
Laser-
Laboratorium
Göttingen e.V.

AMAA 2008: Two Line LIF-Emission Thermometry for Gas-Temperature

Determination in IC-Engines Ralf Müller Seite 1

Two Line LIF-Thermometry for Gas-Temperature

Determination in IC-Engines

Ralf Müller

Laser-Laboratorium Göttingen e.V.
Department Photonic Sensor Technology

Laser-
Laboratorium
Göttingen e.V.



Laser-
Laboratorium
Göttingen e.V.

AMAA 2008: Two Line LIF-Emission Thermometry for Gas-Temperature

Determination in IC-Engines Ralf Müller Seite 2

motivation: request to the engine development

widely-used drive technology: combustion engine

pollutant emission:
CO, CO2, SOx, NOx, hydrocarbons, 
particles (Diesel) fossil fuels:

consumption of resources

necessary: accurate knowledge about physical and chemical
procedures within combustion engines

„optimization of the engine combustion“

aim for research and development:
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motivation and aim:

aim: development of a process to determine the temperatu re within
combustion chamber of engines

developments of new combustion engines technologies like
homegenious charge compression ignition (HCCI) need wide
knowledge about the charge temperature.

motivation:

principle of the measuring method: two-line-fluorescen ce
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common two-line-thermometry:

• monitoring the population density in the electronical
groundstate

• application of two lasers

two-line-fluorescence:

modified two-line-fluorescence:

• monitoring the population density in the electronical
excited state

• application of only one laser

• first shock induced energy redistribution
thermalization (Boltzmann-distribution)

• then measurement of  population density by
measuring the fluorescence intensity

request to the tracer molecule:

time of thermalization must be shorter than fluorescence lifetime !

core distance core distance
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from fluorescence to temperature: 

Fluorescence intensity:

composition with population of ecxited states :

reference: fluorescence signal temperature

create a ratio of two fluorescence signals:
constant after thermalization

c : setup faktor
I :  laser energy
V : volume
N : population number
E : energy
T : temperature
kB : Boltzmann-constant
s : absorption cross section
f : quantum yield
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formaldehyde as tracer molecule

fundamental oscillation of 
formaldehyde

well structured dissolved

vibration spectrum

examined area

(Quelle: Schulz et al.)

combined transitions

oxygen

carbon

hydrogen
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formaldehyde as tracer molecule

� electronical excitation of the 41-state (355nm)

� from the 41-state energy redistribution to the other vibration states of 
S1 occurs.

� energy redistribution takes place within the fluorescence lifetime, 
occupation of the states results in a Boltzmann-distribution

� electronical transition into ground state (fluorescence)

Excitation

Thermalization

Emission Spectrum

• examined transitions: 20
140

1 (395nm), 40
3 (404nm), 20

141
2 (413nm)
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formaldehyde as tracer molecule

normalized Spectrum (413nm-line):

different occupation

fluorescence intensity ratio ~ ~ ~ ~ temperature

• different state occupation at different temperatures
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examination at  a temperature-controlled chamber
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thermalization of formaldehyde:

thermalization
process

thermalization
completed!

• best candidate for this measurement method:

thermalization process faster

when temperature rises
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results of the chamber measurements:

• sample 1 and sample 2 have
different concentrations

• samples were measured
at different pressures

� concentration and pressure fluctuations have

no influence to the method

for a better association between ratio and temperature

ratio is displayed directly with temperature
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results of the chamber measurements:

� fuel components have no influence

� also under motor relevant conditions temperature measurements possible

• for motor relevant conditions: 10 bar
and different l -values

• sample consists of iso-octane
with 5%CH2O

comparison with measurements under motor relevant conditions :
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sensor system in detail:

sparkplug thread
M14x1,25

Multi reflections of the laser beam !

• makes 1-d measurements possible

• application for engine operation
without ignition
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setup with sensor system:

sensor system
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Spectrum detected with sensor:

different occupation detectable but difficult to dissociate

normalized spectrum (413nm-line):

� low fluorescence signal because of low reflectivity on the inner surface
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results of the sensor measurements:

� corresponding data points available

� same slopes

� separate calibration curve required

• comparison with chamber
measurements

• strong data spreading because
of low fluorescence signal

404nm/413nm

higher reflectivity should produce better data statistic
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� two-line-thermometry with only one laser feasible!

