FALCON 9 ROCKET SIMULATOR

Real time first stage simulator with all
telemetry data live on-screen. 3D OpenGL
model and real video playing at same time
to compare the accuracy. Fully
parameterizable. Throttle and altitude
controlled by user drawn curves.

Simulation Developed By: Rajan Singh
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About Project:

This application uses engineering equations to simulate the first stage of a Falcon 9
rocket in real-time. You can simulate efforts, performance, control throttle and vehicle
attitude through user drawn curves.

The application is still being developed, therefore, the experience includes the launching
stage and it goes on up to the separation of the second stage.

Main Screen:

You can see the progress of the simulation in real-time, including speed, altitude, linear
and angular accelerations, monitor engine performance, throttle and thrust, fuel flow and
consumption, aerodynamic and structural loads, spatial positioning, etc on live on-screen.
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Rajan Rocket Structural

Total Mass (WOP): 137500 kg
Propellant Mass: 151437 kg
Total Mass: 288937 kg
Center of Gravity: 37.58 m
Moment of Inertia: 48573294 kg-m?2

Rajan Engine Performance

Global Throttle: 83.0 %
Propellant Flow: 2.401 t/s
Total Thrust: 7315.1 KN

Rajan Aerodynamics

Dynamic Pressure: 7422 Pa
Drag Force: 51263 N
Lift Force: ON

Rajan Flight Progress
Acceleration: 16.8 m/s?

1.714G

836.2 m/s

2.776

Acceleration:

Speed:

Mach:

Altitude: s
Downrange: 13.756 km
Traveled distance: 32.407 km

Angular accel.: -0.1 mrad/s2




Mission Selector:

Mission Selector provide an open choice to upload the selected mission into the simulator

module. It’s a pre-recorded real time data of the past missions which can apparently
visualized after launch of the selected mission.

@ Raian Mission Control

Missions stored locally Active mission:
CRS-17
Default configuration ¥ | oad
Mission
Clone...
Name:
B Overwrite
Type:
W Delete Contractor:
& Upload Launch date:

Launch site:
Available missions for download
CRS-17

Default configuration " Download

Simulation

Creator:

X Cancel

Reviewers:

Use alternative
server

Engine Configuration:

Configuration of Merlin 1 D engine used in Falcon 9 First stage rocket. Can be customized

to derive test simulations regarding the engine performance and subject to necessary
adjustments in terms of various payloads.

@ Raian Enaine confiquration .

Type: Merlin
Version: '}
Manufacturer: SpaceX

Propellant: LOX/RP-1
Cycle: Gas-generator

Thrust (sea level) 854 [KN]

Thrust (vacuum) 081 [KN]
Specific impulse (sea level) 282 [s]
Specific impulse (vacuum) 311 [s]

Throttle range: 50% to 100%
Max. gimbal vector angle: +£15.0 °

Eff@tive exhaust velocity: 2765.5m/s
Specific fuel consumption: 308.8 kg/s




Structural Configuration:

With the structural configuration panel you can configure masses and center of gravity
(and some aerodynamic parameters) of any part of the rocket like octaweb, legs, fuel tanks,

grid fins, second stage, payload, etc. With the engine configuration panel you can configure
parameters like thrust and specific impulse for sea level and vacuum condition.

B Rocket Structural Confiquration bv Raian Sinah - Falcon 9 Rocket Launch Data bv NASA °
Masses Distances (C.G.)
Payload fairing 1700 [kg] Payload fairing 60 [m]
2 ~ - Full rocket height: 70.0 m
Fairing height: 11.8 m
First Stage height: 47.9 m
Payload 2500 [kg] Payload 62 [m] Second Stage height: 22.1 m
Geostationary orbit: 5500 kg Coupling section height: 1.4 m
Low Earth orbit: 10886 kg
Fairing
Second stage 111500 [kg] Second stal 52
. . ge [m]
(including Maximum diameter 5.18
propellant) Second Stage height: 8.9 m Subsonic drag i
coefficient
Inter stage 500 [kg] Inter stage 44.5 [m] (used for drag calculation during ascent)
Inter Stage height: 6.9 m
Grid fins 1000 [kg] Grid fins 40.6 [m]
First Stage
Maximum structure diameter 4.6 [m]
(used for drag calculation during reentry)
Fuel tanks 11000 [kg] Fuiel tanks 29 [m] Subsonic drag coefficient
-~ (used for drag calculation during reentry)
Liquid Oxigen (LOX) 287400 [kg] First Stage height: 39.9 m
Kerosene (RP-1) 123500 [kg] Subsonic lift coefficient
legs (folded) = (il (used for lift calculation during reentry)
Legs 2000 [kgl Legs (extended) 0.4 [m]
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Flight Plan:

Flight Plan can be customized by users in terms of MECO (Main Engine Cutoff Altitude) &

SECO (Second stage Engine Cutoff Altitude).
@ Raian Flightplan .

Mission
Ground altitude - [m]
Main Engine Cutoff altitude 62000 [m]
Stage Separation altitude 67000 [m]
Video

» Add video W Delete video i Test video > %



Flight Profiles:

With flight profile configuration panel you can draw curves to control throttle modulation
and vehicle attitude during flight. With the flight plan configuration panel you can setup
Main Engine Cut off (MECO) and Stage Separation triggers and configure the real video,
which is useful to compare the accuracy of the simulation & to configure the Pitch,
Altitude, Speed and Throttle.

Raian Profile editor

Raian Profile editor
B




3D Virtual Simulator & Live Mission Status Analyzer :

3D Virtual Rocket Simulator simulates the entire flight plan as per user’s configuration and
Mission status reader displays the ongoing process on Live screen. The entire process is

also recorded at back end which can be downloaded in CSV file by Black box tab.

3D Sim window appears just after the Launch followed by countdown.

B 3D Falcon 9 Rocket Simulator b... ® ® e Creating rocket... >
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3D OpenGL Display:

The simulator provides a 3D display where you can see the flight attitude and different
behaviors from the point of view you choose. You can configure different camera posts,

relative to ground or inflight, as well as its exact point of entry into the scene using an
altitude trigger.

Flight Log Export:

Once completed the simulation you can download an Excel (CSV) file with 18 parameters

measured every 25ms (40 times per sec.). This information is useful to plot charts and
compare with real flight telemetry information.

Disclaimer:

All structural, performance and telemetry data used to produce this application are
publicly available in SpaceX website, forums and video channels. This application is
intended only for educational purposes and can be freely distributed. This application is

not affiliated with, maintained, authorized, endorsed, or sponsored by SpaceX or any of

its affiliates. SpaceX and Falcon 9 are registered trademarks of Space Exploration
Technologies Corporation.

Download:



