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Abstract : A conventional four-cylinder, 1.6 L stock CI engine that runs on straight-run gasoline fuel with higher reactivity
was calibrated by using a DoE(Design of Experiments) test under global operating conditions, prior to the final calibration on
aroller test cell. Final vehicle tests were conducted on a vehicle that was adapted to the new fuel specificities. Based on the
roller tests, it was concluded that the straight-run gasoline fuel that ran on a compression ignition(GCI) engine could fulfill
the Euro 6d standard with the further possibility of CO, benefits(reaching the 2025 CO, target in Europe). Moreover, vehicle
simulation was used to address the possibility of combining GCI with hybrid electric technologies to meet the European CO,
target by 2030. The target was reached by using a 48 V 1 kWh battery, P2 architecture, and the re-optimization of the vehicle
control unit for further advantage. The after-treatment system(ATS) control logic was also optimized to comply with new
pollutant standards.

Key words : CO, target(®]*F3}gk2 74 X]), Gasoline compression ignition(7}<= ¥ #}<1 2+3}), Mild hybrid electric
vehicle(n} = 3}o| B 2] = 2| &), Straight-run gasoline(Straight-run 7}< #), Vehicle calibration(X} & 7 2] B g o] A1)

Subscripts . M2

DOC : diesel oxidation catalyst < AR Ak Bl S7H= Non-OECD(Organization
for Economic Cooperation and Development), &=} 1%
& vehse] i 57 g alefr o) & Q18 v
A7) s st Ao giAlsta A7) F4

DoE  :design of experiments

DPF  : diesel particulate filter

ECU : electric control unit o)1= e zZk=7| FA = ofR % AFEl 7)|7ko] AY
GCI  : gasoline like fuel on compression ignition engine Zo 2 HRIth! o] 317 Lol A 53] 2l=Fel] gk
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NEDC : new European driving cycle

SCR :selective catalytic reduction

o] Al o7 B Astolt). o2l o] g2 st

WLTC : worldwide harmonized light vehicles test Mo g Fao i otz aa) wAl qlglo], 2
procedures 7 8T} AFRE 0 24 oH] dEAFT) ui STt A
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Table 1 Test fuel properties compared to diesel and gasoline
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Table 2 Specification of engine and nozzle

Fuel Gasoline |  Diesel S‘;'sgo';:n':"
Cetane number [-] 194 53 35
RON [-] 91 - 45
T10, T50, T90 [°C] |25, 105, 151 | 210,281,335 | 74, 104, 164
H/C ratio [-] 1.82 1.85 2.14
Density [kg/Lat 15°C] | 0.749 0.834 0.726
Aromatics [%ov/V] 26.8 25 <5
LHV [MJ/kg] 42.8 0.7 43.8

Engine & nozzle 4-cyliner engine
Displacement volume [L] 1.560
Bore [mm] x stroke [mm] 75.0 x 88.3
Compression ratio [-] 16:1
Swirl number [-] 2.0
Injector Bosch, CRI 2.2
Hydraulic flow [cc/30s + 100 bar] 340 (280 for diesel)
Nozzle holes [-] 7
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Fig. 1 WLTC and NEDC coverages
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Fig. 2 Tailpipe emissions from GCI vehicle tests (cold WLTC)
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Fig. 3 Sketch of GCI hybrid vehicle simulation
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(cold WLTC)

IulE 7k 2 A A7 SR gES AL
ahoit) A-2A] DOCY] ©e &8 oﬂxg 2 HE
=2 B9 A4 712 vl E(Engine-out) = Q131 X}&F )
= 7F="K(Tail-pipe)©] 5243 S7FIAIR 229 45
I A - ugR| o] dAdstE ApwE viE o] =g
F7heHE & = ATk FHF A vilE 7k 7S S8

M TP B} FLFE B 5 ek ol

::‘

N’ e oo mo

i

o] stolneats Ba) AeolAe A ARa
292 A2TVA AFH 0 B WETI A
9 P 5 DS eIt B3 AL £ A7
$ale] g5 W Ths L8 242 Fa) FAGA

2
% _E
%
o
M
>
>,
oft
L
N
U oL
=
o M
wn
@)
=
td
i)
=2
2
oo
o

=]
H%%U Aarel QATE o ek ol et

3}

. Gl

29 og@, W7 @Eolnel st z)ol e daitsE
4

a

Fig. 62 HF 4] sto]Bg]=3lo] wE GCI X! wf
7}2~(Engine-out) 2} 2+ W= 712~(Tail-pipe) 2] 3}
=S AT Slol B =Bl Qo 2 RE o] uhe
Hd A 7has) tha & A E vlEES B
ARk, A2 MR - At FA g o] EAdstE

32 Mo o

[°Cl

500% DOC Temp.

