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Measurement of Diesel Exhaust Particles by LII and Evaluation of DPF
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In this study, we measured PM concentration in diesel exhaust gas by laser-induced incandescence (LII). To evaluate the
diesel particulate filter (DPF), the measurement was conducted at the point right after DPF exit. Four filters of different
porosity and wall thickness were tested. In addition, EEPS system was used to examine the particle number concentration and
calibrate LII signals. Based on the time-variation of PM concentration, an initial PM filtration efficiency and soot cake
formation in DPF were discussed. The LII technique can be potentially applied to find the location of PM leakage through the
filter and evaluate the after-treatment system.
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Fig. 1  Experimental setup for LII system Fig. 2 Engine test bench
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Table 1 Specifications of DPF

Cell
Porosity | Wall thickness
concentration| Crack
(%) (mm) .
(cpsi)

Filter 1 42 0.52 100 X
Filter 2 47 0.25 300 X
Filter 3 58 0.37 225 X
Filter 4 42 0.25 300 O

(c) Filter 3

Fig.3 Pictures of SiC-DPF

(d) Filter 4
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Table 2 Engine specifications Table3  Operating condition of the engine
Model NISSAN QD32 OHV diesel Time (5) Operating condition
Type 4 stroke
- — 0~10 Stop
Cylinders 4, in-line
Valve mechanism switl chamber 10~20 Idling (750rpm-ONm)
Displacement 3.153L 20~200 High-load operation (1400rpm-190Nm)
Rated Power 72 kW @3600 rpm 200~230 Idling (750rpm-ONm)
Peak T 216 Ni 2000
cak Torque m @2000 rpm 230~250 Stop
EGR System none
Turbocharger none (NA)

3. RBERBLUBE

3- 1A RO PM BEDERZIL

Filter 1~Filter 3 {233V TG b AL7z PM AATE S RO 2 X 4 1T =0 P U haBIREE, PM OFEHEN S
U2 OBEIFINZ 20ppb LA EDEW PM IBENFHIIS N TWE R, E07 4L Z THEFORE & & 12 PM EE
13100 270 1 LRI F L7z, Z4UE DPF NI PM 7 —F @RS, fERNEL o722 LITHIET 5 b
DL EHIDHI Filter 1 (2B L CIEFHAIBIAAHEK) 50 B CHREDRMITEL r DO L~ L TR LTED, o
20D 4 )VF LD E 4550 1 FLE OB TIEIE 100%DFHERIT /2> TWND Z LMoo 7=, ZHU Filter 1
DEHFEN 3 DDOT 4 NVHDOHFTRL/NEL, BRI LR THLI2OmmVIIENEL RO Z S ITER LT

B EEbis. F£7= Filter | 1T 2 ¥ U REIEF D PM JEE ¢ Filter 2 38 L OV Filter 3 D582 E CTdh - 7=. —J7, Filter
2 & Filter 3 Z Ll 2% &, PM IREIIARRIC Filter 2 D E\VMEZE R LT-. 97245, Filter2 D575 PM Dl
VIR RKRENZ L AR L TW5. Filter2 [T Filter 3 £ 0 $ 5L/ W, PM DiFhav/ha< 725 & TS
T7oh, WDRER L IpoTo. WH DOIFEEE S Z % &, Filter 3 @Kmﬁ.%ﬁé# 0.37mm T& % DIZ%f L Filter 2 1%
0.25mm THD. L7=D->T, 74 ZOREMERRITIKILRO /N T TIIEMIZIRE ST, BEEIIZL-T
HIERNET D 2 & NA RO FHATHER T’a“f’

F 7R Z8ELD N o 7= Filter 4 2 H L7236 D PM (KRS R ORI 2L A X 5 12759, Filter 4 25/ L7-35
HBHBRADINT 4 VEZOYE L RRRIC, FERAEEET 1201 T PM IBERBI T2 Z E 03005, BEHLS
T A NBTBEDPAS>TWELEAETEH, PM ZHEL TV & PM ¥ —X BRI SN, 7 4 /L% OffiErEbe)
M EL7Z72dTHD EBbis. 72720, HEHEERDIT Filter 1| OFER & L35 &, PM OFREEH 100 {524
EiZ72o5TED, PMIRNBIEFIZRENZ ERDND. LER-T, PM I —XBREKR ST, 744D

4



WENCREDN B 5 501%, PM KL Z G THER T A3 OBRAZFIAEIE LT LE 5 72H, PM OIRILNBKE
SHEPR I THDZ 2:75>2b75:o71.

60 T T T T T T T T
©
_ —o— Filter 1
"é —o— Filter 2
= 40r --+--Filter 3] -
S
g
H
(3}
£
=
o
>
200
t(s)
Fig. 4 Time variation of PM volume fraction
5000
24000
N
g
. 3000
2
ﬁ 2000
=
=
< 1000

o . I . I . K :
0 50 100 150 200 250
t(s)

Fig. 5 Time-variation of PM volume fraction in Filter 4
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Fig. 6 LII setup and laser beam in Filter 4
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Fig.7 Spatial distribution of PM volume fraction
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Fig. 8 Time-variation of spatial distribution of PM volume fraction

4. # E ]

TV RTEANWTT 4 —EBAHER T AR O PMIRE % LILEIZ L - CEHIl L, DPF OMRERHMEE 21T~ 77.
DPF |2 & %5 PM fHE D2 LA 78, DPF AR I1T 5 PM IRV R n$H % DPF #FH L 2D 7 4
JLHE ORI OW TR L7z, ZHUC kv, BT LS imnsosn-.