� formaldehyde can be used as tracer molecule.

� intensity ratios of the transitions 40
3 (404nm) and 

20
141

2 (413nm) are good candidates for the measurement method.

� no influence of the fuel iso-octane on the measurement method.

� first examination of the sensor shows similar temperature dependency,
but a strong scatter of the data, because of low fluorescence signal.

� sensor optimization to get more signal and therewith a better
temperature information.   

summary
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Thank You for Your Attention!
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sections of the talk:

• motivation (problem and possible solution)

• used measuring method (Laser-induced fluorescence)

• tracersubstance (structure, properties)

• examination at a temperature-controlled chamber (setup and results)

• development of a sensor (first measurements)

• summary
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formaldehyde as tracer molecule

• H2CO will be added to the fuel. Meanwhile the combustion H2CO also occurs

also might be used for the method

• excitation of  H2CO can be generated with the wavelength of 355nm

application of a frequency-tripled Nd:YAG-laser possible

• molecule exhibits six degrees of freedom
well structured vibration spectrum

formaldehyde or Methanal (H2CO)

elementary aldehyde, gaseous and has a penetrative smell

Which molecule is useable for the process?

advantages for spectroscopy:
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results of the chamber measurements:

� a pressure dependency is obserable, with increasing

pressure the ratio decrease

� concentration has hardly influence

� pressure has more influence

� also concentration has more influence

404nm/395nm 413nm/395nm
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results of the chamber measurements:

� a pressure dependency is hardly obserable

� concentration has a low influence

� all curves are are nearly on one line

� no influence of pressure and concentration

413nm/390-420nm 404nm/413nm
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results of the sensor measurements:

� curves are a long way away from each other

� curves show different slopes

� curves not reproducible with sensor measurements

• comparison with chamber measurements

• strong data spreading because of low
fluorescence signal

413nm/395nm404nm/395nm
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results of the sensor measurements:

� curves are nearer to each other, some sensor data

points correspont with the chamber measurements

� different slopes

� also corresponding data points available

� same slopes

� separate calibration curve required

• comparison with chamber measurements

• strong data spreading because of low
fluorescence signal

413nm/390-420nm 404nm/413nm

higher reflectivity should produce better data statistic
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thermalization of formaldehyde:

thermalization
process

thermalization
completed!
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outlook

feasibility study for temperature
determination

development of a sensor system
and first test measurements

optimization of the sensor system

test application of the sensor system at an 
engine

�

�
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fluorescence stabiliy of formaldehyde:

� stable fluorescence signal over a long period !
(important for test series at the pressure chamber)

� no influence of  photodynamical processes

• permanent laser pulses

• measurements in certain
time gaps
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thermalization of formaldehyde (all ratios):
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Ahrrenius-Darstellung: 

Linienverhältnis:

� Ahrrenius-Gleichung wird für     
Temperaturbestimmung benutzt

413nm
404nm
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Resultat Iso-Oktan/synthetische Luft

Temperaturabhängigkeit der Linienverhältnisse:
395nm
404nm

 

� Iso-Oktan bewirkt keinen Einfluss auf die T-Abhängigkeit

� Geringe Streuung zwischen den einzelnen Gemischen

� Eindeutige T-Abhängigkeit
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Resultat Iso-Oktan/synthetische Luft

Temperaturabhängigkeit der Linienverhältnisse:
395nm
413nm

 

� Ab 5 bar ist Thermalisierung abgeschlossen

� Verfahren im Druckbereich 5 bis 10 bar anwendbar
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motivation: request to the engine development

widely-used drive technology: combustion engine

pollutant emission:
CO, CO2, SOx, NOx, hydrocarbons, 
particles (Diesel) fossil fuels:

consumption of resources

compensation of fuel consumption (protection of resources)

compensation of pollutant emission (minimization of ecological
and health stress)

necessary: accurate knowledge about physical and chemical
procedures within combustion engines

„optimization of the engine combustion“

aim for research and development:


