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1.1 RFZEE R
1.1.1 PREEBE A EDBSREE
HIER AR D XA, KEGTEE O BCHIER D AN HRlIE & H 5l O 2L DA 1T,
FIED BB ZRIKL CTE/2 LB 25503, 20 AL A-TObO AWM KR 2 bIX
6 B RETEROZE A TITFA S RV NEEITREL, ANAERROZERIZLD i REME e
TRE, LB 25N TNZED: 2. 09,09 [pCC (Intergovernmental Panel on Climate Change)
95 6 YRR & 0> SPM (Summary for policymakers/2021 4F 8 HIZ/AZ) K0, KlERLER B
gt (3 Ralb—ray) LI R RIROE S, St OB XA F R IR0 £ A K
LR

Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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Fig. 1.1 History of global temperature change and causes of recent warming (-3

HIER RO ZIRD EFIE, ANBRFIZEDIEEL)F A A (Green House Gas / GHG) D
RAERREL, 720 Th Z (IR (CO) DHEHEMD R RE, B2 LTS 08,
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Global anthropogenic CO, emissions Cumulative CO,
Quantitative information of CHy and N,O emission time series from 1850 to 1970 is limited emissions
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Fig. 1.2 Globally anthropogenic CO; emissions and cumulative CO; emissions 15
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Fig. 1.3 CO; emissions from fuel combustion, IEA/OECD, 2016 (-7

BURERICINT, O EEITL WD H BN GRAH - P S 1) ORZHIE, VIR
AR L 32 PR RE (ICE; Internal Combustion Engine) 28 JIREL TV, Z4b HBIH
(ZRDIE BRI T Db 00, RSO0 PHD 5550 4 LLEE HH20® 2L, i#
BB M2 HOPEH CO I EIZTD BB H ICE 22008IC L Db D ThHD, L5 x 5.
IFEO R K[RITIDKFOWEINCLY, CO REREBENRAADYEHZ, R TOWRIN /2L
MR REEL CErZ BT, #—HRr=2—F7/L (Carbon Neutral / CN) DFHISEHI,
WELH R RO M@ BEETHY, HEELEIIIEO CNAENEBELR->TND.
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B PED CNALEHIZ AT T, Fric® A #2220 LDV (Light Dyty Vhiecle) (238N T, i
POBEALEITORAICED, BHEOBEE L (XEV L) BMEESE 2 5 TNHE 0710 5

1.4 2, EBHEIE EV) OfEEA <1

HBEFR BAE HEE BEHH
Eith BEE Electrified XEV
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+ FB |BAEBE Electric Vehicle REY
37— IS5 : .
G |+ =7 ¢ | [ e
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Fig. 1.4 Variation of Electrified Vehicle (xEV) 1
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Fig. 1.5 Assessment result of “Well-to-Wheel” CO; emission -
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EIRDIEELE, KINFEBTEI>TOD I/ NT2—=0, AN ETH>TNDHET TR
IZBWTIE, BEV O CO HEH BB EBANARN—T5, 42K, HEDIIIZ CO HEHDZ A
K IIFEFETELE MR- TODENIZIW T, EEMEEANZ ICE SAG I NAT Iy R
DI, CO, PEHD DI LA SN THED: A0 F7- - SR ORGSO E TEEETD
Life Cycle Assesment (LCA) J:HET CO2 HEH EZFHIL 7286, BEV OEALIEIXE O B A%
FRICRELIERSNDZERHIN T2,

KAINT 7728 Heavy-Duty Viecle (HDV) X2, #4771 —R #ij#j (Non-Road Mobile Machinery;
NRMM) 123\ CIE, FHEZRE Light-Duty Viecle (LDV) &L T, H 1B @k R
RPN —EEE LS. B’ 1.6 13X, BURD Sy TV —{litg2 5, NIRRT s 2 72 2B kL 72
BA DT ik BRI OR Lb O THHM, 2D, IR E 10 L/h T
AOHE % 8 hiEFEEBS T LOET DL, Ny T U —aZANE 50000 =—rE7/RDTENFHD3,
ZHUIZ DI FZAD ERlikE D53 PL EE72 5. ZIVJDAA OB B, K IZE 7E2E
ki3 —FAEL, ICE BfiiDIE A2 5 | EfiE LB THDHLEF 2 5.

assumptions: Mee = 33 %,

=100 %, battery costs = 200 €/kWh
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Fig. 1.6 Battery price for replacing the ICE with an electric machine and a battery

depending on the operating time (-1D0-13)

2020 £E1Z IEA (International Energy Agency) JOAZFR I, £ife rlgE7 2B VA4 (H A
7ML =RV — D HEEFERIZ AT T, 2070 A ETIZZ R~V AT AR D LIy g


https://link.springer.com/article/10.1007/s41104-020-00072-z/figures/10
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net-zero AT 52D DT VA) ITHETR, Heavy—duty M7y 7 DFFEROTRLFX —FFE T
WzB 1.7 1283 . ZhkY, Heavy-duty F7> 27 Tid, /A4 BRE (Biodiesel) ° & AR
(Synthetic fuels), 7K&#8}F (Hydrogen) 22 & OB O MR 2 IZIERTHEB 2 65
DD, 2050 R FUTIBNTY, (KIREL TT 44— E/VIREE AW D NI RE B3 -3 DL % 5
W5H, LV TRIEIRSTND.

5 800 40 B Synthetic fuels
[=] —
E 700 35 E mmm Hydrogen
B | o .
c =] T FElectricity
G 600 . 303
E = . § —Biomethane
§ 500 29 Py m Ethanol
T [ =
= O . N
T 400 = 20 G C—Biodiesel
.g E = Natural gas
& 300 153
5 == Gasoline
200 10 3 .
= E Diesel
100 052 |
l z MFTs
0 HFTs

2019 2030 2040 2050 2060 2070

IEA 2020. All rights reserved.
Notes: Lde = litres of diesel equivalent; tkm = tonne-kilometres; MFTs = medium-freight trucks (3.5-15 tonnes GVW);
HFTs = heavy-freight trucks (> 15 tonnes GVW). Efficiency improvements more than offset activity growth in the

2030-60 time period, but after 2060 activity demand growth overwhelms efficiency improvements, leading to
increases in final energy demand.

Fig. 1.7 Global heavy-duty trucking energy demand by fuel and average vehicle efficiency

in the Sustainable Development Scenario, 2019-2070 (-14

HDV %> NRMM 72 E DB JREL T, HRIRRED &\ o028 — 5 FEORIEMEN DR 5 (S
B XX D3N T, ICE 35 | St S mE R NIR THRET HLE 2 bND. FTikiRRED CN
LD FEBRBHED HILTEY, e—fueld19: U710, (1D 702y ON BREMAE LS AU, ICE &
EV,FCV &[RlEkD CN 228 &L T, HERBIRELD —DIZRDLEZABND.

LLEXY, ICE 135 Xt BERB IRLEZDNDN, Zhatta TR LT 57201213,
WREF A RO HEINAS FAA F 5019, U110 = Lo, Buh st IR B Bl & BE S e 2k
RBEZ L A RS NPET AL L THRHEN A A E oIy val 2 B nlliniis 52, fibPnxl
i arEFERIELIEN, RERGETR0® L2515,
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1.1.2 PRRBEBE DB 2R il Bf 1A

TS TR MO AHIHNE, 1962 FIKEAY 74 =7 M THIES Iz, YRgad £
NWATIEIAEY ZIZ LD REIG YR FE L 7e>TRY, 1962 FIrT0 7 — A =3Iy va #Hiiil
23, 1965 FIZITHEH AT AP O —FER{b R 3 (CO) LERAbK S (HO) IZBE3 DRI, HFRBUMIC
SEBRIT CRAAAE =01 20 o3k L CO BT, 1963 RIS KREIFHENHIES, 1968 4

(CAKRPE KB TS 2. 1970 421203, M SE L TEFRBRI (NOX) 23 b7z, £
HETORHI LR BT BEL O RKIE A (w23 —18) D37, 20%, BB EOPERELE
D BAFE B AREALL TUo 720190 (20 Pt 7 2 I, 2 ECRE, BN, B A2 E O sk
Ez2F 0, HEEbERPLENENHIESN, FEMIIIRIESILTETVNDS. SHIT
FHLECFBWTh, [RIBROMSIN D LIS CIERBRAES TR, S CHEHI AT 2
DEASNDENE Lo TS, BIEL TR 1.8 (23 FHH Tkt 95 B A E o fil#h 4=~ 7.

1985 1990 1995 2000 2005 2010 2015 2020 2025

vs 9l 4/14

T we e ow e w f wae

JAPAN ---_

1885 1990 1895 2000 2005 2010 2015 2020 2025
Dates show eariest type approval introduction only. Mare detail can be found in the booklet.

Fig. 1.8 Toxic emissions standards passenger vehicles standards -2V
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HE B OPEH T AHENL, 2 ET A KRKRZ O, —BR bR (CO), RERD RILAKFE
(HC), ZH# et (NOx), K IRME (PM) ZXRTRELT, Ky OHFHEICHBI 2T, £
NE BRI T 22 CRABEASGEL C&72. B1.91C, Ta—Brx=rovelivroys
DU ORISR E L E UK T RN LK E OB E 2, 2 EiRT.

PM [g/km]
0.100

Diesel Engines A PM [g/km] Gasoline Engines
LEVIII 2025 r LEVIII 2025
(SULEV30) E 0.075 (SULEV30)

0.075

Bl LEVII ULEV

Bl LEVII ULEV

0.050

[ Tier 2Bin &

[ Tier 2Bin 5 0.025

.
LI e B s e e
!1.5D 075 NOy co 500

—|—|—|—|—v—|—_1—r—r—|—|—|—ﬁ—b
co 5.00 . - 0.25 0.50 NOx
[g/km] / [g/km] | [g/km] Pr } [g/km]

s / L 0.25
H Euro 6 (2014) Bl Euro5+6 L7
B Euro & (2008) [ Euro 4 .50
[ Euro 4 (2005) Particle number limit [ Euro 3 i Particle number limit
for Euro 5 and 6: L for Euro 6:
=3 Euro 3 (2000) o Lp7s 6101 [particles/km] ] Euro 2 L o7s 2014: 61072 [particles/km]
. - 2017: 6*10" [particles/km]
[ Euro 2 (1968) [
Total HC/NMOG [g/km] ¥ Total HC/NMOG [g/km]
US Tier 2 Bin 5 fleet average 2007 Evolution of technologies:
LEV Il ULEV fleet average 2008 Carburetor -» Injection mono-point Catalyst and lambda sensor
LEV Il phase-in 2014-2025 =» Injection multi-point Particle fitter, NOy, trap, SCR systems...

Fig. 1.9 Historical evolution of European emission limits for Diesel and gasoline engines

and some US references (-9

LIF, 452 OB S EIZOWT, BRERIREZEOBLN TO, %4 ORFEZER~D.

(1) —E&{kiksE / Carbon Monoxide (CO)

PR RICB1T D — BB LB DA I, 2RISR E KT T 5. 22RO RBE S
T DU BBEL COD5E, RBEEN O ZEKA BT ZVIREIO R EE (IR1(L) AT R s
720, —BRALIRFBE VAR LT EfiC, ZERR SRR EREZAT, KRPBIHATL
FIGE HR)ITHELLHE OB~ R R TR O KJUETHY, WA HEMIERT O
~NEZOEVEREA L, MIROMFERMEREZILE T 5. OO SES TR OMEREIC
ZRIEL, BRCN HOAE G ERIT . EIREDO—BRLKRF LW G I LIS AT EDLTL
r{_) 25)5(1-22), (1-23), (1-24), (1-25)_
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(2) pAb/k3E / Hydrocarbon (HC)

NIREBE DI AT D IRAEK RN, CO ERICIRBID RSERRBEDFEREL TEK T 25D
INEIEW, T DrDIT = AR AT 60, RREL TORAELH DI, 129 5
EARBITERSNIZH—DILEFEEETHOTIHARL, 7B (ClHane), 7472 (CoHa)

# e pieAt/k 32 (Aromatic Hydrocarbons) 728, [RSEH0D B 2EH DL FHORF Ch DT
0, IREAFOBITR I L DOAZ Y (CH)ITHE L TURSN W 129,020 = 55 Ak # D)
B, WO FREITIEF I SOSMED &<, RGOSR L P OG A Z L Ok
FHTH M Ox) ICEETHIEND, S bFEATY 7 R ASE LR NYE LS T 5020,
028 F7- LRI E IR ALK FE (Polyeyclic Aromatic Hydrocarbons ; PAH) 1%, $EIZ AE~DE
BPREINTHEY, KUBORIEL G| EEZT AR, BALOR BRI EINTND

(1-22), 1-23), (1-25)

(3) = F k¥ / Nitric Oxide (NOx)

—MfhE R (NO) S Wbz & (NOy) , ML EEH (N,O) 22L, EHRLEME DG WA R
L CEHEBY (NOx) EMEFRSND. BARIL LES0H Y, BB#, FESFLMELH T
D8, FEARHNTE ) DIRBERAL T BONC Z > TAERIND. FAERDDITRE S5 NO LLTE
FHEHSH, RRP TRRAILSNTNOIZRD5E M\, NO [ JEEGHE R DA 27275, NO2 1347
e TR R A 5122 0 NIFEEE C A LS D NOx D&, U4 — N TR, B
HIRPE, BLOWRERFEICREURET 5. W, BRITREET 02 B 587, R ot
ARREBL TRISOEFHEHENDD, S UH —NOWEEDK) 1600 CHIEHZDHE, BHRN
MR LSRG L TNOX DR END. 12 AE D NOXITKRIRFE DR K LR DIRIE T e 2D Y1
B CAERSND. NOx AERCRITIABEE N OIRE L BILR A HY, 100 CRREEREN EA-I5L,
NOx DAERKET 3 #3542 G2 A F oo FFHHHIZIB T, NOx PEHO E22 AT H
B HC LD E B RS THY, NOx HEHHED 40~T70%% 5D, I THLT A —BLor DU
D, JERE K DTDIZ KO E AL E 727, NOx HEHO E22 R K E72oTnD. 74—
VP RKIO NOxIE, 37_XTCO HBEENHO NOx HEH EOK) 85%% 5O T 502, =i
5 A B HENLHEH SN RKED NOx 1, HIBREREL 36 JOMRFE o0 B BT E L L7272 il 4
DOXFRAIOILTEIZ, NOx OHEHIE, BRVER, AV BOME, Kb FAEY 7 DI EH S
LTHY, ZNbIFHROIZEAE D FEH T CRERMBBE/ 72 NOxIE, K& TG 4
WE LRI E AL, MR A Ot bEAE Y 7 O ERGy) et OF TG E & TER
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%. NO ENO T ICA FTERRSNDN, ANEOMREEB~DOEENREENRSSIN ONDIE
735, NOo 1% NO @ 5 fEDFHEMELESI TS, NO [T liZ R L, A2 7 /L P & DI SRk
YE X DIRPL 12K FEED A REM D B 5. F72 NOx 1, Bl /KI5 DA BRI
B 525 RN D%, BEVERIO BRI E ChH 2 -9,

(4) Ki1IR%'E / Particulate Matter (PM)

RLFIRE (PM) 1, 28 RHNTIRE T 2 I8 D/ NS TR SRR ORI W T, NIk
BIZ I T, BRBHE IO RTERRBE IR R L, BRBE= CAEhD. TVIrxr kD
b, TA— BN DU LOPNRIERTHY, BV 10 52755 EbH 12,
PM [ A5 5 (C) ODOHIT, ARBROBEIE VB I R 32 A AL AT 5y (SOF) , Bitei<e
WEERHE, K5y, I DU A ANVRIIBIC = VUV BERE e S ICH kT BIK 5 (T vy a), ©
MRS T2 029,080 =y b D PM I, B 1,10 (398912, BRERFED
IR T Ry DO FERITEEE LT b DOZZEL T, @m0 HC 22 EHRARR 3 03 G LT=H D,
ELTHMIESNDS BN N0, AR D BRI ITERIRL T C, BT 15~40 nm 2
FETHY, F-PMIL, 90%LL ERER (B 1 pm RiELEZ SN TSI, PM ORI, B
B S, RPN CTOBRBEREE, MO mE L &, JER0ACEDm AN, 728 DER
ICEEINLD,

Solid ,
caat TR e e © bo Solid carbon cores
ST o@ gl R . (0.01-0.08 mm),
Bk bt Nty / agglomerate (0.05-
/ /9N / 1.0 mm) and adsorbed

Vapour phase © f.' vapour phase species

hydrocarbons
Soluble organic Adsorbed
fraction (SOF)/ hydrocarbons
particle phase
hydrocarbons @
O ° Liquid condensed
y o hydrocarbon
particles
Adsorbed
hydrocarbons /1‘ e ©g0 ° Hydr?led sulfate
species

Hydrated sulfate
species

Fig. 1.10 Schematic representation of diesel Particulate Matter (PM) formed during

combustion of atmized fuel droplets -2%
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PM DO#EERBEIRIRFE (A—F) DTEFOERFEIC OV TE, WEEICRBER AN L NEDOD, I
EDWFZETED—URNHALNI 72> TETCWD. B 111 ICF O &N %R 7.

1pm |-
(&) Aggregation
100 nm }
e ® , 0 0o ®
o o L :
® Y ® - (@) Coagulation
* 0 e .' ® Surface growth
- ® ® ] Py
- -
mf 2 ele %Y e
-
- 0 o, . ? e
- . . [ ™ .- L ] . . ‘ .' . -
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(3} Particle inception
Tla g oo do &k
’ O y ’Q O H’O (2} PAH formation
== = é T; @ =— -
= @ Thermal decomposition

01nm p 9 co 0, H, H,0 CHa Pyrolysis

Fig. 1.11 Schematic diagram for soot formation in premixed flames (-39

A— RO TRT, OREFE R LD EIRBGICB T, BALKERENESRL, 7TeF1L v
728 DARFRIRAL KB Z AL, @FNNERNS CHERETERK, SHIZERILL, ZRGE
W& Ak 7K 3 (PAH; Polycyclic Aromatic Hydrocarbons) %, @+~ nm ¥+ XD
(Particle Inception), @3 i il PR FE SRS HEIT T2 2L CHEA{LL (Coagulation) , # nm
YARXDRLAZTER, TNOPFEL TOE, Bt nm VA XD A Z TR, ©FNOHERIRKLF-23
EEE (aggregation) L, ZRUDFEROYT um A XORLF-BER TS, L) EH70@EE TRt
ENTNHHI3D,

EREA—MEZELTEREND PM (T, #IBREBREE DB, NSk 2 R\ A TeZ
LIZED N~ (W, MiSARE) 2 RIET AR HS, LL TRESILTNEE2,
PM OHTY, FHIv A7 A—IVA—F — LU T ORUINRL A 13RS ISR R Uve T D18

10



&
it
)
S

23857280, FERIZEVIRNITIR AL, RAIZZIMHERERE <, MiKiEN ~DILEIC LD I
WA BR g R i, BRORIRO B AALZRE L LT, AMRICER AL KT Tl getE i Tun
23D F e/ NRIEIFE RN O IR MRALRT K, FRTT /A —F — Oy N 12 O
HICETRERELIDZEMERHS N TOAT, K 112 12, T—EBr o Prnbitians PM

QY RI O PAN T e T o N
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Fig. 1.12 Typical engine exhaust size distribution both mass and number weightings (-39

PM 3R FREE 3 AR AN 52700 3 DDA DGR FRETHY, TNEND o3RI
ERSMITENWEEZED. ENENDHMITEDEGEFEND, /INRIARRIDBIRIZ, ZE 1
FEE R —R (Nuclei Mode), #E4E—F(Accumulation Mode), #1AKE—K(Coarse Mode) & E
MBI KA T — NIl H, B 5~50 nm ORI THIRSHTERY, ZOKS 18R
Lty (Tyvasy), BRRE, =P P AO R IR K O HR R TS DRI
BB LOY N7 = ChD. F2ZDOE—ROR 1L, BEX—ATIIEED 20%LL FOE|
BITWE72NBDD, KL EA_N—ATIEEED 90%LL B2 HDTnd., — HEHMEE—RITI@ T,
K203 100~300 nm F2ESHTHEY, K 1.10 DL57 PM BLOZOWEWE Tk S 5.
FLEBEN—ATRIESGS, KENIORET—ROK L7050, F122.5 pm BOHKET—
RITITRLFERD 5~20%M G ENDHD, TV —PHER S AT AOBE NBE/RE |2 —
BEHEREL , D% BB LIk 1 CRERS 15173,
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WAHEBE D DHE N SIS PM 1, 1990 4R(RED, EICHEHEDOZ\WT r— 8L P B xt
ZUTHHI S A, FBPERICREIL ~ AR LS TE . ZAUTHE, PRBERS PR H#2 DT
R 28T DR PR EEE, PR F-f2E 7 /L% (Particulate Filter; PF) 2%, Ml GHEAFEL
TRIREN, WERLCE. TA— B DV EDLD (T— A (7 H O TO)PM HEH &,
T —BIVH ] OBk i 7 /L4 (Diesel Particulate Filter; DPF) 0¥} & EHIZ KBTI
DU, LLAHM BATIREE DT V) 2 P O S BRI L2 TETNDTD,
UTAETIIA VY HEO PM PEHERED T B ST 5039,

RAGHRD7TETIE, 50%57BEE 10 1w m BLF ORF% PM10, 50% 77 8EEE 2.5 um LA O
ki PM2.5 SFFENTRY, FEA_ZIB-> UBEICHESN TE72. ERNTIE PM10 OHIELL
H<D, K 10 m BUF ORI F-% SPM (Suspended Particlate Matter; ¥k -IRE) L L
T, PM10 12 fioo TEREFFLYEDS I E S QU230 S4E, PM2.5 O HICHAFITRI7-8A% 100
nm PLFORA (TR ITE B BEES TS, F IR E— EERER e 8 CTRNIZIR AT DL,
M IR & T 2R AL, e BRI SNRZ E R0, I LD ML ~T0iA 2 |2 i
END5728, TOREFRBENIREIILTNLI9,

PM (L, DB ROT ARGy & B2, MVEDNFEE CEDIEEMEDFIEL R, LT3
T PM Tk 28U61E, BRI OB LT, FHllOXI G FIENRESIL, HllL~ 1
AL S CEI3D, el e AL - O & (Particle Mass) Z 3l G Lz, Z4Ud PM %, BE
EDOFHFRMICIBNT, R DT A% 4725 CTHEHATZVATELIZEEITHH
EINDWE, ELTEREL, il SBELzboTha030, K 1.13 ([ZFHANS AW D ekl ok
BJz R

RN BTRE S BRRENLFaY

BREAAD |
ecHs ©
(0
—R7NE Jar
Iy Py F710% ZI2RBWEE, 0.3 um @
o WBRFICT 99 %LLE
Eﬁﬁﬁ —ENEE(25C)-BE(60%)T
8 RELIL ERBEE 1,
EFICTZ7HRENE
PMEE = [MREOPM7<L2HE — MENO7 L0 ER

- = G- - DO

Fig. 1.13 Schematic diagram of Particulate Mass (PM) measurement system (-37)
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TA— BN EOPER T OMRI O (E &) 1%, FRREERAICIVBENICEESNTLOD,

A BEIIRIN A HRN T, K0 AR A~D RS DN RE WU IV - (Ultrafine Particle) OHEH # il
D70, BT ROBREBHNC RS R&, OB RAMNNDIINIRo72090, 2y
el 720, [EREORON R # 2 B2 (UN-ECE) ® FIZ PMP (Particle Measurement Programme) 73
kS, ZOTEBIORE REL TIRESIZON, B KL 74K (Particle Number; PN) Hll 27
LTS, K 1.14 12, PMP IR LD EARLF-HGE S AT SOG4 7735050,

BRI 2U(CVS Tunnel)
HEPA- EHE BT (241

- e

L W20 T2.5 umld
I @5z WLo0 LORF e
(47 x=57C)
23nmEl ok l
FemETes | WRHBPNC) EREnFREMVPR)
BENFHT FRERGHT
#(CPCIE@M || - » . —
BELART, 5 C mammEenD1 )

o MMRREET)---ERENFEREIE S0 ERERTOER
: i #8300~ 400CTHTILE E<EBH150TR
| FNENR Sof, Sulfate®fRE) | EOBRTHRE

HHRREOND2)- - MABIC L BN FEOOASLUERIE R AOBBRL<TASITER |

Fig. 1.14 Schematic diagram of Particulate Number (PN) measurement system (-37)

B REL (PM) IZKE 2810, BAE, BRI A IR 12 (PN) (2% L Ch B A EM T
NDEINTI2 > TETEY, EEINLSTH PN HHIOBEADEIE AL >TND, o7 4—F
JVBTET T, TV BABEEIRENT HNDE91270 > TETERY, HVIVHEHD PF Tho,
GPF (Gasoline Particle Filter) DB 2 TE TS,

RO PN FHL AT AL, RIEEO/ IR T 2.5 pm L EOH KR T2 H0bRE, KREET
FIE AR Z 7R ST, TR T BRI 724 T IR 23 nm D EEEERLF- 777 2% (Condensation
Particle Counter; CPC) CTFH&L T A48, Liz28>7C, R 18 23 nm LA F(~2.5 pm BLF)
DERRLFIE R LY T, LE X5, — TR, 23 nm LA FOSOIZHUNR BERRL T2
AT EO R 7S TR, A% odha 23 E HShA.
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TZET, WIRERIZ &3 2HE 0 2B OB &, M R E ORFE 2l ~TE7, Bl

2.

ILDOFTENDH T, Tank-to-Wheel TlEZdHAHHO D, BEV R° FCEV (T EWEAZHEH LA, L0
STEEZET AL, RIEIZ2)— LU 3N IS L Th RO B TL A, LEBESH

A IREL THIEheE NRBERADMENL, HOWNTE =X NEEZ AL ESNDTEND,
M T OA 2728 R & U TRBMEBI 2 FALE LT 57-0121%, BroIyial FEENIEREIC

BHELS, ZZCIRETIE, FOEBUCE B P T AR B E O HAFIZ OV Tl 5.
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1.1.3 HEHA A% I E B AT O

IR BE D T A AUBRHAR X, 1970 FEROT Vo P BT DY A D

AIHEHL, HEEROPEHAT ABHNC AR TR T& 7z, MBI ESNZ 4 9)1% CO

& HC OHPHBUHIRI R Tho7zizb, [ (P 0/3707 A (Pd) 00 & 48 & IV - iR b il
R0, == W T I H =55 2 IR E /R E BRI, & 720019 0020 Z 0 4% NOx 23
B GUTIN 2 DA, Fr MABE R & TxHG L TE72AS, Lk TRZERIFERE BLH (CAFE #

H) PGS NDE, T3y al MERELREMERE O WNL SR EEL 720, FEFA VU HEOPEH A A
WUBREETE X, BRRRZEPRLLA T C 44y 7 il BOR FEE A HERF L TIEBh S BB AERY CO, HC, NOx
ZRIFFICHAETE, DoBRBELEEE LR, BN MEREZ F > = AL (Three Way
Catalyst: TWC) [ZUL AL TV o 71719 (1220

—HTTA—BNTZU DU HT, AEREEDT-80 = o255 2 LA TEAR -2, 39 2
D=, TA—BNLT VU HIZH L TUIESLS NOx HEHEOHKIEA T VY= Bl bt
L CE< R ESNTET-. NOx HEHEOIRIBIZ T Vv AR RO S B TS L2, HEHH =2
BALFRIEE L L T HC, CO 2R M kAt (Diesel Oxidation Catalyst; DOC) X TF, PM %
THERRZ T DRI T4~ (/L # (Diesel Particulate Filter; DPF) DBAFEMNHED BT, Z D%,
T A=V HICKRT D NOxHEH EOBHIMES B BEr s b, sHEL CEHEIHO
NOx JEHRETLH{LEEE (Selective Catalytic Reduction; SCR) 23BFE S, i S C& 7202
U8 & 1.15 |2, 727 1 — BN oo DU OB BREEE S AT AOLAT U N R T, BE
T ARSI SRR IEE SO T, MR AT Il L 72> TRY, VAT LA 37
MEDRRD BTN,

$e2 _DOC Closg Coupled
p _ !/Tem%?erﬁ;lcl.;e ...................................... Under ]:100[.

