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Abstract

Microscopic visualization experiments and simple numerical calculations using Darcy’s law have been conducted for soot (PM)
deposition in hexagonal channel diesel particulate filters (HEX DPFs) made of aluminum titanium oxide. In the HEX DPFs, a
flow rate of the conventional wall-through flow crossing over a wall between inlet and outlet channels (an Inlet/Outlet wall)
changes drastically during surface pore filtration, because a part of working gas with soot is distributed to an Inlet/Inlet wall as
a bypass flow which is introduced into a wall between inlet and inlet channels (an Inlet/Inlet wall), then turning toward the
direction parallel to its wall surface, and finally exiting into the outlet channel. In this case, the thickness of soot deposited on
the surface of the Inlet/Inlet wall becomes thinner for the dependence on the distance from the outlet channel. On the other
hand, during soot cake layer filtration, since the difference between both superficial flow velocities for Inlet/Inlet and
Inlet/Outlet walls become smaller, growth rates of soot cake layers are almost uniform on both wall surfaces. Consequently, the
thickness of soot deposited on the Inlet/Inlet wall has a distribution from the minimum height at the center of the channel width
to the maximum around the edge.

Keywords : Particulate Matter (PM), Hexagonal Channel Diesel Particulate Filter (HEX DPF), Inlet/Inlet walls,
Bypass flows, Soot (PM) deposit thickness distribution

1. #

T4 — BN D UATHGRB RO I DD, AHEIROA A B LIRFE O BRI O - OER S
TWo. L, 74 —EBAZ o DU OPET ARITE ENDRIRW'E (Particulate Matter : PM) 1%, ARDIFER
FRRAOIEENME L 72 51T, ZOHHBEORSINEIEINTWES. 2D, PM OFEHEOKIA K X
TR & T2 o TN D (FF T, 2009).

PETARIZEEND PM 1L, 74— BN VU OBNFEEEE  (After-treatment device) @ 12 Tdh % Diesel
Particulate Filter (DPF) (2 &V A% Z L2 Lo T, RAH~OHHEZMHI ST\ 5. 20 PM iR,
WD 3 BEFEIFATE 5. Tbb, 31 BBIZEBWT, DPF 2#kT 20+ (LA ) Rofs/azesl
PIZ, AA (PM) DSRFTHINCHERE L TRERICERE L, SO TZ OB A ZADNZHE L T2, ZomfEics
VT, DPF A& DOJEJHERNSER LG 5. 52 BRIV T, ZOZE L7z A A D LI O ZEFLNIC A A D3 HE
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FET 5. ZO%E 1 BENLE 2 BRE~BATT 2RI, RIMICEBEEPERT L. £, ZOBATHNIHIEDSR
b 100% 23T 5. Z 2 FE CTERmMZFHE LFrT 5. & UTH 3 BRECIE, 254Lo L], T72b bt AT ¥
FNVNEEIZ —RRICHERE T2 7 — X B OIDEE VD, Z2HLN L 0 HET A OFEEBMRN =0, EIHRIOHINIEER
RMNZ72 5. DPFIZHIT 5 Z O—#HOFRIL, AR/ SiC 8 DPF ICB\\C, AAAE T BHE8E, FE-SEM

(Field Emission-SEM) % H\ N 7Rz - A r— /L AT B BRI & - CTHID TH B 22 S 41T A (Sanui and Hanamura,
2015) (Sanui and Hanamura, 2016).

