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Investigation on the Exhaust Emission Characteristics of GDI
Vehicles According to Various Mileage
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Abstract

Recently, manufacture and sales of passenger car with GDI (Gasoline Direct injection) were dramatically increased in
Korea. In this study, investigation on the exhaust emission characteristics of GDI vehicles according to mileage were con-
ducted by using chassis dynamometer and emission analyzer. Test cars selected 5 types with G4FD engine (1600 cc) and
emissions of total 14 vehicles analyzed. Measurement and evaluation on emissions (CO, NOx, NMOG, CO,) characteristics
of GDI vehicles with mileages from 40,000 to 80,000 km in certification driving cycle (CVS-75) were carried out in this
study. It is revealed that emission results of all test cars shows below emission standard, NMOG emission value of about
80,000 km doubled that of 40,000 km and emission increased by accumulated mileage. Also, increasing pattern of NOx
emissions shows when the vehicle mileages was increased and CO, emission increasing trend obviously do not show accord-

ing to mileages.
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FTP-75 : Federal Test Procedure 75
NEDC : New European Driving Cycle
PN : Particulate Number

PM : Particulate Matter
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Total 94,264 330,275 306,764 275,132 261,881

Fig. 1 Sales status of GDI car in Korea
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Table 1 Engine specifications of test vehicles

Item Specification
Engine type G4FD
Displacement 1,591 cc

Injection type

GDI (Gasoline Direct Injection)

Max. Power

140 ps/6300 rpm

Max. torque

17.0 kg-m/4850 rpm

Table 2 Information of test vehicles

. . |Total mass [kg]| Number .
Vehicle (Curb mass) | of car Mileage [km]
A 1610 (1190) 3 43538, 46315, 69138
B 1590 (1190) 3 57487, 58890, 73670
C 1575 (1230) 3 69803, 74299, 77507
D 1658 (1210) 2 44030, 45524
E 1622 (1191) 3 54164, 55936, 58209
CVs-756
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Fig. 3 Test driving cycle of CVS-75 mode
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Fig. 4 CO emission characteristics of test vehicles accord-
ing to various mileages
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Fig. 5 NOx emission characteristics of test vehicles accord-
ing to various mileages
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Fig. 6 NMOG emission characteristics of test vehicles
according to various mileages
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Fig. 7 CO: emission characteristics of test vehicles accord-
ing to various mileages

NMOG®] 7% w717} & %5} A(HC)Y] && *M
H &S 7tste] E47]4A4 H] IEP sl
(NMHO)Zel 1.045 331 7&5%‘% '6}%1@
NMOG HZ&%E A3 vl&3-87]5(0.034 g/km)EHH]
”ﬂl Helgen FA7} goldE Zkeke 99

£ HAFA Qe AS &+ vk &3 FYPAL 4
THmo A 8Rkm7HA] F7Fele Bt miE T oF 2w
Ax F7lske 2o2 vebsth

4 2|0 E CO. HIESY

2637%14011 e 2A7FA(CO,) WESA O o]
S48k Fig. 79 A3 Hepisith dA Sl =
27N A ASEE ApAskE Zlo] ok Al
AP Aol AR Ft g gk PAskaL ok
HE5FES 139~174 ghkm FEL2 YERT glon

FY7A el w=t 9F7Jf_’_ Z7lele et Zoke) A
7b REEE o] Aol FElehAl YEhA] e A &
T vk E=3, A afrAte] A5 ATl
T 2 540] whS- fE5H0l7] we] Beto] of

= AoE A7ty

3.5 WaT-AR0 E HiESY

Fig. 8% FARFH AL 4, 5, 6, 79km W E 7
£ AEES 47 10,000 kmE FE3I] 2 wjE7)
25 77t Ao g Haste] vehhdn o)d A

A A v Y 3}eks| A A 229 A 12(2017)/ 11

0.040 0.450

T S-Nox (g/km) 005
0.400
= 0.035 #-NMOG (g/km)
=2 -0 (g/km) 0350 O
0030 -
2 0300 3
L a
g 00 oon 0250 g
£ A 3
G 0020 0200 &
© @
0150 =
g 0015 3
z 001 0.100 =
: & o012
X 0008
g oow . 0050
z
0.005 0.000
Avg. about Avg. about Avg. about Avg. about

40000km 50000km 60000km 70000km

Fig. 8 Average emission characteristics of test vehicles
from 40,000 km to 80,000 km mileages