7/ Temperature

| CSF Sentsor

Secondarv
\ NOx SLI’]SOI‘

Prima’ry \ Mixer
NOx Sensor Urea Injector SCR

Fig. 1.15 Typical layout of after-treatment system for diesel engine

(CSF; Catalyzed Soot Filter) (-39
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AR SLTHL, BB AT WBRDAL I MEEEZDBRIC, B —TRIQREHEZ HDLTL
&, SCR EDOMERERM B 70 E ZHERENL DRI AFF O LG, ZOFBENRENEE ZHNDHHRL

FHEE 7 )V H (Particulate Filter; PR)IZF B L, FOHMTRETHD PF ~DOT v aHifE%,
BRITAFFEI R EUT-. IRIBLD, RiFHiE 7 V2O -

ROV TIN5,
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1.1.4 ki 7% )\ ¥ (PF/DPF) OB E L3RRE

K- ~7 1L (Particulate Filter; PF) I, WEMEBEDLOHEH T AIZE ENDR - IRY
B (PM) ZHEIRE T 27200, YT ABAIEEE THS. PF 1 TEII0 7 -_OLILE =T
LEERT, ARSI AR HICBE TSN, PM 28T 23S FUE O HH Wall #4818 (%
) T2891278oTBY, ZOBCHEI A ATE FLD PM DMlESND. (8 H EHR IR
AHNZEEND PM 28 LES THlifE 35— J5C, PF HiIfA ZEFIZEY—E & PM HEFREL 72L&
W 5L, PF &AL, miRE GRS THEREL 72 PM 22 kbR 592 (FAEIEER) . PM 2
BENDEERRFE (I—HR) OERIZIZ—%IZ 600 CRIZOEIRANIEL/2H72, PF 121X
W EME AR D HLD. PE OB EHT, THEWER WS D25, A5 A 5 (Silicon
Carbide; SiC), F &7 /LI=7 1 (Alminum titanate; AT), Z— =5 (Cordierite; Cd) 72
ERHY, ZADVAT MISCTENENRASN TS, B 1.16 (TRLFE 7 1L 2 OHEIE

TR
Emission |Flow| Soot
Pl
Porous Wall { Y MRRe R, 1.
L]

Emission Flow Substrate(SiC)

’ ‘ . / Catalyst

Internal Structure

Fig. 1.16 Schimatic representation of Particulate Fllter (-0

F =P ORI T~ 1% (PF), DPF (Diesel Particulate Filter) %, &>V
EHE L CHGENKED -T2 T +— BV EO PM SEHEIEE B 09124 [E TEAS L2 PM L
KIIEDTZDIZBHFE S, FBHSND IR oT. BEMITIE PM B b2 ARt T 5720, Pt &2 E72270%

PERR Sy & DS SN D5 G 3%\, Bl TIL DPF JEA1Z SCR il it 240 EF L, —f NOx
DEALHII T AT LB BHFE SV TN, NOx {KIZx -5 PM HEFE D 52887 & AR AR B 725
624, BIEEEMIEBAR T O D, B 1.17 12 DPF 245 L7 7 +— B/ (CDH =

VAT OB R
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Engine Coolant Lines

......

Header Assembly
with Lewel and
Temperature Sensor

A L N

IHL-._J
J @J

o 10 I 1 1r 110

DEF Tank

Fig. 1.17 Schimatic representation of Particulate Filter system installed on CI engine (4D

DPF PIZHEREL 7oA — Ik (MR SR) 13, 1#Ef5e /L (Passive regeneration), &2V ME5fiH| AL
(Active regeneration) DWW HZ VB LR L&D, 22Tl i1, (KIR (200 °C~) T
D NO (TEDA—MB LA B KL, FREIFAITEIR (500 C~) TD O IZLDA—MRfba Fk
F %072, (029, 1738), 442 NO, [ZE D A—R (C) BR{LSURE 02 128 HA—MC) BALIISIE, LR D
BFEROLTRSAND.

C +2NO, — 2NO + CO, (1.1)

C+0,; — CO; (1.2)

20 DPF O A (A—Mg{b) ZetE 57280, —fRAV723 A7 ATl DPF @ Bl iTie{t,
fil i (DOC) SERESALTIRY, 22T HC (RED 2+ 224 T, FAREZFIE 5. DOC
~O HC OMHEIE, =2 VU RNDAL Pl H, HAHWITHEREICRE LA P =7 XD BHE
AR A~EFET HETEMmEND. ol AL B e NO, DAERE DOC 23> THDHE
BN,
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TV 2P BT LT, BT /L4 (PR) & BT B3R O<GRESI T
ST, EET ) T VU P LSRR ESND I g o729 09 2014 4R HEA T
SHVTZBRM Eurobb FHINZ T, TV DU BT D041 (PN) B 23 9]0 CEASTZ
0, = AND B TOXNERKEETHY, FV U #EHD PF, Gasoline Particulate Filter (GPF)
PEAFESIZ. BIE, PERALRICEWTE PN BHI OB AR RESN TEE, 5%E R
H B8~ PF OFSHEIG 1T T E TARSN DA, BER AR LA ClEiREh o V) =
YUATBWTL, PR ARICEERPZEAEFELRW 2, HERE PM AV IR R E T
D0, ARED — DLl o> TS,

PF ~JEAT 2 PMITIE, ERGrERDA—I (FEAR R ) OHLIZ, ABROBPEIHE M I ok
THHE BB RIS 5y (SOF) , BREAHECRSEAME, K4y, FlemL DU A ANV IRIMAIR = P B
FER 2B IR T DI (T 2) R b ZEIFBRTR T3, 2O ABRIED & 8 ik 7 7% B
W57 v 2ld, PF OFABEIRTIIMRETER. J)—=0 I ROHELIRWRY, =0
> OBREIFE D HET IO TR A FYIZE S COE, PEF OMEREZLPER B2 5 &k
29 — #1972 DPF A7 AT, PF ~0 PM HEfli &% PF RO DHERPOLHEEL TS
BN, ZOHE PF ~OT7 v a I I DEE BRI, AMELIR 7L LT PM HERE R
HEE A RRARRRS D R DY, Z D86, Wil AEDMIEITENGS. £, PF OEH
KEFT, =P PR ERESE, B -RBEOR T 2SR . 207, 7y 2 4ER7 10
PF OMERERC IR I T T B AR LI T 2720 O IEZ B L T4, v AT LDn
NAMERERS?, VAT LDAL NI MEEBZDIZ TRAIREEZBND. LINLRDD, Ty
2 [ THEREICIEF TR WRF#ID )N, FT-Z DM OB THERFE B3 RESELT 5911,
MRS D LTI L DR BB O LD B AN E 7= 0D = ETIZE L DRFZED
RENTERITHBEDL T, FEEERARENE V. LEER-T, T—ELz P DPF,
IV VMO GPE I, 7y 2RO BIGFI L, RSB ORI, 5 Sk HE
IR TERRE 72> TS,

VL EIOAGR TR, A% EERFEINEEAOND PFIZERL, TOEMRETHLT v
2HEREDOBIR IR LE TV 7%, BIEOFBETHTLLLTz.
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1.2 STt

AREiTlX, PF (Particulate Filter), #1245 3245 M 28 B FE A3 44T L T %, DPF (Diesel
Particle Filter) HEf& 7> o 2 D i fR &2 OHERE R B B 32 A TR RIS DV TR 5.
1.2.1 DPF #5857 v 2O RIERE

(1) 7o aDfEHRTR

X 1.18 (2, DPF HEFE T o =D MR 7o A GTR o5 B 5 R A SRR LT 7 e —F v — &

R APICJ-4 =2 VA AT, US-LSD BREVEEA T 57 4 — B L= DU EL TVA.

DPF Ash Composition & Sources
: , | ,
Engine Oil | Fuel Source I Engine Wear Coolant Incombustibles
Additives and Corrosion from air
L Biofuel trace by-products A reT
Metallic Species metals, acids and ela_ 16 Ir bome
from EP, AW, | '{fuel-bome metallic| | MGiiges of Fe, | [ ,,Comosion | | | Mo
oxidation catalysts : nhibitors and ustina
FM, Detergent, “ aly Al, Cr, Ni, Cu, Salt Carriers bypasses the
Dispersant (= 3-S5 wt%) Co, Ti and Pb air filter
additives
| | Oxides, Sulfates, Phosphates, Pyro-
Phosphates of Zn, Ca, Mg, P, S, Mo
(~ 90 wt.%)

(~ 2 wt.%)
K, Na, Phosphates,
Nitrites, Nitrates,
Borates, Molybdates,
Silicates

(~ 1-2 wt. %)
Fig. 1.18 Flowchart representing the origin of DPF ash sources (-9

WE, 7oy 2lZFDIFEAE BT DA AN T D LIRSy, BARRIIXIEE DAL LT
WIS TS Ca BERU Mg LA R0, THEEREME M) E - BRIEEA] - B B5 kAL LTRSS T
% Zn ALEH) (Zn-DTP) 728, ICHKTHEB 2 B TNRIHD: 199 ooy D EEFEL I R X
DRVERD, B R DO &Ry, 77— MeZ OB T O AN DR 5T —AICIE
RNEBZ 2 HITNDDS, BREHRINARE (FBC; Fuel Born Catalyst) 72 & BB & B R /3 03 &

Hléuri ﬁ‘)‘ % 6(1—42), (1-45) .

ENTODHER, o AT 4= BNREIOGEEITIE, R OHE BIIA AV OHE Bl
NTREIZZWED, (ICEAEDDTINTHoTY, Ty 2 ERA~DFEENREI25 0]

TV F AN DRI, AANVHEEDAD =X NS> TR R~ S, PF A~
ANTDHEEZHND. TP TOFANAEED EEAN =R L%K 1.19 (TR,

(a) ARV
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7 R HOME OIS, (b) VA —T AT —BEE OFRATFHED DO TS, (¢) 7 r—r3A
HALLTOHEH, D 3 2EE 25N TNHHI,
Cylinder liner

Top piston land __» Qilfilm

. Cylinder liner

L]

Top pistonring

v

“oil film

(a) Oil droplet transport

(b) Evaporation

(c) Blow-by entrainment
Fig. 1.19 Predominant lubrication consumption mechanisms in an engine (-4?

(a) DI OEIEIL, EARNFURERBERLOM DL ZETRR L TRAETLHEEZHNT

AT HILIT 01D,

Wb, [TESZEMRENG BN ANVIANNRBERITE N S, 2 CeBER Y% S T il %
BEL, 7o aORIBMAZ AR5, 2T ADOFHRIUCTE > TRREBEE DD HEEHEN, PF ~

MIRNEE Z HITNHID,

(b) DIRFEAN = AL, VA —TAF—BEH EOENNHENSORFE T, A4 o
BB EA LRI LN, ZOAH =R A THER B ~HEH SN T v 24511 kw1

() DT a—= ALY AT =L, AN T OE AR EENSTT7 07— AT
RN TEEAANIAN G T a— A 2%, R~ =T +— VR ICEERS YRS,
BEE TIRBEL T HEXR R~ HEHENDT28, (a) DA =X AEERRIZ, 7 vy ORIk IAEZ A4

LT 2D LnLRAS, 7T a— A AZOL OO BT —RENAR 2D I FHSnH e
16, ZOAN = XL THRRMAEINDT v 2 /03T UTE ZLRNEE 2 BND.

1.20 (2, TV ATBITD, =V AMEFANEEZ D DLE A=A LD ES-
JE DA G T4 ZoRd
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Fig. 1.20 Effect of engine load on the different oil consumption sources

o

to total oil consumption at 3500 rpm for the baseline oil -0

NI T VAR DPMRNEE, (a) OIS D SRS RDT LD . WL DY
A, PEKCR DT v 2y OYEHIN S8 D LB 2 DD END, ZOMHTHRE F L08R & fif s
FEFANABE BT DT v 2y OPEHEOEIA 13285, LB 20D, ZIVUIREEIK 7>
DOFHEEND Sulfated Ash BIZxT2EBRZ PR ~HEFEL QU =T v = BD L, Ash Finding
Rario 2%, 7 A R/VERIHI &L, BAMEIRREIRD, SWOHBIERE R LD L T1p019,
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(2) Tyva 1 WHIFOTERGEFE

PR RAEHEINDT v oD EERERAN = A ALE, ZZETIRARTE@I T VA A
N OAERIRIANZ KL, EICEANV T EDNDREEE ~ S &Rk oy (7>
253) B LI OB L 200, B2 LS.

T OBRBEN ST > 20 1 WHLA-ZTERLT DECTD A=A AL, RIZITREIZREN LN,
T OBRBEAENT v 2 INTA LB )~ S, PER TR CHRRE M EAIS LD T
5~50 nm DIZTZALTE—F (K 1.12 2 M) Ok 12, TR TralE, S35 EOA—
MR T 5, LV ATREMEDN B 2 B TS, IR T — R ORI ARIL, B RO
J§ L DIBEIFNE (CHBSNDT-0, PEHHARFR L B EISNABRIC, 07l TEfE
THERIERTBRA I AT L 720, BB L O T 5 AR 5 SRS T B0,
2L OYE, PR A AFIIIA =ML E EN TN, Ty alIA— ML FIZEETHE
THHENDD, A—NMIKLTT w2y OERHDICE WG AL, BERE D220,
A—MRLAf-~EEEE T, Ty a BT 2R P2 TR T A0, o DU DR RIS L D4
BT RLFE, B O (TARWREETIZZRW) =0 DU OIEIREMFIZIBVLTE, A—REHIIC
T oY a TR T2 TR T D eV i 5049,

T oY a M TR F 2T L TOWAEA L, A—MRiF L BE AR L TOD A D
DPF EFllCOT vy a8k (TEM Eifg) O fil%, X 1.21 |[2RT.

Fig. 1.21 Bright-Field STEM images of upstream of the DPF showing thin soot agglomerates

with no (D) or very little (G) ash (-9
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X, T4—EN AV B EF 10 nm g0 TN,

Diesel
Soot peak: 80 nm
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Fig. 1.22 Particle emissions from ICE; Diesel (top) and Petrol (bottom) engine (-0

Fiz, Tyt ahEETOREY — ORI FRIT, EEREIHC L TEL T3 biERSh
T, X1.23 12, 50 km/h EFTHRFET AR /VEERRH I D0 P PR DR B4 A D
%579, 50 km/h EFTREIET v =8 748 10 nm FLEEClhoT=b DO, T AR/LEEREZ I 30
nm F2EEICBLL TODZ ERS3 D510,

1.0E+2 1.0E+3 =
1.0E+8 4 with thermoconditioner 300°C 1.0E+8 + with tharmoconditionsr 300°C
1.OE+T 1 1.0E+7 T
1.0E+& 1 1.0E+5 +
1.0E+5 1 1.0E+8
1.0E+4 + 1.0E#4 f‘{]‘
1.0E+3 4 1. 0E+3 +
—— 15t sompl samgie —— 3 sampl 1.0B42 +
Ll e - e —— istsample  —---=nd sampla  =—drd sample 4th sampla
1.0E+1 4 1.0E+1 T
1.0E+0 1.0E+0
10 Diamater fnm) 100 10 Diamatar [rem] 100
50 km/h ldling

Fig. 1.23 Particle emissions from Car; Renault R18 (-5
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(3) 7= 2 WhIF DI

DPF WMABBEDT v 2, Z<IZA—b 2 IR I AT DR THAL, LIk ~7z@hz
ORLFFE (L RRLF48) 13 10~30 nm B2, LB bND. —FF, RR BB DPF ~HERTL

(1-52), (1-53)

W2 1 YRREA[R AN, A= hOULHEEIREED

=7
o

TWAHAJBRZRR=T v 21X, DPF HAZS TA—’ BB AT DB, A—NMIfHELT

BCRHE - BEREL, TERS Q0DEE 2B
DPF ETO7 v abi F il ORI A K 1.24 (R 7.

Y, .
=
os:o’* 5 -’r -

Fig. 1.24 Schematic diagram depicting the growth process of ash particles

and aggromerates (Black: Soot agglomerates, Gray: Ash particle) (-5

DPF BAERFD, 7o 1 ki 1% & e A—MHEREE DFR il e &, A—MER£IZ Wall iz
FRAFT DT v 2 2 K Dk+7%, X 1.25 (TR,

Soot cake
; Filter wall
Ash

_——

Fig. 1.25 Time lapse images of soot cake oxidation and ash agglomeration phenomena on

DPF wall (Left 1-59) and schematic representation of ash formation (Right)

DPF FAzy, A—MHEREEIL, € DORALIHEOETICHEWOUEINAAET THRISHL, IUHE

LWL ZOWHEL TOSKA—=MEREE 21T, €OTRMIBRENST v =0 1 WA EENLT
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BY, TovabFA—b 2 Uk T OB LIHEIZ LY RIS 2 B HEEE L T &L
A—=MRBAIH R LTCZITIX, Ty a 2 YR OHERERE (BEEEIK) 725 DPF O Al EE T FITFRAF
$25. 559 DPE /RO T v 2 HERBO MR O T4, 4 1.26 (277

Fig. 1.26 Surface view of time-lapse FE-SEM images of ash deposition on SiC DPF wall after

each regeneration (Left) and cross-sectional view of fourth lapse FE-SEM image (Right) (-5

T a2 PRI SiIC FEMIZZE W ZHIALO S HARE LV HER 213 s, s DPF FA:
IZARE L OR300 E72, HIFLNEA~OT vy 2 DR ATH E LN b 5y
1%, MIFLICADIAATZT v 2id, A—MRALIGHERF IS AL S HANTIC S [ E T E SN DT LN
RS TR0, ZOEBIZ LB DEE X BND.

A—bDOYUFERIEBUI LD 1 YR 23EEER - BERE LTE RS2 T v = 2 ORI D INFROER
T OB ZR 1.2TITRT . 20X, A—FORALIHE TSNS T Y 3 =0 2 YKL FDNFERIC
1, ZERPBFAEL TOD ATREMEDS MV EE R HILD.

Fig. 1.27 SEM images of FIB milled ash particles (Lab-made Calcium-based ash) (-5
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Fig. 1.28 Expected lubrication-derived ash composition and property (-5®
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Fig. 1.29 Ash compositional analysis via XRD generated from commercial CJ-4 oil (57
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Fig. 1.30 Measured ash distribution profiles and pressure-drop as a function of soot
accumulation on DPF at various ash loading measured at 20,000 h™! space velocity with CJ-4

oil and periodic active regeneration 142
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Fig. 1.31 Ilustration of geometry and parameters considered in one-dimensionlal

ash transport model in DPF channel (-6

HeRET > o 2 I E T 2 AW DE AR TIR . FZUCIVEIRELEE, Tyva
HEREDMIEN G 6T O, TS NEERIZIER 2 ABTIS ) om0 Bz, B 1.32 (TR

F-p-U

ab,, (1.3

T =

M

100,000 1/hr

15 60,000 1/hr
30,000 1/hr
15,000 1/hr
0.5¢ /

0 0.05 0.1 0.15
DPF Length [m]

Sheer Stress [N/m?]

Fig. 1.32 Axial variation of shear stress close to the filter wall for a range of typical DPF flow

conditions computed from the CFD analysis (-62
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Fig. 1.33 Predicted ash distribution profile and experimentlly measured distribution on DPF

at periodic active regeneration with an ash load of 13 g/L (Left) and 42 g/L (Right) (1-62

Sappok DIZE-> TIRESNIEAET MIBWCAL, 7Ty aB@iE A 358 A WG T Ol
FHEBIRITIT T4 T RFGA=2THY, ZOREFAEDET MAUIZIZE STV, Kamp H0
BFFEDE BB, 770 T AT — )V A 53 b B B LS SRR L CldVW bbb oo, A
BT VTHERE T v 2 @ OMRIRN R D56, #EEE WG I ORESEZ T 40T 4 73 Dl

WNHHET L ThoT.

Sappok B EFLET VO LFRHZ, DPF @il AL RIZ Ao d A— M —F O RIS B
D, MEENOT v 2 BN HBL TWAHZEBIERML CWH2, ZiudA— M —F S HEELE
B OLEIT, A= —FRITEENDT v aRA— R AEL TODAE T 2 3 A RF ik S
NDENIEDTHY, ZOAH=ALIBNTT v aB@Ba AT 501%, A—Mr—X ORIk
B AUE ChoEZE 2 N5, Ml AT DOA—N —FDOHBERBEI O 1L, ZHUCkD Ty

ik DR X AR 1.34 1R T

31



&
1
et
E

PO Soot Cake Fragment with Ash Precursors (O Ash

Fig. 1.34 Image sequence showing soot and ash transport at 20,000 h~! space velocity during

active regeneration (Left), and conceptual representation of transport mechanism (Right) (-62
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Fig. 1.35 Experimental results of plug ash length on each soot load condition,

X-ray CT images (Left) and plug ash length results (Right) (-0
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Fig. 1.36 Soot cake transportation during active regeneration, estimated mechanism (Left)

and experimental results (Right) (160
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I aDFERE RN TN ETICE RS S TWA, T CH S SN COAHERE T v =2d

Table 1.1 Ash properties reported in previous study (-4?

Particle Size Porosity Permeability Reference

um - m’ -

0.5-1.0 28-74 X104 Konstandoporlos et al.

0.1-0.5 0.83 Merkel et al.
24-376 0.85 ~ 5 X101 Young et al.

5-50 MECA Report
0.1-10 0.90 McGeehan et al.

1 Konstandoporlos et al.
0.3-30 Sonntag et al.
0.1-1 Usui et al.

0.5-10 1.8-23 X107 Zarvalis et al.
0.90-0.95 28-74 X107 Sappok et al.
0.91 Sappok et al.
0.97 0.91-0.95 Chiou et al.
0.91-0.95 29-9 X104 Sappok et al.

HESN TCWAEEEIRZ LD DL, R 2% 0.1 72550 pm O THY, 22k =1% 0.83
75 0.95 OFEFE, FWRIL 107205 10 " m2DF—F —Livh.

FDIVED>, HERET > aDONEEET 0.09 g/cm® 5 0.56 g/cm® O Th-7-4%2 Nz T

F0b, NIEEPELR DM ARSI TOHE,

IN—F = 2T AR RS Y77 oo 2T, IESHL TR N7 4 — L REN T v =
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Fig. 1.37 Comparison of wall ash layer structure of each soot load condition 169
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Fig.1.38 Overview of calculation model constructed in this study
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Fig.1.39 Schematic diagram of wall ash property and ash mobility prediction model,

and DPF pressure drop calculation model
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DT v a WFERIZKRI T HDA—MNEFEED I (S/A F) &, Wall 7y 2Ok 128 - ZE R L O BEfR
PEZFRNT9 2. L 7= F2BR1X " FiEC, DPG (Diesel Particulate Generator) COHEFET v =
O (1) AL, Bl iE S COA—NREE - 7 2 IR E 2 =T
T aBRORE THS. WIZINOLOREREZILIZ, Wall 7o ¥ 2Rl 18- Z2EO THlET
NWEAERRT 5. BICINUHEBEONSEEET VA, BREET LVREMAEDE, Ty
2 HEREE OJERGH RIS LB, B OMEREERE TR D, Tyv 2 HREET VEER T 5.

2.2 DPG TOHERET v 2 DEEFE
2.2.1 EBRGE

FFRFFEZATo72 JARL(H A B By #EAFSET) 0 DPGU ©F w2z L, DPF ~HEfES
7z. DPG OB A 2.1 [T,

/2" TP
DPF size [mm]

- FS: $143.8 x L127
- 1"TP: $25 x L127 Inlet air
- 1/2" TP: 912 x L127

Pressure drop i

{ Exhaust I‘ |
| DPF

oy

Tertiary air

DOC

Exit face temp. Inlet face temp. Filter

Primary air
Diesel fuel supply

Fig.2.1 Overview of Diesel Particulate Generator (DPG) (-9
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Z? DPG (TR 2.1 D FRUTR T IS, BREESHUEN A A WS A DAL V=7 2D B0 1
FHNTIY, A=A HOBIMILBK R D > T2 DU A A VA A REE L T, A
ANEIT DA T =7 2120%, TV RRE I O T 7 2 AN 5 VW TERY, =7
—ENEFANVES LA FIEL TEN 3528 T, DGRV ERO T v 2 2 A S
HHZENAIRE TH D, BIMILHUKRIZAA O T +—B/VREHZ, JIS2 F A FHL7-.

3 DPF Of1EEEZR 2.1 (R 7. &8 2.06 L @ SiC il DPF T, 1 EHA T U71-0DF
FNVEL 350 HOBLDEHE A LTz, ABEEEZ 280 um, KALE 38%, FHXAL 12 um T,
F14: (Pt) 28707 A (PD) MBS TS, 20 DPF ZHNT, ¢ 1/2 /0 F Lo 1L A F DT
AR —Z(TP) 2 2.1 \ZR Wi (i & CTEAENLKVIRE, JTD DPF ~fHf ASIIREETT
o a WS, Ty a R\ R %, ¢ 1/2 A2 F O TP TiXbIlr B8 LD Wall 7y =
DHEFEE A3 AT O Z, ¢ 1 A2 F O TP Tix X #f CT 128D Plug 7o 2 B Efifhia, Zih
FNERE LI, 728, P OBANL cpsi 1T cell per square inch, BIH BN H AT H7-0DF
ANV FIRPOEAL mil 1E milli inch RUALF) DZETHS.

Table 2.1 Specification of DPF used

DPF diameter x length mm ¢143.8x127 (2.06 L)
Cell density cpsi 350
Wall thickness pm 280 (11 mil)
Substrate material - SiC
Substrate porosity % 38
Substrate mean pore size pum 12
Catalyst g/L 0.5 (Pt:Pd=2:1)

R VANV ORI (R RS R LR A &) 2R 2.2 1R T. A A /L1X Sample A,
B, C O 3FEHY, £ E THEEA mITHEMNA 77X~ (Inductively Coupled Plasma / ICP)

FEIGTHAHTIEIZLD JARLIZ T L.
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Sample A & Sample B i%, V> (P), 71/ w7 A(Ca), T (Zn), MiE(S)/el &A BDZ\ AR
SIZHONT, V7 7L AELTZ JASO DL-1 RS & = VA AV &, EJRBlE e m 2L
WD, BIROEH BEFEDIZLOTHD (LI, Zivk Compl £9°5).