PM f#i£R1HF2 TIX, PM 7% DPF BE[ICERE L DPF OESHHENERT 5 2 LIk, BEREEE BT 2.
FD, —FEED PM ZET HifE L, TDKRIZPM ZEbrEd 5 (F/AERRE) & 2R AICH Y I’
ZOFERBRIZIL 2 FEOFERH D, 1 DIE, A E WP ZIRE ORI K0 EkEIC PM ZERL LERET
Z%iff5iE/E (Passive Regeneration) T 5. & 9 1 -21%, DPF DiRE % L S5 72 0OIE & - THED 2 DR
E % FH-SH PM &Rk S 55014 (Active Regeneration) Td 5. FEEICITHGE A DA TIL PM & 58421
PrETES, MmEIEAEL OFFHN KA TH L. DPF ZifflHAET 555, PM 2 & L7 £ £ DPF 2 7R S
DT DITAINE72REL 245 5 O T, RENHEEHEINT 5. Lo T, il AERORENEE &V <, 2ol
DS D72 < 705 DPF B Th H LB X b, HlilFAEDRE Z B SE57-0121F, £< D PM
AR LTOIRIBIZ 1T 2 RS HRRAME S, 2 osiiil AR O 5775807 THENEEEME AN 55\ DPF 28422
72 % (Shibuta et al., 2014).

F ZCAMIETIE, T4 7 VI =7 2 (Aluminum titanate : AT) DS A& Li%iE DPF (Hexagonal DPF :
HEXDPF) # M\ /. HEXDPF 3, F/EBRICEIT DRmiil 2R TE 5 et d v, MEE R & i)
LN BT D & STV D ARAM, 2011). £ 72, HEXDPF (XX 5 (26735 K 912, 1 DO HTE (Outlet)
% 6 DOFEAFEE (Inlet) 2SHY FTeMEEZ LCHY, 1EJ7 (ENA) Bt/ DPF AT, AilmEfEs K
ELTEDLDESTNEEP/NENZ LR, Ty aF ¥ /307 1 (Ashcapacity : FFEIRFERFIC DPF TEMLT& 7
T 5 PM DK Th %D Ash DINERES)) DR T HARAM, 2011) 2 L bFEH S TW5. LarL, PM OH#E
FmFER L OFHARRED A 1 = X A830F L H BT,

ZOHE M & LT, HEXDPF (21, WAVEEE (nlet) &PRHVERE (Outlet) 23BEY & 5 BEm (Inlet/Outlet BErf) 72
JCe<, WRADREEFEI LAY & 5 B (Inlet/Inlet BE) MFAET 2 2 &N D, ZD72, Inlet/Outlet B
W& REEr -2 Em D AIETEAUC N2, Inlet/Inlet BEPN 2 BEZR ) & SPATICIRAL D SA SAFNFAEL, TIVHEH~
DOYEEBLSTIZ LY, InletInlet BEFK [ & Inlet/Outlet BEFK [HID PM FlE SRR 5 2 & A3 4TV 5 (Shibuta et
al., 2014) ("4, 2015a) (Nakamura et al., 2015c¢).

AL TIE, FRTASA SAFEDNEIET 2 Inlet/Inlet BERIIZISIT 5 PM HEREOEE 7IZ1EH L7z, Inlet/Inlet B2
ZRER & PATITHRAL D 3 A /XA, Wi D 23— ADFEREZ K> THEIBEEPRE S ER D Z LA TFRENS.
Z ZCABIZETIE, T2 & 2 BREICANTEAER R & TR EBR 21TV, A X (PM) HERDERE 2 X 0GR
SN LD THRET 5.

2. HEETILE&LURETZE

X 1 IZAAIRE AEET + — BRI 17 4 v # —HEX DPR)OFHAETT VOMEZ R, ZOFEET L
X, PR BICE D ARHERE Y R 2 L— 3 (PR, 2015b) (Nakamura et al, 2015¢) D FHEE T /T HSUWTYERR
INTWD. FHREEICIE, RNAIRE /EED LM TR FEEZ R LT, SR OR/NEL & 72 %, /o4 % Inlet
(AR, TMHIZ Outlet (RHIFER) &I 2MYTHO -NEEL=y "NaE R, SLICZOYSO— g
IRV HENERE XIS LT 5.

