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Motivation (ATEK research rocket flight in June 2019) 
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https:// www.youtube.com/watch?v=JlcReUwZXFU 

https://www.youtube.com/watch?v=JlcReUwZXFU
https://www.youtube.com/watch?v=JlcReUwZXFU
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1. Rocket engine combustion analysis at DLR 

 

2. Helmholtz Analytics Toolkit (HeAT) for distributed ML 

 

3. Clustering results with HeAT 
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Rocket engine combustion analysis 

ÅAim: Cost reduction of rocket engines, be competitive with e.g. Space-X 
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Traditional liquid rocket engine: 
 

Å 2 pumps transporting fluid fuel and oxidizer at 

very high pressure and flow 

 

Å Advantages 

Å Burning rate can be controlled precisely 

 

Å Disadvantages 

Å Pumps are mechanically very complex 

Å Expensive 

©2011, University of Waikato 



 

Rocket engine combustion analysis 

ÅAim: Cost reduction of rocket engines, be competitive with e.g. Space-X 

 

> International Workshop on Scientific ML > A. Rüttgers > January 8-10, 2020 DLR.de  Å  Chart 6 

Solid propellant rocket engine 
 

Å Fuel and oxidizer are mixed in solid form 

 

Å Advantage 

Å Cheap 

 

Å Disadvantage 

Å Burning rate can not be varied during flight 

©2011, University of Waikato 



 

Rocket engine combustion analysis 

ÅAim: Cost reduction of rocket engines, be competitive with e.g. Space-X 
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Hybrid rocket engine 
 

Å Pressurized fluid oxidizer 

Å Solid fuel 

Å A valve controls, how much oxidizer gets into 

the combustion chamber 

 

Å Advantages 

Å Cheap 

Å Controllable 

©2011, University of Waikato 



 

Project ATEK: Experiments on new hybrid rocket fuels at DLR 

ÅDLR investigates new hybrid rocket fuels on a paraffin basis at Institute of Space Propulsion in 

Lampoldshausen. 

 

ÅAbout 300 combustion tests were performed with single-slab paraffin-based fuel with 20Á forward facing 

ramp angle + gaseous oxygen. 

 

ÅTwo different fuel compositions: 

Åpure paraffin 6805 

Åparaffin 6805 + 5% polymer 
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Fig. 1: Fuel slap configuration before (top) and after (bottom) combustion test. 



 

Combustion chamber set-up 

ÅOptically accessible combustion chamber is 450 mm long, 150 mm wide and 90 mm high. 

 

ÅTests were performed with different configurations (e.g. fuel, oxidizer mass flow, filters) 

 

ÅCombustion is captured with high-speed video camera with 10 000 frames / second 
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Fig. 2: Side view of combustion chamber Fig. 3: Test matrix used for data analysis 
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Video extract of 

test 284 

fuel oxidizer mass 

flow 

CH*-filter duration 

Ignition, steady 

combustion, 

extinction  

pure paraffin 6805  50 g/s,  yes, only wavelengths 

emitted from CH* are 

filmed 

3 s = 30 000 

frames / 8GB raw 

data per test 

 

        Test 284 



 

Clustering of combustion image data 

ÅClustering of combustion data = identify different phases of the flow. 

 

ÅVarious clustering algorithms exist in the literature (DBSCAN, spectral clustering, k-means, é). 

 

ÅStart: Comparison of algorithms on two features ‘ȟὼ  for all Ὦ ρȟȣȟσππππ images of test 284. 
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computing time πȢψ ί computing time χπ ί 



 

Comparison of clustering algorithms for presented application 
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K-means Spectral clustering DBSCAN 

approach Å Iteratively minimize the 
within-cluster sum of 
squares 

Å Construct similarity matrix  ═ of size 
(nr_of_points)x(nr_of_points) 

Å Build graph Laplacian matrix ╛ ╓ ═                                   
      with diagonal matrix Ὀ  Вὃ  

Å Compute first K eigenvectors of ╛  
Å Cluster low-dimensional  data 

representation with e.g. K-means 

Å Find points in ‐-environment 
of every point 

Å If environment contains 
enough άὭὲὖὸί points, a 
new cluster is started 

ÅhǘƘŜǊǿƛǎŜΣ ƛǘΨǎ ƴƻƛǎŜ ƻǊ 
belongs to other cluster.  

pros* Å Scales to large data sets 
Å Guarantees convergence 
Å Very simple 

Å Reduces curse of dimensionality  
Å Does not make strong assumptions on 

clusters (e.g. spherical shape) 

Å Does not require number of 
clusters K 

cons* Å Choosing K manually 
Å Local optimal solutions 
Å Curse of dimensionality 
Å Similar-size clustering 

Å Choosing K manually 
Å Expensive for large datasets 
Å Number of hyperparameters 
 

Å Two hyperparameters ‐ and 
άὭὲὖὸί that are hard to find 
if dataset is continuous  

* incomplete list 



 

Comparison of clustering algorithms for presented application 
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K-means (start first) Spectral clustering (second approach) DBSCAN (here not adequate) 

approach Å Iteratively minimize the 
within-cluster sum of 
squares 

Å Construct similarity matrix  ═ of size 
(nr_of_points)x(nr_of_points) 

Å Build graph Laplacian matrix ╛ ╓ ═                                   
      with diagonal matrix Ὀ  Вὃ  

Å Compute first K eigenvectors of ╛  
Å Cluster low-dimensional  data 

representation with e.g. K-means 

Å Find points in ‐-environment 
of every point 

Å If environment contains 
enough άὭὲὖὸί points, a 
new cluster is started 

Å Otherwise, ƛǘΨǎ noise or 
belongs to other cluster.  

pros*  Å Scales to large data sets 
Å Guarantees convergence 
Å Very simple 

Å Reduces curse of dimensionality  
Å Does not make strong assumptions on 

clusters (e.g. spherical shape) 

Å Does not require number of 
clusters K 

cons*  Å Choosing K manually 
Å Local optimal solutions 
Å Curse of dimensionality 
Å Similar-size clustering 

Å Choosing K manually 
Å Expensive for large datasets 
Å Number of hyperparameters 
 

Å Two hyperparameters ‐ and 
άὭὲὖὸί that are hard to find 
if dataset is continuous  

* incomplete list 
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HeAT 

ÅHeAT = Helmholtz Analytics Toolkit 

 

ÅPython framework for parallel, distributed data analytics and 

machine learning 

 

ÅDeveloped within the Helmholtz Analytics Framework 

Project since 2018 

 

ÅAim: Bridge data analytics and high-performance computing 

 

ÅOpen Source licensed, MIT 

 

 helmholtz-analytics/heat 
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https://github.com/helmholtz-analytics/heat
https://github.com/helmholtz-analytics/heat
https://github.com/helmholtz-analytics/heat


How we started HeAT: 

The Helmholtz Analytics Framework (HAF) Project 

ÅJoint project of all 6 Helmholtz centers 

 

 

 
ÅGoal: foster data analytics methods and tools within Helmholtz federation. 

 

ÅScope: 

ÅDevelopment of domain-specific data analysis techniques  

ÅCo-design between domain scientists and information experts 
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