Sample C |%, Sample A (ZxLC Ca RIFSINAIDO BEAPS LTI, FHXIHIC P, Zn, SOEH
A EDIZbDEIRoTNWD (PR, Zha Comp2 &37°5) . 7235, 1% 4 563 (P, Ca, Zn, S) HO
RERIGZ, TNEN SRR IRED FICHRITERILL TV,

Table 2.2 Specification of engine oil used

P Ca Zn S Sulfated ash
Sample Notification
wt ppm wt ppm wt ppm wt ppm wt%
9000 7000 8000 16000
Sample A 4.9
(23%) (18%) (20%) (40%)
Compl
3618 4486 4413 7700
Sample B 2.4
(18%) (22%) (22%) (38%)
8201 938 9946 15800
Sample C Comp?2 2.5
(24%) (3%) (28%) (45%)
732 1691 844 2300
DL-1 - 0.8
(13%) (31%) (15%) (42%)

TV AN DRRERIR IR, IR T HER I Kk 7z, AR SCkF o
ZIRAEY )5, £H 4 TRIRDLE RS HEEME LD THS.
Sulfated Ash [wt%]
= (—11.63 + 3.284 x Ca [ppm] + 1.385 x Zn [ppm] 2.1)

+ 0.862 x P [ppm])/10000
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DPG &AM AF 2.3 LK 2.2 12T,

Table 2.3 Operating condition for soot/ash loading and regeneration®-

Loading Regeneration
Operating time h 2 0.75
DPF inlet face temp. deg.C 350 680
SV (20 deg.C, 1 atm) h! 6.0x10* 6.0x10%
Soot loading rate g/h 0.5/2.0 0
Ash loading rate g/h 0.5/0.25 0
S/A ratio - 1-8 -

Target ash load 41.3 g (20 g/L)
O e =

)
«

Soot load of regeneration start

——F< 2

))
> 0.75 « Operating time [h]

Loading amount [g]

Fig.2.2 Schematic diagram of change in soot and ash load during ash loading operation

HefiEds 2 WFfE (DPF A D W AW 350 °C), il 0.75 WEfE] (DPF A D4 AT E
680 C)DHAVNV%E, Tyiah41.3 g 20 g/L) HEFETHETHIRLFE L=, 7> 24K
&%, DPF OEREEM S EZFHIIT 5L TR L. BMBREMLLT, S/A LA 11 f
(Compl/Comp2) M 5a70 04 4 Seff (RIATHM) TEAL AL DPF ~T v oz iffist, &
RN TIRONIHERT v 2 DIE B ATROHERET ¥ 2 DR A-F - 22 - B R L O &
() Z AT L. S/A B CETRLICHERE L 73R /B RF D 77 & = MERE B ik 2 A — M HERE &
D) OFFFENL, A—NEFIEEZ DPG D A— &AL ML BUk & O XY B L ECHREEL,
7 a HERE I EE AR LR S~ DA A VS B TR 7528 C, JHOOSRMFT
HINTUTHIBEIL=. 7236, 7o 2 HEREHED 0.5 g/h DFE, A7V EUT 40 B, M—21
110 KR OERE 7225
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ZZT S/A I, AW CIIHERER O, 680 CHAER FRFIFA) # Btk 28T
HHUCHEREL QAR —REET v amDM, LLTERLE. EHEAAR 2.3 1077,

Regeneration Regeneration

@ @
@ @

|

S/Aratio=1/®@

Load amount g

Timeh

Wall Ash

o SiC wall SiC wall

c

=]

o

IS

®©

3 Wall ash

o [} Im]

— Wall Ash
1 SiC wall SiC wall

Time h

Fig.2.3 Schematic diagram of S/A ratio definition

RTEEDEATHIZEDOH 1.2.2 (3) TIlk~72i8Y, Wall 7w 2k T-0%2E BER/e & O HEREE
&% DPF BAERRLICHIT A= MRk D 58 % 2T TIRIESIL TV ATREMEN DD, £ TA
FERTIL, FAERNSHHUCHEREL QDA RRET v a BOM, S/A i, EEREHKEL T
ELTZ.

U7 VT — R THEHASI TS DPF TE X 72354, S/A Hl, TR FHAERHZ DPF ~HEREL
TWHA—RDEE, TR DPF ~HEREL QAT v adHh, FE5RHI A DA %
FTOZRWETHLOMERE T v = (1 RKLF) DEDS, EOIORERNIBRIZH LN EERELIZHD,
EEZDTENTED. EVHEEZIUL, S/ALPREVEIESAE, BERURED LSRN
BRBRB ORI ENLNRE, A—IHEREL THEEIZ DPF il F A2 3 T S5 19720 LS
FMETHY, Fio S/A HVISWERRS LT, MARTBRBOE AN\ VL, B EAIZLY
3L AL DPF ICA— D HEREL Z2WBIRGAE Th D, LB R HTENTED.
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2.2.2 EBFEROREYT
DPG TOT v a HEfEEIEE, ¢ 1/2 A2 F TP 243 DPF X EWHIL, 15 mm kG T,

T T ] 2 28 85 (DIGITAL MICROSCOPE VHX-900,/ % — = 2 ) THIZLL, BlIE2Wri
P COFEIR e Wall 7y 2 ERERHLZ. K 2.4 ([CEIEIE O ¢ 1/2 A12F TP OFT-&,
BT R OBIZ R~ . BEEBHERT v 2 ThD. HIWIHNLE TOFE) Wall 7y a
JEAOREHIE, KIRT IS | Fr R B -0O~®D T v = /EHEHA, Zh A 4w
TIUH LIS FRYARNVGRIEBLOGHAIL, ZDH5E%E, ZOWE L EIZI1T5 Wall 7y
2BHEL. 7% T/P OO LW OBIEE, 77y 2BHOFHANL, JARI(H A4 H B #AF5E

A CHE L 7=.

Sl ,_u_u-llfb”-.;:..
- t—- 3

Fig.2.4 Overview of ¢ 1/2”TP and example of wall ash deposited on DPF wall in a channel

B TROTHERTT o 2 DIE B DOFHHIFE R 2K 2.5 1R b= DH A7 4
RS DL T, EORBREMD, 7y 2 OHERERIT 20 g/L THIZR Th 2.

Center of channel |
06 = o e e e e e % . |e<> :_
--O-(I) Sample A S/A=1 i REAY
e 05 A (1) Sample A S/A=4 j P i
f’ 04 | - (Il) Sample B S/A=8 » i
[72] H Co
o - %=+ (IV) Sample C S/A=2 ; O’ |
% 03 H S !
92 AN ! 10
£ Total Ash load = 20 g/L pee dE -
2 | X .............. X ................. —é,,—”gf I O j ig
—— ~"'_'———— __.—.:-’_ - | 'z
01 éé ----- é TS SN <>—»—""<> :n%
S <> ..... _<>—-‘ <> :
0 1 1 1 1 1 10
0 20 40 60 80 100 120

Distance from front end mm

Fig.2.5 A comparison of distribution of wall ash thickness under each test condition
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Y, A=A ANVFE ()~ID: Compl) THLE, B2 S/A HAKEWELE Wall Ty
DIEFIEMEE 235D ED 3 H%. Bottom end DHDOHEFET v 2 DEH (Plug 7y 2z X)
IZDWTIE, S/A B 1 &4 TIXS/A R KREWVIZE RV, S/A T4 & 8ITITRER AT AL
7pote. Fle e oA AVFE (D~ID: Compl E(IV): Comp2) Ttk §~%&, Comp2 A A /LD

A%, Compl AANDEEEHEEL T Wall 7o 2D ELNELS, F7- Plug 72D ESH 4L

2o TCNDIEDSIND.
X 2.5 DEAGARD DPE BT v aZ Bl -5t L TELIE, HERET > =D iE (k)

SRS RA, K 2.4, K 2.5 TR T.

Table 2.4 Wall ash particle size distribution under each test condition

Mass flow rate Wall ash
g/A | Lognormal distribution Average
Engine oil used Soot | Asn | ratio of particle diameter particle diameter
Geometric | Geometric Area Vol.
mean std. dev. basis basis
D50 O'g D3 D4 (dag)
- g/h g/h - nm nm nm nm
) 0.5 0.5 1 305 1.70 617 819
Sample A
(I1) Compl 2.0 0.5 4 317 1.67 607 788
(IIT) | Sample B 2.0 0.25 8 299 1.67 573 743
(IV) | Sample C | Comp2 0.5 0.25 2 570 1.37 732 810
Table 2.5 Ash properties under each test condition
Wall ash Plug ash
L . Packing ) Particle Packing
Permeability Porosity ) True density ) )
density porosity density
kash €2 Pbulk Po €1
X 107" m? - kg/m? kg/m? - kg/m?
) 200 0.91 152 3560 0.52 204
(I1) 350 0.93 122 (3560) 0.50 172
(11D) 550 0.95 105 (3560) 0.44 180
Iv) 230 0.90 307 3850 0.18 410
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LIF, %% 2.4 L3 2.5 ([CREDTMEE (TE) D ATRERISOWT, o 7iks, BoIRiRIC
XY oBELE, IR ~5.

(1) Wall 7 2 Dfi

£ 2.4 O Wall 7y ¥ 2O R 28 (2 WL F£8) 1X, ffli~ 7% FVC DPF JVf&E Hi L7z Wall
7w 2% FE-SEM THREZL, BHRILERIZ JOEEIEEDR B oMz KT, FHERESIMETO
Wall 73 2. FE-SEM {4 %X 2.6 (277,

(I) Sample A (Comp1) S/A=1 Ru,.

NONE

(IV) Sample C (Comp2) S/A=2

S —
= -

NONE S 5.0kV 0 WD 9.2mm m NONE S X10,000 WD 9.2mm

Fig.2.6 FE-SEM images of wall ashes accumulated by different oil and S/A ratio conditions

B5307- SEM i L0, (D~ (Compl AA/LTD S/A HLAEW) IZBfE/ 22T b7
WA, (IV)®D Comp2 A A/VDBZFEITHONTIE, MOSAEI0E BN 2 ki F 3 KEL A DT
LN IND.
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EEFEHEDR 2R OFE X, SONZFE-SEM B 10, H—hi LW cx o &%
FEMTT749 T4 7L, G IO« OFEH O AR, LA B AR, BRI HUA
L7-iEfEFE MR TEERIL, SRMIFO~UV)ENENDRLF R M Z RO T, 2Bz kD5 b
TRIGLEUIRL 7 E0E, EnEN SOk 232 8, S0 248 {#, S-DI% 233 fil, Stk
(IVIZ 108 fl, &70%. A —/ L 3 —Z R ZBHGRET IC S ORE R Z RO TO%23, 1 pm=73
pixel COMBNT D=4, BHEMLER O/ fREEIT 13.7 nm £72%. —J7 SEMICEHMIEIL, STHEREY
BRIZEKTEI0%DEAERHVFFDLED Zemb, (U 10%% 30 ELIHAITHERERZE o 13
3.3%&720, 500 nm (ZXfL 16.5 nm &7ed. LNLIRNE, RN CIEZ ORI R% 17 L
FD5AIE RO TOEERARER L TS, HOSMIIL, T CRONIZDmBE T
12— R72 A REMEITHDH DD, SEHREL TOIXL DX T+ FIT/hIN, B2 6N, ki1

BEREFN ORI T 3 2 k7 - (20 nm) O SEMBIERE E L TV 27208, B —HL TkY, XfELpD
FORPRFRATIBES TR,

OB HERESRM B T DB EORL PR E, TNEL LT 4y T4 7 IZR0RD
ToRPBIER 340, SHITIFEINDRO T m RS HED I ED;, (RFEIEDIRED, (dyy) %,
HHE TR 2.7 18T,

| (1) sample A (Comp1) s/A=1 | | (11) Sample A (Comp1) S/A=4 |
—1Count Lognormal distribution (Fltting) —JCount Lognormal distribution (Fltting)
40 50
30 r \ 40
2 Dy = 305 nm £ 30 Dey= 317 nm
320 [ . D;=617 nm 0[‘ =170nm 3 20 D;=607 nm G, = 1.67 nm
© 0 H J‘ D,=819nm / 010 ’-l.[ D, = 788 nm /
|
0 | | | i = = o |—.||_L‘_‘ =
0 500 1000 1500 2000 500 1000 1500 2000
Particle Diameter nm Particle Diameter nm
| (111) sample B (Comp1) S/A=8 | | (1v) Sample C (Comp2) S/A=2 |
—1Count Lognormal distribution (Fltting) —1Count Lognormal distribution (Fltting)
40 20
30 15
@ N p 1
k= i Dsp =299 nm = _ Dsp =570 nm
320 ’j D3 =573 nm o, = 1.67 nm 310 ’—l D3 =732 nm 0y = 1.37 nm
° 0 ’1' D, = 743 nm / © r‘ ] +=810nm /
0 | | | h—l—H = = L 0 1 “I‘l [T '
0 500 1000 1500 2000 0 500 1000 1500 2000
Particle Diameter nm Particle Diameter nm

Fig.2.7 Wall ash particle diameter distributions under each test condition
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T, HEAEROAT (OFER ) 3R A TREND.

1 (" (x — p)?
F(Dp) = ﬁjo exp <— 20_2 dx (22)
ZZlZ,
x =1InD, (2.3)
U =1InDsg, (2.4)
_ _ Dgs.13
o=Ing,; = ln( Deg ) (2.5)

KEBOERL A0 3N R AR O X A T ST BRI, A R BRI AR IS0 ThHY,
TALEE GRAEIIEE) Do & ATERYENR 70, DN AN IR IE T DT A—=Z L7025 . SR NE(R 7
1%, 84.13%L72DEFDgy 13% 50% L7258 Ds TEINIT RO HILHE?D: @9 i+ FRITADEE
EBZRNZD, In D, D IEB AT T ORIEER A DY, — MRS L TESHWBLLMED,
Ty aDRA PRI U TH R B —BR oD 2 h, EIER DM T 1T 4
735 ELUTe. PIBEDREHTTIX, 130T EERI 0 (Dsg, o) 55T, FEEMELZR -2 kL
FRERD RN TN,

EEPRIAFBITIT R 2 L D6t G LT, K- OEER D7), RIEFEIRDN, (KFE - EHREIRDD,
Nz B U TR A L0 TRBRD IR A BEDMFEAET 205, PBOER DAY TXEL MR
DNEPRIA BT, TPALEE CGRAMTIIIEE) Do LATER HE(R 220, &0, BUEFE 0 21TH7eTHHREK
AHRICIVE DR HZENTELED, R HED FIIBED;, RFEIEEDTEIED, (dgg) D
BHAE 0D & kAR

D; = Dsq exp(2.51n% g;) (2.6)

D, = Dsq exp(3.51n? g,) 2.7

L33 Hatch, Choate BHIZE2—HOBFFEICLVFLNBIFRED @9 24 Li, # AR
(log) #ZFL A B R (In) KFLITHEL L 725D THY, Hatch-Choate D EBIFTILTNHE0,
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(2) Wall 7 = gD

2 2.5 O Wall 7oy 2 DO FE Rk 4op 1%, DPG TOEERFERLL TELN CODHERET v o
DIERHSA0 (B 2.5) &, AU ERFEREL TIRON T DI E-JEBR O BRMELD, v Iab—v
= (Exothermia ££:0> Axisuite) ECREROHEFET v 2 JE A0 Mh 2 SR T2RIE €7 VA2 AE
AL, it - R O BRIV EBRAE RA BT 5857 Wall 7y af@ndiiss, FEICKY
Rz,

VERR U727 vy 2 HERE DPF O R G AT 7 /L OIE X 2 X 2.8 127~ 9", DPF [EEET /L
(21, Inlet-Outlet Fv /L OB [A] 1 IRTTIT, 7 v 2 EfiliA & T Wall FHEL 7 A 1 IRTT% 5 8
L7z, %2 RTET VAR M L. SO k1503 30 ThHb.

R Z 3 Ash Wasn, kash

g x ACETIS
a g
P,

\

wall ’ kwall VU2
—

Outlet
(i=2)

Fig.2.8 Schematic representation of pressure loss calculation model of

DPF channel with ash deposition

Ty a KRB L FA Wall B RE O T RS, A0 X v —HIZLZORD B,

w. w,
Pl _ Pz — Il( wall ash)

2.8
kwall kash ( )

ZIT, wlE Walliggih 7 AR ELR$ [Pass], WIZZFLUEE OIEE[m], v 32 VB @ FE @A A
OYitEm/s], ki LUEBOFEREM]THY, I F-D walllx DPF @ SiC Wall J&, ash (X7
va g AR T

Wall 2538 57 ZADREMEAR Sl %, IR T —F K (Sutherland) DARIZLRDT-. 22
T, THEBHT ADIREK] THD. Flopo i TFEERE TORMELREPa-s], TolEFEMEREK], C
T =T ROEHIKIT, FEREREIUEL TENE i Lpy=18.27X107°, Ty=291.15, C=
120 &L7-.

”z”O(Tlo) ‘T+cC 2.9)
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FHETHWWA SIC Wall GEF) DIEHw,, 01T, F 2.1 1R DPF OARELY W, 0=
280 um U7z, EEEM OB RFK,, 03, AEALERE OFEFIIA— I —AFMEN 2R
ThoTeledd, TOIM DI (7 v 2 HEfH72 L) TEHIL 72 &-DPF A% EHEO FRT — 0>
BRITBICEVERD, kyau= 460X10 % m? L7z, b B RFRE %O M EROHEERE,
EERE RS DT 2.9 1TRT.

3
© 05 | Wall permeability (Coated SiC)
Q= | 460 x 1015 m?2
a 2
= 15 | Plot: Exp.(DPG)
o Line: Calc.
-]
o 1 r
(2]
o
a 05
0 ‘ 1 1 1 1 1
0 50 100 150 200 250 300

Flow rate m3/h

Fig.2.9 Calculation result of DPF pressure drop without ash/soot deposition

after coated SiC wall permeability fitting

LU EDRRIZU TELNIOM MR S, IS RS Wy qn, MBI 0 &, DPG EBRAEREL
THRLIWTOWDHERET > o 2 DR A3 (K] 2.5) Z VT, 7y aHif DPF O f-DPF itk
JEFEDOBMREFHHEL, Wall 7oy aDiB Rk 4o & 8 2 TEBFER LA SEDLILET, kog Z[F
ELTz. Wall 7y 2 OF R FES DR RE, EBRMEREAGDE TR 2101057 T. 7285,
[FIEIZEVELITZ Wall 7y 3 2O FmRES K HIIRLTWD. 2K, Fid g AR 5
% 2 M Bm BRERF O R T — 2L LTI, F—OZERETRON—ER RO TNWDHIE
D,
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| (1) sample A (Comp1) S/A=1 | Plot Exp.(0PG)

Line: Calc.

5 7
I\ ’Qﬂo Wall ash permeability
o4 f \2)
g4 o7 200x 1075 m?
[oN
o3 r
©
(]
S2 ¢
w
8
aly

0 e-®

0 50 100 150 200 250 300 350

Flow rate m3/h

‘ (II) Sample A (Comp1l) S/A=4 ‘ Plot: Exp.(DPG)

Line: Calc.
5 7
© 4 ’(,)QOQ Wall ash permeability
[} -
= o™ 350x 1010 m?
S3t . -
o 4
2, L ’ D
7 2 ‘. \afo¥
0 CoO
9 1t DGK
o 20

100

150 200
Flow rate m3h

250 300 350

| (111) sample B (Comp1) S/A=8 | Plot Exp.(DPC)

Line: Calc.
5
/
,DO -
T4l (S Wallash permeability
x o 550x 107 m2
Q
o3 r
o
)
52
g
alr
0o ®
0 50 100 150 200 250 300 350

Flow rate m3h

‘ (IV) Sample C (Comp2) S/A=2 ‘ Plot: Exp.(DPG)

Line: Calc.
5 7
700
T4l 4
= . s Wall ash permeability
&3 | g 230x 105m? ¢
T
0
52 r
g
gl
0@
0 50 100 150 200 250 300 350

Flow rate m3h

Fig.2.10 DPG Experimental results of pressure drop depending on flow late of DPF inlet

and comparison of simulation results under each test condition

after fitting the wall ash parmeability
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(3) Wall 73 = Jg D22

£ 2.5 O Wall 7o 2 JBDZE[ e, 1L, K 2.6 THOLNHREEHEDOR 72D Wall 7o
2 JBHE Rk 7 VL —HIE Kozeny-Carman 2EVELNARACI IC@E AL, FHETERD
7.

&3

=——* D2 2.1

EROEHITLL FomED.
FTH NI, ki HEREE (FeiE)E) O T KRITRATREND.

w

—77, Kozeny—-Carman I, LA FORICEHINS.
FP2eRe, BE(ES)WIn]oki+ 5158 (Packed Bed) %, & 2.11 DEHITNEED,[m], £
SW, [m]DJE # L7k DA LB 2 5.

We, vy
Ve = (W) (?)

Fig.2.11 Flow model of packed bed ?-1?

ZOYE, K- HOBRE ORI EILe, RSIIW,/WIELRDDT, @i AD Y (2285 94 )
velm/s]&, WA O BN TR v, [m/sIE DML, W3RN 2@,
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v, = (%) (g) (2.12)

ZI TR AERET DL, WEED[m], R&W,[m], @i 7 AD KR EulPa-s]E LT, &
BB (2 LD FE AT DI TR IR AP[Pa] L B P2 v, [/ sIOBIGRIZ, /~—2r o R T A A
2OREY, WK TREND. 22T, RelIL A/ NVAEL, plEBIBA ADEETHS.

P [ -Epvez = ?‘uw/eve (2.13)

4p _32 (w) . (2.14)

AR LTZNEED, 1, K+ T E O ZE IR R L FEIER - D 2R IO 4 5L TRODHTE
INTED. BID, R FesHE OZERERe L, Wi+ O HBALARE S /2O R EHE (LR E) S, 2
T, WA HLNLE2,

D, =2 (2.15)
¢ (1 - E)Sv )
R 2.14 2K 2.15 kv, kW BOLNS.
AP W\2 (1 — )2

eSS, 1E, EREEMEORL FRD, A VTS, = 6/D LR TN TEXEEY,. 4wk
2.16 ITFRAT 2L, B EHND.

AP (We>2 (1-¢)? (1—¢)?
w

36— v, =36 K ————uv (2.17)
83D32 # ! & D32 # !

ZZTKIE, iE ORSW, LR REEORI(ES) WOk (JFfh=) D 2 D 2 53RN,
Cozeny EFEMEIEID. Carman [ZZDOK DEIZHOVWT, ZLOHFFEE K OE HO EBRE IS
WTRRRTL, 5.0 ISV ZEZHED D, ZOfEZ AU TR A ZE -1,

AP 180(1 —¢)?

W =u g3D32 Uf (2.18)

2 Kozeny-Carman ZCERE I, JEHESRMACORI - FetEfE DL I A RDDDITIAL
NS TNAHES,
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EREK 2,11 30, R HND.

83

— 2
= Teoc — o (2.19)

k

PLEOREIZL T, K 2.10 2 /-,

X 2.10 L0EEND, ZER b FREFHROGRE, K 2.12 1IrT. A RIFEEICLIRD
7= Wall 7y 2 OB EZERFELE T 0y NTRLUTWDD, I#EA AV Z2 T DPG ThNEsE
ST v aTHEHLILOD, HilhF - ZEBRILICHIEDOR 1.1 TR SCHREC? O4#iFR
IZASTRY, Ty 2l (i) LU Oz Yiet — 4 — 3 B3on TnaEE 2 5.

Ash permeability range Ash porosity range

10-15 reported in literature reported in literature
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£
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Fig.2.12 Permeability depending on particle diameter and porosity calculated from
Kozeny-Carman equation, and comparison of calculated wall ash permeability

and porosity to literature (-4?
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(4) Wall 7 =@ Plug 7y 2 DNSEE
#2.50 Wall 7 = JEONSE B ppy L, B2.5 TRHNTODHERET v L 2 DR B i,
7oy 2 HERERT% D DPF BRGERDROIZRT v a MR magn rorw= 41.3 g LY, LLFD

BRIZRD D, 7o 2 RS LT DPF T VN OB 2] 2.13 1287

A Vash channel wall Lash plug

zZ
V’;]lélll(ash A-A 3 / Plug ash |H|
thickness ~

1% E ]
ash >—1< Waltash
/ = \\
m

Cross-sectional area A

)
Pbuik Pash plug

m
Achannel ash channel wall ash channel plug

Fig.2.13 Schimatic representation of cnannel geometory and ash distribution of DPF

¥, DPF OEEHOPOEH LI EHERET v 28 Mgy torq THY, BIRIFHT THT R
L7z Inlet ¥ FVE Nepannets Cooo72D T, 1 F /b (Inlet) ¥720 DT v 2 HEFE & IX
Mash totat/ Nehannels = Mash channer £72%. WIZ 1 Fr /L HTZ0O Plug 7w 2 HEFH R, 1%
(TR <% Xt CT fRHTIZR0RDTZ Plug 7o 2 ReE Losh prug ESEE pash piug K9, 1 F
Y RV O Wi T Acpanner & 5 B L TEFE T2 &, Acnanner X Lash piug X Pash pug =
Mash channel plug £78%. LTC327C, Wall 7o 2 OHERER Mgy channetwan 13, 1 T ¥/
120DT vy 2 HERERE Mash channer &> Plug 7y 2R Mygh cnannel prug P 7557 TROH
ns.

1 F v H720D Wall 7o 2 JBDIRIE Vs channet wau 15> B 2.13 [TRTF ¥R/ F A
RI&, B 2.5 OIEVITAHADILTND Wall 7y 2HEREIE 2 (53 40) &0, Ty 516 (Z J51m)
DB HOVWT Wall 72 WrmfEaRHL, Zham)imicE a5 TSNS,

oIz Wall 7y aORERRER (B R) Mash channetwau EWFR Vash channetwan &9, Wall
T aEDINSHEE ppuk = Mash channet watt/Vash channetwan. CROSID.

3 DPF TIE Nepanners= 3662 fE&D, 1 Fr R H720DT 2 2 MR maen channer 15
11.2mg k72%. ZZTS/AL=1DHEEBNILDE, Losh pug= 7.7 MM, Pash pug =204 kg/m?,
Achanner=1.43 mm® &Y, Mmaen channetpiug = 2-3 M8, Mash channetwau = 8-9 mg E725. 72
Viash channetwan = 58.5 mm*> XY, S/A tb=1 OFE, Wall 7o af@ONSEE ppux 1% 152

kg/m® L72%.
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3£ 2.5 D Plug 7o a®hEE L, X # CT THELN- Plug 7y 2O EE LY, FbEs
EDRIRDT vy 2 FEHE TER L TR M -5 i E R IV E L TROT-LOTH
5@ Plug 7oy aDINSE R 1EEE 2.14 1R

Ash density, deposition

2
X-ray CT image X-ray CT image Ash luminance 2 volume distribution
after Ash deposition before Ash deposition distribution < t Fa
\ £y luminance ©
i | g — =
% | — = ——
/ Luminance - density

. Distance
conversion formula

Fig.2.14 Schimatic representation of quantification procedure of ash bulk density

deposited in DPF channel ¢-15

DPG TOT v 2 HEFEHEHRRTH% T, #3k DPF J0ikE L7z TP 22 X CT iR L,
/BONTBDFESZMHTET, DPE-TP ([THERELIZT v 2D HORE T — 2235, 155
VT BE B2 T O MER L CIWN I — FE E R IR 328 C, HERET v o 2 OB 53 A
DIROBND. 723 X CT Hihg TRONDIEE 1, X SUREDOEBN LR S LITiEn &
WHELDT, TIINMMEFEEY R LU CRRHCHRE L, 2 MR IEEZTT-TD. -
FEEREMRRT, »NIBESHMDREICa e — A LTy v a b T VR SRRE A EL,
BOIIREEAE L BEA OIS A VT, BOEHTHRAERL L7219, XBRCT I 2 FhaL7=7

a2t VOB EK] 2,15 1IZRT.

Ash sample Glass syringe

Acrylic tube

Fig.2.15 X-ray CT image of referenced ash sample 15

FI LT v ald, TR T v 2 L[FEEIC DPG CARRL-H D ThD. A EE &Y
TR IZFHETHIET, DESBEEIDOT v 2 VAR UT-. YRR LT 3

MIHDOT v a7, Tydaz R LRWERE AV D2 A T26 4 FEIZOWT,

57



M2 DPF MBS NHERE T >y 20§ Efifr e eV 7

X 3 CT i e it Uz, £S5V 5 FE s E phR (EDRR) 2K 2.16 (2R 7%, o7 L
DOEHAFE R ATy NCRULTWA, 2SO/ RIEICIATBIERRE T v o O F -5 B
B IERRE L CTHWAZET, Plug 7y aDONEE A H L.

% 103

a4
43 .
42 g
a1 .
40 —
39 L&
38 .
37 . _ |
36 o y = 12850x + 35068
35 &= | | | |
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Bulk density g/cc

Luminance -

Fig.2.16 Calibration line of luminance to bulk density of DPG ash 19

PLEOERIZUT X # CT T TR D7~ Plug 7 aDmSBEED S AR #R] 2.17 12777,

., 500

E —o— (1) Sample A S/A=1
2400 | (Il) Sample A S/A=4
%‘ 4—‘ (1) Sample B S/A=8
§300 Plug ash (IV) Sample C S/A=2
@) X

Zo00 | oHige2.

