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Background 

 Independent space launch company 

 

 Build and operate our own rocket & capsule 
 

 Operations in CA, TX & FL 
 

 Founded in 2002, first launch in 2008 
 

 18 successful missions to date 



Design 



Build 



Launch 



Mars 

Length of day 24 hours, 40 minutes 

Length of year 687 days 

Gravity 0.375gs 

Distance from Sun 1.53 AU 

Mars Air CO2 (96%), N2 (2%) 

Earth Air O2 (21%), N2 (78%) 

Atmosphere 1% density / pressure of Earth 

Temperature -284 / +86 / -81 F (low / high / avg) 



Human Mars Mission Classes 

Credit: CollectSpace 



Mass to Mars 

Apollo Command & 

Service Module 

 

 Mass: 46 tons 

 Terrestrial assembly 

 

 

 

 

 

NASA Mars Architecture 

 

 Mass: 300 tons 

 3x heavy-lift 

launches 

 In-orbit assembly 

International Space Station 

 

 Mass: 450 tons 

 36x Space Shuttle, 

5x Proton launches 

 

Image Credit: Mark Benson & Kerbal Space Program Image Credit: NASA Image Credit: NASA 
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Rocket Engine Design 



Why Simulation? 

1. Investigate what cannot be measured 

 

2. Reduce need for testing 

 

3. Design optimisation: narrow design space 

 

4. Proactive instead of reactionary design 
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Diffusion 

Reaction 

Advection Acoustics 

Chamber Residence 

Time scales vary by 

8 orders of magnitude 



Total points: (103)6 = 1018 = 1,000,000,000,000,000,000 points 
@1kB per point -> Yottabytes of data 
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Structure in Turbulence 

Credit: SpaceWeather 



Simulation Meshing 

Structured Grid Adaptive Grid Unstructured Grid 



Fourier Transform: Spectral Compression 



Wavelets: Local Fractal Basis 



Wavelet Compression 



Wavelet Compression 



Wavelet Compression 



Wavelet Compression 



Wavelet Compression 

δ 

δ > ε 
(ε is some tolerance) 

δ < ε 

δ 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Wavelet Compression 

Transform Output 



Decompression 
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Regular Grid: Direct Indexing 

Index (x, y, z) = p 
Index (x, y+1, z) = p + Nx 

(x, y, z) 

(x, y+1, z) 



Sparse Grid: Difficult Indexing  

Index (x, y, z) = p 
Index (x, y+1, z) = ??? 

(x, y, z) 

(x, y+1, z) 



Sparse Grid Point Lookup 

Linear search 

Tree-based search 

Hybrid tree search + dense indexing 



Grid Point Contains Reference to Data 

Location (x,y,z) 

Data Reference 

(x, y, z) 

Grid Point 14 



Grid Point Contains Reference to Data 
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Grid Point Contains Reference to Data 
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Coupled Multi-Physics 

Chemistry 

Diffusion 

Advection 
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Real Gas Properties 

Extreme pressure requires real-gas 
properties, evaluated at each grid node 

 Viscosity 

 Conductivity 

 Diffusion constants 

 Per-species diffusion rates 

 

 

Independent Calculations 

Massively Parallelizable O2 phase diagram, Z-axis is density 
(colour: liquid is blue, gas is white) 

Pressure 

Temperature 



Strong Temperature Dependence 

 

Arrhenius equation includes 
temperature in exponent 



Chemical Kinetic Model 
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Chemical Kinetic Model 
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Methane Chemistry 
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Methane Chemistry 

O 

O 

O 

O 
H 

C 

H H 

H 
+ 

O2 CH4 

H H 

O 

H H 

O 
C 

O 

O 

+ 

H2O CO2 

53 Species, 325 Reactions 





(Actual simulation data, rendered with a ray tracer) 
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Want To Help? 

 

 

 

 

If you have a software or physics background and  

you’re interested in working with us, please contact 
 

research@spacex.com 

 

 


