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GDI
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DATA OF INVESTIGATED CARS

Vehicles D@®

Number and
arrangement of
cylinders
Displacement
cm?

Power kW

Torque Nm

Injection type

Curb weight kg

Gross vehicle
weight kg

Drive wheel

Gearbox
First registration
Exhaust

Aftertreatment

Volvo V60
T4F @

4 [in line

1596

132 @ 5700
rpm

240 @ 1600
rpm
DI
1554

2110

Front-
wheel drive

ab
27.01.2012
EURO 5a
TWC

Opel Mitsubishi
Insignia 1.6 Carisma
EcoFlex @ 1.8GDI ®

4 /in line 4 [in line

1598 1834
125 @ 6000 90 @ 5500

rpm rpm
260 @1650-

3200 174 @ 3750

rpm
rpm
DI ]|

1701 1315

2120 1750

Front- Front-
wheel drive wheel drive

m6 m5

2014 05.2001
EURO 5b+ EURO 3

TWC TWC/Ox.Cat

Vehicles Opel Zafira VW Golf Plus
®0® Tourer @ ®

Number and
arrangement of 4 /in line
cylinders
cm
rpm
260 @ 1650 -
Injection type DI
Curb weight kg 1678
Gross vehicle
. Front-
mé
22.07.2014
EURO 501
e
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Diesel
Peugeot
4008 1.6HDi
STT ®
4 /in line 4 /in line
1390 1560
118 @ 5800 84 @ 3600
rpm rpm
240 @ 1500 270 @ 1750
rpm rpm
DI ]|
1348 - 1362 1462
1960 - 1980 2060
Front- Front-
wheel drive wheel drive
m6 m6
01.02.2010 12.04.2013
EURO 4 EURO 5b
TWC DPF




Vehicles
O®00 @)

Number
and
4 /in line

arrange-
ment of
cylinders

Displace-
ment cm3

min

type

Curb
R [T e

Gross
vehicle 1465
weight kg

drive

| Gearbox  [EREY

1398

64 @ 6000

min !

First

registra- 5.3.13
tion

After- TWC

treatment

Opel Adam

Fiat Panda
4x4 Twin

Air

2 /1n line

875

62.5 @ 5500
min !

145 @ 1900
min 1

MPI

1170

1550

4x4

m6

2.12.15

EURO 6b

TWC

4 /in line

1242

85 @ 5500
min !

102 @ 3000
min 1

MPI

989

1320

Front-wheel
drive

mb

30.5.16

EURO 6b

TWC

Suzuki
Baleno 1.2
Hybrid©

4 /1in line

1242

66 @ 6000

min !

120 @ 4400
min 1

MPI

1010

1405

Front-wheel
drive

mb

29.4.16

EURO 6b

TWC + EGR

MPI
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DATA OF INVESTIGATED
MPI| VEHICLES
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SAMPLING OF EXHAUST GAS FOR ANALYSIS OF
PARTICLES

to CVS pump

to bags

Dilution air | CPC(PMP) |

(p.T) amb

SMPS & nSMPS

T

C

chassis
dynamometer
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PN-ANALYSIS

- At steady state operation:

SMPS: DMA TSI 3081 & CPC TSI 3772 (10 - 429 nm)
NSMPS: nDMA TSI 3085 & CPC TSI 3776 (2 - 64 nm)

- At transient operation:

CPC TSI 3790 (PMP conform)
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STEADY STATE CYCLE (SSC) AND TAILPIPE
TEMPERATURE OF VEHICLE 7 (MPI)

350 -
300 -
250
200 -

150 -
100 _Speed 95 km/h

50 - \ 45 km/h
0 \ idling

1200 2400 3600
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exhausttemp. [°C]
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time [s]
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TRANSIENT DRIVING CYCLES WLTC, RTS 95 AND
ADAC 130

120 JWLTC
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SMPS PARTICLE
SIZE DISTRIBUTIONS
AT CONSTANT
SPEEDS WITH
DIFFERENT GDI
VEHICLES (W/O
GPF)
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INTEGRAL PN EMISSIONS AT CONSTANT SPEEDS
WITH DIFFERENT GDI VEHICLES (w/0 GPF)

9.0E+06

SMPS V1 oVZz mV3 ovV4d mVbs

7.5E+06

6.0E+06

4.5E+06

PN [#/cm?]