< 100 |

8 Plug ash
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Distance from rear end plug mm

Fig.2.17 Plug ash packing density distribution of each soot loading condition

7y M, CT &Y Plug 7wy 2 DFIEDPERSIVOLE ETO, &I DM T
INSEERRT. ZEY Plug SRS A<, ERANZEBEMETLTNDIER DD,
AU A Ch D728, Wall 7oy anSEE O EEZ T TWDHEZ R HND. 723K 2.5
IZFEHLD Plug 7oy aDnSE N, FRRORRICH IS4 560 O O FEHE AR LT= 0 A 2 R %5
%, Plug 7y a RS TEALL TRIL TN,

58



M2 DPF MBS NHERE T >y 20§ Efifr e eV 7

(5) Wall 73 2D B i

72 2.5 O Wall 7y aDBEREEp X, 7=t 7 0% X #RIEYT (X-Ray Diffraction; XRD)
HEC XV Z [FEL, SHIZY—MUVMEIZLD EYF T TR 7 DOE &5y %
[FETHIETRO. 72k, AOPrIFRASHRL I —F v Z—I2THEMLZ. £S5
PriCHWET v a7 U, JARD Kofgfiksiiz DPG IZTA—R-RAE— R CTIERR L7254
JBIEDEENT v 2%, A—h(I—AR 7Ty /Printex V) LB & 1:1(S/A 1) TRAEL, &
i CIR 2B AR T 680 CTA—MRBESE, AR LIZBERT v 22 Ve,

X #RIEHT (XRD) 151, BRADBEIND X BREWE~AFL, AFAZEZ72050, ZOEr
20LZ D X IREZNE T HZL THEONDEHT X MO — %, FREYEOE — 27 /3
B2 DT —=HN— AL DL T, WD & RE T HFIETHY, IRDT T (Bragg)
DN TEKINDERMEAILARELL TV,

2d sinf = nA (2.20)

ZIC, didfEE TP ORI, 2003 XFROETA, nlEAREL XX RO ETHD. E
A TRSNHEENEE, K 2.18 IR T

2dsin@

Fig.2.18 Schimatic representation of Bragg’s law

U—h~ULhEE, EFEXRD {ECRIE LI R Y E U HONW T, fEmtEE T v e7m
TFAINET NI ESWTR S Z D2 — o 2L, TNEEREDLE T, 4A &)1 H
KRNI T AUTEE R T DR — VIR F A2 T 49T 7§52 ET, Mk % et 35 F
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Fig.2.19 Wide angle x-ray diffraction pattern and standard pattern of each materials of

6,0004
5,000
4,000
3,0004

2,000

Intensity / Counts

1,000

-1,0001

abig)
CaSOy

Compl oil based ash

Rwp : 5.66% Zn3(PO4)2_C2/c  32.14%
GOF : 2.17 Zn3(PO4)2_P21/n 27.18 %
CaS04 10.67 %
Cazn2(PO4)2_P3  6.80 %

CaS04_0.625H20 23.21 %

T
WY QYA ‘u \ _A/'l‘:wﬁm}'u'b :‘i A DL A e o Ao o P
M A
S sy, i m\(mm‘dvﬂl\.ﬂww WA M st n perapiin Ao s »
| ! ") ! V Ut 'W'“\\'W'#FM"""I'“u'\l', i |

[}
| I

amorphous

il
I (A

III \Iu

II![ I
I

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

2Theta / Degrees

Fig.2.20 Rietveld analysis result of Comp1 oil based ash

J:D Compl 7‘1_4/1/@0)77?\/1‘6':/70/1/61, OL*ZHS(PO4>2 32%, B*ZH3(PO4)2 27%,
11%, CaZny(POy)s 7%, CaSO40.625H.0 23% THERKSILTWNDIENS3D. CaSO,
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TR L DEBEZDLNLDKFPEL T 23%MIEHSILTNDA, EERICT vy 2N ERRSIVZE
B OBREE CIXRIRDT=OKFIMIITEL TORNEE 2 HILHTEN D, Zhth CaSOs &L TR
Hr45.

Comp2 AANTDT vy 2t 7 IO T, XRD JIEfE R, V—hOVMENTHE %, Zh
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Fig.2.21 Wide angle x-ray diffraction pattern and standard pattern of each materials of

Comp?2 oil based ash
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Fig.2.22 Rietveld analysis result of Comp?2 oil based ash
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ZhEY Comp2 AANTOT v 2B 7T iE, a-Zns(POy; 35%, B-Zns(POys 20%,
CaS0412%, CaZny(PO4)2 3%, ZnsP>07 30% THERLSIL TWDZEN 53035, Compl AA/LTD
Ty alliidHl, CaS043 3 4o LIFEIZRA L TEY, bdYIT ZnP,0q (2 V- BEHEER) 23
ZLEENTODIENIND.

L ESHTIC LGN IR S E 4R LD, Compl & Comp2, A4 A/VHEEKT v 2D
BEEZZNTIER 2.6, R2.7TITR-T.

Table 2.6 Estimated true density of wall ash of Comp1 engine oil based on XRD analysis

Compl Mass fraction Density
(D), (II), (1ID) wt% kg/m?
CaSO4 34 2960
0-Zn3(PO4)2 32 3835
B-Zn3(POs), 27 3973 3560
CaZny(POs), 7 3650
ZnyPr0Oy 0 4180

Table 2.7 Estimated true density of wall ash of Comp2 engine oil based on XRD analysis

Comp2 Mass fraction Density
Iv) wt% kg/m’
CaSO,4 12 2960
0-Zn3(POa)> 35 3835
B-Zn3(POs), 20 3973 3850
CaZny(POq)2 3 3650
ZnoP,0O7 30 4180

PLELY, Compl AANT v a7 IVOEEFEL 3560 kg/m®, Comp2 A A /T v =t

7L DB FE T 3850 kg/m® LT
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(6) Wall 73 = 2 YChi+ N D ZEfR R

2.5 D Wall 7= 2 KL F-INDZER R e, 1E, L EDIDNTIGFHIVZ Wall 73 = Jg D ZE R
(2 WRLFMDZERRR) ek, INSEE ppur, FFEEpe T, IRAUTIR DT
Ty a2 HEREE RIR D ZE TR THD.

. I Teld,

o (2.21)

e=1-(1-¢)A—-¢&) (2.22)

# 2.4, & 2.5 ® DPF HEFET v 2D EWME (HE1E) DT AT H 15X, PLEOBYTHD.
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(7) S/A oA A NFRIENDHERE T o 2 1 I M F T2
PLED I L THE BT DPF #5587 > 2O (1) iATRE R LD, S/A oA AV FliE
WIZEDT oy aDRER AT B, HERE T v 2 OREE (W) I RIE 4 A2 5345,

FP R —AAVFE (Compl) (Z81TD, S/AFLIZHR 95 Wall 7w =200 2 Yoki 228k (T =
YeD,, IRFEILYED,) &, 2 KL INZERR e, D%, B 2.23 [ R3. Ao S/A Ho 11T THE
2 ST —E NGO DT —4, S/A b 4 ITTHHIE S ONREHEADD T —4, S/A b 8 1ZTHft
A SOPEEUDDOT —ZTZH, ZHED S/A B KREVNEE, D235 Wall 7y =0 29k
B BOME/ N CNDIE, EeFDEE 2 ki FINOZERF e, D L TNDZE, 33D,
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Fig.2.23 The effect of S/A ratio on wall ash particle diameter and porosity

F77, BONTE S/A IS5 Wall 7oy 2 B ZERe, DAL, B 2.24 1TR~T. Zhdb
S/A EEMREVNEE, Wall 7o =B D (2 ki D) Z2M35Re, AL TWDI LN,
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095 v S
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T 09 @
qg Ash particle Porosity €,
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Fig.2.24 The effect of S/A ratio on wall ash porosity
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S/A LR T vy 2@ OREETE I RIETRBIZOWTE LT 5. S/A e 2 whi1+22(QD),
Wall 73 = Jg 22 3. (@) D REtRE K 2.25 /<7

S/A ratio

Low

| W | [ = SiC Wall — |

Fig.2.25 Estimated behavior of wall ash porosity and ash particle diameter and permeability

change in S/A ratio®V

S/A EBREW, BIBA—RNERBLNGE, OITRT T vi2 2 WRIF1E, A—MARBEE (1
(L) DA R EZIT TRENZHER T 57280, 2 KL FINOZERITAD 7L, hifERIT/NE<
72%. [RRFIZT v & 2 TR U TR B A — D BAZWEAIFEDTZD, A— OB RIZ L IE
RENDQDT v a 2 WKL HOZERITZ L5, EE2BND. T AOEBMEIZBEL TE, &
2.10 £V 2 R ¥ DRIFFEL 2 YRLF B DZERRFRIZ L IKAFTHEF AL, S/A LB REN
IFETERRS VD Wall 7o = @D A ABEPEIIREL /2D, EBZDHTENTED.

—J7 S/A VISV, BB A—REERVDIRNG S, 2 YKL T OBERE1255<, M A ZE RO
2\ 2 KL - L720, ERIFIKREL 2D, LL2isn, 2 WL F-RIDZE IR0, TAITE

LI 72%, &2 b5,

65



M2 DPF MBS NHERE T >y 20§ Efifr e eV 7

WU, AANFEE (T > 2 ORERLLGTE) DA BT 5.

FT Wall 722 2 WKL 168 (MR AEHED;, IRFEEEYED,) (2T, Compl A A/LHIRT >
T (G, (D, M) ITRLTHEBIE S/A Hloxh 32 oft 5 (K 2.23) 12, Comp2 A /L
HRT > 2= (GRIE(V) DR ZIBREL, X 2.26 1T
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Fig.2.26 Comparison of wall ash particle diameter between Comp1 derived ash
and Comp?2 derived ash
EFERERED, Comp2 AA/VHIET v a(IV)D 2 WRIFBIE, (RFEEED V-2 -8 (D,)
TIE Compl AA/VHRDT v =(D), (D), IR EIZRDB OO, HEHFEHEUED FEh 748
(D3) TIEZEI 2o TNRNZ L3I B, AR TR A N 72 B 7= CThhD. Comp2 A1 /v
BT v =2(V)E, Compl AA/VHKT v a(DORL- B34 O iz & 2.27 1R

40
Comp1 (1)
30 r
@2
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O Comp2 (IV)
10
0 1 N
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Fig.2.27 Comparison of wall ash particle diameter distribution between Comp1 derived ash

and Comp?2 derived ash
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RIZ, Comp2 AA/VHKT v =(IV)E, Compl AA/VHET v =(D), (D), DD 2 WhifHN
78RR e, 7K 2.28 | TRT. 2D, Comp2 A A/VHKT v =2(V)D 2 Yok W22 e, 1T
Compl FAA/VHRDOZNEHIEL T, FLURNZEN 0%, B 2.27 TRUIZRL RO REE
B TEZDLE, Comp2 A A/VHRDT v = 2 ki 11X, Compl AA VKD T v 2k ik
LT, RLARBREDDRLANZERRN D72, BICEEE ST RERRLF, LLTERSITND

LMD,

i OO
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O comp2 (V)
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Fig.2.28 Comparison of wall ash particle porosity between Comp1 derived ash

and Comp2 derived ash

7z, Comp2 AA/VH KT v =2(IV)E, Compl AA VKT > =(D), (D, (MDD Wall 7 =
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Fig.2.29 Comparison of wall ash porosity between Comp1 derived ash

and Comp?2 derived ash
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L&Y, Comp2 AA/VHFKD Wall 7w 2 g 223 e, 1%, Compl A A/VHRDZENLVEE
TR DD, PGV MER &7 D 28N 500D,

UL B FEBRIEHTRE R LY, A AN FLETE R 27 v 3 2y ORI, B 2,26~
2.28 1T EIIT 2 YOKE - A Y OHE (KT T8 0k, BET-PIZEe ) Io R a5k
W3 ioTe. — TR 2.29 1R TRIIT, 2 kLR  THERR SIS Wall 7y = fg D& (i
THZERRRe,) 11, 2 Yok T A HOMEIT BN L7 KSR RENT, Compl A1/
HIRT 22 TO S/A HIREERAEIST ME R MG, F72 2.17 &0, Plug 73 20h&
FHEY, Comp2 A A /VHET v 2 (V)i Compl AA/VHET v =(D), (1), (DD 1.5~2 fFKE
IpoTNBLZEL oz, ZHHLDOMIRZEALDJRIK E LT, #ERCR S 1 DY o e dh gn 55 DKl
MRS (B1.28 ZH) O BOFENE 2 HNDHD, BRI > TR0,

FANFEIEN (7 ¥ 2R AT TE ) BHERE T L 2 DREE IR BET 22813, Z2ETOHE
BRAENT G LA DI TIEH B, VT NT — LR ~Dji %% 2 H&, JASO DL-1 Mg &=
DU ANV ERERLAR ST FEER ST Compl A ANV TARRESNZ T v ak, ETIEET Mbxtges
TRE, LBZOND. LIS TARIFSETIE, Compl AA/VHROHEFET > (D), (D), (IO
EEAbE, FTITET VbRt ETHIEELT.

ZZFETOEBRMUTHERLY, S/A tET a2 IRKL DRI 188, S/A HET v a HEfEIE o
(2 R ZEBRIT, ZNE BRI RSN TS, Ty a B2 RmEr£T
MELESELTE, BEAED DPF IRIEET /MIZI1THA— MEREE L [FIRRIC, b1 HERE 8 022
BERET A ELTC, K& BTk 25 Roller %20 ZHWHZE03B 2 HIL03, Roller I AR
FRLFBELL T CTIIRLF D NSWVNEE, KL 7 7 DRI L0 R Fe I IR D ZE B R A K
ED, LR DOFHEEZRTHDO THLHT2D, ORI HNDE X256, KL REh 1
HEFEE D Z2 IR ChL 7R Z2 IR ) ISR BIBIER S D0 E 5703, AR D i AR LA R D8I
PLLp%. T TWEITIE, R EBEMOBEET v 2%, S/A HEEMORE TA—LERE
FHSHE T, EREDPF LW BRI TA— M biH kS, DPF Wall k(2 (1) 7> 2 HERE
IS EONDIEB LR T HILE LT, TOEEZ AT, Ty a R EOZERREN, ki
FREEZIGE S/A WEERIZGELT, TNENEDIHREAET D, FEBRAVIZH
HaET 5.

AN
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2.3 MiBBH COARA—NMRBEZI DT v 2 BRROFE

2.3.1 EBRHMLERFGIE
T aHEFEIE D ZEFRTE I S/A BT v 2R RN E D XTI L T E T~ DT-
W, FEH DPF O AN A2 B U S 2 U7, ML B oA K] 2,30 (2R,
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Fig.2.30 Overview of experimental set up of soot oxidation and wall ash formation

under flow through condition®-D

4% DPF O Wall it A FBLT 2720, HAZRIBSEHNHIZ LI HHT (501F) ZH8/EL
Iz, ZOPZIKRE LIEA—ET v a2 MRS, i - 1RAE 2 FEHEAR Y (SR LI gl 22
RATESEDHZET, FHIGTOERE CA—MBL RS, 7Ty aBaBRESEsZen
ARETHD.

b—&— N ARSI E T DR OB A K 2.31 18, b—4 — T i AR5 0 3t 1 W i [ %
B 2.32 12, 2N Erurd. Ko P IS BRE D OFHIEFT ChD. F-MHo T1, T2 1%
BB L DIREFHRIE T ChD. T2 DIREEDZIB ORI RTIHNRE LR DI, b
—Z—OBEAFIHEL, FRET T2,
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Flow control hole

Fig.2.31 Overview of heating pod placed on downstream of a heating device®"
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Fig.2.32 Cross sectional view of downstream of a heating device
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SRS ESNAHHRIL, & 2.1 12777 SiC 8 DPF K081V HIL7z SiC wall —f53 %, FM%
15 mm, WA 11 mm, &S 11 mm OLTANMED FinllHE L CREL7Z. B Fimicid SUS 316
MDA aZ i HZET, HIA~DOIRAT ADIE A X > TD . FIHIMITIT IR Y12
W Wall flow it A FELZR035, — 7 THHBO HEN L DR T A/ MRET 2728, HiEz
RET DRI AORNURERR T, FHZ SR A TRIRT 2 EEL Thd. AW DIR
JE + ZE[FH L (Space Velocity, LA#% SV) DRMEDFONL IS, AL AROEAETTEEL L1
B A FE M LT
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Tl Ze R AW a7 Ly — DA AKX 2,33 12, FEEFHEICAR 2.8 ITRT.
L :

Table 2.8 Specification

Manufacturer HITACHI
Type SRL-2.2DMP5
Power [kW] 2.2 (50/60Hz)
Maximum pressure [MPa] 0.8
Output flow rate [L/min] 252

Fig.2.33 Compressor

INBAZERD AR AW — 2 — DS B2 2.34 12, BEFHFTER 2.9 1R T
3 2.9 Specification

Manufacturer Sakaguchi dennetsu
Type SD-II-1 NO.800
Rated power [W] 500 (100V)
Maximum inline pressure [MPa] 0.2
Controllable flow range [L/min] 20 -50
Fig.2.34 Heater Maximum operating temp. [ “C] 800
Resistance [Q] 20

FEERCHWEE DG (F—VER) oM &K 2.35 12, FEGETEFR 2.10 [TRT.

3% 2.10 Specification

Type AP-C35
Measurement range [kPa] +10
Display resolution [kPa] 0.01
Response time [msec] 2.5/5/100/500

Fig.2.35 Pressure sensor
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FRER S OB B AR 21113, (A DR T v o =203, KB BRI DMK e TRl A9
D720, MmN E<LEREBRGES (ZnO) ZHAWe., ZhERETHA—NME, TilkOI—R
7Tl W, BT v 2 b A— N, RIS TT IR UIR S ST, SR A RN~
AL, 2y T I0E— 2B RO LTz, A EIX, DPG BB CIER SN T v
2 JEH R E LR IO ELT.

Ty aOBERIE, DPG B ShE AT 680 °C, SV 6.0X 101 h 1 (20 °C, 1 atm TDZE[H]
W) AR FERE L T2, BERCRFRIE, A— AU RIS L C 2 IR e L7z,

FgE T v 2 (ZnO) DRIF£8130.3, 0.75, 5 um D 3FRZMFALIZ. F/ZS/A KT 1L 16 D 2
Fe b TR A EMI LT, 2B BER LB IR T L 2 ORI RIS A RN 8, BERE T v
20 SEM BIEIZ LR L TV 5.

Table 2.11 Experimental conditions

Ash - Zinc oxide (ZnO)
Soot - Carbon black
Heating temperature deg.C 680
Heating duration h 2
SV (Target) 20deg.C, 1 atm h™! 6.0x10*
Ash particle diameter um 0.3,0.75,5
S/A ratio - 1,16

FEBRRE R DZE R R e, BN T 2 HEZRT . A—MNBLE DR T v 2 EHRmE mygy,, 7%
T oy 2 @D EVsn kT DL, A= MRILRISRSNDT v 2B DONSHEE paspE, K
{TEIND.

p _ Mash
ash %

ash

(2.23)

T 2 BOETE o 1%, BHEIEANT TR = Wall EOHERET v 2D FEfEE, L — — B
TRHIILI=T > 2 JBIE W, g DR -, HIHBETIO SIC Wall 138 I T TR 2o,
Ty aBOERER L, WalliBo M B L CHEEL T 5.

L—W—BMEEIC LD T v a BORERFNL, Ty a M@ RITTI X AMIREL 3
DAFTZDONT, 2324 1.00 mm X 1.43 mm O EFEFIFH 2L —F—CTAF ¥ L, FEIA7RE I
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FREM, Thz 3 »ErCTrEL, 7y aREOE AL, L— P —BAET CORHIBIZ X
2.36 (27”7

e

O0u Opm 4_—-—-_—++-__ I‘

i,
\

1413.5

P 1000. 0
0. Opm S500.0

489.29

400.00
300.00
200.00

100.00

- um
3613 500 200000 400000 6000.00 845467

Fig.2.36 Wall ash thickness measurement result measured by laser microscope

(ZnO, particle diameter S pm, S/A=16, KEYENCE VK9510)

K 2.23 (TRTT vV 2 FONEHEE pasy PIFONAUL, BT v = (ZnO) D E
Po=5606 kg/m* 10, A TT v = BD LR FKe, NFHATES.

_ Pash
Po

&=1 (2.24)
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2.3.2 EBFEROfEYT
KL S/A HAEZ THER LT vy 28D, TNZE o Zep R4 2.37 IR,

) % vg 0 SIA=1
w IR 4= == =
Soos | ; o SIA=16
3
Z 09} @ i
(o]
>
8
5085
o
0.8 ' '
0.1 1 10 100

Ash particle diameter ym

Fig.2.37 The effect of ash particle diameter on wall ash porosity under S/A=1 and S/A=16

conditions (SV 6.0x10*h™1)

1L, OB 2.38 THLIIZ SV KT D22 BERAL (REL) 2T, T SV 6.0X10°
h ! OEMIZESEL TORL TS, FeoT— =%, 7ry MURTERR CENZEL
123D T vy 2B HFHAEDIZHSE R 0 ) &0, 7y v 2 BOBRREV 6, [EH5E %R
W, K 2.23 LK 2.24 THEAINDT v 2 BDOZERRKe, i, EORLEIZLSEELDO0ER L
HDThHD. Ty a@OE Emg,bIEbOER A TIEH D2, AV FHEEEORE (A&D
GR-200; o =0.1 mg) JVFEEENIEFIT/NINT=D, BIEL TR (6, XD DE~DFHEIX
BOXDBEITIEA0D 5/100 FLEE) .
TNIY, R EELE S/A LI, TN EIUTA—MBILIHRRITERSNDT v 2@ DZE KR,
R TR,
@O R FEAVNSVNEE ZEBRFRITH N5
@ S/A A RENIZE ZEREITHINT S
EZZ DD,
OIZ2PNWTHE, =7 —R"—2BEL THARLHB TS, @QIZ oWV TUETT— /=) -
THEY, ZORRIETTHELIS 22000, IROK] 2.38 27T SV 2#E X256 T Ak
T S/A BETCZERSRIZEN RO TNAIEND, S/A B TZERRIIE TS, LBEZ LS.
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i A£20.75 wm ST, B 2.31 1R T A LR (Flow control hole) D¥AZEH L SV 228
RTWED, BERLAE T v 2 J@DZERREE %, K 2.38 1R AR CIHRR & THA— M358
BRBET DI, BERRIERT 4 R 2 FEARE L CHEMLZ. 72721, () EOT —F DI 2 M BE
i CEMLT-.

o

©

(&)

T

O
g
N
O

0.85 r

Porosity of wall ash ¢,
o
O

O S/A=1
@S/A=16

0.8 ' '
0 2 4 6 8

SV h! %104

Fig.2.38 The effect of Space Velocity on wall ash porosity under S/A=1 and S/A=16

conditions (particle diameter 0.75 pm, heating duration 4 h [(*) plot: 2 h])

SVAHEIE, &5:1ETD 680 CT vy 2 BEplEHAIC TA— MY L IZEHAIL /- HiH\_ B E 14
LN —HNZHEOB DO EUTHHRN T v o 2 M g ~ OB it il & oK 6D, MY SV (T#
LU ORL WS, it o R a2 kU R T

AP — APy osn

: (2.25)
U1 (Wash + Wwall)

Uf:ko

ZIT, kold SIC Wall + BERRIR 7 v 2 HERE OB R THY, HNTFHAIL -2 EELVZ L
—HNCLIEDDSDELTRIE L. APITHIME Bimod SUS Ay = ARG IE R SiC Wall Hi A
FETOETEL, APpespl® SUS Ay aDEHRK, ulT28 D RMEREL, Wegn i3 —% —1
WEECRHNL 72T v 2 BRI, Wl SiIC Wall DIEHRTH 5. K 2.25 DiFE ke, Tk SV
6.0 10" h™! IK¢D DPF Ji#& N2 Wall flow i 8 0.0577 m/s DAY, SV E~HFL7-.
RGO ET DI EN DT,

S

ZdD, SV &R E, Wall 7y =g DZER

s

76



5527 DPF i NHERT T v 2 ORI L £ 7Y

SV O REE VIR B IR RE,=C SUS Ay 2D EBREHEDFHINCIL, V—2 %Gl 2
PR T D70, HHICE AR — A2 LM 2 801C L7, FEEEHAIRF O 2 S 24 K
2.39 |ZR7.

Mass flow controller

Differential pressure gauge

Fig.2.39 Schimatic representation of experimental setup for pressure drop measurement of

DPF TP & sleeve

EBRTHWZ LG (7 =V ) OAMBIAR] 2.40 (2, FECaR 2.12 (TRT.
Table 2.12 Specification

Type DPC-201N12
Measurement range [Pa] +200.0
Display resolution [Pa] 0.1
Accuracy 0.1%FS+1
Temperature drift /deg.C +0.12%FS
Fig.2.40 Pressure sensor
Display cycle [sec] 0.1
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2.4 TGS
ARHiTO DPF i NHERE T > 2 DET MALRFHZBW T, T I3ERED DL-1 4 A/1Z
ITWFH AR Z £ Compl AA/VH KT v 2 IR RERKY, mateEind 52U,

2.4.1 Ty = 2B FET IV

DPF W ABe D, FIEHAIRIEA R TORWEIEI B RO T v 21E, Z<IEA—b 2 Wk
ST DI TRAL, ZOR 128 (1 KL 1-28) 1% 10~30 nm FREEELE 2 5N,

—7J7, DPF #Ef814, FABIEAZ -7 v 21X, DPG kBt OHERE 7 = /s 5 (X1 2.23)
FY, BBV TIIas A —2—T, NEICZERR A RO 2 IR CThY, £D 2 Yhi P22k
T S/A BRI TRARDZENH B G2 oT.

Ty ad 2 WHIIE, DPF A% TA—ME(LIHAR T 2B, A—MIfFEL T2 1 IR
B[R 7A%, A—ROUUHE LB LBV S CREE - BERS L, TS ILDEE R DND. LIZ3- T,
ZD X7  BERE DRI A U D BE D B (RME A R BLT DDICH WAL TNLE® 7574
NRTEERNT, Tyia 2 R E2ET Wb T 5ZEE U, RFSETHW=7 772 VIR IED
22 20 (Schmidt-Ott ) &2k KXz

dag\”!
Ny = ks ( d:‘:) (2.26)

ZIZT, NpplF LD 2 YKL F-ZAERLL TND 1 URLF DIERL, dggld 2 YORI 788 (IRFE R =
D,), dp i3 LKL TS, ZLCDp M7 78 RTTTHD. keld, REEITITBHE OB 07 77
HNARTE, B ORI T- OB RITIKFEL CDA, ZTOMEITELE 1 L& Tnhp@e),

EREY, 7T HVIRTEDAT, BEREZAE T DR A DS, BERIRL 1 UKL DEED
DM THDLD, EVITRIE | 2R L TODIEN DD, BARIIIE, 1 KR 1% BRI~
I aE, 7772 VIRTEDAE 1 ITEVMEEZRD, SEEICEEFE OIS A3 2 (ST VE, HEERIC
IOUZONT, 3NTIVMEE RS, BRI REL T 77 2 VIRt D FfR%E, K 2.41 1TR-T.

b0 DE30 o
DFf=1.0

E#R

Fig.2.41 Relationship between agglutination morphology and fractal dimension
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F77 2 WKL T 1 YL T FSHIER(1 — £) I TR R TRENS.

d 3
1—& =N, (d—’”> (2.27)
ag

ke 1 LU, 1 RRLF18d,,, & JeATHFFESTD 10 20 nm SRET D&, LA E 2 KD 2 SO 1-#%
Aoy & 22BN BEEHI THIUL, 1 YKL T BN, L7572 NARTED, KD BiS.

DPG #RER TRHALTZ S/A LT &0 2 R F-Fod L 22 e, 7 — 42 (X 2.23) 735>, S/A ELL 1
UKL BNy, 777 2 NVARTED, D BRI Z [FIE LT R R 2 K] 2.42 (2R

x 103

35 3
S 30
z Y—
@ N, 1 295 5
25 Pry = 585.74x + 33153 <
3 R2=0.9789 ] B
S 20 29 2
2 £
g 285 O
s [
210 D, :
E 5 F y = 0.0054x + 2.7931 128 i
o R2 = 0.9588

0 ' : 1 275

0 5 10 15
S/A ratio

Fig.2.42 Fitting results of primary particle counts and fractal dimension of each S/A ratio

&Y, DPF HATERSND T vi= 2 IRKLFI3,

— S/AERENZE, D7y 1 KL TR S LD 2L,
— S/AHEMRKREVZEBERE D MESR, D=3 DO EEERRL T
W<, Db,
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B4 2.42 THFHIVZ S/ALLEN,,., DD BRMEA VT, 2 Yok 168 (I RTIEHED,, RRESLYED, )
&, 2Rk N2 R, R LTS AR 2.43 1R T, BT OF oy, FHE LR L
DPG T FEErE R (4 2.23) TH 5.