250 w
0 T T T T T T T T T T

g]
1.03 co
0.5 éf
0.0

[e]
0‘103 THC

0.05 e
f

0.00.
T T T T T 1

[g] — Simulation — Experiment
2.0
1_.,% NOx
0.0% T
[g/s]

o Urea injection
s b me;

200 400 1200 1400 D 1600 18

Time [sec]

Fig. 5 DOC & SCR model compared to vehicle tests (cold
WLTC)

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No. 12, 2021 1111



Engine-out emissions Tail-pipe emissions

g 20 £ 0B
g / 8
315 £ 06 e
£ 2 -
7 ————
g [// = g 6:d ff
2 Z, -
[} L 3 o
z 5 = Sz
E /j//ri <
3 0 E o
© o 500 1000 1500 2000 8 o 500 1000 1500 2000
B3 CIY,
= £
g5 L2 503
— ]
k7 /__,/' £
=9 202
5
Qa1 _— = s
T —— Q01
£ g o=
30 E o
o 500 1000 1500 2000 © 1] 500 1000 1500 2000
- =
= 30 - - - E 2
e | — A48VHybrid before reoptimizztion E - T
8 0| — #8VHybrid recpimization | Bs
7 — 48V Hybrid repotimization 11 /_ = ——— 3
=8 1 —— 48V Hybrid before recptimization
o 10 J_;;Lr - —— 18V Hybrid reoptimization |
Q - i gos = 48V Hybrid repotimization 11
€ 18
= E
oo S v
0 500 1000 1500 2000 © ] 500 1000 1500 2000

Time [g] Time [¢]

Fig. 6 GCI vehicle engine-out and tailpipe emissions (cold
WLTC)

mCO2 mNOx co

(=)} —
m n
~ ~
©o o <
n ¢ ©
o n 3 N
s Y
3 )
<
n
~
w
—

HYBRIDIZATION REQOPTIMIZATION REOPTIMIZATION
BEFORE | 1l
REQOPTIMIZATION

HC

«Q
o
0

60.5

419

REDUCTION [%]
35.9

Fig. 7 GCI vehicle emissions reductions by hybridization
and optimizations (cold WLTC)

At E7FAES HEA 02 AE AT 20t §ho]
B 2]=3KBefore re-optimization)2] “d-%- GCI s}°] =]
= 2kl A 22 mg/km] A A, 1 mg/kme] B3l
229} 68 mg/kme] GAts RS MEHS BT o= 7]
= GCI 2 v = 72~ AR} 18] al v 7k qf
A2 Bk @A ] s Fx]o| kA RE Fuff glo] A
g JdE T2 ofHh. ol & Fal GCI AFF
o] sfolH g =38} Aol A w72 AR o Z-S- 3
Helo=x W} @ oibstebh AFE A =S
ATk E3F GOl stolB = xpe] dxla} 3427
& AHA 3 Ao =N F7HER] wiETts A3t
& B

Fig. 7914 GCI 2}e] slo]Be] =312 E&lo] o]ak
sheka A3HE vi=71H~(Tail-pipe) ¥13} < GCl
Apeke] wiE 7F2~(100 %)<t Bl lek AT
#), wEl g ] SoC JoF A7 =

2 ul=x=
= 1=

0

A 30 o

fol

o
oo N
Ay L rh

m = o
AN Jo

%
&

T

lo i

=48 27 =%

1112 32ASaA383 =233 A293 AH128, 2021

HJo

2 FA8I TR GCI 2Fgo] 48 V ullE 2] <} 25 kwel %
7] BEE o]&3% P2 widE SlolH=slE F
WLTCAIA] )] 25 %7141 9] o]iksteti A 7to] 7hs&
S YEFATKNEDCOI A ) 35 %¢] o]Akaleka A7h.
A&7 0] A9, lxle] AlA] 97 X
Ao g8 TR e wE7krE Aftske avE B
Atk o= ke = f1 olatsteka A9 vl E7F
THAol &8s A 2 GCI AFgo] npd = sle]H.g]
=315 Bl g3t 7ssitheE S S etk

’Ol

o

¥

e

ot
IRl
< rlo

Q
Q

el o

Straight-run 7}

2 4
12 o

Q
a
b
2
e
Lo

o ob 3@

it S [o o ¢

oz &

ox &
r&ol:r}m

L)

™
=)

oy o

3
it

—

Q
aQ

>
=
2

i oft

>
2

9,
%

O

N
0o g2 b

O

Wi
Eal

iz
to [ ot X2 [N X oo

ﬂl]O ol

_O|L
o
A
i [r

-
=

o |z |z

oY e
|\
_O|L

< 32

(

(SIE=S IR

TLH, T | ]
|22 GCl
&l GCI A%
o] 7t 2 AA} Straight-run 152] A-E31E 7SR
Hlo|tk

Q
a
24
oft
2
IS
3

2ol
ot
uu)
b
K
=
A

A 38

L
N

=
S

References

1) Chapter 8: Transport IPCC WGIII Fifth Assessment
Report, report.mitigation2014.org/report/ ipcc_wg3
ar5_chapter8.pdf, Accessed 19 October 2015.

