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Abstract

Simulations of a large bore DI dieselengineusing an Eulerian spray model closeto the nozzleand a 
amelet
model for the turbulence-chemistry interaction are presented. Pressuredata and 2D imagesshowing soot radi-
ation from an optically accessibleengineare comparedto numerical results. The prediction of the penetration
of the gasphaseand the mixing is evaluated.

In tro duction

The testing of new spray and combustion models for enginesimulations is usually done in simple geometries
such as injection chamberswhereoptical accesscan be achieved relatively simple. This is a very important step
in model development. However, further testing and verifying under real engine conditions including moving
pistons and complex geometriesis much more di�cult and usually only global results such as pressureor heat
releaseare investigated. In this paper we will use data from an optical engine to evaluate the mixing and
combustion processusing a recently developed spray model which has beentested in injection chambers [1{3]
previously.

Numerical Mo del

A new spray model, the I nteractive-Cross-Sectionally-A veraged-Spray model, describing the liquid phaseclose
to the nozzlewith Eulerian transport equations,hasbeendeveloped. At detailed description and derivation can
be found in [1,2] and only a short summary is given here.Eulerian boundary layer equationsfor the gasand the
liquid phaseare formulated and integrated over the cross-sectionof the spray. This leads to the instationary,
one-dimensionalCAS-equations. These equations are solved on a separate grid which has usually a higher
resolution than the CFD grid. This avoids someof the resolution related problemsespecially closeto the nozzle
where very small structures occur. The CAS-code communicates with the CFD code by exchanging boundary
conditions and sourceterms for momentum, energy and mass.A �rst application of this model along with a

amelet model was presented by Hasseand Peters [3] for a diesel spray in a high pressure,high temperature
injection chamber.

The turbulence-chemistry is described by the Representativ e-Interactive-Flamelet (RIF) model. The model
and the coupling to the CFD code has beendescribed in detail in a number of papers [4{7] and only a brief
description is given here.The 
amelet parametersscalardissipation rate and pressureare passedto the 
amelet
code which computes the instationary 
amelet solutions for that time step. Thesesolutions, being a function
of the mixture fraction variable, along with the probabilit y density function of the mixture fraction can be
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usedto compute the mean temperature and speciespro�les in the 3D �eld. The chemistry which also includes
pollutant formation processesis completely solved within the 
amelet code. It is important to note that the
soot model is also completely incorporated into the framework of the 
amelet concept.Soot radiation which is
usedto compareagainst experimental data is modeled according to [8].

Exp erimen tal Setup

Figure 1: Experimental setup of the optical engine.

The results presented herewereobtained on two di�eren t test benches.The pressuredata wasobtained with an
one-cylinder enginewithout optical access.All the optical measurements wereobtained on a separate,optically
accessibleone-cylinder version of the sameengine. Figure 1 shows the optical engine setup. The laser on the
left side is used for LI I (Laser-Induced Incandescence)and LIF (Laser-Induced Fluorescence)measurements.
The copper vapor laseron the bottom and the optical �b er are usedfor the visualization of the liquid phaseby
light scattering. The data is collected by a high speedcamerasystem. Global soot radiation can be measured
with a 2-color detector which can be usedto calculate the soot concentration.

For the casepresented here both systemswere equipped with a PLN (Pump Line Nozzle) injector system.The
engineruns at 1130rpm and the displacement volume is 2 liters. The start of injection is 3 degreesbeforeTDC
and the injected amount is 131 mg which corresponds to 50% load.

Results

Figure 2 is a comparisonbetweenthe experimental and the numerical pressurecurvesshowing good agreement.
This result was obtained using one 
amelet.

Figures 3- 9 show a comparisonof soot radiation for seven di�eren t crank angles.The experimental data was
obtained on the optical test bench described above. The perspective of all pictures is from the bottom through
the quartz piston. The luminescencecan be associated with the soot radiation. The postprocessingof the
simulation data plots all the cells that are in a certain mixture fraction range, typically 0.1-0.35,which was
found to be the range in which radiation occurs. The cells are plotted in yellow and the intensity scaleswith
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Figure 2: Comparison betweenexperimental and simulated pressurecurve.

the magnitude of soot radiation. It is important that this color encoding is done in a transparent manner such
that all cells that lie along a line can be seen.Otherwise the �rst radiating cell would block the view and all
cells that lie behind the �rst cell would be hidden.

Figure 3: 6.5 degreesafter TDC
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Figure 4: 9.8 degreesafter TDC

Figure 5: 15.3 degreesafter TDC

Figure 6: 20.5 degreesafter TDC
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Figure 7: 25.3 degreesafter TDC

Figure 8: 29.6 degreesafter TDC

Figure 9: 35.1 degreesafter TDC
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When comparing this sort of imagesit has to be kept in mind that the simulation yields ensemble-averaged
results whereasthe experiment show a single event. This meansthat someof the structures seenin the experi-
ment cannot be expected to be seenin a RANS calculation. This would require an LES approach. Considering
that the simulation of soot and consequently the soot radiation is a very complexproblem the overall agreement
can be consideredgood. A generaltrend of underprediction of the gasphasepenetration can be seen.Especially
in the squishregion closeto the cylinder lessradiation is seenin the simulation. At the edgeof the piston bowl
the experiment shows almost no luminescence.On the one hand this can attributed to optical errors due to
high curvature of the bowl in this region. On the other hand this may be due to quenching at the cold walls.
The temperature drops locally such that no radiation is visible anymore. This e�ect has not been accounted
for in these simulations but Hergart [9] showed that this phenomenoncan be incorporated into the 
amelet
modeling framework.

Summary

A new Eulerian Spray which has been developed previously and tested in injection chambers was used to
simulate a large bore DaimlerChrysler DI dieselengine.Simulation and experiment were compared for a part
load casegiving good agreement for the pressurecurve. In order to compare the penetration and the mixing
inside the engine experimental 2D images showing soot radiation are compared to numerical results. The
agreement shows similar behavior although the simulation seemsto underpredict the penetration in the squish
region above the piston.
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