1000 1
Plot: Exp.
€ Line: Calc.
c 800
ol &
£ >
g 600 5
(@]
% a
S 400 g 1 0.4
o 1
200 . . . 0.2
0 5 10 15
S/A ratio

Fig.2.43 Prediction result of ash particle diameter and porosity of each S/A ratio based on

fractal structure model

ZIT, RREALYEDSEIRED, (Dgg) & 2 YKL ZERR 3R ey 13, 3(2.26), F(2.2T) &AL TR
OIRATHE L.

1

dag = dpy - Ny (2.28)
3

g6 =1- Npr(l ) (2.29)

IR HED FIIEEDSIY, & 2.4 JVRMIEHE(RE0, % 1.68 £LT, 2.6 L3 2.7 L0
(L% CRATTEL) Dy 2 THEL THRLND, REUZIVEHRLT:.

exp(2.51n? g,)

Dy =D, (2.30)

- exp(3.5In% gy)

EXED, FFREITERE L TRICETWHDIEN N5,
PLEXD, Tyva 2 R T2 77742 VIR ta O TET WL T 528 T, S/A L TELTD
Tova d Whi Ok &EE THICELET LV ERELT-.
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2.4.2 TyvaBBREET IV
B 2.37 IR HER LY, Kir88& S/A X, ZNEIUCA—MBRILIERZITERSNDT v
2 JEDZEFRR e, [T TND, EBZXHND. L3> T Wall 7o 28D ZEf 8 b4, R

257 Roller D@20 |2C, 57 (kT A ELLT-.
gz = gc (D > DC)

& = = (=D @31

1+ (5~ 1) (7))

ZZT, DTk (EFRSIEHED,) , niTh FBAKAFIERR S, D ATIRARL T8, e 1T IRIARL T

PED DD ZERRHETHD.

ZORUE, HDORFRLFED LA T T, B2V NEWNEE, K115 ) OB LR
RFEERFDZEBRRPRELIRD, EOIMEDOREERT DT, 7747 v 2z HWTAET
IEBEZ 10 pm LU F CZORMENHERSNTNDEED, K 2.44 (12, 774 T vy akdvE T F
HLTZBRD, KA REEZE R DORRAE S E LU TR

1
BoREIIEN L7534 T 920
0.9 ¥y ¥ URRER
08
|
=07
= FoBud,
};_‘;_:r 0.6 | @&
= «N=0
Y
05 wy=10
0.4 | 4N=100 T ERRTE D,
& N=1000
0.3 :
1 5 10 50 100

HFE, Dy(um)

Fig.2.44 Relationship between particle size and porosity of packed bed of fly-ash

filled by tapping ¢V

DPF DAIEEE FIZIER ST v 2 B TlE, A—heT v aMNEA LIZIRRE THEREL, 58
BAFETAMIBILIHELTR R, ZRBTERSND. LTz o TR v 7S TS
TEBR SN DHEREE 1%, TERGRRRIZ R 2207203, B 2.37 OFERI /RTINS, A— bRk
HRIZEVIERESNDT v 2@ DZERRITE, K ERAKFIED RS2 e D, AWFFETIT
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Z® Roller DRAN—AIZ, [RFRLFEERFOZEMRe DEALEL T S/A DA A AT Z
LT, Ty a g O EREELET ML HIEELT.
BT 7 L AERKUTTRT.
& =& (D>D,)
g =— ! . (0=D) (2.32)
1+ (-1 (5)

gc=A -exp (B “154) (2.33)

EROBIRAEDNL, 7TAT v 2 TORERE 2R, D,=10 um L7z, Fohit-
PARAFMERE S n (2B 2.37 IR T EBAS R CREL, n=0.55 £L7-.

X 2.33 1%, [RARIFBED D22 Re %, S/A HAKIEMEAFLAA TET MELLIZH DT,
s ald S/ALE, A L BT S/A K ZHET 2R THD. RE A, BT, EET VLD
GRS Bey 73 DPG 2B RA BT HRRIC 740717 L, A=0.32, B=—0.055 LR EL7Z.

WEFLI BT ML DR ERE R AR 2.45 | ORT . 2BRF O my NIFHRER R L2 DPG
TOFEBRAER (K 2.24) THD. 218D, HRIZERERE THITETWLTEN 05,

1 1
[y &
G 5 09 S/A=16
S o
© I
208 | Zos
o o
= =
w 7] .
So07 | 0.7 SIA=1
o o .
Plot: Exp.(DPG) Plot: Exp.(DPG)
Line: Calc. Line: Calc.
06 L L 1 06 I 1
0 5 10 15 0.1 1 10 100
S/A ratio (= rg;) Ash particle diameter pym

Fig.2.45 Prediction result of wall ash porosity of each S/A ratio and ash particle diameter

based on Roller equation

PL b, ZERRIR ORI AR TEM A F T Roller DR A R—R|Z, [RARLFERIFOZERRRE(LEL
T S/A B A A AT 28T, 7oy 2 HEREE DO 2SR N TR TEXHET N AERE L.
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2.4.3 TovaHBEET IV

Ty a iR O IFE EITR(2.21) ER(2.22) 1Y, Ty o HEREE O ZiE 13 (2.10) LY
ZNENRDDLZEDBHIKD. Lo T, RETHELLT vy a 2 R ET Ve, Ty alE
ZEMRERETILIZLY, DPF FilgNE R LD
DHIEINTES.

LT BERT oo = HERTB ORI, + TR

ARETHELLLET NV (Tyia 2 WRLFET VL, Tyva@ERRET V) Wi, Ty

aliiEEE T LV ORKE AR 2.46 12T

(O : =B cRELLER |

& = S
7\—H?~y->1tt| SIALL /2 BBETTHA
D
& 3
TyL12R[FETI Tyialg
fimadm | |D:EERTSE | | ZRE o) saw |fo
I594 E ETI 18
| R 2 Tl sl
Ty a1 REF& 5 c f(e2) IR
(20 nm) " Di-S/ALE |11 1,
MNSZE Phulk s
FyialmkaEE 00 ,
(EEE)

Poulk = Po(l - 81)(1 - 52)

Fig.2.46 Schematic diagram of wall ash property prediction model

Ty 1 WKL FRd,, & JeATIHFFECD K0 20 nm SRUETHIET, 7yim 2 Whi 178 (hifk

AR HRDDHZENTE, FoT v aBDERFELRDOHIENTED, RDIZT v = 2 KK 1

BET YV ORI, Ty a@OHBRPRKDOOND. FIeT v aDEFEEE, Ty

2D EIELNR 2.6 THZXAHZET, Ty aBELOR LB INSBEEE R RO LS.
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2.5 ¥&0

AFETIE, DPF fERREICBITHA—ME{LTIERS D Wall 7 2Ok 748 22 L,
HEEDIRAE, FRCHTBLCHEREL 727 > L a BT A— RO (S/A 1) LOBIRMEZ, fEHED
DL-1 AAMIEVLAARFD Compl AA/VHIRT o 2R, FBRETIITL, 7
IAbZEFERELTC. GOV R Z UL IR

- S/AHBRKREN(A—MEZUVI)IZE, Wall Toiad 2 WKL I3/NSBITR, £72 2k
K- OZEBUTEEMN T 5.

- TIVENRGTERNTET MMETHIET, S/A ITE(LTDT v ad 2 Pkl 1
CRL1-F% - ZEBR ) & T CXHET NV AHEHLT-.

—  Roller DRXAEZ~—R|Z, Ri-£8L S/A FETEALT D Wall 7y =g D2Efis Tl cx
HETIVEAEELT:.

- MELET oV a 2 RKIFET IV, TyvaBEREET NV, BIEET VREMAED
BHILT, Tyl aBOBBRENSEEL G, Ty afiflEET VAMEL. 2
AUCZEY, DPF BN RO RIS ER T v 2 WEREE ORI ST A—21%, T
TRDHZENAIREL 725,
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#3% DPF MBAT Y a2BEBHEOETI S

3.1 ExME

ARFETIX, DPF OENBRICKEEEE KT, DPF WOT v 2 ¥R iz Tl 957
¥, DPF i NOT L 2R DOET V7 2R T 5.

JFim Clk 7@, N T v 2B BBIGOET ) I =GO E R THWDHDIE, Zh
FTDEZA, Sappok DIZIVEEIS NI EAWRIBEE T L DB THD. LNLBRBBESLDET
Wb, Ty aB AT 5 WS OB B IRIZT 4T 1 T RTA=ZTHY, ZOk
SUEDET WAL FRE Th o7, £ TARETIE, Sappok HOXEAKIRIEEET L (7> 2B H)
ET ) R —REL, FET LV CHBEER> CODE R EZ, BiETTHIET LA REL
Wall 7 & 2 HEFE g ORI 148 - ZZB R A2 VT, BT /MEEFER T 5. ZHUSEY, RN T A
IO T vy 2 BIAERT 2 AW 00, SO R FZLIC Ty 2 BBIORAR
A HESTHZET, DPF FARHIA LS Plug ~DO7 v 288k, DPF FAERD Wall 7y =

Fo3 ATz TR ATREL 975,

3.2 BT MEE
3.2.1 DPF WBENHRINFBDOHEET NV

DPF it #% (F¥1/v) WitiiL s OBUEFH R, L= —RTé25 Exothermia #£0> Axisuite %/
WCEMT 5. FHRET LOBNXAR 3.1 (2757, Inlet-Outlet F¥ ROl 518 1 IRICIZT
v o HEREE A Bt Wall TEE 510 1 IOTEB LTS, ¥ 2 ooET NV ERD. 7Rl R 0t
k12503 30 THD.

Z W, K
3 Ash ashr *ash

™. |nréf " p, J \/l
) e i =
P,

\

Wwall ’ kwall VU3

Outlet
(i=2)

Fig.3.1 Schematic representation of DPF channel / wall flow field calculation model
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DPF s PtV O > Bl 5 18 CE R AF X, B B0 13, ko iy,

d 4

35, Piv) = (=D =psvy 3.1
o, d(pv®) W

= v, —="F 27 (3.2)

ZIC, A R THOT, 1k nlet Ty /b, 213 Outlet Ty RV Z2R T . EizpldF v+
JVINTRIEH ZAD% FEkg/m?®], vil3F v RV TiIEH ZADF i m/s] (s Wi N C—HkEARE),
prlE Wall @53t 47 A% FE (kg /m*], veld Wall i5ite 7 A it [m/s], P Si[Pal, w1 it A2
DOREMEAREPass], FIT Bissett OEEEFREL (22 TIE 28.454 LLTZ) ThD. iz, diTF ¥ /LD
TEEIEIm], dpl37 3 2 HEREE IR 2B L T-BA H iR SR m] TH 5.

3.2 12, DPF Jit# IZ 31T 2 BARIRY 7200 AR 73 i 27~ 9. SV 6.0 X10* h™'(20°C, 1 atm
), 680 “CHiii] A RF CA—h 7w a HERE D WG G OFITZAY, Inlet T % /L D87 [ i
W 13, WA ADESTTES KREWATE FRVD A L720, Wall JraiiiEvei%, Outlet F¥
FRNVEDES ST ABHEF I DOWOR A L7025, o Wall 7%, FEARRIZHETy
[FRIERD 1/100 BL T EFEFIT/NEV . BN IRV L7 D.

30 0.3
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Fig. 3.2 Typical flow verocity distribution in a channel of a DPF

T a HERESE L HkT Wall B REEO E iR gL, kXX L —HICkRD NS,

W, w,
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3.2.2 Tov=aBEIET IV
DPF JREEHNOT v aBiha TRl 5E7 L EL L, AT TGRR72EY, TN A
MAUCEOT v 2 BT D AMIE ST N/m* 235828 FHE (AR A WG 71) Taeraen N/m?
A TZEEL, Ty a B OREIVRBELBEI D, LW ET LA Sappok HIZE-T
RSN TRV, K5 THVWDILH=T—R (Exothermia 10> Axisuite) IZbHLAEN TN,
KETNOWEZK 3.3 1R7.
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Ash ’a '@

N - T
=
= |:> Wall ash |:> T detach
iC wall

Fig. 3.3 Schematic of the ash mobility model in a channel of a DPFG-?

Regeneration

»
>

Soot oxidation and Ash detachment
Wall ash formation

Y
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(1) 7oy aBBDO AN =X LMUE

SN IV BE F E7 VIR DD, K- RLRERL 7 371 - BB T2 BRI E T,
—BEULAE (MERE) L2 4 IC T ORI Lo CEIZNABISIE, FEIC TR (re—entrainment) &I
IFD. RO L3 SITRL 20 S MRS > TRZRY, BEORIR O OB EN 2L, ki1
BEINRE WD AT HE ) FOBRARET ) D3 3 BEHIZR MR Tl HHI A G IZHIR B AL 5.
FE NG KE L7 DT280, YL T — 3l (saltation) EFEX A58 A0 72 WK HEE Bh A0 K 5~
BIGAMBILTNDS2, —J5 DPF & NHERE T o 2 D SHZRBRL 1 (~10 pm) OHFRTIE,
RT3 N S22 5728, HEREIOR 134538 I Ko ThREFS I, BSITITBEL 220, BH—
R F COBARERULAECITDD, HEFFE ORI > THUNRBEERL B S LD L, ik
PUODHEIML, 72 DPF FEEEICIS W TSI MBI LD T EIE NG G &> C, BREERL T
PLEL THIRET 20127050, B2 DD, R FJaRm DEEN FILOMET &, BN 31
TEM T2 (BB ZSEIO&T M) OMENEZ, B 3.4 18T, blithizl L CIER, &
DUNTELTEIZ BT BRI (Viscous sublayer) NZFEEL TA.

d —
dyv(;v) =y

y

Fig.3.4 Schimatic representation of particle bed surface and acting forces

BB TRIEHUIE, A R E v, T 0E, RATROLIENTELED, 22T
CplTRiFBROHT 482, AR Tl HE THD.
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BLA-EOVOWNB AN AKDOLE, TR S VTR TRaEND.
Rp = 3muv, Dy, (8.5)
3.4 335 1Y, A= AU B T DR EC, E L TRADTOND. 2 Z TRepl ki
LAIIVAILTHY, Re, <2 OFiPAZAN—7 238 (Biitik) £72%.

o 24p 24

= = 3.6
pvpDay  Rep (3.6)

Cp

DPF N OIMNWVEHERET v 2B 2 1255, Fi LA/ VAEE 10 °~10 ' 4 —4%—T
HY, Ah—7 28 (B HiRik) L7205,
ZIZT, BEERL OB NE Sdy 2B RIR L1 &, mEyOBIEEL TR T L, kED.

. 2
4R ) = o) 440 = €00 0 10 [y(Dag ) -y 3.

RO DFN A A= 258, 3.6 LK 3.7 L, R H{HND.

24
ARp () =5 V) YDy =) dy (3.8)

22U, @Syl B T alEv(y)IE, MTEIC IV AECLEE ARy 2 AW TIRETRSND.

v =y -y (3.9)
FIAEPEIZEV AT DT WIS DY, ME ARy XY, kA TREIND.
T=uy (3.10)

PLEXD, BHERLF3Llo Xy, U@ Sdyl @<t ot /1dRy () 1365 R, IkLTRINDHT
LIZ720, AW T ITIZ B B2 E 03 5.

24
AR () ==+ (v = ¥") [(Dag — 7) - dy (3.11)
ag

FARHUINC LD EEERL 7 SRR 4277 (RERIS /1) 1%, B 3.4 (R4 850, #hiF s )
GDED LAWY NEZOHND. ETREWE AR T2 IS0, BRI
Uit TR Z £ D88 2 BD0Y, BESERL S FIBES 2B, RO SITZo LM/
HEZZBND. 1T, TSN L DEHER DR EA 22 2 DB, RIS
INEELIRD, EBEALND.
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KT IS HoplE, #hF =AM EWEREZ 2 IV Tk TR ESNLD.

M
o= (3.12)

TARGUNZ L0 (E Sy ) IER 32— A ML, kX TH LS.
Dq 1
M= f v =y dRy () = 241Dy, f JTA-1)(¥ - ¥)2ay (3.13)
5 .
7212, Y =y/Dag, Y* =y /Dy TH%.
W OWrE R Z1 S, B 2SS BT IR THRENS.

D3 nDag3 3 (
— — *e1 _ y* 3.14)
Z=— (1 -yY)?

FoT, BT SR D Kl 5 0y 1 3R L7205,

70 =22 vy [ A0 - vray = 2 oy (3.15)
.

FTo, VAT KB AR 35 A WIS F1T, 13, BRAAET ) 2 Wi oo W A TS
ZEZEviEbh, K315 LEBRICIRATER T ZENTED.

f = -y f A - vy = o (3.16)
.

ZITY* = y*/DagdV, YHZIEARED o DEEEERIF- BUAVRLF-HERR B 12 & DR FEHE L T
ZRUTED, Y =0 NHEEEL, Y* =1 BNERICEERERS. LERSTAY), g(YHIE, &
BICEEE R - Bl E OFLE (YR R) TEL T DR T DR L7256,

LLESD, SRHUNC IV EERKL 7 BRI 501%, iiiFISHEEARIC N3 E b, i
KT IE S 0 LR AMTIE T T, 73, BERKL T DO REER AL AT 2IGELTEALNDN,
WU THEAMIS DB 22 80350035, LTci > TRIRHINZ K DHERE T v =/
REDFAA BTG, HEFHEREIIEH T2 AW ItO RES TR 528 TES.
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BEEERL - DI R AR T Y AR Z LY, MElhZm Rl T IS Do, &8 AWNE T, Doy, /1),
ZIoHL, 3.5 L7eb.

[-]

ob/ T

0 1 1 1 1
0 02 04 06 08 1

Y' o[-
Fig.3.5 Comparison of bending stress and shearing stress acting on aggregated particle

buried in particle bed in a shear flow field ¢-3
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L0 KBTI 10, D BT D, L5256,
LLEXY, UBEDT v 2aBBOTT V780 TR, BANTRILC KBRSk T BL ORI

CGHIBE) 1 X, iTIS IRV AECDHDLLT, MEtTo28s L.
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(2) Ty al@nz o ARIET

DPF it N O AFEAUZEY, Inlet IFEREEE EDOT v 2 HEREE 035521 F 28 A WG i, i
BEEH SRS - N T BRI (5 s vy [m/s]&2 AW T, kaleRENL8D, Z2C, 1id 7
v 2 BN ZTHE AWHE T IN/m?] FIE Bissett DEEEREL (D2 Tl 28.454), uldHbEfR%k
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_Fpen

TS a4, 8.17)

ERGTLUTORITEH TED, BEd, OB IR L E X 58, RN TR XI5
FRDESTBRIIKDOVENEY, IRADKILT D,

T-dy - Az = AP'%dhz (3.18)

TIT, TR KOS BE AT Bt AT SN/, ey I A TR B L B4
DES GENKES) Im], 42135 H K% % B 5 XM E S, APIRHIKOE HH %,
T/, dn 2R BT T R (AT RD [m?] %,

7, BB kTR DIE N HRAPIE, 4 s — T A A Sy DR EDRATHE T
ZEMNTES.

Az p-v,?

AP:A'dh' : (3.19)
A 3.18 £ 3.19 b, kA B/ons.
e - 2
L P8 ! (3.20)

T TCMIE R ERHT, DPF BN OE, Bisset OEEBUREF 2 W TR TEHENS.

2F  2F-
4 2F _ U

R (3.21)
2 3.20 & 3.21 kb, R 3.17 2385,
2F - . 2 F-u-
r= - p _ u-v (3.22)
p . Ul - dh 8 4dh

92



H3E DPF MENT v 2 B#BLDETI T

Q) Ty a BB LR E R G RO T —
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TEET . RFHETOWBENOT > 2BEL, HEREA— I ENZ LB @G H LG O 5
ELTWDIEMND, FEARRIIC DPF G| R4 R DHERE A — ML R L ICAELD. T v
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Fig.3.6 Flow chart of wall ash thickness calculation
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IIRRLAJB DRI PEROZEBRAZR /R L HEREREIE X, B J8 D5 | iRALM R IR, W AFRALUCE
DHHERRE O PRI DO LS SICTE R0 B % XU COD ATREMED RIZS L TA. B DI,
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D5 | SRR & LI BEIFR TR CTED L MIEL Q58

B S EBRIC AW R 2R 2 R 3.7 (R, JilE a7 ARE LT, fE 9.4 mm,
mS 3.3 mm, K 240 mm DT ZU/VERIZHREE T, i in L g2 KAk L, 150 mm OB
LR ORICE E ST, B Powder bed ¥~ A3%. Powder bed #BIZ1% 6X2 mm,
PRE 0.5 mm OFMEOERELNTEBY, 22+ RSS2 7 747 v 2z 550 a@L T
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REIHERRR T A7 AL, FiBEEER &R — e 5E0I2L, &% 110 CT 12 Kk
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Fig. 3.7 Schimatic of the powder bed section on experimental device ¢4
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Fig. 3.8 FE-SEM images of fly-ash specified in JIS Z 8901 No.5 (left) and No.10 (right) ¢-5

TIAT v 2l BBEHET AR O AN E LTI R E L C, LR ALEE R
ORI HE SN TODED T, R RITIREDERIE L7 TOD. I IR AR
RK IV FEEFORIFED &L THERSIDLO T, KL ITEH 2.0~2.3 g/cm®, (b

A Fa TSy (45%L0 1) L3 DK A EDHRLERD.

HWHOIE, EREORBENMOID 2 RO TIAT v abilix O FEERIR/ITBNT, I
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(2RO, SHIZEDLEXDOFTHND, TREBAGGIHI T T4 7 v 2B/ G 5% 1 T2 ARG
1 IR R D, 7% - FEH R (Packing fraction) LD BRZ T ~R7-C9. 155072 B
FERAR 3.9 I1TRT.
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T of
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% s

Packing fraction ® (-]

Fig. 3.9 Experimental results of shear stress 7. and calculated tensile strength o,(= 0;)

as a function of packing fraction ¢ ©9
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Tay PAEBRAERIVEONT, TNENORL A FEERFFITBIT D, REBIAGIRFOE
WIS 1T, ToY, TREBAARTE Y JO R TRD THHE,

2
re = G2 (3.23)

ZITCATEBRETHD. IR ~TI8Y, AREREMETOFIITERI THY, I HERE
DOFEHSI TR E N Th 727269, FEBARELCA TR D Blasius D FERATRD TS,

C; = 0.0791 Re™ 1 (3.24)
FIHHDOTANL, TIAT v aDRA LTI H g, R MTELVEERAYICRD T, K-
J& D5 BRIk WTERE 0, (= 6,) THY, WAUZRT Rumpf ORE® LR T2,

L

%= (3.25)

ZIT, o TR AE D5 SRAEMIREEIN/m?], oIR8 D FEIER, k, (TENIEL (1 hiF4720
DB T30 , F 3R 7B 35 1IN, Dy ik T8 [m] T b, KT EIT0 i 2 RSB A1 30F
B a NN DD, o HNBNLEFES T2 DA ) TR F BT LB 2728, DI
A ELE DO TR A B2 -V T g,

Rumpf ORUZ, KL KR FOT ¥ LAFRIEEEGEL, JEatk 3 Dk [F £o
Fefil B R A A 1KY, B JE PR T T AR AR W iR T 5 iR TR EE 2SR D 5B DT
&%, RumpfONTIRE T2, Y—RBRL 172 & LFRIEE O R AR i 2/ EH 32k 1+
ORI 3.10 1T~ T

Fig. 3.10 Schimatic representation of Rumpf’s relationship ¢-7
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ERX DR R R T2 T2 5 NI IR T F B 25 2, 2 242 3 3RIS N o LT,
K T B OO MM B SRR () &5 25, ZOEF BT, KTl
<K TR 351 F 0 BB H 114y 417, W R B R CREY 35 &, Rumpf ORMEHESH
5D, Rumpf DU, K T HERIB IS K 7 ORI 7 — R THHN, 20T
FOARTED S, K THERO R E — M0, K FTIR, K TR OB B SN,

BONE ik, 1 X, BeDR 23 E FH ORI LA CHEAL TV A0 AR THO T, 22 e BR
WHEBRIINELLDIFFRE LS THREIN TS, HIH DT Ridgway—Tarbuck®® o B
ZHWTND. [AFERAIVEOLNDBERAERAUTRT.

k, = 13.8 — /175 — 232¢ (3.26)

i1+ JIF, 1% van der Waals ) Z2REL TRO TS, ERFZRL - van der Waals
71 (Bl 1) DRESIE, — RISk TRESNEED,

P Ad
a7 1222

3.27

ZZT, AlE Hamaker EHJITHY, Hfit 4 2 E I\ MKAFT 508, FE M CTIXEA OBtL
R ZLNTED.
F7e, diIIRK TERSNOIER T[] TH 2.

Dp1Dp,
=——— (3.28)
Dpy + Dy
R, 2 2RI FENEEDOLGEDOXTHY, HEROEEIT KR A5,
D
d= 7" (3.29)

ATB T EE BRSO CHEEEELARVRAOREMER I 5. Mk EET 550
H, WA TCREND. 2 Chidhr 12w B m], 610k 7 R E LS ] Th.

z=h+§ (3.30)

AP 2 BRIE]CD van der Waals AL R, kel TEEINA.

AD,
=— P _ 3.31
fa= 24t + 072 (8.31)
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PLEXY, &3.25 @ Rumpf ORUE, 2 3.26, = 3.31 Ik e, kTtEENn5.

A ¢(13.8 — /175 — 232¢)

% = 2an(h + 6)? D,

(3.32)

A ¢(0.183 —,/0.0308 — 0.0408¢)
"~ (h+6)2 D,

HHDIE, BICEMLIZ7 747 v = No.10 O AR A WEERO#E R (5 R Wk o, =
12.9 N/m?, T Fp=0.42) L0, EXOBEEE RO IIZFE L.

(0.183 —,/0.0308 — 0.0408¢)
D

0, =85x107%" i (8.33)

p

3.9 DTANE, EXENNTHRLA£E - FEHRIZ OV TR TG RIETR o, Th5.

HHSIE, & 3.9 OFFREY, Rumpf OFNTEERIIIT KO HIVORLF-JE D 5 | 3R iR o, &,
TP ARIF DAL AWTIS AT LDORNT, FFIREFREL TIRADIEIZL THDHEHREL T5.

Tc = Uf 0y (3.34)

T T BURECT, 747 v 2D E 15 0.38 L7258

HEHEOONIIELY, Wall 73 a0 D70k - HERRJE O R - B0 22 B = 7n S HERRIE X, RL -
JE D5 | SRAZIETREE IS TWNHEB X DAL, ARSI DHEREE ORI DL G ST EL
TWDAMREMEAVRIR SV TS, RID, Sappok HOHAWHIEEET /L TILT 4T 40 7 /3T A—
HThoTo AW I DR FEE, Wall 7 v 2 DR AR 22 MR E G CRBLTED
AREMEDSRIBSITCWND, EF R BILD. T TAMIETIE, AT AW T geracn ZHERR T
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3.2.3 lATAWIEHET IV
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1) Taetacn P BAFRZE, X 3.11 (7”7
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surface
/

3.11 Schematic of the critical shear stress of particle bed surface and acting forces

on fracture surface

WEHEKEOT v 2GR R T- 3023, AT DI FRIRICH D95, SEiTb~7z Ly
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op = 0y + 0f (3.35)
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—77, & 3.156 0, BT AR T2 KRETIE oy, 7y 2 HEREERIEIAETN 358
PTGt T, IRETRENS.

op = ?f ") (3.36)

ZITFYOIE, BHERL IO RY T T AL ORISE /20, IRATHRKENDE?,

1
FOr) = (-1 2 J YA D -2 dy (3.37)
.

B SORREIC B W T v 2 R g R B IAEH 3o A WS 1%, B AWTIS T getacn &35
TEETHE, K 3.35 £ 3.36 L0, A AW T geraen TR TESND.

Tdetach = % (Ut + Gf) (3.38)

KEOT v 2B R BB\ T, BHER T OMR R AR ETHZENRE ChH 727
D, AT TITET NV EREL TGRS 28 AL, A TEAEAMIS N EERTHIEL
L7-.
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ERX%, BHERL FILORBERB BV E T2, BT AMIE T aetaen D ET VAETD.