FRCAMIFETIL, A S AGRIZ K 2 Inlet/Inlet B 0O 2 A (PM) #EFHE S 04021 H LT\ Z & 775, Inlet/Inlet
BENZBER I & TATICIMN D EHE D 2 —2 (i) 25 % 5. ZZC, DPF 2T 28k (LA ) £
LA um A —F—THDH Z LD, Inlet/Inlet BER 6 %557, T 72 HEEREN A T72 PR 2 kI FRlm & L
TEDORMZE 3 SN LfinaE 2 5. ZOEE, $121F Inlet/Inlet BEE X 356 um OFA, 6 %45 LK) 59um &
7%.



Inlet ¥ii#&7> & Outlet P& ~BEMH 2 FEELIZAWT 2 3dL (Inlet/Outlet JiidL) Z il 1 EFEDY, ZDZEE5HEE
(superficial velocity : WE#&PIIC DPF M DMFIE LW ERGE LTz & T DFH) % uy, mERE SITREEI W, N

FEO 1 HOES%Z L &7 5. Inlet/Inlet BEFRINOFRAL (/31 73AYi) % Outlet JiREED HUTVIIEIL, FEAL 21, HiEdL
22, JitiL 23 LY, ZEEEHEE A ZALEIL, U, U, Un &9 2. ZOZEEEEIZ XY Inlet/Inlet BEF D A A HE
i S B L OMERE LB E DRSNS IE S D . —T7, Inlet/Inlet BEIZHEA L7Z&MANE, X 1 IR LIZSHRO X
D IRRRRTIR - THN D EBZ BILDD, T TIHMSFE L T 5729, RANLEDG Outlet Jitls £ THEE X W
6%y LToiiiE 2 BoBE b EIET D, ZOWMNDZEESEEITZENZI, U= (LW) U2, Un=(L/W)
Uz, Un=(LMW)uU's EFRIIECTE D, ZHUC K0 EMNE OB BRESNS.

IR B A /A L Inlet/Outlet FiALl, DPF ZAUEWNDREHRNL TH D005, Z i —H] (Darcy’s law) % i
HAT&s., Zokx, ¥A—HIBERPREERT Uy VOERXEFREXTHL00, FBROASA IR E
Inlet/Outlet Jiid L, I EART v i L B2 HiLsd. Bl 208, EEEOYEEZZHLE 11 um, 225 24 mmy/s,
TR BZERERIC X 0 B L CRArESFEICHE 95 & 533mm/s, fEENT A (EBRCIXEHRZ N ) Ok
1.57x10° m¥s & FAWT2356, RETVA 7V ZE130.037 £ 1 10 /&L, ZRA—RIRRT v ¥y /Ui dE
ZFEMAT DT ThD.

RE, N RRFTEIT DENAED, RSN ATN (Fa—R) [ZBWTRERD 2D, M1 O,
RN & 1372 D DD, EEITIE Outlet FRERIZ[[H 9 12O T 2 RITHIR AR T o v RIS 2 b L &
ZHNDHD, ZITHEHMGHEDOTLO INHEBEET, | Kool EBEx 5. IHIT, FEHEE IHIT A X DOHERE
JESIIEAT DD, ZOENEROECITBRH G RO BRI fEh b DL LT, TORMAT v 7T LI
AAHERRE SUTFE D EEIREEDIE SRR PFHE TE 2D LT 5.

356 um (14 mil)
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Fig.1 Schematic diagram of symmetrically minimum unit of the numerical calculation. The arrow lines show an
Inlet/Outlet flow and three bypass flows for calculating the distribution of the thickness of soot (PM) deposition

on both Inlet/Outlet and Inlet/Inlet walls. The dotted lines superposed on the arrow lines are approximate streamlines.
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Fig.2 Model of soot (PM) deposition process. First, the soot (PM) is trapped inside the DPF wall, i.e. surface pore filtration

(a), and then makes soot cake layer, i.e. soot cake layer filtration (b) .
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Fig.3 Porosity distribution along the depth of surface pore in the DPF. The upper axis shows porosity. The left axis shows
the depth from the DPF surface and the right shows an axis from the origin where the deposition of soot starts.
The function of porosity distribution is obtained from the data fitting among the previous results of experiments

(Nakamura et al., 2015b in Japanese) (Nakamura, 2015c).

