant thrust al 0.2 - n y | > o2 o | Velocity (t =7:20) (m/s) 5500 6809 23.81
. No wind > \ ¢ 04l o
Yy o6 © d | Table 1: Comparison between flight data of the SpaceX rocket launch
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Model LN " oal ST | on December 8 and a simulated trajectory. Using similar parameters,
The model of the rocket trajectory included three forces: gravity, 3 o B r r r r _ the results are within one order of magnitude of the actual values. Dif-
drag, and thrust. o | | -0.6 - . / il T ! X Position (r?]) 0- ) 1071 ferences can be attributed to simplifications in the model, mainly that
The desired direction of thrust was determined by the difference be- 7 the modeled rocket has one stage and the SpaceX rocket has two.
tween desired total energy and current total energy. The desired total 08 - AT .
energy was divided into kinetic energy (tangent to the orbit) and poten- N Figure 5: Flight of the rocket when the thrust 1s too
tial é%eflgjnldlcuéafdm the orbit). - .- o was found " r r r _ low (0.75% of the needed thrust). The rocket crash-
e fuel needed to get into orbit for a particular payload was foun -1 - ~ 1to the Earth
by making an initial guess (high enough to get the rocket to orbit) then i 0.5 _ O 0.5 i et )
reducing fuel until the point right before the rocket no longer reaches X Position (m) % 10" Conclusion
orbit. The energy efficiency was modeled by calculating the total kinet- For a rocket of the parameters we specified, we determined the
ic energy of the rocket at launch then adding the chemical potential en- . e . . e . specific amount of fuel needed to successfullvy launch a pavload into
ergy of the rocket fuel. The amount of rocket fuel is minimized to be- Figure 1: Flight of the rocket. The orbit ra.d1us of this ﬂ1ght is 2e6 m from. the surfeotce Y Density of the Atmosphere of Earth Pb. Wl d " & Ji : : By .
ing only what’s necessary for getting into orbit. of the Earth. When the rocket reaches orbit, the thrust is cut of and it begins traveling mmm Dnsity orbit. We also dctermuned the usctuincss ol an electromagnetic
Troposphere i . P : : %
in a steady orbit. In order for the orbit to be steady, the velocity must be enough that 12 Lower Stratosphere lf‘uth and the optimal initial laugch Veloc1t¥ for a given mass, high-
Fripust = T the centripetal acceleration cancels out the gravitational forces on the rocket. A JpeerStEospher lighting the importance of pursuing alternative launch methods for
the future of space travel. However, this model is limited 1n scope
| | | | and would need to be substantially expanded for use of an actual
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A = Frontal surface area of the rocket Mass of Payload (kg) o il Volocity (ms) The model suc.cessf.ully simulated physical properties
C, = Coefficient of drag when we ran simplified tests. For example, when we References
v = Velocity of the rocket Figure 3: Minimum fuel needed to launch = Figure 4: Energy efficiency of a mag- plotted the degliSEER IS latmbsphere’ overialntide, it Thanks to Alisha Sarang—Sieminski, Mark Somerville, Allen Downey,
acted as expected. and Sanjoy Mahajan

G = Gravitational constant a payload of a given mass into orbit. The  netically assisted launch. The mini- (1 ]srarw. src nasa. govibniy W 4 IDTET T A O

slope 1s increasing. mum at approximately 1500 m/s is the [2]http://www.spacelaunchreport.com/delta2.html

R, = Distance between the rocket and the Earth , N ,
, optimal 1nitial velocity.
Ryion = Distance between the rocket and the Moon

T = Constant thrust value