LIF, 7 VAW DK+ 8 O 5 IR IR EE o, &, il A7 AP LR (S AE 3
DIEMEIS 0 ZDWT, FEMZ R A5,
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Fig.3.12 Typical experimental relationship between porosity and coordination number ¢
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REBIZ DWW TCOFZEFIANEL A E RN Z LD, —fRENIEBERANCTH T, TR TED
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FLi L8 2 HA T @0 612 KR Gk [ 75 T F, % van der Waals 11 &{RE T 5.

HUNZEETAKRL NV ELMNZHMETY, R F23 0 FIOXER 2L B H0, Pl
REM TIEIORLZIPHAITZELE W, 5l hEAA T, 2D Van der Waals /7 THY),
KRI85 O RESIT, — IR TREN LD,

Ad

0= 15,2 (3.42)

ZZ°T, Al% Hamaker EH(J], diZkATERSNHBFR T m] TH5.

4 = _DorDp2

=———" (3.43)
Dp1 + Dy,

BT, 2 SORFEDPERBEDHEDONTHY, FREOLEITRALRD.

D

7” (3.449

d =

ZIPRLF-REDEON THESE BB L 2WIGEE O R R BAEn] THo. HSEEET 56
13, ATEREND. ZZ ThTRL R ], §13RFREHSm] THS.

z=h+§ (3.45)

DL XY, 4% 2 BRE T van der Waals U3 R, kAl TEREINA.

AD

_ P
Fo=spr—rss (AL (3.46)

A @ Hamaker EHUT, #fih T 2MEIALAFT D03, RIWER CIZEAOMIEL R Z8n
TED. RALKFEROWE TIE 4X1070~10X 1072 ], B(EHTIL 6X 107 2°~15X 1072 ], 4=
JBTIL 15X 10" 2~50X 10" * JRRETHY, ki F-ORENBILYE THEOIL D EXT, Bk
Py OAEZ FIOAUZ I NG,

Hamaker E#0E, BEZEHIZBTDRICHE (WE 1) LD ETA;L; ELTROB TS
BN\, BFEYER (W 1 S 2) D546 0 Hamaker EHUT, A THER T&5619,
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A1p = \JA1142, (3.47)

i, MICHE 3 (=L 20K) 2 U ORI (R RIET 60 Hamaker 4, KATHE
TR,

Az = (\/ Ay — \/A33)2 (3.48)
CHRCTRRAL T2 A— R (1 —RY), SiIC B, flix DT 2h85r0 Hamaker FEEAZZF 3,112
Y.

Table 3.1 Hamaker constant of soot, SiC, and various ash components©®-14- G-15), 3-16)

Hamaker constant
- Remarks
10720[J]
Soot Carbon 217 G149
Wall SiC 24.8 G195 CELSIC
= % 10720 :
CaSO, 10.1 Calculated based on A;3:=1.17 10 (Gypthm in
water) 19 and A;5=4.38 X 10 2(water)®19
CaO 124 619
Ash CaCOs 101 619
ZnO 921 @19
ZnS 152 G19 Cubic

ZZ°C CaSO40 Hamaker EHAIE, /K FCOIMRE 1.17 X 1072 J&IO L1, /K% 4.38 X 10
JE19 LT, K 3.48 KV ZE K T COMICHE L THEHLT-.

B2t FEERERIZBAL T, van der Waals J)I300z 3R i M FEBEZ T DI 2 & KR ELRDDY, £
DR FIT 0 FDEFENERDEZAETIEIEFRIM#K. ZhvaRL (Born)DJF7)
LV KHTIES LRI DOV BN I D% e F M BEREE U C, bR W EEE h=0.4
nm ASHVBIRTNEZ LB, KB TH FRIERE L7z

R FREMSSIT, K- REDEONE M RVIGSICEERLELIN LS k1K i

DI MMMNH DA, bR M EREESEEIMU =D LR R R E720, van der Waals 771378
I D RBFFETIE, Ty 2R REICH SO MY AIFEET LD LR EL, D 22,
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EZRELT-. R REmDSHS MRS L5 A6 00 2K 3.13 (ZRT. F72, R R EHS 0 DER
A& 3.49 |36,

Fig.3.13 Schematic representation roughness of particle surface ¢-13

by +b
s=21T0e

> (3.49)

PLE, K3.41, X 3.46 L0, kit & D5 iR 0, 2 7% 93K 3.40 (Rumpf D) 13, #5/7,
LU RO E#TES.

4 (1-¢) (13.8—\/175—232(1—5))
7t = 24m(04 x 10° + 6)7 D,
(3.50)
4 (1—#)(0.183 —/0.0308 — 0.0408(1 — &)
T04x10°+0)2 D,

BV, HACHTRL A JE O 5 SRR R L 0, 1%, RLF-HED, LRI -8 D ZERRe, TR F-
Wt X7 A—% (Hamaker TEEXA, KL R IFEFIS) CRELSNDZEN 0D,
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(2) HARAUZ ZORLF B A3 DM )

Wall FIZHERE T 27 > o 2R J812iE, T ARAUTEY, Wall Fal~DEMDBMER$5. Z
AUIKL O FE N ERRRIZ, it RE (DWW ITEESERLF-3E) O FIBE - A ECENH 257 miZ
TER%. X 3.14 12, Z T AR DMARA W i 12 S E T A IS )0, X Z 7~

Y1 v
" Aggregate of
— . ash particles
N Wall flow v,
Fracture
surface
0"
Dp & Kaen Fracture surface

Vs

Fig.3.14 Schematic of the compressive stress on hypothetical fracture surface in particle layer

caused by permeate wall flow2

B)—RIPRL 03BN L CRLE S JE D, LD R G MA~TAREEL TWOH 55525
25. O T izaiEme L6, AU IOAEEE I /ER 32 R o i, J8 k
THEDETZEAPIZELNESZ 2 N0, R 3.39 OH AFRAUIL ORI 1 J& I /E M 325
S NopE, WKOF N —HICRITEDEEZBNS.

Wash

= AP =
O'f ﬂk

vy (3.51)

ash

ZIT, wlE Wall BN ADRGHELRE Pas s, Woen (I AN EE T DR FEOES[m], veld
Wall Zis A ADFHHIm/s], kosp 7> 2R 1@ DFER[m* ] TH5. EXID, K@ /EH]
T HEMIC IR ORI FIT 2. BIS, ki FaRma kb /s, RENHRWEZA
IFERELRDEEZDND. LTo3-> T, BT AU LD JEREIS I OBLENOIL, B 18D
HIFEEE X, B T ORBICITWEZATELRLT W, &L,

KT (& 2DV MTEERKLF-S1) OO PR R AW i L A - D EME IS ST op 2 SR O 2121, A
DIFM T DR A JE DIEEW 0 H TEFET DWLTEDD D03, HEIBr oD jil A BREERL1-BI T AH Y 7=
L (EFED) T, BEERL TR T B R BOX U LRET DL, BEER TN OMAT DY
AP BHDTD, IFE DKL JEESW g 1 EB BT DM BTN, EEZ DD, — i TR
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BED, LUH NSO HIBET S W6 135 ZATKNZEND, RRFFETIE, 7o 2k T BOH TS
Wash%, &KOD*%@:{ﬁfELfC
Wasn = C 'Dp

(3.52)
c=1

A 3.62 &0, HAHAUC IO E AR 9D RIS T op 2K T 8,61 13, IR DIEVIZA
WTED.

£ Uvs (3.53)

T, BswokifEemnsEimtE HREAOFHEIZHWLOEBRALEL T,
Kozeny—Carman DL THHNARAD BRI D3 H 5.

AP 180(1 —¢)?
W e3D,?

Uvs (8.54)
3 3.51 &K 3.54 &Y, 7y aEDBEIE Rk gen 3, WANDOERIZZEBRERe LRI 118D, TR 2L
MTED.

3
€ 2

kasn = 180(1 — )2 Dp (3.55)
A 3.53 L3 3.55 IV, A ABAUC IR T REWT i (VB D FEMEIS T op 2 2 373K 8.51 13,
it 7y, A DBV EWATED.

_ 180(1 — €)?

O'f = S3Dp ‘lef (356)

ERIY, BN AFEAUS KBTI AE S D EREIS T 0p 13, RLF-HED, LR T D ZZ R
e, ZHLE Wall FiA AD KRS S, Wall 57 16O B A AiitEv,, TREINDHIEN
ARIRR
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3.2.4 K74, ZERRBITH T DR AT AMIL S DEAL

LTS A7 1, K8.39 &3 3.50-3K 3.56 J0, Ki1ED,,, K& 22
eC, BT AMIEN T geacnE DINTEALT 20 EFH R LIZFZ, B 3.15 157 Tyiam
FAEREERIE T 53T A—21%, TR ILBIR S 13 0.38, Hamaker EXKAIL 10.1X 10
Jo K- REASIE 5.3 nm L7z, F72 Wall i 4 AD KRR B & it v, 13, SV 6.0X 10 h™!

(20 °C, 1 atm [§), 680 ‘CT?D DPF fARFZAEL, £4LE41 4.15X10° Pars, 0.0577 m/s

TEHMR L. NIRRT AT AWIS JE7 LV ClE, Wall 7y af@DZERENKREL, £

12T 2 i EEMREWVIZE, £ Wall 73 2 3B WS DV INSKIRDTEN 335,
20

15

10 r

5 |

Critical shear stress Pa

0
80% 85% 90% 95% 100%
Porosity €

Fig. 3.15 Critical shear stress for each porosity and particle diameter

Wall 7y af@DZERRRERT v a bl R, BTE COMEET LD, S/A oBEEL
TRETED. | 3.16 |2, S/A AN L7556 DR AW S1DOZEAZ RS, 72364
EHRMEREFESMIIR 3.15 LA THD. ZHIVEELIZEE S WS 1E7 VTl /&
Jay S/A EERREVIZE BRSE AEIIG DV INS<RD, HAM ST UWRRE LR 28DV 0D,

10

Critical shear stress Pa

8
6
4
2
0

0 10 20 30 40
S/A ratio

Fig. 3.16 Critical shear stress change in S/A ratio calculated with developed model in chapter 2
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3.3 ¥&

AE(F 3 F) T, B LEoBORATIIEAZSRL, Wall 7y 2k FELZERETT
o a YRR O AR AT T V7 528 TR ZEBRENR K EN Wall 7o = @lx
FAE MR SIDMEL, FABSIS T WRREZ R T, BRSBTS T VST

ATE (5 2 %) 12°C, Wall 7y a8 ORIFRREZEMERIT DPF BRI EICH51T 5 A— Mk
DEBEZ I ORRESI, TORIEZALAA— N FHHERET v 2 OHERE I (S/A b)) TR
TEDLILERL, TOWEEERT T v a 2 KR ET /v, 7ol 2828 BT T VA4
L7ehs, 56 2 BMEF 3 EOREREAGDOETERDLLE, S/A DL HIIUT, Wall 7y 2 48
ORENFHETE, F7- DPF BN TO 7 v 2 BBILEHE TED, LEZLILS.

WREE (5 4 B) TIE, 4 2 BEOHESEL-T via 2 RKIFET IV, Tyl 2 B2eRET Ve,
3 ECHELIZEREAMIG T NVEEERESE, 7y a fRIRIEST v 2 HEfE % O
DPF JEFFHER, DPG B CHELN- T — 42 HE 320N EMREET 5.
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$5A% DPF WMENHERET v 21l X2 EEEEBOET IV T
ET JVIRRE
4.1 X 0E
ARETIE, ETATEETOMEL, WA (S/A ) ISCTELT 27y 3 2 HERE G o4
WREFHESTL2ET NV LLT, Ty afifEgeT V) L, ZOMHRNLT v 2OBBIOLRLTE
Rt DA AW )BT 2 LT, L= —R (Exothermia #:0> Axisuite) - TYERL
72 DPF [EHEE 7 /L&A S, DPF OEENREBIIS U TBRSID T v & 2 HERE I OHRIK - HE
FEEHEZ S SH 72, DPF 2RO ENERE TT2ET VARET S, IITHEFLET VK
Rt R%E DPG TOEMT —H LWL, TFT VO FHKEEORGEE £t 1 5. KkIZET
IVOFIPERRGEEE L T, DPF A XA KX Je B OIEREEE2E7 LT TFHIL, DPF YA XDk
ARG E S0, ©7 VOB NEEMRGET 5.

4.2 DPF 2D EHEET LV
DPF 2RO G b F O, WE Rk OBEF L, LHZ—RTH5, Exothermia 10
Axisuite Z W THEM T 5. MEET L OREBEER 4.1 1TRT.

Input 7y ERETIL(E2EClgE) | 15 TitE | DPFEBETIL
‘ SIALE t (FAETHEE)
A 7uva | | #mE o HHEE N
| Fovaimure H>| 2xmFE || 2, BB koo | ]
< 3 24—
= —_—— Fuia
[ 7ovamnme | > MEEE BEH wao |—>| EAEE
k Pash J AP
. = | N g
‘ Tyl aiBEE | HARE >
HRBE — )
b3 BREAMGAETIL (HIETHE)
ZRE ¢, - - T ABBETIL
BRHMMTE | o e 54 LAFYTBIC
Fwoa B B AMTRS A1 TEE
bt S ARFNERG D P ,
- [:> BEE | >
BRIz &S BE# w,
NEIBE 5 BEHE
Pasn —2 BE#H Wash [ HRFEhIZEKY BREFILE HR%
W - ETIVIE, ARG
7o HARE ///1 7 éiﬁi’r}@;ﬁ% § ﬂfﬁ%@fl;ﬁ%ﬁ
ERER AABE EHERN T

Fig.4.1 Schematic diagram of wall ash property and ash mobility prediction model,

and DPF pressure drop calculation model

109



% 4 % DPF MIENHERE T v 2 XA EREEBOET 7 LT VRREE

Fo, Ty BT T VOFMER 4.2 (R T. Tyva 2 WKL FETIVE, Tyl alEse

i

BRRET UL, TNENE2RICTRHEE LT VA AL Q.

(O =sAcAEL-EH |

Z—KFvialt S/IALL € BHETILTHER
\>
YL A2RHMFETIL / o 1
— fﬁ% D;(REMTHE) | | fg;f o) s [Fe
27921 a
snee | [|FTY |l 8| |Dommmmnrse

|| EEEE > BEHETIILTER o = D.2
- No-SIALE o, (=1.68) l & ash = f(€2) X D3

Ty a1 pFeE | |, fle2) EIREMK
u(;o nm)i | D,-s/Ate [|& &,
MNEBE Poulk
Ty aRSEE p0
(EEE)

Poutk = Po(l —&)(1— &)

Fig.4.2 Schematic diagram of wall ash property prediction model

Ty aBEET LTI, K 4.1 IR T IO A KNG ) (R 3.39) DEFRICT v 22k
R4 FVTOBS, ZOBIC VA 20CR 74813, K78 05 | kR o, (R 3.40) 12>
W, o BRSO fF 3 71 ORISR 3272, IR CRLILS difl HEED
TR ERD, %A LT

exp(1.51n? g,)

D,=D, —— 92 _
z exp(3.5In% gy) (4.1)

4

HRAEO TR RITE R LRSS EHRE—E T 572D, ZZTED,LLTRL TN,
T AFEAUS LR TR A D IERE IS N op DT, B 4.2 1R 7y HEfl
JEET L TRONDEIERE, L —RIIVEONLK 8.53 I[CHEA T T52LTRDE. £

DERO FIBEESITHH Y R T 8D, 11T, REFERSEL THBAEDO A IRED, 2 L
7-.
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¥ 4 % DPF AR T v 2 LD EREBOET V7 LT VKGR

HEEEET L LR S5 DPF J£$8 55 /L%, Exothermia £ Axisuite " C{ERKL7=. DPF J&
HET NVOMELR 4.3 ITR”T.
Wsootr ksoot

4 a Ash Washr kash

< J
X Inlet U1 P, \‘/l
S T JI
i
P, v

\

wall ’ kwall

Outlet
(i=2)

Fig.4.3 Schematic representation of DPF pressure drop calculation model

DPF E$#HET /L2, Inlet-Outlet F¥ /D7l 1 RITIS, A—hT v 2 HfE2 5T
Wall FE[EL 0] 1 IRTCEE B LT 2 IICETF AV EE A L. sl OBk 7503 30 Tha.

DPF i &N a5 O 3 5 F2 2 (B &R, B &R 70 1%, kX Lish.
d 4
3, Pivd) = (1) 5 psvp (4.2)

Op  0(pivi®) _ v
0z 0z dy”

(4.3)

ZIT, A R THOT, 1 Inlet FyRl, 21F Outlet F¥ 1L Z2RT. £opidF v+
JVINVIEIE AT ADFE E [kg/m?], vl ET v /LN PEE T AD i [m/s] (it & Wi N C— R EARUE)
Pt Wall it 77 ADH FE[kg/m®], vt Wall i AD R [m/s], PAXEF)[Pal, p; (Tt 7 A
DREMEARELPa-s], FIE Bissett OFEEURE (D2 Tl 28.454 LLT-) Thb. £z, diZF ¥ 1L D
PEEEIEIm], dpl37 Y 2 HEREIE R % 5 JE L7 B 1 i IR m] T 5.

A Ty a g LA Wall i s E o £ L, o Z v —AlZX0RD B,

Pl_P2=

+ +
kwall ksoot kash

(4.4

(Wwall Wsoot Wash)

ZZT, Py, PlFESI[Pal T, IRAFD 1, 2 13ZZE 4 Inlet Fx /LA, Outlet T /A%
R pld Wall Zid 7 ADRENEARE Pa-s], WIZZALEEDIES[m], vpl3 L fUEEEE T AD
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Jikm/s], kIZZALEEOHZHEM* I THY, 2 FD wall /X DPF @ SiC Wall J&, soot [TA—
NERESE, ash 1Z7 v aHEfEfE 2~ 7.

T a BRI DS W6, 1T, A EHESLLT- DPF MBI T v 2B BT 7 XD, EERS
RMERET v 2 MERE SR LT RN T v 3 2 BB O BN ZEEND. Ty 2 @R HDFHE
N—F xR 4.4 1 RT.

| zEm®T 1%TE |

v
| RABEATHE

:
Eﬁ“ﬁ'ﬁ&ﬁﬁmj}rde‘mch E-I-E

Fig.4.4 Flow chart of wall ash thickness calculation

AR T a—1%, BREAT Y7 IZBW T, DPF BN S & R IcEfiSns. 4
(CEDHEREA—IOSE LI R T D LRt R T m— 03\, 25 A IO 1 K1 Bnb, NEICEHEL
T BRI FICB T DA ARNDDT v 2 @132 T D8 WS NEFHEL, B A WS
DEDUBIZEIDBEHIE L, BBIOFREZIT). AR 72O\, FREHAT YT
TEMTD. RFHETOWRBNOT v 2 BBL, HRA— DN L2 BB R B0 &1
ELTNDIEND, HARMIZ DPF Sl B4 s D HEREA — M (LIE R AZIAEL D, T via
BEINE T LT vy 2B BN R ESND ETICE T AL, 15RAT Y 7 TOT vy 2
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% 4 % DPF MIENHERE T v 2 XA EREEBOET 7 LT VRREE

B R OB EMITRATT DY, FARRIITIRE] AR REFZETIE 0.75 h) ICHL T4y
(ZRNRFfR] & 705

SECHTAEEE LT vy 2 BT T v e, B LR ARG ET v e%, PLHa—
R (Exothermia #1:0> Axisuite) ECERKL7= DPFJEBET VLB LR T 528 T, RS
JSCIZT vy 2B DOFEIERE, WMENT v 2Bz L Wall 7y v 2 EhinBEsh,
DPF JERD T RIS rlfEL72%.
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4.3 BT VIEEERFE

AT, S/A 357225 DPG BRAEAF(D~UIZDNT, 7y 2 e LR OFHR
i R%& DPG T FBfE RE LI, 7 VR OMEEETT. £7° 4.3.1 TIZT, A—MiARE
DIRPRIEDIMDERMIDTET VEREFREL, SHAREEHRIET 2. WIZ4.3.2HICT,
BERRAA /L DTRBRIR 53 18 5720, SERRS A2 VB L7205 S E () THRBRICE L, £7 0
1 FH FPH 2 REE S 2.

4.3.1 (K S/A WEHTDT4vT 4T L, FEHKERDIRE

BREEL TR b — M Dl A 70, eSS 2 Ry (DPF A0 AJREE 350 C), #
A3 % 0.75 RERE (DPF A LA AIREE 680 °C) D DPG izt A7 /LC, ZHAEHK) 40 [B8], h—4L
110 FEEEERL, 7y 2% 41.3 g (20 g/L) HERESHET-.

(1) BT NVARGEH O ERT —#

&K 2.4 XY, AANVFEEGRELIK 5303 (Sample A T) LV, Gf(1); A—MERGHE 0.5 g/h (S/A
=18 SR ; A—NEFEIEEE 2.0 g/h (S/A H=4) D 2 b 23R, KT —H Ll
T oY 2B RSB O FHNEEARGEL -, WGET — 2 O EBRSIE2H 4.1 18T

Table 4.1 Operating condition for soot/ash loading and regeneration®-?

Loading Regeneration
Operating time h 2 0.75
Soot loading rate g/h 0.5/2.0 0
Ash loading rate g/h 0.5 0
S/A ratio - 1/4 -
DPF inlet temperature deg.C 350 680
SV (20 deg.C, 1 atm) h™! 6.0Xx10% 6.0 X 10*

FMMESMIDT, TNENT vy 2 RN 41.3 g (20 g/L) L2 5 E T, HERSIESLZ 2 h & DPF
FHAEERS 0.75 h &, #0IRUERLTZ. 7y 28R HEE 0.5 g/h T, JHO OB A7 503 40
[1&70%. 7y 2 HEf % 0O DPF Z8IITL, JE 7 BlEE CReb 7T & 2 HEREIE 725341 D SIS 5
ZR 45177, (ORRIEE 2.5 123U C, FHR LI 25D E D ORE AT L= D
E72%)
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% 4 3 DPF SN HERE T o 2 Z LD

DET VT LT NVRGE

06 | .Centerofchannel __ & 65 i_
- 0~ (1) Sample A S/A=1 ; :
e 05 _a- (Il) Sample A S/A=4 1 i
S !
- 04 L e ,.-’ E
[0} |
g O |
g 037 A e
ﬁ Total Ash load = 20 g/L e 'S
<UE 02 | | | T | N7 N = (S - O : E
_____________________________________________ CLAT T o S
0.1 | -~ B T ‘A
:
0 1 1 1 1 1 10
0 20 40 60 80 100 120

Distance from front end mm

Fig.4.5 Distribution of wall ash thickness under both soot loading conditions

AEETNANATTHRTA—=H

AEER LI T vy 2 ¥R T VIC IV EE L, HEFE S/A EIZIs U7z Wall 7o =Rk
HESERA, FUSAEREEE L= DPF EHRET L EREAWIS I ET LV ~, TNEFNAST

B, KR Ty a RS T L TO

RIS IRE, AIRBRET NVER 4.2 1877

Table 4.2 INPUT parameter of wall ash properties calculated from prediction model

Experimental conditions Wall ash properties
Particle
. . . diameter . Bulk .
Engine oil used S/A ratio ) Porosity ) Permeability
(Harmonic density
Mean)
D, £ Pbulk kasn
_ - nm - kg/ 'm3 10~ 5m?
@ 1 480 0.91 149 211
Sample A Compl
I 4 460 0.93 127 326
INPUT to critical shear INPUT to DPF pressure
stress prediction model drop calc. model (Axisuite)
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% 4 % DPF IRBEINHERET > L =l LD BOET Y 7 LT /VIRGE

ZZT, DPF [EHETIL~AS TS Plug 7o aDPSEEICOWTHREATS. Wall 7y
DIRRLEFRIIHC, EFRNDBENL CT&72T v 2)8 Plug Bi~HEFEL, Plug 7Y 2 MBS LT
<Hf, Plug Toald, B 4.6 DX Wall 7y 2|2l T D (S E L Wall 7yia
DINSEE pasn wauEFIL) &, EFNOBEL CECHAEREL 727 v 21 k3 B0 (&%
JE Pash prug PFEIR) O, MEEENRIRD2ODMER TSN TND, EEXHRD.

Wall ash Plug ash
1
1
: JPlug
pash_plug
1

pash:wall
*-SiC wall

Fig.4.6 Schematic representation of plug ash bulk density

DPF it DIEIHRRE RO IHET D86, TvRR)2—hEled Plug 7y oD RISENEE
FSRDDZLEDROOND. ZDT=DITNE, LT v 2R G E7 L TROLND Wall 7
Y 2 DINEFE L Pasn wau PVEDNT, FHHERE Plug 73 2 DS E posn prug WL EETRDI, &
D Pash piugEET MEITIEESTVRNZ0, FBRAE R D 52 DM BN BD.

22T, X 2.17 OEBFERE R CHDHE, TURTTIE (BREIT 0 mm OLE) TONSHEE
1, S/A WD BRRDFEMITIBN TS, BL%E 250 kg/m* FREE L7 > TNDIEN 30D, K 4.6 DX
IRINEEEE DI HE L L > CWDERET DL, TV RTZ7 DR HLRIZ IV TIE Wall
T aDINSFEEDEETRZ T HEBZ LD, TR F7ERIZE-S<UIT 2T Wall 7
oV a OIS E DR BT/ NESIRY, B2 R Z7 M Co RPN SE I, 1EEH
HEFE Plug 73 2 DINSEEEEThHD, LBEZDHIENTES.
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L EofgEtky, HE0 AT LU FHERS Plug 7oy oS ELZFD A IR SBET V%,
4.3 DIDEL, HHEDOATIELE.

Table 4.3 INPUT parameter of plug ash bulk density

Experimental conditions Plug ash properties
Engine oil used S/A ratio Bulk density
- - kg/m?
@ 1
Sample A Compl 250
1)) 4
INPUT to DPF pressure drop calculation model
(Axisuite)

Wall 73 2D REAWIE N2 E T 21208, Ty 2 @O BR s, 7y 2hi 0
Hamaker EBALKL RIS, NLETHD. R 4.4 12, TT V~DANELIZZNODEA
R

Table 4.4 INPUT parameter of wall ash properties

Experimental conditions Wall ash properties
L : Proportionality Hamaker Surface
Engine oil used S/A ratio .
coefficient constant roughness
u f A )
- - - 107207 nm
) 1
Sample A Compl 0.38 10.1 53
1)) 4
INPUT to critical shear stress prediction model

LE B S 13, BITEE Tl 720 Y), R 838 O TR (BESRRL - B0 I %) [P 5 &
BABNDN, DPF EENHERE T L =2 26T DI U122 up 1 F A B TR N2), A LTI M
SORFFEIC THIMEE BN CHEFES B 727 747 v v 2l W TR DT BRI (uy =0.38) %,
FPIWRA L7, BRSO FEBRITELTESRATE23, b1 HERE O RS (BERRLF IO &) 1%
HEVEIEE T NICINED M TEMSN THY, DPF NO B TOBSGLEEIE i ZLnT
5. FEWHAOOFEBRTHINLIZEAWIE /DA —5 —13~6 N/m?> THHM, HIZIR5iEY,
DPF RPN OHERET > =@ IAEA T2 WIS b, 7yt 2B 8) (FRE) 13 ELLLEZT
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WD BRI AE T (T AIREE 680 C) DURIEFIFIZIN T, IREFZFEDOE WIS S AT HIR
HEIZHY, IS PIREES DR B R 2 LN TED.

F7- Hamaker E3AIL, DPF WHERET 3 2 DRERLALSY (R 2.6 ZH) T TUTHOWTOEE
DALINTIIZRW D, KFaSCTIET v 2D ER G Thh D CaSO, D (F 3.1 Z ) 2 REAHE
LG BHREICHWDZEE L. R 3.1 IR @048 B A/ ER k¥ 0 Hamaker 442 10 X 10
"R JHi%THDHIEND, CaSOsDIETRESW/ELTH, EFEDOT v 2010 Hamaker E3L
L, RETNDHZEIT RN EB 2 HID.

