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Figure Captions
Figure 1. Scheme of the engine layout with both high and low pressure exhaust gas
recirculation (EGR) systems.
Figure 2. Evolution of the fuel mass consumed during the New European Driving
Cycle (NEDC).
Figure 3. Total fuel mass consumed (a), and total Carbon Dioxide emissions (b).
Figure 4. Nitrogen Oxides (NOx) emissions during the New European Driving Cycle
(NEDC).
Figure 5. Total Nitrogen Oxides (NOx) emissions.
Figure 6. Total Carbon Monoxide (CO) emissions.
Figure 7. Total Hydrocarbons (THC) emissions.
Figure 8. Hydrocarbons speciation for each tested configuration.
Figure 9. Evolution of the iso-Butene (iso-C4Hg) emissions during the New European
Driving Cycle (NEDC).
Figure 10. Evolution of the Benzene (CgHs) emissions during the New European
Driving Cycle (NEDC).
Figure 11. Total formaldehyde (HCHO) emissions.
Figure 12. Total formic acid (HCOOH) emissions.
Figure 13. Nitrous Oxide (N,O) emissions during the New European Driving Cycle
(NEDC).

Figure 14. Maximum incremental reactivity of exhaust emissions.



HI:)EGR HPEGR
valve cooler

Figure 1

Cooler

cooler valve



Fuel [g-s?]

0.0 -

4.0
3.5
3.0
2.5
2.0

Fuel [g-s1]

15

Fuel [gs1]

4.0

35

3.0

2.5

2.0

50 100
Time [s]

450 500
Time [s]

—EGRHP

——EGR LPy,

------ EGR LP()
EGR LP(0)
Speed

550

Figure 2

120

100

80

60

40

20

120

100

80

60

’\ o~

4.0
35

F’c'_ 3.0

£ 7 25

- 2

(5]

§ - 20

O

2 & 15

2

$ 10
05
0.0
40 -
35 -

z

£

=,

o

(5]

S

[7p]

<

(&)

=

(5]

>

N
g

2

(o3

250

]

300 350
Time [s]

700 750
Time [s]

950

1000
Time [s]

1050

1100

1150

1

- 120

- 100

D
o
Vehicle Speed [km-h1]

- 120

- 100

Vehicle Speed [km-h1]

120

100

80

60

Vehicle Speed [km-h]

40

20

0

1200



Fuel mass [g]

Figure 3

600 180
175
580 1 E 170
2
560 - > 165
2
S 160 -
540 - 8 155
5 1
520 3 %0 1
O 145 -
500 - : : : : 140 - ‘ ‘ ‘ ‘
EGRHP EGRLP EGR LP(l) EGR LFEL) EGR LP(O) EGRHP EGRLP EGR LP(l) EGR LP(L) EGR LP(O)

(a) (b)



NOx emissions [g]

3.00

250

200 |

1.50

1.00 |

050 |

— EGR HP -
===-EGR LP F
s, r== 100
“TTEGRLPo L
7 | 80
EGR I‘P(O) ",
Speed |
) ! 60
//——_— I’,’l
i /";f = ’_:_f,’/ 7 40
=7 =7 ..==:;:::::"’
/-r-s':.:—'
’_ l‘::‘ﬂ-‘-p“"* | 20
S
000_-.£=17777777i 70
200 400 600 800 1000 1200

\ehicle Speed [km-h-]



NO, emissions [g-km]

© o o o o o
o = | N N w
(@a] o ()] o (@) ] o

o
o
S

Figure 5

EGRHP EGRLP EGRLP;, EGRLPy EGRLP(,



CO emissions [g-km]

3.00

2.50

2.00

1.50

=
o
=

o
w1
o

o
o
S

Figure 6

EGR HP

EGRLP EGRLP;, EGRLP;, EGRLPg,



Total HC emissions [g-km]

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Figure 7

EGR HP

EGR LP

EGRLP;, EGRLP., EGRLPg,



HC emissions (g-km1)

Figure 8

0.10
EGR HP
0.08 mEGRLP,
' mEGRLP,
mEGRLP
)
0.06
mEGRLP
0.04
0.02
0.00
S ol S s & & ¥ NS
> XY N R < N 95 &F
S e A S



iso-C,Hg [g-s1]

iso-C,Hg [g:5]

is0-C,Hs [g:s]

0.016 -
0.014 -
0.012 -
0.010 -
0.008 -
0.006 -
0.004 -
0.002 -

0.000 rmmemtie

0.016 -
0.014 -
0.012 -
0.010
0.008
0.006
0.004 -
0.002

0.000 -

0.016

0.014

0.012

0.010

0.008

0.006

100
Time [s]

Figure 9

- 120

- 100

- 80

- 60

- 40

Vehicle Speed [km-h-1]

- 120

- 100

Vehicle Speed [km-h1]

is0-C,Hg [9:51]

is0-C,Hg [9:51]

0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000

0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000

300
Time [s]

700
Time [3]

- 120
- 100
z
£
X,
o
(5]
S
[7p]
<
(&)
2
(5]
>
350 400
- 120
- 100
z
- 80 £
X,
3
- 60 o
[7p]
<
- 40 S
e
(5]
=
- 20
i
— 0
750 800
- 120
- 100
z
-s0 €
=)
(<]
#
60 2
(&)
=
(5]
L 40 =
L 20
-0

950

1000

Time [s]

1050

1100

1150

1200



4.E-03

3.E-03

CsHg [9-s7]

1.E-03

0.E+00

4.E-03 ~

3.E-03 -

2.E-03

CoHs [9-57]

1.E-03

4.E-03

3.E-03

CeHelgs]

1.E-03 +

L\ St

120

- 120

- 100

Figure 10

950

4.E-03 - 120
100
T L 3.E-03 T
£ ) 80 g
= o =
- o )
3 T 2E-03 60 &
n O 73]
L L
o 40 S
< <
< 1.E-03 <
20
0.E+00 0
4.E-03 - - 120
- 100
T 3.E-03 - T
E - 80 g
= 2 =
- = =
g T 2
& O &
<L <2
[&] [&]
= =
(] (]
> >
- 120
- 100
£
-0 E
el
(3]
5
60
[S]
2
()]
L - 40 >
" . =,
ll ' a
‘ lw' [ 20
\ ‘.‘l
| MCOS T 0
1000 1050 1100 1150 1200

Time [s]



HCHO emissions [g-km]

0.25

0.20

0.15

0.10

0.05

0.00

Figure 11

EGR HP

EGR LP

EGRLP;, EGRLP., EGRLPg,



HCOOH emissions [g-km™]

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

Figure 12

EGR HP

EGR LP

EGRLP(, EGRLP, EGRLP(,



N,O emissions [g]

0.20

0.16

0.12

0.08

0.04

Figure 13

——EGR HP
——--EGRLP

— / - 100

===EGR LP,
- 80
EGRLP (o)
Speed
60
40
20
- -
LT 1 UL U L ‘ ’
200 400 600 800 1000 1200

120

Vehicle Speed [km/h]



1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Figure 14

EGR HP

EGR LP

EGRLP;, EGRLP., EGRLPg,



