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e MOQOeBIUS= Momentum-Enhanced Blend of the Reactants
with Recirculated Burnt Gases

* Exploratory project, assessment and early implementation
of the principle of sequential recursive combustion

* The principle
* The first results using reactive CFD

* Conclusion:
— great expectations on this technology
— a promising candidate for hydrogen burn



RECURSIVE SEQUENTIAL COMBUSTION

CONVENTIONAL




» s Recursive Sequential Combustion

A SAFE and ROBUST low-emission concept...

— Low NOx
— Low soot
— Highly heat conservative

... that combines
— lean premixed combustion
— Reburning (sequential combustion)

Enlnnov 2022

 The Recursive sequential Combustion

Maximises the azimuthal flow component

Maximises the interaction fresh reactants / Burnt
gases

Stabilises the flame aerodynamically along the
generatrix of the annular combustor

Is adequate for conventional / SAF fuels
Is promising regarding Hydrogen

e Keywords

High-momentum flux injection
Fluidic-driven thermal inertia
Flow design

Mathematics to shape
Additive manufacturing



Exploitation of the azimuthal component

Short Helix Combustor, Spinning Combustion Tangential and Flameless Annular
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Exploitation of the burnt gases

—

Flame Burnt gas —

Low NOx

/

Flue gas recirculation,
Wilkes et al., 1980

Flame |

Sequential combustion
Pennell et al., 2017

~

Invisible
Flame

Low NOXx |X| o

XON M

Flameless combustion,
Kruse et al, 2015



. ‘.: RSC at system level

RS ( Combustion
REACTANTS . (100+x) %
Mass e N

Mixing Splitter

X% by mass of the burnt gases
recirculated
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RSC at component level

0O N O U

The sector

Transition from one sector
to the next

Azimuthal flow component
along the generatrix

Walls

Fresh reactants
Flame

Burnt gases
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3.”.- Recursive Sequential Combustion

T e L L
I MA’W::::::::M I WI M I AAIWWWM I
e e e e e e B e e e e ) e e e aa e a a
B A WA WA A A i) B A N A A AT A A v B W A A A v v
B e e e e e o e e e e e
B Y i A W s B N W T e v
B e e B e e e e
e e e e e e e e e, e e L e e e e e e e
B e e e R e e e
B B e o B s o e
e B e B e e
B e e e e e o R e e e et B A e s e e et e
I’VWVVV\I\IV\’\/\/\N\MN\/\ ,,,,,,, g “‘W\Ma o ‘,WI\I\I\NVV\IWV\/\/\/\M/\/\/\N‘ WJ
B o e e e e e il e e e
& ¢WWWMWW P e P e
i Iy
b ,
s > i py
. . . / T " 3 s -
ATy e s e
] O
i & P A R )
R e e e ot fn
;¢ 5’:"’\" o v e N vt e ey
T~ AA‘:\‘ -
i = ¥

Enlnnov 2022 11



MOeBIUS

Recursive sequential combustor
using a MOmentum-Enhanced Blend
of reactants with reclrculated bUrnt gaseS




‘. ‘. Recursive Sequential Combustion

. . Burner
0,0

Burner

o 00
Discrete sector Constant section concept

concept




Discrete sector @

RSC concept
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¢ o Constant section RSC concept

* Introducing the Swiss-Roll  Extruding it
combustor (Weinberg, along a circular
1971; Shi et al, 2009) generatrix

 And inducing
an azimuthal
flow
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¢ o Constant section RSC concept
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- .: The MOeBIUS combustor
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- .: Functions of a sector

Inlet air coming frc.)rr'm the Fuel ramp (rePorT-type) Oulet with flow
compressor, subdivided for direct multipoint coke- conditionning
into two channels free injection towards the turbine
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.: Manufacturing options, focus on AM

D . - * Future future
— « Short sectors, Camembert-like ~ AM-lavers

o= PN * |nner welds? >
Cold flow | W Instead of
half N s s s m— ' growing
| 2, RS- k straight, the
P S R NEL part grows
Hot flow A YN _ W curved

half,
inserted

) fw ISP
Assembly O\
weld | P .l Service and connection

ports, including fuel
feed and igniters

e Conventional as for return-flow
combustors
e Sealing of the combustion torus?



Manufacturing details

 Port connectors for fuel feed,
Instrumentation, igniter...
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o Modelling steps

,SWiss Roll“ approach

outlet

* Same, profiled, curvil
extruded

— ,Wedge"“

Inear

-> hypothesis on
the circulation component

— Full 3D model, with blades
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Modelling steps

This particular design is also the one submitted to CFD



‘“‘ FULL 3D reactive CFD

(constant section sector with blades)

Solver openFoam,
selected after

a benchmarking
with Converge,
based on the study
of a swirl number o
a reference test cas

Demanding CFD->J
Supercomputerinl

This simulation: loo
Ttet~1700-1800K.

16% burnt gases rec

— 2.4e+03

— 2000
1500

— 1000

— 4.9e+02
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Full 3D
reactive
CFD

Total pressure [Pa]

— 1.0e+05

[ 103000
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— 1.0e+05
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Absolute velocity [m/s]

U Magnitude

Temperature [K]
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I 1600
— 1000
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o o Conclusion
0,0
o0
* Were introduced: * Work in progress
— The Recursive Sequential — Aerodynamics
Combustion

— Fuel placement
— Two combustor concepts, the

constant-section and the discrete
burner configuration

— Refinement of the design sweet point
(simulations)

— Feasiblity in terms of manufacturing

+integration
e Effective progress was made: | ° )

v Patent & publications

— Materials

— Ignition process
v Diploma thesis Fgl I g .

— Flame location
v' Concept plausibility established by

simulations — Combustion performance
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v’ Positive feedback from the industry



%% Thank you

'0..0' for your attention!

See also

Recursive Sequential Combustion:
A Concept Study About a Momentum-Enhanced Blend
of the Reactants With Recirculated Burnt Gases

Fabrice Giuliani, Nina Paulitsch & Andrea Hofer
ASME Turbo Expo 2021, GT2021-59592

Combustion Bay One e.U.
advanced combustion management
Schuetzenhofgasse 22,

8010 Graz, Austria
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,Passive”
burners on the
periphery
Array of
burners
,Active” burner

in the middle,
connected to
the actuator

* Advanced control of the combustion
turbulence

* Extension of the operation in the
lean domain

* Improvement of the burner
performance in off-design

Patent AT516424B1

Four
key enabling technologies

emootion

T Flashba:k\ x: /7

/‘

* Flame propagation
speed
* Soot detection

resor

A portable

measurement All:

chain including * Process control

three probes * Combustion stability
Axial modes

* Precision monitoring of
the injection conditions of
each separate injector
* Embedded
instrumentation using
additive manufacturing
* Augmented process
safety
* Real-time computation of
the combustion output

1 2

Annular combustor

* In-Situ advanced combustion
monitoring including optical
techniques

Patent AT522614B1 Patent AT519720B1

MOeBIUS

Generation of a closed-
loop circulation

The lean flame forms a
— ring of fire

The fresh and burnt
gases interaction is
maximised

Excellent combustion
and NOx performance
due to the Recursive
Sequential Combustion

* Augmentation of lean burn
performance with recirculated
burnt gases, and additional NOx

reduction due to reburning

* Highly conservative heat core

* Disruptive technology, ready for
hydrogen combustion

Patent AT523924B1
+ pending PCT patents