Wi RIEHISIE, FEEBRAERO Wall 7o 2RIk (R 2.4, £2.5) 2 AHELT, TORFKIE
HEELEZ TTHTFHRRERD D, FAFEOLADD Plug 7y 2 REDFHERE REFRHRAE RO
(F%72) OV H RN T2 DI, T4y T4 TICRORD T2, T4 T4 7 LTk RIS 6
&, &N, ADD plug 7y 2 RIOFHRFAEITH Y T 252 HE, £hl®), IDDFHRERZ
DOFNABLE D, IR MORRE, K 4.7 1R,
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L
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p
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Fig.4.7 Squared residuals of plug ash length calculation and fitted particle surface roughness
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(3) 7ot aHERRIRIELIE DR FHEE R

B 4.8 |7, HHee 7 A CRHEELI Plug 7o o 2 REOHMAILY, KRERLOLEE RT.
FALTRLTOBDR, Plug 7y = REDMMELOF MR ChD. —F7ay N TRT O
7 Plug 7'yt 2 REDFIRERT, 7> 2 M\t DPF O X # CT ARHTIR0skadiz, 22 Tx
F— R TR LT ¥ RN EDIELOEH R L TS, ZhEY, SHRICTERD Plug 7y
VaREEMRTRHETOLZER 505,
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Fig.4.8 Predicted plug ash length growth and comparisons with experimental results

B 4.9 (T, YA2/VEEE TH%OT > 2R DR KA 7R, 7y M3 FEERRE R,
FERPFEMER THD. ZNIOT v 2R A M OFHEIE, B R EEL T\
ZEDYID. RN T A EERENAETTODER, ZORKELTIE, A ELFE S5 177
oV aMEIRICZEDIRNEUTEDS, R RRIN BRI D, ZEFRBNEI2 D728 DZEN, EERIFALT TND
ATREMEDN B 2 B,
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Fig.4.9 Predicted wall ash thickness on 20 g/L (41.3 g) ash loading

and comparison with experimental results

7235, ARBNZISVN TR 122 mm HUS MR &GS L TIRY, 77y 2 HEFEE 7 03 it
DMTELTODEAT Plug 7oy 2N AL TODIEERL TS, R HEREE 2 A3 P Btk
IZZEEL TOD DI, Bl M ORISR EEDZHERE T4 (30 %) ITIKAFEL T DT ThHD.
Plug 7y ¥ 2R EIZOWTIE, X 4.8 DfE R ETHL.
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X 4.10 (2, D TO, FAINAVHFOT v 2 BB O ERE R A RT.

40 Total ash (wall + Plug)
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Fig.4.10 Predicted change in wall/plug ash mass and change in shear stress / critical shear

stress under soot 0.5 g/h (S/A=1) condition

O IT7IIPlug T vy a, Wall 7y o, M—2A Ty aDEHFEEOHEREZRT. 7 ay
NME DPF f{EDO B EANGEH LR T v 2 R ThDH. £z, WELE TEED I T71C, TTA
AUCED Wall 7o 2 HERE g 3521 28 VTS Jte, BRI AWTE Tt gerqen DR THEAE R R
LTV, TETgoracn EHIC B FEARDIR L CTWADS, ZHVUTHERE EliR S F A E i TN AR A
£ (3506680 CHIZENALD, FiLil A ADREMEZE LG EA(LIZRRL T,

B, Ty HERE B OB L DR MED T, KIS I RRANC EA LT
W&, BEZE 1.2X10° sec T Bk (5 mm His) ([ CHAWNS /1258 SHEIC B2, Ki< 2.0
X 10° sec LAREZY, Wall 7o abD 7 v 2B @R EHE L7200, Wall 7y 2B & OB NN FE
REIRY, —J57T Plug 7y 2 H BEOHINNLEC DR 253705,
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X 4.1112, HOTO, SAINVFRDOT v 2 Y FER LA DR 2~ 7.
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i Plot: Experiment
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Fig.4.11 Predicted change in wall ash thickness under soot 0.5 g/h (S/A=1) condition

NIV AZ VA EE Z DI LT, Wall 73 2 DJE BB TOKEE 239305,
F7-K 4.10 XY, BEZ 20 Y 27/LH (2.0X 10° sec) LAFET Wall 7 2B OB TEEZ
FEOMEIRDIN, KT TT7IZHRNTE 20 A7V H LR, i Rl CIEA O INDER07MT
12 TR D705, 7835, 40 A7V A DTAL T, it (Plug) DT 3 2 HEFEIE 7»
DSVEEE R0 (0.6 mm) ETEEL TCWAHDS, ZAUT Plug 7o =D ERL TS, 7272 LAEICiR
ATZIEY, BT MO FHRAS TR 30 LLTWARALR b, RRICHITS Plug 7y v 2 RIODER TR
FEEEm<iEzau.

122



¥ 4 % DPF AR T v 2 LD EREBOET V7 LT VKGR

X 4.12 12, 50T 680 CHaH|IFHAEF D, DPEF Fy /LN OEl J7[h iE &, Wall 17%18
TR DHH T [0 54 D, VA7 )VIERHT O L2~ d. SRS 1 A7V HZ2RLTERY, —
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Fig.4.12 Comparison with axial flow verocity and wall flow verocity in a channel of DPF

between first cycle and last cycle under soot 0.5 g/h (S/A=1) condition
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X 4.13 12, ST 680 “Comifil FAEKNE T D, HAFAUEY Wall 7> 2 HEFHE 2352 11 %
TAWTIG ATl R AWTIE ) Taeracn D FHERER D, T A7 VERRRTR O i Z R, K
4.12 LFICL, KERH 1 A7V HZRLTRY, —J7 50 40 YAV A 2Rm b DTHS.
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Fig.4.13 Comparison with shear stress / critical shear stress between first cycle and last cycle

under soot 0.5 g/h (S/A=1) condition

I, B4.12 D7 H0E, Wall i@ Hitd OB e EL T, EARNES), B ARG
DATHIIMUT=Z &R 53035 40 A2V BOWAWIES), B AWIE I DT80, Eith

545 mm MUTETHERS> TV, ZHUTT v 2B EIORE R, A WS &R A WL 718
FINEIT o aHEFEE TR TU AL TNDZEERL TN,
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Fig.4.14 Predicted change in wall/plug ash mass and change in shear stress / critical shear

stress under soot 2.0 g/h (S/A=4) condition

SN, DIZHEA~NT Wall 7y 22D ZERRER F@m AR EL, A WIS I3 ARAN
RV, 207280 Bt (5 mm #1R) T, HERHIHIDE A WIS 23 FUEICRIZEL, Ty =
B EL TS, E Pk (50 mm #1R) T, &% 1.0 X10° sec £ THAMIE 153 A
EIZEIEL TEY, P ob Ty 20BN AL TS,

AFHHETIE, B 3.3 TEWZET MUEICEY, A—NMEREDR DL EITIET v 2 OB BT
C7anELUTEEL TWA2, K 4.10, K 4.14 4512, B T7CO Plug 7o =D INILH
A RFDOA—NEFEN L IR0 7oA T THEL TS, — 5 Wall 7o =B 8T, HEREIRREC
L, HAEIEORA—IES /2 ST2 A7 T Plug ~BEILIZE &5, SWHZE
ZRRDIRL TG, Fio Wall 73 2D AN LU MU K05 rmiid 23 045
728, IRAAZT v 2 BB BN, #5R7e72007 FIZMo iz /i< kL ir> T,
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Fig.4.15 Predicted change in wall ash thickness under soot 2.0 g/h (S/A=4) condition

NIV AZ VA EE Z DI LT, Wall 73 2 DJE BB TOKEE 239305,
FX 4.14 L0, REMHTIE A2V ADS Wall 7o 2 B BOB AR E72 > TODIS,
KT T7ZBNTE 1L A2V HnD, i BRI CTIIEZOH NN ORI LN 30D, 78
B, REMETIE 20 Y A2V HDTA WD, HiEs b (Plug) 0D T 3 = HERE IR 70 703 it # H L
(0.6 mm) FTELTEY, FHFOIVEFRWEFET Plug 7oy 2B AEL THNDIED 53D
5.
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Xl 4.16 |2, 41D T 680 CIfIFEH D, DPF F vy /L Nl F aiiiE e, Wall 2518 iE o
#hF 3 AR D, YAV VIERRE R O LA RS, SRR 1 A2V B AR TERY, — AR
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Fig.4.16 Comparison with axial flow verocity and wall flow verocity in a channel of DPF

between first cycle and last cycle under soot 2.0 g/h (S/A=4) condition

X 4.15 (R T IS, ARSI TIE, A7 VDML CTHRREA 10T T v 2 R
DML 72N 28D, A H CORT AR I TEARRIZE L7, ET2, JREEZ LD T 537
o aHERRIE B AN E TR RN KEN 2, Wal Bl 4 AFEAUE RN R D L2720, 53
ELT Wall 7o Z @il L A AT 5. 2, AT ADLL3 A A
THAF v ~FEL T EEZRLTND. fEFRELT, T mdlE 1 A 27L B LR
IR TL TS, Wi # b Cll 7 Mt O BRI KR EL IR > TNDD, ZHUTT v 2 4 g
DESEEIETINRENZD LB 2 BV,
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X 4.1712, ZfE(DT 680 “CHRiIFAEEMh D, HAFAULY Wall 7o 2 HEREB A 21T 5
TAWIE e, REAWIE N taerach PEHEFER D, A7V BERITR O 27§, K
4.16 LRI, KERH 1 A7V HEZRLTRY, —J7 R0 40 $A 27V 2RO THS.
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Shear stress N/m?2
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Fig.4.17 Comparison with shear stress / critical shear stress between first cycle and last cycle

under soot 2.0 g/h (S/A=4) condition

ZidD, K4.16 O 7 FGE, Wall B FsE OB INE RIS LT, ARG, B ARG
FIICTHINU 7228355035, 40 A2V B OB WIS T, BEFREAWIS 1071050, B
570 mm (T ETHEARS>TODA, ZAUER 4.13 LRIBEIS, Ty aBBIORERE, IG13810E9
T afEFEIE I TANTU AL TNDIEERL TNV,
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Pressure drop kPa

% 4 % DPF MIENHERE T v 2 XA EREEBOET 7 LT VRREE
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Fig.4.18 Predicted pressure drop of ash loaded DPF and comparison with experimental results

Ty 2B R TRE REET VR RO RELY, EBEE RIS THEREL UL, A—NREE
(S/A H) DIRENGME D) 0 JFA, DXL RN Z<BEL TN T v ad W, Plug

(CEEVERN ERDHERE, —75T Wall 7o 2@l RN KEEBRN TR E R HE
AL, MRELTHE TOEBRIZREREN RO -T2, LBEZDND.

KO TOYAZ/VHO DPF Rtk EHOGFREERZR 4.19 (R8T, EEHIA—F Ty a
HEfE &, TEXIZ DPF Ai[ERIZHOWT, TNEFNFEREHEO b A2 ~d . - FEIC
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FAVTRT ERGEMEHBEANSEIEEL TS, A=k T v 2 fefEi#lE 7.2X10° sec, A—
MRS 2.8 X 10° sec T1HAZ/L (G 1.0 X 10% sec) 72548, FEBIMARELAL THED, H A
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Fig.4.19 Predicted pressure drop of DPF during ash loading and estimation accuracy

under soot 0.5 g/h (S/A=1) condition

THFRZED AR S WA BRAARF AL TIHZE B 9728, £7 Wall ~O7 v 2 HEfEH VD
RN 1~3 T A7V B OFARRMIHCBAE I ROND BT A 71T, Wall 7y = OHEREHHE
TIC DIV TRRZEN /NS 720 TNDZEND, EIZ Wall WEHOMIALEBIZIR ALTA—RoD, HEFE
WREOBEIZLDLDEBE 2 HND. LIzhi>T Wall WHEREA— RO [EHE R L FR L REIZARD
BT NVEBORERELZN LSEL2ET, PRKEEOR ERAEEEEZOND. — TR~
FENDARAZNE, FHAERE T RFOMRPER 72T AP & - AR EE BB DO R — TR DHBDTHY, ¥
A7 RWPEEACD ARG EZ ) LS HIET, TR E O B TEEES 2 DILHN, 22
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Fig.4.20 Predicted pressure drop of DPF during ash loading

and estimation accuracy

under soot 2.0 g/h (S/A=4) condition

FFEOEES DL, FAERMBRFOA—NERREN 1 ¢ 2b 4 g

LR oTEY, ZHUTKHIELT
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4.3.2 1 S/A M CTOR BAE R LA

R CT 4T A7 LIZ BT VEAWT, Bl A AL O & B RN R D, J0E S/A L
ZoM (R 2.4 ORI Sample B S/A F=28) TFMAL, FBARE KL MGEAE T 2. B
AEEL TR ol —h g BIEER A7 Ui, BiAERICY A7V CHEfELT-.

(1) &7 VARG O £ T — X
FRAET — X D EBR LM AR 4.5 |7,

Table 4.5 Operating condition for soot/ash loading and regeneration

Loading Regeneration

Operating time h 2 0.75
Experimental condition No. - (1Im) -
Soot loading rate g/h 2.0 0
Ash loading rate g/h 0.25 0
S/A ratio - 8 -

DPF inlet temperature deg.C 350 680

SV (20 deg.C, 1 atm) h™! 6.0Xx10% 6.0 X 10*

SR, ATEO LMD, ISR L TR A AL O & B IR E N e b, SR, (1)
IX Sample A A A/ (FREBIK 53 4.9 wt%) Toh-o72hy, REMUDIE, 4B IR E KI5
Sample B A A/L (FRERIK 7y 2.4 wt%) &72Dh. LIzido CA—NERGH LMD EFRIT 2.0 g/h
723, 7oy a MR EE DMK 0 D 0.25 g/h L7, S/A =8 L7225, A& TIRFDIHNT

v aHERERITATEIE MU 41.3 (20 g/L) ThD. AEMFUDDIHNOY A7 VT, T a4
FRHEZS Sample A AA VDR, IDDFKIN-53 L7257, 500 80 [A1&72%.
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Tl aEfE% O DPF ZHIWTL, SR BIE TSRO =T v 2 HERE R A 45 A D IS 4 X
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Fig.4.21 Distribution of wall ash thickness under both soot loading conditions

@) FHEETNASNATTHTA—4

ARG LTy 2 HERRIE 7 M IVEHR LT, HERE S/A IS U7z Wall 7y 2 MR od
FHERERE, FICA RIHEEEL- DPF JEHET V- lERAEAWIS DET Vv~ ZNENATIT
5. WELT2T vy 2 HEREIE £ 7 LV TORI R RE, ATTKRET NV EZR 4.6 (TRT .

Table 4.6 INPUT parameter of wall ash properties calculated from prediction model

Experimental conditions Wall ash properties
Particle
. } diameter . Bulk .
Engine oil used S/A ratio ) Porosity ) Permeability
(Harmonic density
Mean)
D, £ Pbulk kasn
- - nm - kg/m? 10~ m?
(II1) | Sample B Compl 8 435 0.95 103 559
INPUT to critical shear INPUT to DPF pressure
stress prediction model drop calc. model (Axisuite)
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FIRD AN ELT-FHERE Plug 73 aDNSEEELD AT HRET VA, R 4T ITRT.

Table 4.7 INPUT parameter of plug ash bulk density

Experimental conditions Plug ash properties
Engine oil used S/A ratio Bulk density
- - kg/m?
(II) | Sample B Compl 8 250
INPUT to DPF pressure drop calculation model
(Axisuite)

REAEADDOFFHERE Plug 73 2OMSE N, BIEiOSMFEOLADO FRIFHE IS EE
[FL, 250 kg/m* &L7z=.

Wall 7 2 DR WS D RICHWD T v 2 8 O R p,, 7y b0
Hamaker JEEALK F-REHISIL, EFIRRMAOLADDO TRFHHEIZHZR 4.4 LRIRRELT-.
ETNADASELEER 4.8 1R T

Table 4.8 INPUT parameter of wall ash properties

Experimental conditions Wall ash properties
. . . Proportionality Hamaker Surface
Engine oil used S/A ratio .
coefficient constant roughness
Us A o

- - - 10720] nm

(II1) | Sample B Compl 8 0.38 10.1 53
INPUT to critical shear stress prediction model
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Fig.4.22 Predicted plug ash length growth and comparisons with experimental results

ZHY, Plug 7y v 2 R SOFHRRE RITEBRE ROBIEELi2oTRY, SR, D74y
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Motz T2 4.23 12, A7 VEERE T O T v ¥ a HERE AR O FHRAE R om 9. ARSI
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DHDIZTFRISNIZRER THD, LBEZBND.
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Center of channel
0.6
Line: Calculation

0.5 plot: Experiment

0.4

0.3 (III) S/A=8 pf=0.38

0.2

Ash thickness mm

0.1

0 | I | | | |
0 20 40 60 80 100 120

Distance from front end mm

Fig.4.23 Predicted wall ash thickness and comparison with experimental results

B 4.24 12, 7o a2 MR OT v L 2 EROFH R R E RS, Ty a MRS MO T IE, R
ZIREA QAHED T o 2 HEREIE D T 32T AL T, EHEMEDITHEESL TS,

6 Flow rate 124 m3/h
o5 | (II1) S/A=8 uf=0.38 5 (SV 6.0x 104 h_1)
2 Gas temperature: 20 deg.C ©
a4 s
= g
03[ 5 -11%
22 g
[} 7
.1 == fos

/ Calculation o Exp. Calc.

0 |le== 1 1 1 0

0 100 200 300 (III) S/A=8

Flow rate m3/h

Fig.4.24 Predicted pressure drop of ash loaded DPF and comparison with experimental result

under (IIT) Sample B (S/A=8) condition
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FEITIRATZI8Y, AT LTI, Wall 7y =8 ORGSR WIS 8 ERELO b7
THEIR>TND, LEZBND. FMFUDDORERSEME, KAFOLADELBS DL DPF ~D7
AR THY, JHONDOT v a7 (41.3 o) HEFESE L ETITE OV A7V Zif
BRL TS, 1Y A7V BT-0 DT v 2 MRS 00 Lo TWD T END, HERGIE 8 TR im M
SEIL T RN IO RES (BREHLE) D, FLRo TS ATRBMENR B 2 i, Fiz,
DOHERHE BV TRRRL TODBVBIEIT, RAFMDIZSRMAEDEMDDFEEE X HND. S/A
t 8 LEWRMTHEIEEEZDE, FMUDDOT v 2 HFEBNO T vy 2k 1-1%, G0 &N
FOHZEEDHIINL TV, REILOMETE AN, KR ISR ML &
TIOHERPECTODATREMED E 2 HiD.

ZITR 4.8 DHNRTA—ZDEEYEIONTELET L. ET HOIRE W3, Sl <72y
HEFEJE £ B C RIS Z AR T DEEER T IO KES (EEHILER) LRI 2283 T, 4
PEUDIZSRAEQD), (DEERDATREMED 5. — 75 T Hamaker AL, HEAA AL ORI
AT, Ty 2O b RICEE X HNAHDT, S0, 4D, () TEDLRNEE X
HiLD. KR F-RIEHESIE, Plug 7o aREDT3EE (FRE) BN/ N DR RS2,
4.7 X0 S/A 1 DD TIL 5.9 nm, S/A HADZIEIDTIX 4.9 nm TH-o72Z 5, SeE(I)
Tl S/A R, HDWEY A7 VEEINC EHBBIEDOYENINZ XY, 7 v 2 ki DR EHLE D
HEATICED, BRI N CODRTEEMEDNE 2 65, BLEXY, £ A LNDT Y
T aBBOMBINRAELZB LI LT DHEIT, B2 T =2 LU TR B, LR 73K i
HLSE1E BN, Aim LTI BIRBp, TOREZITHIZLELT.

HEBNTET NA~D AN ELTfEESR 4.9 (TR T

Table 4.9 INPUT parameter of wall ash properties

Experimental conditions Wall ash properties
. . . Proportionality Hamaker Surface
Engine oil used S/A ratio .
coefficient constant roughness
Us A o

- - - 107207 nm

(II1) | Sample B Compl 8 0.89 10.1 53
INPUT to critical shear stress prediction model
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% 4 % DPF IRBEINHERET > L =l LD BOET Y 7 LT /VIRGE

B 4.25 (2, HBREu 2 FLHRIR L, RZEWDO Plug 7y 2 RESORFZA L, £k
i R LD PSR KA R T . FERAEROTT— N —1F, BERLIZT v EOIELSEHHE <L
TS, FATRL TSR Plug 7y 2 RSERTHOTHY, —H 7y hTRT %
BREERIT, 7o 2 e TR DPE O X it CT fEATIZ LRI Plug 7y a k&S THA.

50
= Line: Calculation ——(II1) S/A=8 uf=0.89
€ 40 rpjot: Experiment
S
o 30 r
C
Q
< 20 r
©
510 t
[a

O | 1 1

0 2 4 6
Time sec x 10°

Fig.4.25 Predicted plug ash length growth and comparisons with experimental result

under (IIT) Sample B (S/A=8) condition
X 4.26 12, SellbRBu 24 M UBFFHR LI, F A7 VIEESHE TR OT vy 2 4R850 A1 O

iR AR T B, DREICLY, KRN TOT v 2 HEREIE 255 A OF RS R B
EERAE R TETODIEN DD,
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Center of channel

g 0.6
£ Line: Calculation
a Plot: Experiment
v 0.4
£ (I11) S/A=8 pf=0.89
2 (I11) S/A=8 uf=0.38
)
c 0.2 r
()]
<

0 ______ I | 1 1 ] ]

0 20 40 60 80 100 120
Position from front end mm

Fig.4.26 Predicted wall ash thickness and comparison with experimental result

under (IIT) Sample B (S/A=8) condition

4.27\2, 7o a BB OT v 2 EROFEE R R T, JMFADOE S/A FEgAF (S/A
H=8) 128\ Th, Ml Biu, DRIEICID Ty 2 R4 DT FED M/ N LTZRER, 7y
2 JEHROHEEREED M EL, TR LT EOEBHEEN ATREE IR T2 28035315,

6 Flow rate 124 m3/h
5 L .
g Gas temperature: 20 deg.C ©
a 4 B Qo\}/ EZ 1.5
3 F o
9_) e © 1 e
22 | S S " N
a 1 F K Experiment §0_5 0.89 : i
P = Calculation o Exp. ||Calc. i |
0 il I | 1 0 ; :
0 100 200 300 (II1) S/A=8

Flow rate m3/h

Fig.4.27 Predicted pressure drop of ash loaded DPF and comparison with experimental result

under (IIT) Sample B (S/A=8) condition
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T oy 2 ERIZOWTR, FllbR B OIRIERTHE T TR ICSIZEDETR VB OD, T
A HERE A O TR FEII R E S EL T0D. EBRBISMICRW T, Ty aHiEE o ki
Z—NEFEE DTS NVDZEITIR DN, T oy a MRS RN R > TVDE, ZOA— R ERERED
FEARRFHE DS RE LT 2720, 7o a MR O T IR N EEL /25, LizhioTA— N
R ECTERT DL, BURKFEER OGN, LV#EIRET VER THD, L5 2 5.

AEEET N, J0E S/A AM~E 28, K S/A Fegefth&F—d Wall 7y 28tk
i Th, 7y 2 HEREERE (Wall/Plug) 73 S/A FITXI L TE DI T Dh 0 E PR 72 A
BIIFETHD. —FH T, IVEWEBRTHIEEZSL72DI2E, 1V A7V ET00 T v 24

BN LR TNDIEND, HERERE TR ZIE T DEHEAL F D RES (5E&
HLE) B Lo TS HTHEMERS, S/A Ho A7 VEGEITER 2 BVERE O BN (12 LDk
F RIS OB DFEERE, & S/A BN TEZLNLT v 2 BBOMfI R 4B
IMTEEL KB ERDD, LEZALND. 5%, TNGT v aBBOMEI R R I->T
BT TWDDNEIVFELIRIT L, FEBRA O R EBRIEEZET EL TV ZET, JVE

FHDOIENET ZL TUKIENTED, EEZLND.

FERBSMCHITD S/A I, =y ar Bl ing BRELTeA—MEHEDTF 2—=7
R, AANEEBOT DU T, U ofbn i, Ao FEICID, 1
~50 FRE L RELEMT D, AFSCTIL S/A b 1~8 &t RUTIENT LET MLLTZAY, D& S/A
et~ #PHILRIE, 4B OB THD.
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4.4 BT NARERGE

ARETIIHEE L —BEDOET VOFNMERIELL T, FHEOD (S/A H=1) 540D (S/A
H=8) /BT, BIE—EDEE DPF RI%A% - T B2 -5k Gt L T AL 200 - 15
EBZIHMEIRD) T, ZNENEIRD DPG sz B L= 3R ATV, Ty o e A
DT« FEATh 2 FEfE L7z

4.4.1 DPF A BV DB LB BRE R
(1) DPF A R S

FHAEAFNEL T2 DPF A A5 4 R 4.10 (T3 7. ZIVE CTOBGRITCFH R MEE TR G& L
CTE/=DPF 4 A RXThHDHL=1(Base) L L T, DPF FRECZEOMGELEE XTI, BSEfE
(L=2), }43 (L=0.5) L% %2 7=, 3 D DPF YA R&FHHEMELT.

Table 4.10 Specification of DPF for calculation

L=0.5 L=1 (Base) L=2
DPF diameter mm 204 144 102
DPF length mm 63.5 127 254
DPF volume Liter 2.06
Cell density cpsi 350
Wall thickness pm 280 (11 mil)
Substrate material - SiC
Substrate porosity % 38
Substrate mean pore size pm 12
Catalyst g/L 0.5 (Pt:Pd=2:1)
DPF size image - @ C:)
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% 4 3 DPF SN HERE T o 2 Z LD

DET VT LT NVRGE

EFEDPF A RE D T 2 HERE R BT 2 F2 it 3 D IR SR AR 4. 11 1R 3. AiTfiE
TLlERE, HEREEER 2 FER (DPF A 07 AR 350 °C), FFA:5EES 0.75 BEE (DPF A 14 A
£ 680 “C) D DPG it A7V, ZhaT =i 41.3 g (20 g/L) HERETHECEMLI.
FHERGEIRRF OTERRS ML, QD) (S/A Hh=1) L51) (S/A th=8) D 2 FifLLi-.

Table 4.11 Operating condition for soot/ash loading and regeneration

Loading Regeneration
Operating time h 2 0.75
Soot loading rate g/h 05720 0
Ash loading rate g/h 0.5/0.25 0
S/A ratio - 1/8 -
DPF inlet temperature deg.C 350 680
SV (20 deg.C, 1 atm) h! 6.0 10* 6.0 X 10*

ZOM, HEFRET v 2 OMERICBET2RHE AN &M 2R 4.12~F 4.14 1TRTH, KO
3% 4.2~F 4.4, 0D 4.6, 38 4.7, ] 4.9 LREBEDO LML, LTZ3-> T, DPE 4 X L
=1(Base) TOT v o ERRIRIEI, SREDIFR 4.9 ERIEEEZRD, SAIDIITK 4.26 SFRIEEER

.
Table 4.12 INPUT parameter of wall ash properties calculated from prediction model
Experimental conditions Wall ash properties
Particle
. } diameter . Bulk .
Engine oil used S/A ratio ) Porosity ) Permeability
(Harmonic density
Mean)
D, £ Pbulk kasn
- - nm - kg/m3 107 Pm?
O Sample A 1 480 091 149 211
Compl
(III) | Sample B 8 435 0.95 103 559
INPUT to critical shear INPUT to DPF pressure
stress prediction model drop calc. model (Axisuite)
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Table 4.13 INPUT parameter of plug ash bulk density

Experimental conditions Plug ash properties
Engine oil used S/A ratio Bulk density
- - kg/m?3
) Sample A 1
Compl 250
() | Sample B 8
INPUT to DPF pressure drop calculation model
(Axisuite)
Table 4.14 INPUT parameter of wall ash properties
Experimental conditions Wall ash properties
Proportionali Hamak Surf:
Engine oil used S/A ratio ropo 1o.na iy ameaier ace
coefficient constant roughness
u f A )
- - - 107207 nm
) Sample A 1 0.38
Compl 10.1 53
(IIT) | Sample B 8 0.89

INPUT to critical shear stress prediction model
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DPF #AREW(L=0.5, 1, 2 ;DPF FREILFEUC)IZH61T5, sl 5 miis s 1m0 G ik A
4.28 |12, Wall Filih i 4 554 OFHRAE R AR 4.29 12, TREIURT. 7eds, BllEE HO8 i
2R%1 [\t B ECHE 5 mm 2R LU TERMBL. £27 v a2 A= OHERR T 70V R

T/RLTNS.

