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Characteristics of Particles Emitted by a Gasoline Direct Injection Vehicle
Under Different Dilution Conditions and Measurement Systems
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ABSTRACT: A gasoline direct injection (GDI) light-duty
vehicle was tested to investigate the influence of dilution
conditions and measurement systems on number concentration
and size distribution of emitted particulate matters. Two
dilution and sampling systems and three measurement systems
were examined. It was found that most of emitted particulate
matters were in accumulation mode, few were in nuclei mode.
Geometric mean diameters of these two modes are 22 nm and
83 nm, respectively. Flow rate of the Constant Volume
Sampling (CVS) was found to have little effects on particle size
distributions. The difference in particle number concentration
caused by tested dilution conditions is within £11%. Number
concentrations measured by the PMP system have good
repeatability. ELPI" reports much higher particle number
concentrations than those obtained by the PMP system. The
differences are 23%~100%. Large discrepancy often occurs at
rapidly changing driving conditions. Number concentrations
measured by the CVS dilution system are much lower than

those by the FPS dilution system.

KEY WORDS: gasoline direct injection (GDI); particulate
matters; number concentration; size distribution; dilution
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HEXT 2L GDI VR EAH JR IR L, 1N T 4
WX —EHFR R 2014 4EFK VI AriEXT A GDI
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Tab.1 Information of the tested vehicle

; fra gl AR
R HERAL IERAW FH/kg i
HREAm i KP

MFEE 18T 118 2000 3000 GDI v
BRSO Bt g S IV, PR
2018 FRe L E VAR AE . LRI
PR EE AR R 2 B, HP SR E<1mg/
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Tab. 2 Physiochemical properties of the fuel
W OWMER kR Wk HRE Bk

(kg/m’) (mghkg) HR/% FE%  ERE kM
Rl 7353 <1 335 20.9 98.3 89.2
T A FH BT R 25 3547 21 (new  European driving
cycle, NEDC), WA 1180s, SATHEREIZ) N
10.95 km, “F-¥1 434 33.35 km/h. JEH N A 55 780s
T XA T4t 5 400s T R8I T o0, 73 45
549 18.8km/h H1 62.6km/h . i 74 Ja Bl 1Y
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BT 3 k. WEmAE WA 1.
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Fig.1 Particle Measurement systems
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AR A 3 BERURAI R R A FP AT AT
TELI & : ORI E V FRAEH SURLY) B0k B2 &
ARG, LRGSR REM, KB 15 H
(particle measurement programme, PMP)X T &
W& TTEREW, HIER A 2B R Si(volatile
particle remover, VPR)FIURL P04 Bt A K it $ 2
(condensation particle counter, CPC)ZJf(PMP), 1%
Wi R @ 2 HFBEMBERE, LB T
RAYEA S, EFXF 23nm~2.5um B EFE R 14 [ A4 ik
YiEAT T, FISRIS BRI BOR FE S R QF
F % & 48 5 28 (Electrical Low Pressure Impactor,
ELPI"), ELPI'f 14 ANorhifzi@iE, wl[Fm3k1S 14
ARARVE B BOR B, KA &G EN 6nm~
10um; @MUYk 421 43 (particle size distributions,
PSD), 1% 34t A% S = 5 S IR AR 20 A A R
4, 2 HEMHBTHEER TS (hano-SMPS 5
regular SMPS)ZH i, 7] 7 7! [ iy il & 3~67nm 1 20~
600nm FURE P KL AR 43 AR T, A R
NEDC AlFS T, % REE] SMPS I [A] 7 #F %, 1
PSD BN T —/> 15 L HIZZ i DL AR TE RS I &
M. 3 B ARSH, PMP RGHRiEHT CVS
ENMERS, HAR 2 B RAWIEEHT CVS
A FPS Fi ke 2 5t

ARIE T R CVS Rl 18 A kR A
WUk YR L AR, JEEL T 4 PSR CVS iE (S, 15,
19, 24 m¥/min), W& 7 AFRFRERXFET GDLKE
HETBOBURL ) R0 BE RTRLAR 20 A o J8 e PREEAS [F) A
BRAE TR EER, #2220k
B B ATRLAR 3 AT REAIE o
1.3 BRYIBIRETE

3 BERURL) I B 2R G0 ] SRAS RO AT 3 0k
J¥ N (#lem’). CVS Rl RS0 T t FHI 80K 45
a3l 28 2 (D) P kB3R AT Rk ) £ = HE s
(PN).

PN =[N, Qcys tx10°]/ D )
A PN ARURA L HFEUR 1, #/kms Naye M
RV TSRO EE, #lom’s Q.. Jy CVS JBIEI &,
m’/min, ¢ N TH NEDC B, min, D ik
THAATHEE, km.
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itEERRE, WQ):

w» dN
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-d(D,) (2)
2w D, -dlog D, :

