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Motivation

What we know:

 Particle formation can be correlated with local rich mixture zones.

 These zones arise from in-homogeneities in the gas phase or from 

wall fuel films.

What we want to know:

 The impact of fuel composition on particle emissions.

=> section 1

 Which sources of particles inside of the combustion chamber are dominant?

=> section 2 

With the Euro 6c emission standard, the limit of emitted particles of gasoline engines with direct 

injection will be lowered to 6 x 1011 particles per kilometer in 2017.
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Presentation outline

Motivation 

 Section 1 - Influence of fuel composition on particle emissions

‒ Experimental Setup

‒ Measurement procedure

‒ Investigated additives

‒ Results

‒ Conclusion

 Section 2 - Overview about the ongoing development of LIF for quantitative fuel film measurement
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Experimental setup

 Single cylinder engine (Daimler M271)

Displacement: 449 cm³, ε=12.5

GDI and PFI mode possible
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1. For a better reproducibility the engine was conditioned before each measurement by burning 

methane (PFI) for 10 minutes.

2. Each additive was measured 3 times for 10 minutes.

3. The presented values are arithmetic mean values (last 3 minutes). 

Operating Point:

N = 2000 rpm, IMEP = 6 bar,

 Fuel pressure = 100 bar,

 Air fuel ratio 𝜆= 1,

MFB 50 = 8° a.t.d.c.,

 Start of Injection (SOI) = 270° b.t.d.c.

Measurement procedure

Relevant operating point for certification circle.

PFI = Port Fuel Injection

IMEP = Indicated Mean Effective Pressure

MFB = Mass Fraction Burned

b.t.d.c = before top dead center
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Key parameters found in earlier investigations1

Number of double bonds 

 Boiling point

Investigated additives

boiling point total formula

Decane 174 °C C10H22

Decene 172 °C C10H20

Indene 182 °C C9H8

2,2,4-Trimethylpentane 99 °C C8H18

2,4,4-Trimethylpentene 98 - 105 °C C8H16

Toluene 111 °C C7H8

Group 2: middle boiling points

Group 1: high boiling points

1Aikawa et al., Leach et al.
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The combination of a relatively high boiling 

point and at least one double bond leads 

to a significantly higher particle 

emission. 
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Comparison gasoline / methane: 

A significant part of the emitted particles 

seems to be caused by inadequate 

fuel-mixture formation.
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Results - particle size distribution

Proportion of each size range
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Adding decane, decene and 

indene results in a shift towards 

bigger particles
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 The presented results confirm the effect of fuel composition on the emitted particle concentration and 

show additionally an impact on the particle size distribution.

 Especially additives with a high boiling point show an impact on the number of emitted particles and 

their size distribution. 

 By using methane the number of emitted particle can be reduced to 30 %. This means that a 

significant part of the emitted particles seems to be caused by inadequate fuel-mixture formation.

 An optical measurement technique has to be developed to understand the cause and effect 

relationship.

Conclusions



LASER INDUCED 
FLUORESCENCE (LIF) 
FOR QUANTITATIVE 
FUEL FILM 
MEASUREMENT
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Principle

Thickness d

𝐼𝑓=𝜙𝜆,𝑇,𝑛𝑖 ∙𝐼0 𝜆 ∙1−𝑒−𝜖∗∙𝑐∙𝑑

𝐼𝑓≈𝜙𝜆,𝑇,𝑛𝑖 ∙𝐼0 𝜆 ∙𝜖∗∙𝑐∙𝑑

𝐼𝑓:Intensity Fluorescence 

𝐼0: Intensity incident light 

𝑐: concentration of fluorescent tracer

𝑑: thickness

𝜖∗: extinction coefficient

𝜙: Fluorescence-Quantum-Yield 

surface

fuel film

Emitted light (Intensity If)
Tracer molecule

Incident laser light 

(Intensity I0) 

𝑑𝑒𝑥𝑝(𝑥,𝑦)

𝑑𝑟𝑒𝑓(𝑥,𝑦)
=

𝐼𝑓,𝑒𝑥𝑝(𝑥,𝑦)

𝐼𝑓,𝑟𝑒𝑓(𝑥,𝑦)

Calibration with a known thickness:



LIF for quantitative fuel film measurement

Jan Niklas Geiler, Roman Grzeszik, Thomas Bossmeyer, Sebastian Kaiser | 20. ETH Conference on Combustion Generated Nanoparticles | 16/06/2016

© Robert Bosch GmbH 2016. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.
16

Overview
Fuel thickness distribution on the piston surface:
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F
u
e
l 
th

ic
k
n
e
s
s
 /
 µ

m

Fuel thickness / µm

Schropp2013



LIF for quantitative fuel film measurement

Jan Niklas Geiler, Roman Grzeszik, Thomas Bossmeyer, Sebastian Kaiser | 20. ETH Conference on Combustion Generated Nanoparticles | 16/06/2016

© Robert Bosch GmbH 2016. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.
17

Overview

 A fluorescent component is needed:

‒ Aromatics (e.g. Toluene, Trimethylbenzene), 

‒ Ketones (e.g. Acetone, 3-Pentanone).

 The fluorescence of the tracer should not be sensitive

‒ to high pressure, 

‒ temperature or

‒ an oxygen containing environment (quenching).

Tracer
Surrogate 

fuel

Calibration 

and flat-field 

correction

Saturation
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Overview

Tracer
Surrogate 

fuel

Calibration 

and flat-field 

correction

Saturation

 For quantitative fuel thickness information a non-fluorescent 

surrogate fuel:

‒ The surrogate fuel should evaporate exactly like the reference fuel 

and

‒ the selected tracer should show an excellent co-evaporation in 

respect to the surrogate fuel.
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Overview

Development of a calibration tool to set different film 

thicknesses (5 – 200 µm) at different temperatures (up to 

200 °C).

 Flat-Field correction to consider the local exciting laser 

radiation:

‒ Foil used for overhead projectors was found to be a suitable 

material. 

Tracer
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fuel

Calibration 

and flat-field 

correction

Saturation
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Overview

 The concentration of the tracer should be as low as possible. 

‒ If the concentration of the tracer is chosen too high, the film 

thickness is underestimated because all the laser light is absorbed 

and does not reach the whole measuring volume.

Tracer
Surrogate 

fuel

Calibration 

and flat-field 

correction

Saturation
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 Various interactive parameters have to be considered in order to derive quantitative information. 

 By following LIF shows the potential to give a pixel wise information about film thickness. 

 The information gained by LIF can help us to understand the causes of particle formation inside of 

the combustion chamber and to identify the main sources.

Summary
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 Fluorescence = brief, spontaneous emission of light

Laser Induced Fluorescence (LIF)

Jan Niklas Geiler, Roman Grzeszik, Thomas Bossmeyer, Sebastian Kaiser | 20. ETH Conference on Combustion Generated Nanoparticles | 16/06/2016

© Robert Bosch GmbH 2016. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.
25

Physical principle

Fluorescence

𝐼𝑓=𝜙𝜆,𝑇,𝑛𝑖 ∙𝐼0 𝜆 ∙1−𝑒−𝜖∗∙𝑐∙𝑑

𝐼𝑓≈𝜙𝜆,𝑇,𝑛𝑖 ∙𝐼0 𝜆 ∙𝜖∗∙𝑐∙𝑑

𝐼𝑓:Intensity Fluorescence 

𝐼0: Intensity incident light 

𝑐: concentration of fluorescent tracer

𝑑: thickness

𝜖∗: extinction coefficient

𝜙: Fluorescence-Quantum-Yield 

Absorption

Relaxation
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