50 =
0 =
E CD Gas temperature: 350 deg.C
SO P SV: 6.0 x 10¢ h-!
§ 30 L=1(Base)
2 )
>
220 F R
k)
= L=0.5
w© 10 F
5 (D/'
<

0 L ! 1 1
0 0.2 0.4 0.6 0.8 1

Normalized length

Fig.4.28 Comparison with axial flow verocity in a channel of DPF under different DPF size

0.2

Y Gas temperature: 350 deg.C
S SV: 6.0 x 104 h-1
> 0.15
O L=0.5 L=1(Base) L=>
o
coif [] O OO
3 ‘ \
- 0.05 F
©
=

0 | | | |

0 0.2 0.4 0.6 0.8 1

Normalized length

Fig.4.29 Comparison with wall flow verocity in a channel of DPF under different DPF size
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% 4 % DPF MIENHERE T v 2 XA EREEBOET 7 LT VRREE

il 7 AR A DFFEA IR LY, 2R (L) BSESERE (D) 23/hSW, BIS L/D A3 KEWDPF 4
ARGAHEE, B MPRIHENA KR EL AR TNDIENR DA, ZAULEIZ DPF A 1 Ao )8
PIZED, Inlet F RO (DPF A M BE A EFEOHBA) IR T 560 THD. £z Wall
B PR OFHA R TIL, 2R (L) 3RV (L/D 23KREW) DPE A ZXLHFE, Wall Zit
T TS A< I8 2803 Rl A3, Wall il 133K 4.4 D& L — RN HS<
HOTHY, FIZA AT v R EH AT ¥ RV D T 3T 0 AD8 5 M ZELIZER 355 D
Thb.

DPF $A R (L=0.5, 1, 2 ;DPF FRILFE )BT, BEHH MG F1 5540 O FHE#E R
Z X 4.30 (27 BEmEEAWS TR 3.17 THRESHLDIEY, K 4.28 Ol A 53 4f & [F)
FROBAZRLTRY, 2K (L) SRV (L/D 23KEV) DPF YA RAHEE, BEHIW A WG 1108
RELIRSTWNAIEND, Ty aBEidMEESNsEE 2 5.

12 =
NE 10 L CD Gas temperature: 350 deg.C
S N SV: 6.0 x 104 h-t
" 8 L=1(Base)
bsl (D
@ X
B o2 F '

O ] ] ] ]

0 0.2 0.4 0.6 0.8 1

Normalized length

Fig.4.30 Comparison with shear stress in a channel of DPF under different DPF size
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(2) 7oy aHERRIRIELIE KR SRR

T AV NAEERAE THOT v a HEFE DA OWT, S0 (S/A F=1) TO DPF EZiE K
O TRFHRRE AR 4.31, S04 (S/A H=8) TORIKD FHIFHHREME R4 4.32 lc2hnZ
MR 2B 7wy 2l TR, RAEUDIET, SBITRARTEY 22 41.3 g HERES TV,
F7o, BT R 21 (HitR B ETE 5 mm 2FR<) ELTIEREL TRL TS,

Center of channel
= 0.6 ¢
= (I) Sample A S/A=1
) L=0.5
© 0.4 L= 1(Base)
kY,
O
e
502 | / ,z
< . L=
. | | fonn}
0 0.2 0.4 0.6 0.8 1

Normalized length

Fig.4.31 Predicted wall ash thickness change in DPF length under (I) S/A=1 condition

Center of channel
£ (111) Sample B S/A=8L0=:°)'5 L=1(Base)
w0
)] |
) D
O ¢
=
= 0.2 F L=2
< AN
K QD

0 ! ' | |

0 0.2 0.4 0.6 0.8 1
Normalized length

Fig.4.32 Predicted wall ash thickness change in DPF length under (III) S/A=8 condition
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&Y, DPF A —EO T EWHEAEEZME N TRIZEL T KE, TyvaDBihiEiEs
t, Plug 7o a2 L0305, T8O S/A k=18, MDD S/A =8 %
g9 %L, DPF RSEWVRFLFRU T, S/A A REWGFIFUDD BT v aBEpMEES LT
1Y, Plug 7o oML COAIENG 1D, ZAUTTNE TR TE7ZIEY, S/A T KEN
FEEE AW DA/ NS, HABSILT U Wall Ty abzdblzdThd. 72k, L=1
(Base) EL TRIHRERIE, TN 4.9, K 4.26 IRLIAERLFILH DO THS.

W, EFET v a B A Le 572 DPF I, SHIZA—MHERISE7-4% 0 DPF JE 4§ E
L, DPF A @R O R R EZ Ll 975,

FTHERRA—FOBHRENSF LI, RO, (IDDOT vy 22 HEFESE 72 DPF IZSHICA—]
EHERESHREOIER T — 22 HWTC, REICERD . &0, Do EHERE RS R 2 X
4.33 | 2”7

10 10
(I) Sample A S/A=1 (III) Sample B S/A=8
8 I Gas temperature: g 8 I Gas temperature:
350 deg.C a 350 deg.C
6 B Cs_) 6 L
§S]
> X
4 E Calculation 5 4 E Calculation
Experiment g Experiment
2 [ soot permeability: 1.08x10712m?2 x 2 [ soot permeability: 1.08x10712m?
0 soot density: 80 kg/m? | 0 soot density: 130 kg/m?
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
Soot load g/L Soot load g/L

Fig.4.33 DPG Experimental results of pressure drop change in soot load and comparison of
simulation results after fitting the wall soot permeability and density

(Left: (I) S/A=1, Right: (III) S/A=8)
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BHNT A— DB R LINZEE A VT, DPE S A8V 2 — NS 184 T EHE
L, FrtED a2 T o7, S/ TO bhlgsis Foa K 4.34, SA4-IID) Trulghs KA 4.35 [2F

LIURT.

25
g
S 20
Q
O 15
©
)
5 10
A
¢ 5
o

0

ZZC, £l Soot load DAL g/L. D LIZT74/VZD%5FE (Liter) Th 5.

(I) Sample A S/A=1

" Gas temperature: 350 deg.C ‘
SV: 6.0 x 104 h-!

L=2

QD

L=0
U
L=1(Base)

O

0 1 2 3 4 5

Soot load g/L

6 7 8

Fig.4.34 Predicted pressure drop change in soot loading on ash loaded DPF and comparison

with different Length-Diameter DPF under (I) Sample A (S/A=1) condition

= o N N
(0] o ul o ul

Pressure drop kPa

o

(III) Sample B S/A=8 L=2

Gas temperature: 350 deg.C
SV: 6.0 x 104 h-1

/

- QD

L=0.5

il

y\L= 1(Base)

)

0 1 2 3 4 5

Soot load g/L

6 7 8

Fig.4.35 Predicted pressure drop change in soot loading on ash loaded DPF and comparison

with different Length-Diameter DPF under (III) Sample B (S/A=8) condition
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% 4 % DPF MIENHERE T v 2 XA EREEBOET 7 LT VRREE

F7'L=2(DPF REMPHHMEDPE YA A 25T, WikifE3 0.5 %) T, FHEL7e5 L=1(Base)
TORIREHIEL T, EOA—MEFR RISV Th A—MERRF OB & <RDTEN 50D, £
DML, QD S/A =140 D S/A =8 EBOLLFERETHD. L=~ JEic

IR 72380 DPF B — B O EEW i Af A /N CRESZRLCOE, Sl miisE ok
Ty aOBEMRES L Wall 7 2384273, —J7 Tl Ml O H N K0 E EEER
RBRELIRDT20, ERIKIEOBLE TIEA D TIERNZEN 5.

RIZ L=0.5(DPF R&2355H4E DPE YA XD 0.5 5T, Wik 2 £5) Tid, A—MHERE R
ARV ClE, b IRWERERDZEN 1D, L LG A— MEREESEINT 58,
JERMR BB S ERoTLAZEL b ole. ZOMANE, 0D S/A t=1L544:01D0
S/A tE=8 ELLL[RER Ch o7z, ZAUEE 4.31 L0, FRSHEHARKZ R A O IO Wall 7
oV 2 HEREE DJESNL=0.5 Db 2, ZIICESICA— M HERE L7, HEEE OB 0 Wi
FEN BT IMET HTED 0, BEERKICLDERNBIMIISLD ER>TWLDEbDEE XL
5. ZOMAIE S/A =8 (1X14.35) TIZLVIAZE L2570, ZIULS/A =8 DI A8 S/A th=1
F0%, Wall 7y 2 HEFEJE O S8 FEEAMES HERE B IE SRV 2od, A— NEFEIRF D B 1 1B ifi F
DOPNMEDESEITT D720, EEZBND.

LLEXY, S/A =1 & S/A =8 WTNOHZAIZB T, L=1 O, A—hEFEEIC
EOPTLERNTERNMELS, b/ TADEIZ DPF A X ThD, LEZX5D. LLRRHA—
NEFE RV DR EIBESN ARSI ThHIVE, L=0.5 1 L=1 LFESLL EIZRWERNES
NDHZENIRENTZ. LI TT v aliffiaZ B LI L&, A—MEFEN DRV EES
HEIFIZHEWTE, L=1X0B R FE2RDPF A X (L=0.5) 23, IEHOBUR THFI L7225 FTHEMED

RSN TN, L ZD.

TV PBHEHEN D A— MR A B AR O A — MEFE R L, T2 P~ D ERAAR
(ZEDETHLHREA P — /L ARETHY, HRIZEDETTFa—=0 7SN, LIchi>TF

—=VTARICES TS, 7oy a i EA—MERIC LD B R EROBLANG, L=0.5 FAY D
VA AN ZREBANIBINT HZLbHVFD, B2 OND. WG EOBLNED L=0.5
VO ANEBRE S D550 6, 7Ty a i A— MERFIC LD BRI EE D TR Z
RN EIZ, A—MEFERERORFUYEZHEL WG EH B 265, RUFECTHEELZ T
EFTNEMNLIET, FERICRBRTDIITR WIS S E L7 v Hie BB LI, &
DA AR ROIERR A 22 E I AT RE 2 N T A—F B OEH MR, £ /LN — AT
FEMTELLITD, EBEZDID.
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4.5 £L®

A (55 4 7)) TiX, MFELIEIRSE (S/A ) ISUTET 57 v 2 e fE g O R 25
HIo7vvafifbge T v e, TOMWRNPLT v aOBBO LT SAFH R T D R AW
IS T NV EAWT, A= —N (Exothermia £1:0> Axisuite) ECERL7- DPF JEBET V&%
HALSH, DPF OEENRRBIZICC TR ESND T o 2 R g O YRR - HERRTE BB 2 S S H T,
DPF 2EDEHEKE THTHET VAL, FIMBETT VLD RER R, Lot
B DPG COERT — 2% HHL T 200 EMRAELTZ.

9, K S/A R ELTEML, £&F0) (Sample A, S/A =1, FARA—NEREE 0.5
g/L) LD (Sample A, S/A =4, F/AEREA—NERE 2.0 g/L) IZBWTC, €T ADT 4T
A 7L, FHRT AR EORGEEZAT o7z, ZOMIR, Plug 7y 2 RERT v 2 B 041 3,
DPG CTOERBAEREZFH T LN RENT. FV A7V TFEED T, Ty aHifE DPF OJF
SR DMEIE20%FEE DOREEE T TR ATEE THHZEDVRENTZ.

WIS, ERREMHCTI4v T4 T LT T A2 AWT, I0E S/A &L TERAEaD
(Sample B, S/A =8, FARFA—NERER 2.0 g/L) COFFRDENML, KERFEFLO L /R
ALAEML 2. T ORER S/A =8 DEAHTHE HR A ILRLISE S, ©F VEREE T LA
Th, S/A LB REVWZEE Plug 7o a RSP ELRDEWVIEMNMERITEONLR, Ty
HEREIR 2 0 A O E R THIRS EE IR T 572283 o lz. ARG CIIFERF O A — MEFE &
K13 72< (2.0 g/L), FEATHFFEIZ ORSILTNDLY 1578 A—kNT w v aZifib 5 A0 =
RXLDFHEITENEEZONDZEND, TyvaOB@E, 2000, MDEFRTL Wall HHDT
T aOHBEBE) (BARB) A ERTHLEE BN, THREEOE FIX Wall 7y =g ot
AW DN FRENTAER THHEE 2 BND. FHEUDOFRERSEAFLY, 0D E
W DL, 1 FAZNVBIDDOT v aifi M (HEREE) 23 L T ZEE, HOHERE AT
TREBL WD AZVEINMETHAHIEE, S/A ERENZE, EVIEWRHD. ZIUTLVERME
(DT v 2 HEFEIGIE, 7> 2 HERE g O RITEIR (BEEEAL 7SRO ZEE HI L ) ITAEAEL TV
LRetks, BIBIED IV T v a b F ORIEFSITEDET TOD AIREMER B 2 B3,
RFRSCTIATE ZUEL, FAFUDIZRAHNDT v 2B O 5 A RS, CRELTZ.
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fiti e, SO R S/A Hgeh (S/A =8 ITH\Th, 7y 2 fi i o FEAED /ML,
T o 2 EHROHEE RS HE S b, B R LIFIF RSO FEARHEE AN iTRE Th DT LD RENT-.

AREEET N7, J0E S/A AR~ E M58, K S/A gtk &F—d Wall 7y 281k
i Th, 7y 2 HEREERE (Wall/Plug) 3 S/A FITXI L TE DI T Dh 0 E P72 A
BIIRETHD. —H TIVEWER TR EZSL7-0I2E, 1 A7V H720DT v 2 HEFE
BONUZ LD, HERERE CREMSZIE T DB RN FORES (EEHLE) 23 mlo
TWDHAHEMERC, S/A DIV A7 VOB I XA VBB O IR L, REMECE
WTEZONDT v a BB OMEIREZ BN TEBL COLKBERDD, LEXOLND. 51,
INST v a BB OMHEIZN RN LS TAEL THDONEIDFELFTL, EERX O
EBRMEAET /MEL TOKZET, JV#EAHEHADIRNET /WL TOKIENTED, LE2DL
o, FFERBGICBITD S/A I, =y va Hlilk s BiNE LI A—MEH &EDOF =

=V TR, AANEEBO TV, DY O R0, HiE AR SO
(2D, 1~50 FREEL K& T 5. ARFRSCTIE S/A b 1~8 ZRIZTHHTLET MALLTZA,
FVmE S/A SR~ O RFAILRIT, S % OMETHS.

RBIHEE LT —HOET VAL DPF A X #E{EORFIEL T, B —EDOEE
DPF DRS%AE/ o A TRMET, TNENRNED DPG JEHRAALEE L7 21T\, DPF
YARPIIL DG G DT oL 2 MR BEO TR - Tl A EHE L7, ZORER, A— MRS/

RIETCOBBR AL EBESNDO THIIE, FREITEZ T, ESE2EILTEEZREL
72 DPF O J5 78, A—MEREIRFIE R AMEN RS RD LN h ol TR SERSUTHEAEZ /)
KT DL, AR EBR N ELRDIEL 00 7. DPE OFENHEEKD FHIT, =PV U HEE
T LRSERECTHRREINSE D720, IREEALOBER LS. 2T vy 2 HRICE DT
BLEIE, A= MERTEZ DPF B ELENDHEEL TOD—RAVRT AT MIIRBWNT, ZA—hiE
FE B KA THEE S DAMELIR A L7278, NELZRGRE PR AE A AES D ZLITEENY, Zivb ik
AL DERE/RD. LT223->TC, DPF EHIFRS, 23207 v 2 UK 2 IC LD EH A I
INSWHD, BNV AT A ThHHES 2 5. ARG CTHRELZTRIET VA HWSZET, ko
DA AN SREHEL A I FTRE R/ ST A—F DIET, DPF OIEARFHEICE D X7 B % K
T30, EEEEOTRIMGEE T 5N TREL 7D, LEZBNS.
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5.1 *&wm

AWFEIE, DPF ~HEREL 72 A—hOBR(LIE KDY, JEHRF THLHERET v 2 DR 128, 22/
TN Z L 2TT MEL, SBIZ DPF N OT v aBBRR LT 7 WL T52LT, 5
FEIEEIRARIZIS U2 DPE TSN T 3 2 HERS 8 DR A 53 A &, DPF 2RO E KR E T 5
Ze%&, BRYELTHEMmLT.

%1 E T, Fime U CFZEE B TAFZEIC DWW ORL, WFSE H B9 (L L7-. AF9E7s 5
ELTC, BREERMEOBLENHMEA RHICEEL TS, WIAERE A H0 &< BR 52 S HE A 2 B
ma R, PEH T A% PRI O BB Z OFMTIREZ R L2 2 T, AR TRV Te
DPF ~OD7 v a HERERF St B A B L LT, e TR OFRA TIL, DPF ~OHEFE T v
2D RIEFREE OHERFZENI R T ELL, AT R COMRERAHER LA T, Zhba
A DB G L E AU I DSLSET V7 258 B B EALE T 7.

% 2 B CIL, DPF O EAE P9 55 2 CHEHELZR DPF i NHERE T~ o = O T &
EBTFV U BE LT, ETERICIY, EENREE, FHCHRICHEREL 27 vy 2RI 5 A—
NMEDH(S/ALL) &, Wall 73 2 DKL 48« ZEBRRED B AfRHT U7, L 7= F2B 3 —Hk
$HC, Diesel Particulate Generator (UL F DPG) T/ L DPF ~HEfES 727 v a D& A L,
BT IAER LIRSS COA—NMREE - T v 28BN E A W T vy 2 @R DA Th
D. ZOFER, S/A EERREV (A—FENLUV)IEE Wall 7yad 2 R FBIT/NS<720, £
72 2 RRLF-INDZERRADNBD T HZ L, IR PRV INSUWNEE Wall 73 2 8 D ZERR 3 N3
HIEDIRENIZ. £, /AL REVNEE Wall 7o 2 @ DO ZERER NN 52 EAVREN T2
WIZTNHDOREREFEIZ, Wall 7y 2 IRKI1£L, Wall 7y o @OZERFEL T T 5HE
TNVEAER LTz, Wall 7o ad 2 WKL RET WVIE, 7772 VIRoea W TET Mk d 528
T, S/A ITEET D 2 WKL % 1EZ TRICEXDET LEL THRELTZ. Wall 7oy = BDZER
TET T, Roller DRZEN—RIZ, S/A TET DT v 2 HERTE D2 KA FRITEHE
TIELUTHEEELT-.
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% 3 B CIX, DPF OJERKEZ T 252 CEEZR, DPF WO T v 208885 L, £
MUTED DPF WO T vy 2R A O ZA A TIT D728, 7y 2 HEfEE £ JE OBk 1
BRANE AT RIBE (R AR § 2 A =X LDRBETE, ZDOHRBOSINLSDET V7 2 E i,
RLF-PE - ZEBRIEARE Wall 72138, HEFEE 38 O BEEh 1 BRoD B St /U WIS 7 2B
FAWTES T VR Z RS, Rumpf OZUC ISR AUBE T L AL

B4 FETIL, 5 2 W ORELUIEERSME (S/A ) IR UTEALT DT v 2 HEREE O 2 Yokt
TR, Ty a@ER R R T OET NV EE LT vy a i B E T VL, B 3 BECHELLT
¥ 2 YRR OYERDDT v 2 DBE) O L SEFHE T AT A WIS ET V2 HWT,
JLHI=r—FR (Exothermia #:0> Axisuite) |- CERLL7z DPF [EHET /L&A @S, DPF OiEls
RRBIZISCTRRRSND T v 2 4R 8 OPEIR - HERE B2 I SH 72, DPF &R0+ K%
TRT2ET VARG LT, EIAMEGLET VICLDFERE R, EORE DPG TOFERT —#
BT DO ERRGELTZ.

FPK S/A LA TORERLY, ki EHEDOT 1T 407k, HHER Plug 7 vy aOinSH
FEEFEBAE RIS SN TEXDIET, Plug 7y aRERT v aHiflE 4040, DPG TO
FERRERAFRT DL RmSINTc. Fo, ATV FEED T, 7y 2 ifE DPF O+ KM
iR =20 % FREE DR EE CTIFTRE Ch DT &N VRSN,

WIZET NOBEAFIHZ LD E S/A HAAEA~IERUZS G, AR S/A lERMETHWZET L
EBEOEFETIE, EMEMREIIZHALNELOD, KEMATO Plug 7yiaBESeT v ol
FEIR A AR OF R TR I XEO R MR HHIEAVRENTZ. ZhUEE S/A FEfRzxL
T Wall 7 2@ DGR KIS D@D R SN2 2y THHLEALNZDT, Ty ak
B D BN 2h RA L BIER Ep, DI R EL GRASATe ZE L LT, ZORER, RS, 2 FET 5
ZEICKY, Ty aHEREO AT DT EEN/INL, Ty 2 EROHEERE AN b, B R LIE
(EFEOEBHEED FTRE TH DI EDIRENT-.

BB LT —HOET VEIER L DPF A X RE{EORFIEL T, B ED0E%
DPF ORI%A%/ 0 EEZT-RIET, TNENHNRD DPG EfiRa Rt L5541 T\, DPF
YAZXBRILDGEOT v 2 HEFE B O T - T2 F L7, ZORER, A—MER R D72
WRIFETOBB R A L LRESNDDO ThHIL, AREITEA T, RSZFEILTERZREL
72 DPE DJ5738, A—hERIRF R DMEDNN AR R D23 otz IR SERLTEREZ /N
KT BE, A—MERER RN m<RDZ 800072, BLETRLIEINNT, RAFZETHEZE LT
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THITT IAZED, EM OTA AN R MRG0 S HIE A REZR /T A— 2 DI 3 B 2 52
i CEHTENRSIIC.

LIk, 55 2 b 4 BT TS BRGEL CE o —#OET LA ANDZET, DPF O
BASAFITARAT T D00 T A RF D A — NHERS B L, HEREA—ReT v a O THD S/A HAEE
HTHIIL, REIIRT vy 2RO B2 NS PHITTEL LD RSN, AHEEEE
TR, FERERBRCIIIER IRV R A T 57 v 2 HEE O [EHEE EHR L, 232
L —a A KVEIRE ] CHEM DI LN TE, FHM O A AN RIEEA S &l ) 7T 7B e
INTA—=B DI LR BRERN, BLERR) —RIA LA TEMAGELRDEEZ X HNLTEND, A
FECCREELT-T vy 2R £ 7 VSN T v ¥ 2 BB & g 72D DR S AWML T)E7 L
%, LTINS A R ChHEERD.
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5.2 SHOBEDEE

FEATHRFETIE, Wall 73 2 ORI 022 B 367 L HERE AR 03 R E SN D AT = A LS B2
LI TEL T, FAEROHEFEA—MNED B RS TUINDH DD, Wall 7y 2 OHEFE
&2 P T DR T UIEAEL TV, EENT v 2 BB R 0T T 713,
Sappok BAMEFELTZT > 2 BIEA T2 AWIE NI SSET LV C—IRO K% BT
7=HOO0, Ty a @k AT HE ARSI OETME B RIXT 4T AL T IRT A= T -7
2%, ZOEESMEDTT LD TR ThoTo. T2 TAMIETIE, JATHFZE CO R RSoRE
SNTWDRAEBERZ T, DPF ~HERELIZA—bDORLIH AR, EHRE - ThHOHERET v 2D
R, ZERRICER D BEET MU (Tyva 2 WRIFET L, Ty af@ZEmEts
V). SHICHERET v 2 B OB VG A€ T METHZET, DPF IRENOT v 2 B8
BR%ET ML, EEERIEICIS U DPF SN T v 2 HERETE D JE 534 &, DPF &2k
DIESHERAE TRTHET VEEELZ. 5 EO—EOHMELE T /LK, DPF OEERS )
ST vy a R IBLZ O EHE P B ETE T T LILNHLRE TR/ oTo LB 2 5N, ER
DTSR ) EE A OIER D0, BT T ThHEE XD,

O AL THELEZTYyY a2 2 RAFET IV, Tova@2iEETT LI, Diesel
Particulate Generator (DPG) COHEFET v 2 OMEIEFIA L, Fii-ITHEEEL /- itil; T
A—MRBE T v 2 BTG R E A T v 2 BT R IR TR Do i R EE- DT
LB DO THD. LD TARET /LIE DPG TOMERLSA: (st A0 - 1R L,
PEEA AV THOLNIEREFETHET L ThD, LE 2250, il F AR D T AR
JE-SV MNEILD5E0, Wt ED I TOBRMO I ARENRELRLRD5E, &
DI ANV DR I8 R ELE2 D556 (Sample A, B @ Compl < Sample C @
Comp2 72N IZE D IRl IEH N M EE), FI-FE TV ECTOiElR T DPF ~HEfES
VT alZxf U Thi AN fREDE D0, EDOHE DEERE/K DR L, i & %
JERT DT DI R M5 MEED LIRS HY, ZNDITA B OMETHLEE 2 D.

@ DPF BN DT v 2B 8% THIT 57280, A SCCTHEEL 72 B R A WG 71E T /1T
OWTIE, BFVEMEIEZ D E S/A HEEA~ILRL TN IO LIS, Fl—DFT
JVTE SIS S VB ) D38 RIS D . AGRSCCIET vy 2 BB O Mz R
L CHERSJE ORI S OAR TS ED H il fR B, DR EE 2, FLBIfREpu, DFRELLT
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T4 T4 T HATSTD, BIREF VT DE DTS DR —FIZ L0 e R A WS o
NN A U727, FEMZR BRI ISk TR LT, SBOMETHHEE ZD.

@ FATLTIE Wall 7oy a FEROHRRER TRET V7R Lizizw, JumA
—MHERESRAT (S/A Le =16, FRAEREA—hHERE & 8g/L ;L 13 DPF D4 FH) 1238V v TERERIY
BN TNDE 2= NF ) T L7220 CT v aZilfid § 5 AN =R LOET AKIC
BT EPERICIEE S/A IR TORRRERELT, IR S/A HgfhEF—0
BT VERTHEZ T UL, BAEABIS O Wall 7y aNBRENZ 8127
0, 7ol aBEMEESNLTD, FERELTEWT v 2 RN HEOLNH DD,
R (S/A EE=8) TOT v aBBOMEINREBELIOETHE, JmA— ERT
Fe (S/A Eh=16) TIHHERE RN G077, FIENELD. ZOF EDOMHITIE, &
A—MERE RS TIX, A—MRF )T eo T vy a ik T DA = A LN ER LA
BINCETNEETETHUNERDD, EEZLNDLD, KAN=ZLOET YT 1Tk
TELT, ABOMETHHEE L. FFERIZ, Afm3CTIE Wall 7y 2 EIROHERE
ez LRET V7R RE LTI, FRHERE Plug 7y 2O SH 2 FZRIEICHE SV
THZTEY, BT MLITIEE STV, ZOFHERE Plug 7y ¥ =2 OnSEEELOE
T AL, ABROBETHLEE 2D,

PIREEEE (ICE) 13, 4 1% B ERE JIRORIREL THOHHTHLE b, ICENLHEHENS
PM O] & U CEREZRBRL TR 7 /L2 (PE) O£, 5IEHEEE THHLEZOLND.
PF OEIFFREEL CTT vy a @R DN, ZOT v a MBS A IEMICHIRL, 7y a2
FEfEEZ TRER IR = b — L5 2 L8, SROBRILEEL AT LA~ M- HeER Gk i
BRI DERD, PF RO/ REEHRFNIIRWT, EFICEETHLHLEEADND. Ty
DA MERIIRFEI A — L3R IR, TR LR TRV, ZOIORBIR AW B
(213, BT AR—ZFFEOBEITHEF ITREV. SBROANTEE R RS E DD, Ko7z
i, BHYE TE D AR RO Fop R E B JE /2 Y, PERERIEERE IS A TOET.
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