AreA ME7Es I Bu SRl S 5
7HETE TR HH%#*Q] Hage B Sk A
© 2 vEpth 13, F3 A7 40,000 kmelA 70,000
kmE Z7FS 7S 2250 wMiE7tA Wik 718t
T AR UEET ARk o2 kg AR wijE ks
HZ71Zk 192,000 km= Al@}E-E H) 77,502 km
2 A Al 20 st Ao R BT F714 9]
ATE STlM SUHEE S AU et

m‘l‘
m{o
Pl r

4. 42 B

£ ApdM e AHEAPEA S
A FaAT ] e wiE7EA
of FYAEE Aol thste] S
W 2 A vt 2k

(1) EE AFe] wiETkae AR wEs] 87

=slal glom F A7t IRl wet viErtae

%—7}0}t Ao eIt

(2) COSF NMOG9] 739~ oF 49HkmollA] 89tkm7}A]
FYPAL 71 A9 oF 2R = wiETF ST

(3) NOx®| 7ol F A7}t S71etl weh A&
Ao Frketon COol 7ol 3l 571 3
Ho] Yeh A gkt

@) 19 km DS = H|E7}2 2AHLS F
FAAT FIHel wEt MiEFol Frtske Al
LFERSITE

q

]_

N{N -llm Y
l> rulo



12 /JOURNAL OF ILASS-KOREA VOL. 22 NO. 1 (2017)

=218, 2016.1.18.

(2) HAA, d71E B A,

(3) M. Costa, U. Sorge, L. Allocca, “CFD optimization for
GDI spray model tuning and enhancement of engine
performance”, Advances in Engineering Software, Vol.
49, 2012, pp. 43~53.

(4) C. Myung, K. Choi, J. Kim, Y. Lim, J. Lee, S. Park,
“Comparative study of regulated and unregulated toxic
emissions characteristics from a spark ignition direct
injection light-duty vehicle fueled with gasoline and
liquid phase LPG (liquefied petroleum gas)”, Energy,
Vol. 44, No. 1, 2012, pp. 189~196.

(5) M. S. Peckham, B. W. Campbell, A. J. Finch, “Study
of transient particulate and gaseous emissions from a
modern GDI engine”, Internal Combustion Engines:
Improving Performance, Fuel Economy and Emission,
2011, pp. 53~73.

(6) L. Chen, Z. Liang, X. Zhang, S. Shuai, “Characteriz-
ing particulate matter emissions from GDI and PFI
vehicles under transient and cold start conditions”,
Fuel, Vol. 189, 2017, pp. 131~140.

(7) S. Lee, S. Park, “Spray atomization characteristics of a
GDI injector equipped with a group-hole nozzle”, Fuel,
Vol. 137, 2014, pp. 50~59.

(8) X. Wang, Y. Ge, L. Liu, Z. Peng, L. Hao, H. Yin, Y.

Ding, J. Wang, “Evaluation on toxic reduction and fuel
economy of a gasoline direct injection- (GDI-) pow-
ered passenger car fueled with methanol, gasoline blends
with various substitution ratios”, Applied Energy, Vol.
157, 2015, pp. 134~143.

9) Y. An, S. Teng, Y. Pei, J. Qin, X. Li, H. Zhao, “An
experimental study of polycyclic aromatic hydrocar-
bons and soot emissions from a GDI engine fueled
with commercial gasoline”, Fuel, Vol. 164, 2016, pp.
160~171.

(10) H. J. Kim, S. H. Park, C. S. Lee, “Light intensity and
image visualization of GDI injector sprays according
to nozzle hole arrangements”, Optik - International
Journal for Light and Electron Optics, Vol. 125, No. 12,
2014, pp. 2763~2767.

(11) S. H. Park, H. J. Kim, H. K. Suh, C. S. Lee, “Atomiza-
tion and spray characteristics of bioethanol and bioeth-
anol blended gasoline fuel injected through a direct
injection gasoline injector”, International Journal of Heat
and Fluid Flow, Vol. 30, No. 6, 2009, pp. 1183~1192.

(12) P. Karjalainen, L. Pirjola, J. Heikkila, T. Lahde, T.
Tzamkiozis, L. Ntziachristos, J. Keskinen, T. Ronkko,
“Exhaust particles of modern gasoline vehicles: A lab-
oratory and an on-road study”, Atmospheric Environ-
ment, Vol. 97, 2014, pp. 262~270.



