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Mirror 

Fast pressure sensor 

Laser/photosensor 

Spectral analysis 

Ad-hoc filtering 

Phase-locked trigger 

Towards conditioned 
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Towards embedded optical  

measurement techniques 



Motivation 

Optical measurement techniques: 

 

Non intrusive 

Flame diagnostic 

Combustion (in)stability  

Standard for laboratory / test rig 

measurements 

 

 

Supporting Slides: 

Habilitation Giuliani 
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Requests from the aeroengine 

manufacturer 

The probe should inform in real-time about the 

following: 

 

if there is a flame or not 

if the ignition sequence is successfull 

what are the current operation conditions 

detect the presence of combustion 

instabilities 
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Objective: each turbofan 

combustor is equipped 

with 4 to 8 of such 
miniature optical 

sensors 



Idea: observe in real time the combustion 

with help of miniature cameras 

Two strategies: 

 

1. Place the camera in the 
injector and see the flame 
throughout the injection 

 

2. Place the camera on the 
pressure casing, and see the 
flame through the cooling 
holes 

 

The challenge is the design of a 
robust optical system with 
low intrusiveness (miniature) 
placed in an hot environment 
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Technical challenge 

HEAT 

TRANSFER 

Liner =screen, multi-

scattering, reflexions  

HARDWARE 

(OPTICS + 

Sensor + Cable 

+ Connexion) 

Casing: Delta  

 

Aggressive 

flow 

conditions 

(erosive, dirt 

deposit) 
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interface 

OPTICAL 

SENSOR 
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Light source 50 Hz camera 

MICRO CONTROLLER 

Online display 

Data log file 

 
RGB records type 

Average + RMS of 

1024 image stacks 

ALARM

WARN
OK 



Stroboscopic  

(or chopped) 

light source 

Fast 

photosensor 

(UV) 

MICRO CONTROLLER 

Online display 

Data log file 

 

Power spectra 0-

1kHz 

Average on 10s 
signal samples 

ALARM

WARN
OK 



the MethaNull Test Rig 

Siren 

Front 

plate & 

burners 

Exhaust with 

measurement ports 

Reduction 

Liner 

Casing with optical 

accesses 

Plenum 
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Combustion stability analysis 

Pulsator
AIR

AIR

Pilot gas

(Natural gas)

Main fuel (e.g

Pilot flame

Main flame

Plenum

Swirlers

 Similar experimets with pulsed air 

injection as for MethaNull 

 

 picture: historical prototype, and 

commercial version 



(other projects: equipment for the 

investigation on injection diagnostics) 

 

rePorT (see EVI GTI 2016 for details) 

 

Programm MethaNull 
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INLET / HIGH 

PRESSURE 

SIDE

CASING OF THE ROTATING WHEEL

OUTLET / LOW 

PRESSURE SIDE
MECHANISM FOR MOVING IN 

/ MOVING OUT THE WHEEL 

FROM THE JET

MECHANISM FOR 

TRANSMISSION & CONTROLS 

OF THE ROTAING WHEEL

NOZZLE



AIR JET
HIGH 

PRESSURE

LOW 

PRESSURE

NO PULSATION MODERATE PULSATION STRONG PULSATION

AIR JET AIR JETAIR JAIR J



Flame transfer function using  

order tracked measurements 
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(back to emotion) 
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I. The  

emotion  

probe 
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Diode 

Cooling air flowing through the test tube 
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Circuits and sensors 
 

          Wheatstone-Bridge:          Reverse circuit: 



Flame propagation 

Fresh mix fuel & ai
Ignition 

Probe 

1 

Probe 

3 
Probe 

2 

20 cm 41.5 cm 59.5 cm 

Probe 3 

Probe 2 

Probe 1 

t [s] 

t [s] 

t [s] 

II Flame propagation speed 



Set-up 

Sonde 3 Sonde 2 Sonde 1 

Zündung 

Gemisch 

20 cm 

41,5cm 

59,5cm 



Successive flame locations during one shot 





PD1 [V] 
PD2 [V] PD3 [V] Mike3 [V] 



III Flame load transients, and 

flash-back 



Mike3 [V] PD3 [V] Mike4 [V] PD4 [V] 



Pulsed  

 

(Shaker=pilot flame,  

excited itself by the pulsator) 

Conventional 
 

(Steady-state flows) 

Pilot 
flamme 

Main 
flame 

CONVENTIONAL (STEADY STATE COMBUSTION)

TWO-STAGE COMBUSTOR, 12 MW

MethaNull (CONTROLLED PULSE COMBUSTION)

+2% DT, -15% NOx, -13% CO, warm-up 1.1 times faster

IV Combustion instability 
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Stable combustion  MehtaNull Test rig: 
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Forced combustion instability  MethaNull Test rig: 
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Spectral analysis, steady state 

-Bridge circuit 
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Spectral analysis, forced combustion instability 

-Bridge circuit 
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Ignition process 

-Bridge circuit 

 

 

with a reverse direction circuit and a different resistor  
(1.8M  instate of 240 k  like PD1 and PD2) 
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MK3 
PD3 

MK4 

PD4 





Results 

 

Flame detection 

Ignition success 

Flame load 

Flame instability 

+ reference signal for modal analysis   
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Towards                              II  emÓtiÒn
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High pressure experiments 

 

Wavelength-specific diodes -> flame diagnostic 

 

Advanced integrated optics: optic interface + 

bandpass filter + Fourier lens 

 

Packaging -> Probe diameter 6mm inclusive cooling 

 



Conclusion 

Video probe results -> DGLR presentation 

 

Very positive results on the side of the photosensors 

type photodiode 

Patenting 

One article submitted to ASME Turbo Expo 2017 

 

Next opportunity for a FFG / Take-off collaborative 

project: submission early March 2017 
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www.CBOne.at 

COMBUSTION BAY ONE
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