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ABSTRACT

A Study on Performance Evaluation of Emission

Reduction in a Diesel Particulate Filter

Park Yong—hee

Advised : Prof. Shin Dae-yewn Ph.D.
Department of Environmental Bioengineering
Graduate School of Chosun University

As the motor vehicle emission regulation becomes stricter due to the
accelerated global warming and air pollution all over the world, diesel
engine which has high efficiency and low CO. emission is being revaluated as
the solution. But diesel engine has disadvantage in high toxic emissions
such as Particulate Matter(PM) and NOx which are very difficult to reduce
simultaneously. Although diesel emission control technology such as precise
injection timing control, a common-rail high pressure fuel system and an
alternative fuel has been improved, the diesel engine is still difficult to
meet the future regulation which is stricter than EURO 5. Since it is quite
difficult to meet post-EURO 5 regulation with pre-processing technology such
as improvement of engine performances, aftertreatment technology such as
Diesel Particulate Filter(DPF) or Selective Catalyst Reduction(SCR) should
be developed to reduce PM and NOx. Although the strict management of newly
manufactured motor vehicles is important, the management of in-use diesel
vehicles, especially in metropolitan region where a large number of motor
vehicles are running, is another important factor for controlling air

pol lution.
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Trying to reduce the emissions of PM, Korean Ministry of
Environment (MOE) has implemented the retrofit program which has installed
the Diesel Oxidation Catalyst(DOC) and DPF in light-duty and heavy-duty
diesel vehicles, respectively.

When OPF for heavy duty vehicles is applied to medium and light duty
vehicles such as county buses, the regeneration efficiency and the
per formance and fuel consumption efficiency of motor vehicles are getting
down.

S0 in order to reduce the emissions from medium duty truck which is
difficult to apply DPF, the Partial Diesel Particulate Filter(POPF) which
has better motor vehicle performances and fuel consumption efficiency than
OPF by reducing the resistance of exhaust flow and the load to engine or
motor vehicle instead of lowering PM filtering efficiency by 50~60% with
opening POPF passage, was developed and the performance evaluation was also
carried out.

POPF wuses the corrugated layer Dblades which have three dimensional
geometry and captures particulate matter by making some part of exhaust gas
pass through porous fleece layer.

For the evaluation for POPF, reduction efficiency test, durability test,
property test and smoke test(Lug down 3 mode) were executed. PDPF reduced
56.3% of PM, 98.3% of CO, 93.6% of HC and 4.3% of NOx in ND-13 emission mode
test. POPF slightly affected maximum engine power and fuel consumption
efficiency, but did not exceed the standard value of 5%. In property test
before and after DOPF set up, the difference of emission reduction
efficiencies and the variation of temperature and pressure in up—and-down
streams of POPF is negligible. With these property test results, the
per formance of durability could be confirmed. In the Lug Down 3 mode test
under the condition of 100, 90, 80% of engine rated speed using engine

dynamometer, POPF has shown smoke reduction of 50.4% in smokemeter and 54.4%

- Xl =



in opacimeter, which confirms over 50% reduction efficiency in both smoke

measurement methods.

Because PDPF has higher
heavy duty trucks of which main driving cycles are low speed and high load,

POPF technology could be available to the medium and heavy duty vehicles

durability and safe performance than OPF for

that DPF could not be applied to.
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Classification for Regeneration Methods

Rogoneration Mothods

Exhaust gas heating

Increase of combustion temperature
Electric heaters

Fuel burners

Microwave heating

1. Increased Exhaust
Temperature

2. Decrease of soot
ignition temperature

by use of catalysts
3. Decrease of soot Injection of combustibles into

ignition temperature exhaust system with catalysts

by use of reactive N
oxidants

4. Combination Catalyzing the filter media
Introducing the catalyst to the fuel.
Oxidation with Nitrogen Dioxide
Plasma

LRI R S

Combination

At low temperature operation condition
¢ Active + Passive
e Passive + Passive

Fig. 2-2. Classifications of regeneration methods.
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S04 (sulfate + water) - 14%

Fuel S0F Ash
7% 13%

Fig. 2-4. Composition of diesel particulate matter.
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Fig. 2-5. Schematic of particulate filter with thermal regeneration.
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Fig. 2-8. Particulate filter operation modes.
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Sl &4=stE ZH2 M= ZCI0I20IERL Ael& IHHHoIE(SiC)oIH, 2
& Z0ocolEs &8 E EMZ ALZotl, SiCe BFEMU D=2 MPEECZ
AtZetCt. Table 2-101 2H2 S4d= LIEHUHRULCE.

Table 2-1. Commercial monolith materials

Material Formula Monolith Suppliers
Cordierite 2Mg0-2A1,05-5Si 02 Corning, NGK
Silicon Carbide SiC Ibiden, NoTox*, NGK

Fig. 2-1201l EOI AIBSE Mo Han
LEO PIE A0 oo RRECH IR

ClOIERF A2lZ IJHHH0IE(SiC)It MEE =0, ZCIN2H0IEE 19808 RH A

U (e BRANO F2 AZED AUCH SICHES 1990= S0l HLEAD, 2000
H DEXZH HEE 2 (22 SHHALAN ASHCH

able 2-20il 2CIOI2tOIES Al2l2 JHHIOIE(SiC)el 2elats!
LARICE. 2CI02H0IE= TSPIF O =10 A0l N8otl=s &
He =& 8dl2Es AU JACks FHO0l JACH. 2CI020IE= TSP(Thermal
Shock Parameter)Jdt =1 ZHEEI HO0tM MMR2EE |G| =eldt)l HE
Of AHATHA A0 AFSE LD, SiCEBeE € 340l 810 @8I =) 2

