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Dependence of particle size distribution on injection pressure

Sunmary

The influence of the injection pressure on the particle size
di stribution has been neasured with a SMPS and a one stage
ejector dilution unit. Measurenment were carried out on a sta-

tionary test bench with a 31, 6 cyl., comon rail direct in-
jection engine froma passenger car, by varying the pressure in
the rail. The sul phur content of the diesel fuel was < 10 ppm

and the sanpling point was the tailpipe or the outlet of a
transfer line.

First of all, the size distribution had been neasured with the
standard engine setting. In a second step, only the torque had
been set to the value of the original operating point (the one
with the original rail pressure, etc.) after changing the pres-
sure. This had been done by adapting the end of injection. In a
third step, the engine had al so been set to the em ssion | eve
of the original application by varying the EGRrate to set the
soot em ssion (Bosch Snoke Nunber), and the start of injection
for the NOx level. Finally, the size distribution had been
nmeasured in this configuration, but with the sanpling point at
the outlet of a transfer |ine.

When the original injection pressure of 550 bar is varied in a
range of 250...1600 bar and only the engine torque is kept at
82 Nm a slight decrease in the count nedi an di aneter (CVD)
with increasing rail pressure can be found; on the other hand,
the total nunber concentration (N) is reduced quite signifi-
cantly. In the step three configuration (sane em ssion as ori -
gi nal application) both particle size and concentration are

al nost constant with changing injection pressure. Wen the
residence time of the aerosol prior to dilution is increased by
enpl oying a transfer line, a smaller nunber of slightly |arger
particles can be neasured.

Wth the test procedure and nmeasurenent conditions used in this
i nvestigation, no negative effect of high injection pressure on
the particle size distribution could be found.

I nt roducti on

The devel opnent of new di esel injection systens and conponents
in the |last decade has lead to a steep decline in soot em ssion
| evel s. Most of this success is due to the introduction of di-
rect injection systens, and the steady increase of the injec-

tion pressure. Since only the soot nass em ssion is rel evant B QIK
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for legislation, whereas recent publications indicate a corre-
| ati on between the nunber concentration and the carcinogenic
effect, a discussion on the size distribution of aerosols from
di esel engi nes arose.

This section is a report on the nmeasurenent of the particle
size distribution with different |evels of the injection pres-
sure.

Measur enent setup

Al'l neasurenents were performed with a scanning nobility parti-
cle sizer (SMPS) in a dual path configuration. Both paths have
an identical arrangenent with a DVA and a CPC, only that in one
path the aerosol is heated upstreamof the DVA. The heating
section is not a thernodenuder, because there is no vapour ad-
sorbing agent in it.

Dilution was achieved with a one stage (1:10) ejector system
close to the sanpling point, which could not be heated. For the
calculation of the particle concentration, the neasured dilu-
tion ratio was used (CO2 balance). There are further dilution
stages within the SMPS. The aerosol was taken fromthe tail-
pipe, or fromthe outlet of a transfer Iine (5 mlength, 70 nm
in dianeter).

Test engi ne

A standard passenger car engine on a stationary test bench was
enpl oyed for the neasurenents. Only the electronic control unit
was a nodified Bosch EDC 16 device, that allowed for tuning the
engi ne paraneters. Besides that, the EDC software was standard.

Sone engi ne specifications:
? 31, 6 cylinder, direct injection, 150kW

? Common-rail injection system (Bosch), with a CP 3 punp and a
maxi nrumrail pressure of 1600 bar

? Turbo charger with variabl e nozzl e turbine (VNI
? Cool ed charge air and exhaust gas recircul ation (EGR)

? Buro 3 em ssion standard

The engi ne was operated with | ow sul phur diesel fuel (< 10ppm,
which is probably the reason for the absence of a nucleation
node in all of the measured distributions.
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Procedure

Wien the injection pressure is nodified, a nunber of paraneters
l'i ke torque, NOx em ssion, soot em ssion and fuel consunption
will also change. One can take this phenonenon as given, or one
can try to tune the engine to get these paraneters as cl ose as
possible to their original value. There are pros and cons to
bot h approaches, so both were realised in the experinents. The
nmeasur ement procedure was:

1. Setting the engine operating point and waiting for station-
ary conditions. The operating point was chosen to nmatch a
vehi cl e speed of 100 kmh: n = 2000 1/mn; M= 82 Nm
g_air =100 nB/h; p_rail = 550 bar
— Measuring the particle size distribution.