FEZEFLIZBT D A APM)DOHEREIE, 2@UTRT L DI, REEAES w 2L E LTHET LD LT
5. ZONEE AAPMMEFREE S x DR &3 5. REZEILNPARIZ L V- SD &, B20)ICrT L1,
AAILDPFBERIIZr—Ff@ e L CTHERET 5. 0L X, BEREZFRE LTEE x. # V5. 728, RS
DREZZFIRSNL, ZERENME AT DIRE DI L Z 2 {FRE & T 5 & O 25 #(Sanui and Hanamura, 2015)
(Sanui and Hanamura, 2016)7°5, RS 30 um & {RGESALTW 5. K3 1T1E, BN ZZREnsfmar~d. XH
0<x<15um 2BV T, DPF ZALENDZEMREFRIT 045 L —ETHD. —F, x=15um 2BV TZEREK 045, x=
30um (DPF i) ([ZBWTZERER 1, L7025 X912 2 IREIEZE VTR, ZERFEL(E, ULTORE Fx)T
T 5.

F(x):0.45+(2.44x109Xx—15x10‘6)2 (15 < x < 30[um]) M
F(x)=0.45 (0<x<15[um]) @



IREfA] dt DI REZELNICHERE T 5 A AHEFEE S dx, dxi(i=1,2,3)%, FH S OFEBR(FFME, 20152) 12X 0 15
DIVEHERRIREL a(=4.5x107), 3B LOVERRERZIIT: O RFTHE u/Fx), u/F) (i=1,2,3)2H0T, BLFO
LR TE S, 22T, xi(i=1,2,3)%, InletInlet BEFREIZI31T 5 JEAE A ~3.

dx:aLu dt (3)

F(x)

dx, :a;u'ﬁ dt (i=1,2,3) 4)

F(x)

7o, RIEZEALD PM IS X V7 Shiztk, WRH dt OFICHERTT 27 — X8O PM HERE S dx, dx (i=1,2,3)
X, ENENZEEEREEZHNT, UTOXSICEKES.

dx, = au,dt

dx; = au,dt (i=1,2,3)

Inlet i 7> & Outlet R ~HIET 2 BEATBITEZ Y720 D& Q I, 2 HEICBWTHRATZRT v v iih (i
BN 3 —R] DEWIAZ LR ZGET S &, Z28EE L BWrmfEn s, LT Ly ckeEs.

L W
Q= 5“1 +?(U21 +Uy, +Uy3) (7)

AR 720 1, AL 21, PRdL 22, PEdL 23 12381 % Inlet 725 Outlet FTOESEIRE EIEL, APy, APy,
APy, APy & L, # i —HIZHWTERT 5. AN Z 3\ T DPF WO R EZZALIZ A ZA(PM) D HERE S
TWAEHEDEERIE, FOXTEES.

x 1
AP, =ful(w —x0)+kLul Omdx+ful(wo ~x) (8)

soot

M W I i-1 u W x 1 uW .
AP2i _?uzi{@+[E+TjL}+k_TU2ijo de—F?TUZi(WO _Xi) (| —1,2,3) (9)

soot

T, plI T AORMERREL, k1% DPF M OFREL, Koo IZ PM OFRRETHS. X (8), (9) OFALE 1
THII R EZEFLUISN O DPF AR5y, 55 2 TEIZFRAZEFLIC PM 2SHERE L 72 504y, &5 3 TR R 22 FLIC PM S HEFRS L
TWARWEMIC XD REEELETHS. £, H2HIBWNTR 3), @) LEEED, wFK), ui/Fx)@i=1,2,
3)& LT, REZEILNTRO AR BIZT 2 RFTZEEEE 2 RO TS, 7238, PM OBIEIREL Koo 1X, 77— F EHE
FERFOE R OBINEREIZ DN T, BEFR O ER & UL EROKEE 7 v T 1 7 L TROBND. &
DOIEE, 142x104m Th 5.

