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Thermoacoustic instabilities  have to be mitigated

Thermoacoustic Instability

Goy et al. 2006
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The flame excites acoustic pressure modes In a feedback loop

Plenum Combustion Chamber
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The flame excites acoustic pressure modes In a feedback loop

Plenum Combustion Chamber

C We need a quantitatively
correct model
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Qualitatively correct models cannot predict thermoacoustic instabilities

and their mitigation strategies.

Complexity & Cost

$ $5 NN
Low Order Modeling (LOM) Helmholtz -Solver Large Eddy Simulation (LES)

Eder et al., 2023

Emmert et al., 2017
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Can we create a guantitatively correct Helmholtz -Solver If we incorporate

physics -based models and learn from experimental data ?

Qualitatively accurate model Quantitatively accurate model
Methods Results
Acoustic Damping: Bayesian Inference: Application:
Physcis-based models Learning from Data Rolls-Royce SCARLET rig
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Uncertain parameters are inferred from experimental data using

adjoint -accelerated Bayesian Inference

Bayesian posterior of parameters a

likelihood prior
posterior PQ | a, 7)P(a | F;)
PlalQ,76) =2 P(QZLﬂ) ’
l
evidence
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Uncertain parameters are inferred from experimental data using

adjoint -accelerated Bayesian Inference

Bayesian posterior of parameters a

likelihood prior
osterior
P P(Q]| a, Jf}-jP(u | AE5)
Pla| Q, /(;) =
P(Q | A;)
evidence . oDataQ( ¢,
prior posterior o 0./\/——-\_/\_
oC
15.07 P(a | /)| >0 P(a| Q, A;)
12.5- 12.5- -1 . ' .
>10.0- 10.0 A Frequency [Hz]
% 7.5 7.5 1
)]
5.0 5.0 -
2.5 1 5 5
00— T 0.0
0 1 2 0.4 0.6 0.8
Parameter Value Parameter Value
Learning from the data Q

m Thomas Hol |l weck | Ma s t BriaroPstt ExcéllenseiAwardg 08€008/2026t at i on | 8



The combustion chamber In RR-SCARLET (25 bar, 950K, 4kg/s)

comprises complex flow features

Pressure Data
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Eder et al., 2024
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The combustion chamber In RR-SCARLET (25 bar, 950K, 4kg/s)

comprises complex flow features

Effusion cooling
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Eder et al., 2024 Eder et al., 2024
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The combustion chamber In RR-SCARLET (25 bar, 950K, 4kg/s)

comprises complex flow features

Helmholtz -solver (+ physics-based models)

Downstream Forcing

Upstream Forcing

Effusion cooling
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Data is assimilated to RR-SCARLET (20 Frequencies , 10 Microphones )

Upstream Forcing
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Data is assimilated to RR-SCARLET (20 Frequencies , 10 Microphones )

Upstream Forcing
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Data is assimilated to RR-SCARLET (20 Frequencies , 10 Microphones )

Downstream Forcing
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Data is assimilated to RR-SCARLET (20 Frequencies , 10 Microphones )

Downstream Forcing
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Helmholtz solver + Physics -based Models + adj-acc. Bayesian inference

C Quantitatively accurate, efficient 3D thermoacoustic models

Qualitatively accurate model Quantitatively accurate model
Acoustic Damping: Bayesian Inference: Application:
Physcis-based models Learning from Data Rolls-Royce SCARLET rig
1.0 - Mic_up: Track_1 Mic_up: Track 2
_ 0.5 1 Eilz: By ",.‘E:;“ 1
EE" 0.0 -‘/\/‘\/\ R Y. il T
o _0.5 - 0.0 : ;
—-1.0 I 1 | 2 -
0 2000 400 o600 800
Frequency [HZz] N 0 8-e-o-commmsamgon
Mitigation of thermoacoustic Instabilities Future Work
A More reliable shape optimization A Reactive Conditions
A Physically interpretable parameters A Extrapolation to unseen operating points
A Interpolation with uncertainty
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Data is assimilated to RR-SCARLET (20 Frequencies , 10 Microphones )

Upstream Forcing Downstream Forcing
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The posterior joint marginal PDFs collapse to small regions In the

parameter space indicating high certainty In the parameters

LO
O
—i

Effective area 1(12

Discharge Coefficient 4

Joint Marginal PDFs:
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