(M
@

€)

. TV AREIRAE PM OHEHENZ 2D, 20ppb LLEDE PM IR G| S 5. DPF WNERC PM 77—

B &I DPF @ PM fifEMREN KIEICH B9 5 L, Yo7 4 2 THREEORE L & 612 PM EET
100 550D 1 I FICE IR T4 5.

. DPF i1 & PM OEFESRNEIEY 0 THER BIFITE 100%I272 28 0MI%, SEEH LZ7 4 V2 O[T 4

FEREOENR LN, K[ILEN NS REEE SN REWIEE, L VEVERET PM 77— SN,
DPF fE ¥ D PM IRV EL 72 5.

. fREEICBRAED AT 7 4 W B LI254A, REEARGE T 21220 T PM REIZBD 3 508, BN

A NVE T RWTE LT 5 & PM OIRIVIERIZKE V. ZOfEIE, FHUBILAZ OREZ] 10 #0725 230 7
DIREEEE) T 1000ppb LA EDOMEAGHAI S 41, #1H] PM IR D 50 f5LL EOfE L 7e o7, 7 4 V2 OWNERICERA
Do DHGETE, PM 7 —F@EREEIATEH, PM AL &2 ETdER T A DNREAD B 5 [RRER 7y & SR i
LTLEHI=D, PMOENRTSE2D.

. DPF it & PM IR DZERI AR 2 ii~T2 & 2 A, BRWIFAET HE0 CTRFMIZ PM EBEILEMEZ R~

RFHIAIC Z DALEN L LR 2 & D, 7 4 L Xtk O PMREZ5HI 2 2 & T, BROAELE DL
EORENRARETH D Z LAVRIES T,

X R

FREC=, 7 ¢ — BT 7 4 W F —DESE OB, =7 1Y )UAFSE, Vol. 24, No. 1, (2009), pp. 18-23.

FHFNES, PILRERE, <7 — B VPRI KD AR Y R 23R E (THD 2, RREREEFAEE, Vol. 35, No. 4,
(2000), pp. 229-241.

BI O —ER, KEFEEZ, Mt —, SETEEA, 18RE, (RIS, AR, <7 ¢ — BBl 2L 7 % v
v N7 4V Z OB, B SRR, Vol. 21, (2005), pp. 65-72.

7



4)

®)

(6)
™

®)

)

(10)

(11

(12)

(13)

B, INREFECHE], g5, R =L, “DPF OKRMT 4 —8/L b T v 7 ~OmH IR 2) PRI 2 ~D
B RRERBTFATE, Vol. 34, No. 4, (1999), pp. 310-320.

LIASTFOGL, BN SCHS, MASERE, ARERE, (TSR, AitEs, “LIEIC K29 5HE 7 —BAHER T A~DiE
A7, BAKSIR A 2350 SC5E B #i, Vol. 74, No. 738, (2008), pp. 244-250.

Melton, L. A., “Soot Diagnostics Based on Laser Heating”, Applied Optics, Vol.23, No. 13, (1984), pp. 2201-2208.

VEREER], AREFNZE, KRB, Brbmere, <kRPITER SN2 ZERTEBIALKED L—FFHI G5 1, K5
SIREEHINC & B L — IR EEOL & AR O BE) 7, B AR 25w SCEE B, Vol. 70, No. 692, (2004), pp. 221-227.
Dasch, C., “Continuous-Wave Probe Laser Investigation of Laser Vaporization of Small Soot Particles in a Flame”, Applied
Optics, Vol.23, No. 13, (1984), pp. 2209-2215.

Ni, T., Pinson, J. A. and Santro, R. J., “Two-Dimensional Imaging of Soot Volume Fraction by the Use of Laser-Induced
Incandescence”, Applied Optics, Vol.34, No.30 (1995), pp. 7083-7091.

FRERAVA, =, tPbiEC, W, “LITAC KT FREERNELEORYE (F 18, LI ORARER LU
15 FRORHIEIEOFM) », B AR 225 3 B i, Vol.63, No.615, (1997), pp. 316-323.

Shaddix, C. R. and Smyth, K. C., “Laser-Induced Incandescence Measurements of Soot Production in Steady and Flickering
Methane, Propane, and Ethylene Diffusion Flames”, Combustion and Flame, Vol.107, No. 4, (1996), pp. 418-452.

Park, J., Ryoo, H. C., Chun, H. S., Song, S., Hahn, J. W. and Chun, K. M., “A Study on Time-Resolved Laser Induced
Incandescence Analysis Method for the Measurement of Primary Particle Size in Diesel Exhaust”, JSME International
Journal, Vol. 49, No. 4, (2006), pp. 1351-1357.

Tsuneyoshi, K., Takagi, O., Yamamoto, K., “Effects of Washcoat on Initial PM Filtration Efficiency and Pressure Drop in SiC
DPF”, SAE Technical Paper, Vol. 01, No. 0817, (2011), pp.297-305.