The Outlook for Energy: A View to 2040,
ExxonMobil 2016, http://cdn.exxonmobil.com/~/
media/global/files/outlook-for-energy/2016/2016-
outlook-for-energy.pdf, Accessed 7 Feb 2016.
World Energy Council, 2011, Global Transport
Scenarios 2050, WEC London, http://www.world
energy.org/wp-content/uploads/2012/09/wec_trans
port_scenarios_2050.pdf, Accessed 22 October
2015.

U.S. Energy Information Administration. International
Energy Outlook 2013, DOE/EIA- 0484(2013),
http://www.eia.gov/forecasts/ieo/pdf/0484(2013).pdf

2)

3)

4)



5)

6)

7)

8)

9)

GCI 2 7idE 8t A F2 "ol at OtUE Sto|=2|E3E S8 D2 &3 74 U

& http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.
cfm, Accessed 22 October 2015.

BP, Statistical Review of World Energy 2015
Workbook, http://www.bp.com/en/global/corporate/
about-bp/energy-economics/statistical-review-of-
world-energy.html, Accessed 26 August 2015.

K. Akihama, H. Kosaka, Y. Hotta, K. Nishikawa, K.
Inagaki, T. Fuyuto, Y. Iwashita, J. T. Farrell and W.
Weissman,
(Compression Ignition) Operation of the “Naphtha
Engine” - a Combustion Strategy for Low
Well-to-Wheel CO, Emissions,” SAE International
Journal of Fuels and Lubricants, Vol.1, No.l,
pp-920-932, 2009.

H. W. Won, N. Peters, N. Tait and G. Kalghatgi,
“Sufficiently Premixed Compression Ignition of a

“An Investigation of High Load

Gasoline-like Fuel Using Three Different Nozzles
in a Diesel Engine,” Proceedings of the Institution
of Mechanical Engineers, Part D: Journal of
Automobile Engineering, Vol.226, No.5, pp.698-
708, 2012.

D. Kim, K. Kim and C. Bae, “Combustion and
Spray Characteristics of Diesel and Gasoline in
Heavy-duty Compression Ignition Engine Under
Low Load Condition,” Transactions of KSAE,
Vol.28, No.6, pp.367-373, 2020.

M. Kim, J. Lim, K. Kang and S. Lee, “A Study on
Combustion and Emission Characteristics of a
Diesel Engine Fueled with Premixed Gasoline/Pilot
Diesel,” Transactions of KSAE, Vol.25, No.3,
pp-326-335, 2017.

10) K. Cho, E. Latimer, M. Lorey, D. J. Cleary and M.

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No. 12, 2021

11)

12)

13)

14)

15)

16)

Sellnau, “Gasoline Fuels Assessment for Delphi’s
Gasoline  Direct-Injection
Compression Ignition (GDCI) Multi-Cylinder
Engine,” SAE 2017-01-0743, 2017.

H. W. Won, A. Bouet, F. Duffour and L. De
Francqueville, “Potential of Naphtha Fuel on a
Light Duty Single Cylinder Compression Ignition
Engine,” Proceeding of FISITA, 2016.

M. Wang, H. Lee and J. Molburg, “Allocation of
Energy Use in Petroleum Refineries to Petroleum
Products,” The International Journal of Life Cycle
Assessment, Vol.9, No.1, pp.34-44, 2004.

A. Borras Nadal, M. Castagné, J. Kermani, F.
Nicolas, P. Degeilh, T. Brichard and V. Poquet,
“Application of Global Model Based Calibration
Methodology to Optimize a 2.3 Litre Diesel Engine
with SCR on WLTC Cycle,” IAV Conference, 2015.
C. Knobel, K. Répke, B. Barzantny and S. Schaum,
DoE Model driven Alternatives to Map-Based ECU
Software Structures, Verlag Moderne Industrie,
2005.

C. Chaillou, A. Bouet, A. Frobert and F. Duffour,
Particulates

Second Generation

“After-treatment Investigation on
Characterization and DPF Regeneration of a
Naphtha Fuel in a Compression Ignition Engine,”
SAE International Journal of Fuels and Lubricants,
Vol.9, No.3, pp.633-649, 2016.

C. Chaillou, A. Bouet, A. Frobert, and F. Duffour,
“Diesel Oxidation Catalyst and HC Investigations
of a Low RON Gasoline Fuel in a Compression

Ignition Engine,” SAE 2017-01-2405, 2017.

1113



	GCI 차량 개발을 위한 엔진 캘리브레이션과 마일드 하이브리드화를 통한 미래 환경 규제 대응
	Abstract
	1. 서론
	2. GCI 차량 실험
	3. GCI 마일드 하이브리드 차량 시뮬레이션
	4. 결론
	References


