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Objective:
 Develop and validate physics-based design tools for 

noise prediction. 
 Data generation, benchmarking and validation through a 

combination of experiments, high-fidelity simulations, 
and physics-based reduced order modeling.

Project Benefits:
 Industry relevant noise prediction design tool for next 

generation engines. 
 Expected benefits from this work are reduced noise 

pollution and reduced development time/cost of new 
engines. 

Research Approach:
 Task 1 – Mechanistic Understanding and Tool 

Development
o Focus on physics of sound generation from the inception of 

disturbances in the front-end all the way to the far-field 
perceived noise

o Combination of experiments, simulation and reduced order 
modeling

 Task 2 – Facility Development
o Development of complimentary experimental facilities and 

diagnostic capabilities at GT and RTRC
 Task 3 – Model Integration and Validation

o Collating results from Tasks 1 to create validated prediction 
models in design tools

Major Accomplishments (to date):
Task-1
o ROM frameworks across the architecture with continuous improvements to 

approximations and assumptions
o Post-processing GT LES data to inform RTRC post-combustion modeling
o RTRC LBM Simulations of wave interaction with turbine and combustor rig choke 
o Identified and quantified sound power dissipation effects in turbine 
Task-2
o GT: initial flame and pressure measurements, ongoing improvements/re-design and 

additional measurement capabilities (temperature, flow)
o RTRC: Used CLEEN rig to compliment ASCENT rig, additional measurements for 

pressure and flame in a different geometry
Task-3
o Identified initial input-output relationships between different ROM modules in 

toolchain  Iterative interactions between GT and RTRC for model connections
Future Work / Schedule:
Task-1: Continued model improvements based on LES and upcoming measurements.
Task-2: New measurements from improved GT rig for flow, temperature; Additional 

measurements from RTRC ASCENT and CLEEN rigs.
Task-3: Further improvements to Input-Output relationships across the toolchain; LES 

validation and model validation with validated LES
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Goals and Motivation for Noise Prediction 
Design Tool

• Legacy tool: 50 years old, engineering fit combining multiple parameters
– Does not scale and port to modern and future architectures
– Need for a modular physics-based tool: updated for advanced combustors, transfer function-based 

approach

• Toolchain for physics-based combustor noise prediction at design stage
• Physics-based Predictive Tool

– Sufficiently simple to execute in a timely manner for quick impact studies
– Capture relevant physics for broad-band combustion noise
– Far-field noise impact assessment when combined with ANOPP (or other similar tools)

ROM as Transfer functions
– Informed by high-fidelity physics

Front-end Disturbances
(Task 1.1)

Tu-Q
Tfuel-Q

Post-flame combustor 
disturbances (Task 

1.2)

TQ-a
TQ-e

Acoustic Far-field (Task 1.5)

Tff-a

Nozzle/Turbine 
Interactions 

(Tasks 1.3-1.4)

Ta-a
Te-a
Te-e

• Fuel-air ratio
• Flow rates, etc.

• Combustor Flow model
• Steady RANS

• No. of stages
• Mach number
• Distance between stages

• Mean flow field
• Modes to propagate

Entropy and
heat release rate

Acoustic pressure and
Entropy propagation

Direct and indirect 
pressures

Far-field acoustics
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GT & RTRC Experiment Rigs

GT RIG RTRC RIG

• Complimentary capabilities for the GT and RTRC rigs
– GT has enhanced optical access
– RTRC can access higher pressure
– Tests overlap at approach point

• Validation for GT LES from GT measurements
– High resolution inputs to both RTRC and GT modeling
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GT Experiment
• Previously

– First rig campaign captured flame and pressure measurements: identified 
issues  rig improvements

• Current rig status

• Ongoing rig shakedown
– Improved igniter
– Improved quartz window 

design

• Developed new test matrix
– Better understand swirl zone 

vs quench zone noise
– Better overlap with RTX data 

set
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RTRC Experiment

Fixed area
(jail bars) choke

Variable area (elliptic) choke

Air cooled liners
VRASC system
(blanking plate installed to 
eliminate unneeded modes)

Pb Vol. vel. source: VsPb Vol. vel. source: Vs

ASCENT Rig CLEEN Rig

Longer distance between 
bulkhead and choke moved 
longitudinal modes into band
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Comparison of Acoustic Transfer Function = Pb/Vs

ASCENT Combustor

CLEEN Combustor

¼ wave mode

FEA Forced Acoustic Modeling

½ wave 
mode
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P 2  :  Lower Bulkhead