3.0E+06

1.5E+06

I_

95 km/h 45 km/h idling

0.0E+00
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SMPS & NSMPS PARTICLE SIZE DISTRIBUTIONS
AT 95 KM/H wWiITH GDI V2 & V4 (w/o GPF)

95 km/h
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EXAMPLE OF PSD's wiTH SMPS & NSMPS AND
PARTICLE COUNTS FILTRATION EFFICIENCY (PCFE)

WITH V1, GPF 1 AT 95 KM/H

1.0E+08
95 km/h
1.0E407 | wio GPF
- ——SMPS
1.0E+06
T10Es0s | oS | with GPF
[+ i . i
¥ 1.0E+04 i ;
Z 1.08403 | . |
: ; SMPS :
1.0E+02 i nSMPS < ~ 2
; < | “i
1.0E+01 | ! :
1.0E+00 ' ! :
102
95 km/h
101 -
g PCFE.sups
w100 -
L
: w
o
99 - PCFEsups
98

1
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100

v
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FILTRATION EFFICIENCIES PCFE AT CONSTANT
SPEEDS WITH DIFFERENT GPF's (SMPS DATA)

100 -

98
96
94
92

PCFE [%]

90

GPF1

95 km/h 45 km/h

idling
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COMPARISON OF PN-EMISSIONS IN WLTC
COLD AND HOT FOR DIFFERENT VEHICLES

CPC
1.0E+14 +
i current limit %1072 \{1 \12
10E+13 V3, ya ; — 1
= 1.0E+12 = GPF3 GPF4
E from(2018 limit 61011
3, 1.0E+11
pd
o 1.0E+10 GPF1
1.0E+09 -
1.0E+08 -
WLTC cold
1.0E+14 +
i current limit 6*1072 \.;1 \,;2
1.0E+13 V3 /o - — ‘
-E-1.0E+12 V> GPF3 GPF4
kv from|2018 limit 61011
3, 1.0E+11
pd

GPF1

1.0E+09 g

1.0E+08

WLTC hot
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PCFE's OF THE INVESTIGATED GPF's IN WLTC HOT
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1.0E+08 +

< 95 km/h
v V8
Vo

& 1.0E405 |
E 3
F 1.0E+04 ©
Z 1.0E+03 L
o F

1.0E+02 +
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1.0E406
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1.0E+05 1
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1.0E+04 |

1.0E+03 |

" average over 4 scan

0 . ) 100
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University of Applied Sciences
Biel-Bienne, Switzerland 0

IC-Engines and Exhaust Gas Control

@k

SMPS PARTICLE
SIZE DISTRIBUTION
AT CONSTANT
SPEEDS WITH
DIFFERENT MPI
VEHICLES




PN [#/cm?]
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PARTICLE SIZE DISTRIBUTION OF MPI
VEHICLES (MIN/MAX EMISSIONS) AT 95 KM/H.
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PN RESULTS IN ALL DRIVING CYCLES.

" mV7 mV8 mV9 mV10 o
] current limit value 651012
1.0E+13 - from 2018 limit value 6*1011 \

RTS95 cold RTS95warm ADAC130warm WLTC cold .




WLTC cold
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RTS95 warm
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PM-RESULTS OF
THE LOWEST &
HIGHEST EMITTING
VEHICLES

IN DIFFERENT
TRANSIENT CYCLES.
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Conclusion (1

- The PN-emission level of the investigated GDI
cars in WLTC without GPF is in the same range
of magnitude and very near to the actual limit
value of 6.0 x 10%% #/km.

- The present work demonstrated that the modern
Sl-vehicles with MPI1 also emit a considerable
amount of PN and PM. In an extreme case the
PN-emission was in the range of Diesel car

(without DPF). .




el University of Applied Sciences
. Biel-Bienne, Switzerland G
@/ IC-Engines and Exhaust Gas Control

Conclusion (2

- With the GPF’s with better filtration quality it is
possible to lower the emissions below the
future limit value of 6.0 x 10 #/km.

- The filtration efficiency of GPF can attain 99%
but it can also be optimized to lower values —In
this respect the requirement of “best available
technology for health protection” should be
considered.
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