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Combustor Model ,,D%

* Representative conditions:
— Cryogenic propellants LOX/H2
— 42 shear coaxial elements
— Chamber pressure up to 80 bar
— Thrust: up to ~ 24 kN
— Power up to 90 MW
« Self-excited instabilities
— 1T mode at 10 kHz
— Driven by LOX injection-coupling
. Me%surement ring with 8 p’ sensors
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Motivation: Injection-co:

Water-cooled chamber (no optical access)

. ON

Hockwell International

21 injector elements

Kawashima et. al. (2010)

il

Hulka and Hutt (1995) Martin et. al. (2020)

Watanabe et. al. (2016)



Experimental Goals for

* Ingeneral:
— Gain a better understanding of injection-coupling
— Prevent injection-coupling for future rocket engines
« Detailed objectives:
— ldentify excitation source for LOX post acoustics
— Investigate energy transfer from oscillating flame into acoustic field
— Understand 2D flame response to LOX post eigenmodes



]

* In general
— Gain a better understanding of injection-coupling
— Prevent injection-coupling for future rocket engines

« Detalled objectives
— Identify excitation source for LOX post acoustics
— Investigate energy transfer from oscillating flame into acoustic field
— Understand flame response to LOX post eigenmodes
—> 2D flame visualization needs to be realized

L

Also valuable validation data for
numerical partners (C3)

Chemnitz et al. 2019
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Oz injector gehylze et. al. 2016
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Combustor

« OH* and blue radiation BKD

« 60,000 FPS
e Synchronized cameras

Blue Filter Dichroic

43645 nm mlrror\
Photron -
SA-Z -~
OH* Filter
3104+5 nm
Image
intensifier

Photron
SA5



BKD Test with Opti =S

it Spectrogram of BKD-OPT-17-07run5_U_PHFMDYN2
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LP1
e 50 bar
« ROF5

LP2
« 80 bar
« ROF4.7

LP3
e 80 bar
« ROF5.2

12 bit intensity
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Flame Dynamics at 1T

1T response
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Flame Dynamics for LG FRED)

« Flame and LOX core response to excited LOX post
eigenmodes in Blue radiation:

LOX Post 1L N

LOX Post 2L \




Published DLR Test Cas

https://www.ist.rwth-aachen.de/cms/IST/Forschung/Open-TestCases/~bvvsb/DLR-Open-Testcases/
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Aufgaben der Abteilung Raketenantriebe

> <l In der Abteilung Raketenantriebe werden die Grundlagen der Prozesse in i
Raketenbrennkammern und neue Technologien fir den Einsatz in Triebwerken © Testfélle RWTH Aachen
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Im Zentrum der Arbeiten stehen Brennkammerprozesse und Technologie
Flissig triebe mit dem Sc p auf den kryogenen Treibstc

LOXWasserstoff und LOX/Methan.

TEST CASE HF-6

LOX/H, Combustion pnt_ier
Forced Acoustic Excitation
|ssue 1: 6 Sep 2019

Test Case Description

TEST CASE HF-7

LOX/I_-lg combustion with self-
Sustained acoustic excitation
Issue 1

Test Case Description

you for your attention!
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C3: Stability Assessmen S

Stability ec * Hybrid mgthodology
assessment echanisms - E\thgfatlon by end of

— Continuous development

Design
<adapti0n Valldatlon LP1 ] L 12 TILL T2
o
 Validation N i
— C7:BKD
— Cold-flow test rig : |
:_ AN \ vJW
« Absorber characteristic Frequenz [kHZ]

specifications
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Stability Assessment &&

Temperature
Sound Speed

Single Flame

Simulation g AR
v Pressure Amplitude
Dynamics Eigensolution
e.g. n — t Modell A=w+ia
min max _ :
B » Hybrid approach « Eigenvalue

characterizes stability



Validation — Single Flam

« Static pressure « OH* radiation
* Sc, calibration « Flame structure
LP2 LP1  «10° 5€:=0-0
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Acoustics
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Cold Flow Test RIg

21140

. Absorber
« Cold flow test rig -
== Nozzl
« Absorber ring : N
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Mode Split I\/Iechanisrﬁ } 23140

Eigenfrequencies Absorber Characteristic
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Absorber Constraints!f

21140

Damping Rate Operating Point
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« Absorber design independent of
chamber acoustics
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Mean Flow

e Quasi one-dimensional

* Reproduces 1D profiles from single flame
— Sound speed
— Isentropic compressibility
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 Fulfills Euler Equations

1200

Temparaiune

I 3600

800 | =

27



Radial Stratification

. Artificial flame structures 100 |

— Equivalent 1D mean flows ! )
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- Hybrid Methodology Radiation Modeling

— Validation

— OH*images

— Acoustics

« Absorber Design
— Constraint specification
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