F7o, MBI OREIZ 7 — @RI SN ROEHEKE, Lo TRES.



wy 1
AP, =€u1(w —w0)+ k:)t uljoo F(x)dx+ k:m U, X, (10)
u W i) ] W T u W o
AF’zi7“2{@*(5*?}}*1“240 Fog i e (=123

ZIZT, X X, Xo» XslIr—XBEEITHD. X (10), (11) OFBE 1 B DPF EME5y, 5 2 =X PM
I L7 SR E 2 FLE Sy, B 3 T — R B S ORESIRIETH H. 51T, Inlet & Outlet DFS17E1T,
FAUC E B THIBD 7=, LITORM3 5% 0 3o,

AP, = AP, = AP, = AP,; (12)
HAHATE Y720 ofite Q #—E & LT, FIRARFRIMMEE dt Z2E L, AT v 72 &Izl Lo & #sT

SETHS Z&ITE D, Bl ticBT DETHRK, BN OZEEEE, BIOZ 6 OR R REE LT PM HE
FESAROOND. AT, ZORHBRE 0.1 & LTEHREL TV,

3. FIRLEBEKESKUERFIR

4\ EREEE OB 2T, ARERTIIPM & LT, I—ARUEMEICKET LI ZLICIVEonNis A A%
HWTWD, ARFE4EES (PALAS £ DNP-2000) 7»HEA SN A AL, EF A A LT DPFITHAT D, 20

All-in-focus microscope

HEX DPF ' puanz glass |
Sample holder 4

|_) - . Glass fiber filter
e = o

Mass flow meter

|

Exhaust

S’ Mass flow controller
oot generator

- - —> Excess nitrogen gas exhaust
HEPA filter Mass flow controller

Pump

Fig.4 A view of experimental setup for the visualization of trapping diesel soot (PM) in the HEX DPF. The diesel soot
(PM) was introduced from the soot generator (PALAS, DNP-2000). The carrier gas N, was regulated by two mass
flow controllers (HORIBA, SEC-E40), to 24 mm/s as the superficial flow velocity, by exhausting the excess N, gas
by the pump. The pressure drop of the HEX DPF sample was measured by the digital pressure gage (HODAKA,
EDEMA), as the pressure difference between both ends of the sample holder including a HEX DPF sample.

The video-pictures of soot (PM) deposition process were taken by the all-in-focus microscope (FOTRON, Focuscope
FV-100C) placed right over the observation window.



L&, ARG IR E SRR L DPF ICEAT HIMBEICKERENH LT, AANEAINIZERTAD
— % HES LoD, DPF BEE DOZEEETEEN 24mm/s & 725 X O ICE B R (RSREFTRL SEC-E40) (2L VA
I 5. HEX DPF OFERY 7L, A7 0 LAY 7R 2 —iiig (034 mm x 95 mm) WIZ, Ei
EAFHN T ALY, EOMOmEERERNIC LY BN IRETRE I TWD., ZOEEKRIE, 7Lk
VA —H BV CEEFE (HODAKA 2 EDEMA) ([Z X WHIEESND. F£7-, DPF 4> 7 VR, ZOWiHE
Hged Outlet IR A L7= K B — 2 BGE% (4 0.5 mm x 300 mm) ([ZKVEIESHS. ZHhDHDIREEES
I%, Datalogger (KEYENCE # NR-1000) & PC “wave thermos”% VN CRiEk 3415, DPF (2 A ANHERET Dk
T, AL O EEICERE L 2B EMEE (F U 82 #) 24 LT CCD B AT (74 hur#d
Focuscope FV-100C) (2 X W s b.

B 512RdE D, Wi Smmx 12mm, & 20 mm ¢ HEX DPF RV 7 /12, Inlet 7l & Outlet FiEEE A3
BTE5L9108T 3 v 7 8BE5EA] (77 A4 7., Holts ) ZFHEL, HEUAMT. Inlet MEIICHERET S
Outlet V& DIEEZ SEmAFE L, JEZ 0.5mm DA TN T A5 FE S5 Z & Tl T &3 5.

