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Motivation (ATEK research rocket flight in June 2019)

https:// www.youtube.com/watch?v=JIcReUwZXFU



https://www.youtube.com/watch?v=JlcReUwZXFU
https://www.youtube.com/watch?v=JlcReUwZXFU
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Outline

1. Rocket engine combustion analysis at DLR

2. Helmholtz Analytics Toolkit (HeAT) for distributed ML

3. Clustering results with HeAT
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Outline

1. Rocket engine combustion analysis at DLR
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Rocket engine combustion analysis

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

Fuel

Oxidiser

Combustion
chamber

Throat

Nozzle

Exhaust

Exit - e

Traditional liquid rocket engine:

A 2 pumps transporting fluid fuel and oxidizer at
very high pressure and flow

A Advantages
A Burning rate can be controlled precisely

A Disadvantages
A Pumps are mechanically very complex
A Expensive
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Rocket engine combustion analysis

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

Solid propellant rocket engine

Ignition charge Seal MNozzle

. =

Casing Grain

A Fuel and oxidizer are mixed in solid form

A Advantage
A Cheap

A Disadvantage
A Burning rate can not be varied during flight
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Rocket engine combustion analysis

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

Hybrid rocket engine

Igniter A Pressurized fluid oxidizer

Oxidiser tank Valve Fuel grain Nozzle A Solld fuel
A Avalve controls, how much oxidizer gets into

the combustion chamber

A Advantages
Injector A Cheap
: A Controllable

©2011, University of Waikato

i DLR
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Project ATEK: Experiments on new hybrid rocket fuels at DLR

ADLR investigates new hybrid rocket fuels on a paraffin basis at Institute of Space Propulsion in
Lampoldshausen.

A About 300 combustion tests were performed with single-slab paraffin-based fuel with 20Aforward facing
ramp angle + gaseous oxygen.

ATwo different fuel compositions:
Apure paraffin 6805
A paraffin 6805 + 5% polymer

2 Fig. 1. Fuel slap configuration before (top) and after (bottom) combustion test.
DLR R
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Combustion chamber set-up

A Optically accessible combustion chamber is 450 mm long, 150 mm wide and 90 mm high.
ATests were performed with different configurations (e.g. fuel, oxidizer mass flow, filters)

A Combustion is captured with high-speed video camera with 10 000 frames / second

Flow- .
Straightener  Thermo- Test no. Fuel moz[g/s] CH* filter

couples =
P12 Window Area 6805 6805+5% 10 50

polymer
284 v v v
289 v v v
Gas Suppl Flame Holding Solid Fuel Slab 29 ’ ‘ d
as Supply ep Ign“ero' uel Sla 243 v v
Fig. 2: Side view of combustion chamber Fig. 3: Test matrix used for data analysis

i DLR
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Video extract of fuel oxidizer mass | CH*-filter duration
test 284 flow

Ignition, steady pure paraffin 6805 50 g/s, yes, only wavelengths 3 s =30 000
combustion, emitted from CH* are frames / 8GB raw
extinction filmed data per test

i DLR
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Clustering of combustion image data

A Clustering of combustion data = identify different phases of the flow.

A Various clustering algorithms exist in the literature (DBSCAN, spectral clustering, k-me a n s ,

e)

A Start: Comparison of algorithms on two features ‘ o for all ’'Q pH8 ho Tt T TmAges of test 284.
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Comparison of clustering algorithms for presented application

K-means Spectralclustering DBSCAN
approach A Iteratively minimize the A Construct similarity matrix= of size A Find points in -environment
within-cluster sum of (nr_of _pointgx(r_of pointg of every point
squares A Build graph Laplacian matgx T = A If environment contains
with diagonalmatrix'O B o enougha Q¢ Opoirits, a
A Computefirst K eigenvectors &f new cluster is started ,
A Clusterlow-dimensional data AhUGKSNBAEASE AUUY
representation with e.g. heans belongs to other cluster.
pros* A Scaledo large data sets A Reducesurse of dimensionality A Does not require number of
A Guarantees convergence A Doesnot make strong assumptions on clusters K
A Very simple clusters (e.g. spherical shape)
cons* A Choosing K manually A Choosing K manually A Twohyperparameters and
A Local optimal solutions A Expensive for large datats & "Q¢ Othiat are hard to find
A Curseof dimensionality A Number ofhyperparameters if dataset is continuous
A Similarsize clustering

4#7 *incompletelist
DLR
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Comparison of clustering algorithms for presented application

K-means(start first) Spectralclustering(secondapproach DBSCANhgre not adequate
approach A lterativelyminimizethe A Constructsimilaritymatrix = of size A Findpointsin - -environment
within-clustersumof (nr_of _pointgx(r_of pointg of everypoint

squares A BuildgraphLaplaciamatrix T = A If environmentcontains
with diagonalmatrix’'O B o enoughd Q¢ Opoirits, a
A Computefirst K eigenvectors of new clusteris started
A Clusterlow-dimensional data A Otherwise A Undiseor
representation with e.g. heans belongsto other cluster
pros A Scaledo largedatasets A Reducesurseof dimensionality A Doesnot require numberof
A Guaranteesonvergence A Doesnot makestrongassumptionson clustersk
A Verysimple clusters(e.g.sphericalshapg
cong A ChoosindK manually A Choosing<manually A Twohyperparameters and
A Localoptimalsolutions A Expensivdor largedatasets & "Q¢ Othiati are hardto find
A Curseof dimensionality A Numberof hyperparameters If datasetis continuous
A Similarsizeclustering

4#7 *incompletelist
DLR
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Outline

2. Helmholtz Analytics Toolkit (HeAT) for distributed ML
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HeAT

_ _ Data Analysis
AHeAT = Helmholtz Analytics Toolkit

A Python framework for parallel, distributed data analytics and
machine learning

A Developed within the Helmholtz Analytics Framework
PrOjeCt since 2018 01001110
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A Aim: Bridge data analytics and high-performance computing 3>< >
e

A Open Source licensed, MIT Distributed Training

O helmholtz-analytics/heat Tensors



https://github.com/helmholtz-analytics/heat
https://github.com/helmholtz-analytics/heat
https://github.com/helmholtz-analytics/heat
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How we started HeAT: HELMHOLTZ
The Helmholtz Analytics Framework (HAF) Project Analytics Framework

A Joint project of all 6 Helmholtz centers

J U L I c H DEUTSCHES
z KREBSFORSCHUNGSZENTRUM
Farschungszentrum . IN DER HELMHOLTZ-GEMEINSCHAFT

Karkuber Indtitut for Technalogie

A Goal: foster data analytics methods and tools within Helmholtz federation.

A Scope:
A Development of domain-specific data analysis techniques
A Co-design between domain scientists and information experts