2. Changing the pressure in the rail. The adaptation of the
torque is done automatically by the EDC 16 by changi ng some
paraneters, especially the end of injection.

- Measuring the particle size distribution.

3. Changing the EGR rate, until the Bosch Snmoke Nunber (SN)
equal s the value of the standard setting.
Changing the start of injection to set the NOx |level to the
standard val ue.
- Measuring the particle size distribution.

4. Switching fromthe sanpling probe in the tail pi pe position
to the one behind the transfer |ine.
— Measuring the particle size distribution.

Resul ts

Al'l of the neasured size distributions have a | og-nornmal shape
wi t hout a nucl eati on node. The difference between the curves
fromthe heated and the cold path is quite small, which is
probably due to the | ow sul phur fuel and to the | ow HC em ssion
| evel of the engine. Therefore, the results can be discussed in
terms of the count nedian dianeter (CVD) and the total nunber
concentration (N).

Measurenments of CVMD and N for a range of the injection(rail-)
pressure are shown in Fig. 1. Wen only the torque is kept at
the original value, there is a decrease in particle size with
increasing injection pressure. On the other hand, the nunber of
particles is reduced quite significantly. The change in the
conbustion process induced by the variation of pressure
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Fig. 1: Particle size (CMD), number concentration (N), smoke nunber
(SN) and NOx | evel versus injection pressure; n = 2000 1/ m n,
Torque = 82 Nm (v = 100 km h). The standard injection pres-
sure is 550 bar for this engine speed and | oad.
Top: Torque set to standard val ue.
M ddl e: Torque, Snoke and NOx set to standard val ue.
Bottom Like middle, but sanpling behind transfer |ine.
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and injection timng | eads to a remarkabl e nodification of the
em ssi on behaviour of the engine. This is also shown in the
figure. The rise in particle em ssion from 1300 bar on is cau-
sed by the electronic control unit, which automatically incr-
eases the exhaust gas recirculation rate. It should be pointed
out here that neither the injection system nor the software in
the EDC are designed for an injection pressure in this range at
this engine operation point. For exanple, the standard design
sets a rail pressure of 1300 bar at n = 2500 1/mn, mep =

15 bar, and 1600 bar at n = 4000 1/mn, nep = 12 bar.

When the NOx and snoke |l evels are set to their standard val ues
as described above, no clear correlation between particle size
and nunber concentration and the injection pressure can be ob-
served. Wth the sanme neasurenent procedure, but the sanpling
probe at the outlet of a transfer line, a snmaller nunber of
slightly larger particles can be neasured.

The snoke nunber (SN) neasures the anmount of soot in a speci-
fied volune; it does not contain any information on the exhaust
gas flow rate. Therefore, the volunme rel ated nunber concentr a-
tion is shown in the figure. The course of the distance related
nunber concentration N[1/km differs fromit, because the EDC
reduces the intake air floww th rising injection pressure.
This leads to a clear decrease of N[1/km with increasing in-
jection pressure, especially in the neasurenents w th constant
snoke nunber and NOx | evel.

In the process of applying an injection systemand an el ec-
tronic control unit to an engine, the paraneters |like EGR i n-
jection timng, and so on are set in order to reach a certain
trade-of f concerning snoke em ssion, NOx em ssion and fuel con-
sunption. Therefore, it seens useful and necessary to set the
engine to the original em ssion levels after changing the in-
jection pressure — the sane woul d be done in an application
process.

The transfer line is only a very rough approximtion to the
aggl onerati on processes, that occur in the atnosphere behind
the tail pi pe. Nevertheless, the nmeasurenents with the transfer
line indicate that the influence of the injection pressure on
t he atnospheric aerosol is even lower, than the tail pi pe neas-
urements show.

In summary it may be said, that with the test procedure and
nmeasur enent conditions used in this investigation, no negative
effect of high injection pressure on the particle size distri-
bution coul d be found.
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