2 HRRKITR
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AHFFCEL A CVS FBREIE AR R S
PR L A A SR B T 4 FHOASTA] CVS (8, 15,
19, 24m*/min), 43HI%F R MR L . 18:1,
32:1, 40:1, 47:1. MEMIEN—HHEFERLET CVS
MEEH PR, 55— E RN EE ViR
AEH IR W T I SURL) B0 B R 4t
ERRESR, 4 AR E T GDI 5 4= NEDC 3t T/
HE AR (1 ~F- 38 K042 43 A7 5 50 B 45 1 43 Sl
Bl 2 fiEE 3 B, HARSmeE T RE s fi & T LA
T AN PR RELL
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Fig. 2 Particle average size distributions obtained
under different CVS flow rates
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Fig. 3 Particle number concentrations obtained
under different CVS flow rates
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Sl AR A S S BRI, ST S
BB IR BB, RIS R # R L] - AR R B
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PMP 2 % F8 $ i B Wk m 8 42 4 5 o e i
PR RS AT AR S A% A R B R
M B A FET 5 R 25 R 2 5%, PMP IR R 40
Wit JE R LB IE & M 2 H R AR 23 nm LR
[ A o k47 S R IR R G VT A
FH, ABR O R 20 3 (1) S R B R T A% AR
BRI K, T 23 nm SIEDRLAR (13 £ th 5] A
it [ S URL A B (K 58, PMP RGEINRSE 5 H
SEHEROK P 2 5 5 RS AT R . AT 3 &
SURL ) B0 B I R G847 W = DA FE IR B R
Mgeml. AR, MRS R H AT 23nm~
2.5um R4, HoA ELPT HiEHL T 28nm~2.5um

(1) 5 LA H 0 o

B 4 Fis o AR T, PMP 2415 ELPT
WA R M IEDBESEORE . SRER, 2 WA
Gl A . — B AT, BORE AR R A —
B, R RTLERT 7208 T X R T o AR
LA, HAR B () WEAE — A H I 2 Tl A P AR
AN RN ) 0L T ELPT 45 (0 ks $iiak 75
BT PMP 4550, MESUIEIEN T 2 R4
GERZRRIMERRE . EIRIETH T 2 Mk
RGN G B E LN 23%, TAE 20 /s T~
ZEN A IS 100%.
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Fig. 4 Particle number concentrations measured
using PMP and ELPI+
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B T-. 5 PMP AHEL, ELPITS PSD £ 48l %k
WRBESE T o bR R o R s e o2 FR 43 B vl e,
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SERRHERUK 5 1 R AR T35 P (504 IR % - PSD
D150 R B0 FE - 38 0045 o0 A B2 o 1 BT
Ko 1M ELPI+HIAR A BN ) B0 32 B2 3 =R
ANITERARN . T FHOKR FE NS AR 4R 2
EFx ERE AR, DR R FURURL A 2= S8 1 ki
125 TR R AR 3 4 Ok R AN BIL BN 2R 0K
J5E WA A P A AT A

6x10"
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Fig. 5 Particle numberss under different CVS flow rates
using PMP, ELPI+, and PSD
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Fig. 6 Particle size distributions obtained
using different dilution systems
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Uncertainties remain in the experimental

measurement of number concentration and size
distribution of particles emitted by vehicles, such as
dilution conditions and measurement systems. Most
studies have focused on diesel vehicles, lacking of
research in gasoline vehicles.

In order to investigate the influence of dilution
conditions and measurement systems on number
concentration and size distribution of gasoline particles,
a gasoline direct injection (GDI) light-duty vehicle is
tested using two dilution and sampling systems and three
measurement systems. The two dilution and sampling
systems are Constant Volume Sampling system (CVS)
and Fine Particle Sampler (FPS). Three measurement
systems (PMP system, PSD and ELPI") are worked in
parallel. Particle number emission factor (PN) and
average number concentration of PSD system are
calculated by:

PN =[N,

ave

D,
N = p-up
e I Do D, -dlog D,

“Qgys ' tx10°1/ D
dN (1)

-d(D,)

To investigate the influence of dilution factor on
particle number concentration, 4 dilution flow rates are
chosen to represent 4 dilution conditions. It is found that
flow rate of the CVS has small effects on particle size
distributions, which can be seen in Fig. 1. Most of
emitted particles are in accumulation mode, few are in
nuclei mode. Geometric mean diameters of these two
modes are 22 nm and 83 nm, respectively. The difference
in particle number concentration caused by tested
dilution conditions is within +11%. Compared to the
previous research, the GDI particles show the different

characteristics to diesel particles in nuclei mode.
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Fig.1 Particle average size distributions obtained
under different CVS flow rates

The results of particles number emission factor
from 3 measurement systems are shown in Fig. 2. It is
found that the results of PMP system which is
recommended by the regulations have good repeatability.
ELPI" reports much higher particle number
concentrations than those obtained by the PMP system.
The differences are 23%-100%. PSD reports the highest
particle number concentrations and its error bar shows
the uncertainties in measurement. The large discrepancy
occurs due to volatile materials which are removed in
PMP systems. It indicates that PMP systems used by

regulations underestimate the real emission level of GDI

cars.
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Fig. 2 Particle number concentrations under different
CYVS flow rates using PMP, ELPI*, and PSD