20220831 P 10 :  14: Approach Cycle Pt (18.6:74.0)

20220831 P 12 :  15: Approach FAR_2 (18.6:74.0)

20220831 P 14 :  16: Approach FAR_3 (18.6:74.0)

20220831 P 16 :  17: Approach FAR_4 (18.6:74.0)

Example Dyn. Press. Data
Approach FAR sweep

Developing FEA model 
to correct for ¼ and ½ 
wave acoustic modes

RTX PROPRIETARY • U.S. Export Controlled • ECCN: 9E991

• 2nd Entry performed in CLEEN combustor test rig (due to schedule issue with test facility)
• Full matrix of 13 parameter sweeps at 4 operating conditions completed
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RTRC Preliminary Processed Data

𝑅𝑅 𝒙𝒙𝟎𝟎,𝒙𝒙, 𝜏𝜏 = 𝑞𝑞 𝒙𝒙𝟎𝟎,𝑡𝑡 𝑞𝑞(𝒙𝒙,𝑡𝑡+𝜏𝜏)
𝑞𝑞(𝒙𝒙𝟎𝟎,𝑡𝑡)2

Dyn. press. tap array enables wave 
decomposition and means to estimate 
indirect noise (by comparison to modeled 
reflection for a “passive choke”)

High-Speed Chemiluminescence (OH*)

Two-point correlation with varying time delay 
Visualizes periodic and convecting structures 
not obvious in HS video.   Example shows 
strong correlation with structure for 70+ msec

Cutback at FAR excursion 

Wave Decomposition Tap Array

Indirect Noise Estimate Demonstrated
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Cutback Cycle Point

Plus 50% Window Cooling Air

Plus 100% Window Cooling Air

Window cooling air expected to increased entropy 
fluctuations at choke, estimate shows clear correlation

RTX PROPRIETARY • U.S. Export Controlled • ECCN: 9E991
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Toolchain  Modeling Tasks
ROM as Transfer functions

– Informed by high-fidelity physics

Front-end Disturbances
(Task 1.1)

Tu-Q
Tfuel-Q

Post-flame combustor 
disturbances (Task 

1.2)

TQ-a
TQ-e

Acoustic Far-field (Task 1.5)

Tff-a

Nozzle/Turbine 
Interactions 

(Tasks 1.3-1.4)

Ta-a
Te-a
Te-e

• Fuel-air ratio
• Flow rates, etc.

• Combustor Flow model
• Steady RANS

• No. of stages
• Mach number
• Distance between stages

• Mean flow field
• Modes to propagate

Entropy and
heat release rate

Acoustic pressure and
Entropy propagation

Direct and indirect 
pressures

Far-field acoustics
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 Tasks 1.1 Pre-Flame & Near-Flame Physics
– Hydrodynamic instabilities: Modeling flow dynamics
– Direct Noise: Understanding contributions to spray flame heat 

release: velocity disturbances and spray dynamics
– Indirect Noise: Unsteady heat release  entropy fluctuations 

at flame (GT)  converted to sound at Nozzle (RTRC)

Front-End Modeling:
GT Modeling Tasks

 Tasks 1.1-1.3 High-fidelity 
simulations
– GT rig (plenum to exhaust) reacting 

spray LES with updated BC/IC
– Current simulation matches in-

chamber pressure (8atm) in 
experiments

– Data transferred to RTRC

 Tasks 1.2 Modeling Near-Flame Entropy Evolution
– Transfer function input modeling from entropy generation to RTRC 

post-combustor entropy evolution model
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Post-Flame Modeling:
RTRC Modeling Tasks

 Tasks 1.3 and 1.4 Turbine 
Nozzle and Stage Interactions
– Performed high-fidelity LBM simulation 

parametric study of entropy wave 
convection and indirect noise generation 
in RTRC combustor rig (cont’d)

– Data is being used to assess role of 
indirect vs. direct noise and wave 
conversion efficiency of each (transfer 
functions)

– Performed high-fidelity LBM simulations 
to initiate indirect noise scaling study for 
localized entropy wave interaction with 
turbine

 Tasks 1.2 Post Flame 
Combustor Dynamics
– Unsteady combustion  entropy 

disturbances  transported in 
combustor to nozzle  converted 
to sound at nozzle

– Post-processing of GT LES data to 
compare scalar advection model 
with a 2pt transfer function

U.S. Export Controlled • ECCN: 9E991
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First Step to Design Tool Toolchain 
Input-Output Relations

GT TASK

GT Task output

Model inputs

RTRC Task

RTRC Task output
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