
 

Modeling engine spray ignition with igniting flamelets

Citation for published version (APA):
Bekdemir, C., Somers, L. M. T., & Goey, de, L. P. H. (2009). Modeling engine spray ignition with igniting
flamelets.

Document status and date:
Published: 01/01/2009

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024

https://research.tue.nl/en/publications/bf0c2ee8-96f3-4d35-abe1-3969bdada26a


Workshop Turbulent Spray Combustion 2009

Modeling Engine Spray Ignition with
Igniting Flamelets

C. Bekdemir, L.M.T. Somers and L.P.H. de Goey

Cemil Bekdemir

(c.bekdemir@tue.nl)

Combustion Technology

Mechanical Engineering

Eindhoven University of Technology

P.O. Box 516, 5600 MB Eindhoven

www.combustion.tue.nl

Introduction
Auto-ignition is an important process in Diesel engines. This process is in-

stationary and the ability to numerically predict it becomes more and more

important due to:

• New combustion concepts (HCCI/PCCI)

• Future Fuel developments (bio-fuels)

Therefore ignition models that switch on a combustion model at a certain

time may not suffice. Instead, auto-ignition may be predicted with tabulated

igniting flamelets (FGM).

Objectives
Investigate the influence/sensitivity to tabulation approach:

• This study aims to investigate strain rate (a) dependency of ignition delay

Spray Ignition Modeling
• Approach based on the flamelet concept using a presumed PDF method

Manifold created using:

• Classical stationary counter-flow flames

• Extended by igniting non-premixed flamelets

An example result for an auto-igniting heptane spray is shown in Figure 1.

This is a full 3D simulation result of FGM implemented in Fluent.

Tmax = 807 K Tmax = 853 K

Tmax = 807 K Tmax = 853 K

Figure 1: Temporal sequence of progress variable and temperature contours showing the
auto-ignition process resulting in total combustion. FGM filled with a = 500 solutions.

Manifolds
Flamelet Generated Manifolds are parameterized with:

• Mixture fraction Z

• Reaction progress variable PV (CO2, CO, CH2O)

Strain rate choice of the igniting flamelet is arbitrary, possibly giving rise to:

• Shifts of source term position in Z ,PV -space

• Different magnitudes of PV source

Results
• Tops more or less stay at same positions

• Magnitudes tend to increase with increasing strain rate

See Figure 2 (a = 100) and 3 (a = 3000).

• However, increasing strain rate results in higher auto-ignition times

(Figure 4)

Figure 2: Source of progress variable during ignition with a = 100

Figure 3: Source of progress variable during ignition with a = 3000
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Figure 4: Auto-ignition delay time as function of strain rate.
Auto-ignition is defined at 5% increase of the progress variable.

Outlook
• Consequence of different manifolds for 3D spray simulation

• Investigation of the PV choice influence on ignition and

combustion behavior

• More detailed validation with ignition delay times and flame lift-off lengths

Acknowledgements

This project is financed by the Dutch technology foundation STW.

/ Mechanical Engineering - Combustion Technology


