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Heated piston 
with window

Cylinder with 
heated walls

Bending mirror for signal
detection or laser inlet

Optical access for laser 
inlet or signal detection

Counter-mass to 
suppress vibrations

Objectives
Quantitative and time resolved 
examination of injection
Development of an effective method to
determine local λ-values
2-D λ-mapping at variable in-cylinder  
plains 

LLaser IInduced EExciplex FFluorescence (LIEF)
Averaged images of a diesel fuel direct injection (6-hole-nozzle)

Rapid Compression
Machine

Shadow images (liquid phase)

Schlieren images (liquid and vapor phase)

Time resolved 
visualization:

Start of injection
Start of fuel  
evaporation
Spray/vapor 
propagation

High Speed Imaging

7.6 ms BTDC 7.4 ms BTDC 7.3 ms BTDC 7.2 ms BTDC
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@2,0 ms after SOI

λ

@1,6 ms after SOI

Experimental Setup
Simultaneous imaging of Raman and LIEF signals

Nd:YAG laser (532 nm)

Nd:YAG laser (355 nm)

Lightsheet for LIEF

Focus for Raman

Beam dump

Filterbox for
Raman signal

Monochromator

ICCD-
Camera

ICCD-Camera for vapour
flourescence signal

ICCD-Camera for liquid 
flourescence signal

Beam splitter

Interference
filters

Result: Time Resolved Lambda Mapping

Vapor phase (@400 nm) Liquid phase (@550 nm)
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Simultaneous acquisition of vapor and liquid phase:
Quantitative predictions on evaporation and mixture formation
2-D visualization of spray propagation
Quantification through calibration (f(p,T,pO2))
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LIEF Calibration in N2 and Air

Work in progress / Future Research
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Influence of T, p, cTracer, ILaser, O2, H2O, CO2, He

Measurement of gas-phase temperatures
in evaporating sprays (temperature influence)
More detailed study of O2-quenching
Further calibration and validation
Reliable application under engine-like 
conditions

Example 1:

- N2 atmosphere

- Early HCCI 
injection

Example 2:

- N2 vs. air atmosphere

- Late HCCI injection

- Application of calibration 
results for O2-quenching

Lambda-distribution in N2 Lambda-distribution in Air

200 µs after SOI

End of injection

Temperature [°C]

Exciplex concentration [%]
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Simulation of real engine strokes  
(150 – 250 mm, up to 3000 rpm)
Stroke to stroke parameter variations,
e.g. swirl speed up to 1500 rad/s
Emission gas recirculation 


