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Source: Wiese et al.; Anforderungen an den Mehrlochinjektor zur Erflillung zukinftig
Emissionsgrenzwerte beim direkteinspritzenden Ottomotor ; Int. Motorenkongress 2015
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Previous research: focus of catalysator
heating und moderate engine torque

At High loads the particle emissions are
rising continuously!
- This research project

High loads became more important with
new test cycles
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Now with Euro 6d-Temp
> 6 *10M [#/km] in the
WLTP and RDE
- Small Particle size

challenge of GPF!
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Exhaust gas primary particle

number measurement
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Preinvestigations regarding spray CFD simulation of the mixture
and charge motion preparation
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Measurement Setup
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engine speed [rpm] 2000

IMEP [MPa] 1.4
Temperature oil, water [°C] 90
Temperature charge [°C] 30

relative air-fuel ratio [-] 1

Injector Lowflow Highflow
Type Solenoid actuated
Qqtat [g/min] 620 820
Max. pressure [MPa] 50 35
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Indiggiion  injector I
| — intake [t
e —— valves I spark plug || exhaust

displacement [cm3] 498 cm3 camera La Vision HSS 6
stroke [mm] 90 mm recording rate [kHZz] 13.5
bore [mm] 84 mm image chip [Pixel] 512 x 512
compression ratio [-] 10.5:1 recording window [°CA aTDCf] -310 bis 90
setting range cam phasor [°CA] 80 Light source Storz Technolight 270
max. valve lift I/E [mm] 0.5-9.7/9.7
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/ \ Air composition N, ,0,,CO,, H,0

Flow field
Turbulence RANS k-£ /RNG Model

n-hexane (34 - % m)
Multicomponent fuel iso-octane (45 - % m)
n-decane (21 - % m)
Spray Primary breakup Distribution function
Secondary breakup Reitz and Diwakar
Wall - Impingement Bai — Gosman
Liquid Film boiling Rosenow

Tumble 60

Calculation with StarCD©

and es-ice© ~ 2 mio. cells

\_ 2N
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Influencing factors on particle emissions
timing, charge motion and injection rate
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Swirl

charge motion:
reduction PN

10° 4

10% 1
103 -

10°
108
107
1068

340 300 260 220
Start of Injection [°CA,1pg]

—aA— Highflow 200 bar
—o— Lowflow 200 bar
—a— Lowflow 500 bar

Red. hydr. flow:
Reduction of PN in
higher a higher
variation of SOI

higher load:
increase PN

Swirl

charge motion:
significant reduction PN

108

104

102 -

Red. hydr. flow:
Increase PN

340 300 260 220
Start of Injection [°CA,1pcl

Institut fiir Kolbenmaschinen

Leiter Prof. Dr. sc. techn. Thomas Koch

higher
injection pressure:
Reduction PN




Results
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Lowflow 350 bar
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Results
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Highflow 350 bar

simulation at TDC optical investigation
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Results
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Large scale motion strongly affected the spray targeting. sz

=no ..gmﬁ.:.m influence

7 i

A NENEZEN N[ 11
With a Tumble Inlay the best mixture preparation was |z, =2 - V= /1 M
pOSSIbIe valve it AN T ToINT« T ]| ]+ |/
Temperalure cocling 0 0 0 s \ ++ \ ++ \ 0 44 \

Rail pressure 0 +/++/{+\+/+\!\!!\

. . . . . . nozzle diameter 0 + + N |+ ++ + 0 AN

If the valve is been impinged the mixture preparation is e ol LN AL

influenced negatively. crea \hyflma I\{ m‘;mr:ummmﬂ /\ maximum exist

High injection pressure influenced the evaporation rate of
the spray and improve the mixture preparation if not
iInfluenced by the valves.

Colder wall temperature affect only the liquid mass.
With early injection timings piston impingement is

iIncreased otherwise with late injection timings mainly the
liner is impinged.
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Conclusion A\‘(IT

m The potential of the different variation parameters to reduce the particle
number emission is not additive. The variation parameters (valve
overlap, tumble, rail pressure, ...) affect each other mutually!

m The simulation shows the trends of the mean particle measurement
results, cycle-to-cycle variations could not be predicted with the used
models

m CFD-simulation predicted that the highest influencing factors on
particle is the remaining liquid phase in the cylinder.
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Appendix: Validation

Spray Validation in

pressure chamber

Simulation
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Flow Validation

in flowbench

Measurement
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