A view of all-in-focus microscope

l _ Observation field P Quartz glass

4—4 /', -
. . s d - — e
Aluminum f{)ll 5’ A B . :
\\ 5 Observation field |
o0
5 B AR AR AR RARAE
Outlet z
Inlet Inlet
Inlet || T
Outlet Outlet
12 mm

Fig.5 A cross-section of a sample piece of the HEX DPF used in visualization experiments, with 8§ mm in height by 12
mm in width and 20 mm in length. The honeycomb-like channels were plugged by ceramic glue (Firegum of Holts),
making channels of the Inlets and the Outlets. The surface of the Inlet/Outlet walls in the visualizing side was

polished up glassy. A transparent plate of quartz glass with 0.5 mm in thickness was put on the polished surface.

B 612, 2EAEFIMEEICIT 2 A b OWEF 2R3, Z ORI, RO FEaOfER S LTORE 72 800 pum
X800 um TH 5. K6H DA & B, Inlet/Inlet BEH D Outlet FGIZ ik HATVMZE Z 8 L, TULEk (— 848
IZ Outlet FEED DR LImUVMIE 2R T, AR EELELRN AL, —Bbidkm OR[N 5 EAAA~FEIN D Z &3 TR
S, MULFEEE O B E FRIZ Inlet/Outlet BEASBERE T 5 720D, R4 (ZE ORI D T i~ & %28 2 Tt
ndETRINS. 22T, Inlet/Inlet BEFHHHD Outlet FRESIZUTV Sy % Area 1, Inlet/Inlet BEfhi D HULNERSY %
Area3, Areal & Area3 D% Area2 &9 5. Areal & Area2 L, Inlet/Inlet BE[H O LFRIZ TR 2 DO Y T
MR END. 207, £ U 7%, L (133 um) x800 um 73 2 D04 (Areal & Area2) &, Ls (266 um)
x800 um 28 1 DDA (Area3) OWEE 725, A SUCTFBAMEE Ty Lot L, mi&AHT > 7 b Imagel %
HWT, = U7 ZEOFEERE L U CHT S5, HEREBRAARFIC IS\ CTld4xm DPF BERI DA, fhi)s, FEBRE T
(90 min) IZBWTIIREAADHRTHD Z &b, £ U 7 OYEEEEITHERICIZFA L &b, L, &
BRZIE, BRSO MBI O BE OB TR ENEL D EEZOND. 2072, HEREBHLAR &
FEBE TR OR = U 7 OGO BRE ORI E LT, ¥Y—XBEREOHEE L 0 (R AICLD 2alcE
ATz 90 min % D — X BRE OB EEZ 0 L ERE L), BMREROMES | & L TERELZ.
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Fig.6 An observation field of the Inlet/Inlet wall in a half-cut channel. The observation field was subdivided into 3 areas
light-blued with 800pm x800 um. Arrows from A and B locate the areas nearest to both Outlet channel sides of the
Inlet/Inlet wall, and the center line (a dotted and dashed line) locates the area farthest from both Outlet channel sides.

4. HEAEFRBRLTALERERSIUER

X712, AAHEREEFEIZIIT S, Inlet/Outlet FEALDZEEFEu, (B &, BEYEX () HIAIC 3 S0E &n
Te/ A N ZPRTD72 DY % Inlet/Inlet BEFR TH DZEHEEE U2, U2, U (Outlet JEEE HITWIEICH B, JREE, FR6)

DOFFEAERZ RS, HEREBAAD 5K 700 FF5E T 5 £ TIE, Inlet/Outlet BEDIE IR =0, [A LK DS
DT T, Inlet/Outlet FEAL Uy DX/ 3A 7 NAFE Uy, U, U lZEERTREV. 3 DTGB SN A RAFRIZEB W
T, Outlet L& IZ ﬁb\ikﬁ$W*B%Lﬁ@“éﬁﬁ%ﬁﬁliﬂ< 2D D THEEHRENRKE {7po> TV 5. £ DOHEAED,
W ORBFFICB W T HIZIEERRE TH S Z LD, Inlet/Inlet BERN D /S A /X AT LEARI 7204 & 72>
TWLHZ ERbns. b fy‘v'ﬂjE#F’EJ& 2, FEMIZHART, ARAOr—XBICB T D EEERNIER L /e D
72, INANAFEOZEERE Y, Inlet/Outlet FEAVDZEER LI ZMINTT 5. 7035, RGBT 700 #0754 1300 £
BT D — R DR L3 (B2 WIFED EHER) IOV TE, X8 DA AHERRIEFE & i T& 2 5.
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Fig.7 Changes of superficial velocities of Inlet/Outlet flow u; and bypass flows U’»;, U’», U’»3 with elapsed time during soot
trapping process. The Inlet/Outlet flow velocity is larger than those of bypass flows. During soot trapping, those

approach to almost the same velocity as the soot cake layer becomes thicker.

X 8 121X, Inlet/Outlet BEFEIIZISITH A A (PM) HEFEE & x (BE4R), B X3 24 7= Inlet/Inlet BEE (21
HAA (PM) HEFEIE X X1, Xo, X3 (Outlet JE#E 2 HATWVINEIZHRE, 78R, B0 OFFREFERZ K7, InletOutlet BT
FBUTIE, HEREBRAA) B 285N & S92 (7)) 720, AARHERDE S (HEFEE S ORI INER) &
AL, 8 DHEFEIE S IFIFRIFRIE 2 DAL TR0 ki O IME T 27~ 3. e ookt & i, HERE9 5 RimZe



FLOZERERNEER (X]3) T 5720, HREE S ORI E HI2H5.
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Fig.8 Increase in soot (PM) deposit thickness X (Inlet/Outlet wall flow), Xi, X2, X3 (Inlet/Inlet wall bypass flows) with elapsed
time. The surface pore filtration completes at the elapsed time of about 1300 s in the case of Inlet/Outlet wall flow,
while about 1600, 1700, 1800 s in the cases of Inlet/Inlet wall bypass flows. The difference of elapsed time for

completion leads to temporarily overshooting and undershooting superficial velocities in Fig.7.
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Fig.9 Increase in pressure drop during trapping process with elapsed time. The permeability of soot layer
was estimated from fitting of pressure drop increase in cake layer filtration. The calculated pressure drop
increase in surface pore filtration is lower than experimental one because in experiment, transition from
surface pore filtration to cake layer filtration in bypass flow will be faster than that of Inlet/Outlet wall flow

since the superficial flow velocity of bypass flow is very low at the beginning of trapping process.
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Fig. 10 Calculated distributions of soot (PM) deposit thickness on the Inlet/Inlet wall for each wall thickness.
Those results are for the elapsed time of 6000 s from the beginning of trapping. As the wall thickness

increases (plots: blue—red—green), the difference of soot (PM) deposit thickness becomes smaller.
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Fig.11 Snapshots of the PM deposition process on the inner surface of the Inlet/Inlet wall. Each snapshot consists of five
narrow areas; Areal, Area2, Area3, and shuttle-labeling Area2, Areal, from the top in order near the Outlet
channel at the upper side, to the bottom in order close to the Outlet channel at the lower side. At the elapsed
time of 3 minutes, more dark pores can be observed in the Area 1 compared with Area 2 and 3. As time passed,

the differences of darkness and number of dark pores among Area’s are not so clear.
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Fig.12 Changes of the normalized brightness averaging for each area on the inner surface of the Inlet/Inlet wall. The
brightness on the inner surface of the Inlet/Inlet wall without PM is defined as “1”, and the brightness on the
cake layer over the Inlet/Inlet wall is defined as “0” after 90 minutes passed. The brightness becomes lower
in order close to the Outlet channel (Areal, Area2, Area3). The nearer to the Outlet channel is the area,

the faster is the completion of surface pore filtration though the difference is very small.
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