Of ZHTHAMSAIN AIRE u.3”

—
(o

Repeat distance, s
Plug Wall thickness, w

Cell den sm.' M
N = 1/s2

Fig. 2-12. Cell geometry.
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Table 2-2. Comparison of Cordierite and SiC materials

Characteristics Cordierite| SiC
Melting Point, T 1450 2400a
Coefficient of Thermal Expansion, 10~7/ C |7 45
Elastic modulus, axial E, GPa 4.7 33.3
Strength, axial MOR, MPa 2.6 18.6
Thermal shock parameter, TSP 790 124
Permeability, 10~12 m? 0.50 1.24
Thermal Capacity, kJ/m’K 500 950
Heat Conductivity, W/mK <2 20
Relative cost Low High
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1,250CEXOICH. O
Sot22 018 &Xloh|

HglotH, Hdd=22 2Mg0-2A1:05-5510:01Ct.
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ZHE=E ZE (ANt H822 HYstotA=0, =IIMS2 EX-47, EX-54 &
EX-660110, & R2ZEXE= 100/1722 MAEJUCH. UHEHC=2 I1E53J(0t thadl
20 MHE=2 U G20

ZI20 M= EX-802E=2 JIEMSEL €8 -0l =0tA &M e &
O AFE&0 UCH. 2tE ACINICIOIESl Solld= JH&GH 20008 =0 2 X
(200/19)Jt == &0I18 W+ E8 RC(Robust Cordierite)Jt N & AL

Cell configurations

Fig. 2-13. Cordierite wall flow monolith.

0 = MHES FHE =82=M 28ds gaAlZ
S0 2HE0AM Moo %2 e MHAEE [

OLEl Hoz SOIL|UCE. Table 2-301 2 (AHOIA d4tGt= RCINCH0IE 2H
o =245 UEW L], Table 2-401 EX-80 2H2 AJIS LIEFLHRICE.
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Table 2-3. Physical properties of Cordierite diesel filter materials

Composition
Ex-47|Ex-54 [ex-66] Ex-80  |RC-200/19

Configuration 100/17 200/19
Porosity, % 50 50 50 48 49 45
Mean Pore Size, m 134 | 244 | 34.1 | 13.4 | 13.0a 13.0a
Bulk Density, g/cm® 0.39 | 045 | 0.54 | 0.42 | 0.46 0.70
Aial GTE(25~800 ), 88 | 87 |105| 33 | 43 6.0
Axial MOR, MPa 2.52 | 221 | 2.88 | 2.41 | 3.16 4.67
- psi 365 320 | 418 | 350 | 458 677
E-MOD, GPa 559 | 572 | 7.31 | 5.17 | 5.59 9.10
- 106 psi 0.81 | 0.83 | 1.06 | 0.75 | 0.81 1.32
Initial Efficiency, % 84 70 55 87 - -
Final Efficiency, % 90 90 90 91 - -
iPnr.e?—lsg;Jre drop @40 g soot, 59 37 37 59 _ _
A-axis strength, MPa 10.6 9.3 11.3 9.9 _ _
- psi 1539 | 1350 | 1642 | 1434

3D isostatic strength, psi 585 460 660 500 - -
2D isostatic strength, psi 500 390 560 425 - -
TSP 516 459 | 383 | 1414 | 1315 855
Total Raw Penetration, cm®/g | 0.418 | 0.421 |0.410 | G327 | - -
s I I R R

MOR - modulus of rupture

a — Median diameter

CTE - coefficient of thermal expansion

TSP = MOR/(CTE E-MOD) - thermal shock parameter
Properties determined from 10.5" diameter

12" parts

b — intrinsic density of 2CIM2I0IE = 2.51 g/cm®
c — intrinsic specific heat of ZCIM2I0IE @500 C = 1.11 kJ/kgK
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Table 2-4. Diesel filter sizes(Corning, EX-80/100/17)

Size, diameter length Vgillﬁ(renre Suffigrcaeti%?ea Ma&.aggot
in mm dm?® m? g
One-Piece Extrusions
5.66x6 143.8 152.4 2.5 1.66 15
7.5%8 190.5 203.8 5.8 3.83 35
9.0x12 228.6 304.8 12.5 8.27 75
10.5x12 266.7 304.8 17.0 11.26 100
11.25%12 285.8 304.8 19.6 12.93 120
11.25%x14 285.8 355.6 22.8 15.08 140
12x15 304.8 381.0 27.8 18.39 170
Assemblies
15%15 381.0 381.0 43.4 28.73 250
20%x15 508.0 381.0 77.2 51.08 460
* — approximately 6 g/liter

Ct. &l2IE2 JHH0lE 2kelA

SiCRLelAEs SiCtRHE &=ot Mzstlh Jlstes 28 M 94
T, Vs gda= 80| ol BIHME AtEotJl= ottt €2 2oz dd
T, A0 @20 =20 HIlse 8 @Eelh. g3 222lA

XIotJl ?15t0 2F 1,000COlA 50nm&E 2| SiOIl s &8Il Fi
BHel AME LIEHHRATH

S ABMEHOIN O 2,500 AZGHOI RIZEICH £ot MEO SADL MIE 2
g

SICZHE HO0| 2SHAM ZSHRE0 OI] A SHRE Jof 9
ANZREE D =S SXAIIN, ZHME & Si02 02 0N =2 S0 =
Ct. NoTox= XI23LI0F L20ILIZ DEGHD, Taoka= SICZHO 9-40m HE =S
DEE 5 HZEZS 25 g/d°BE ZXIAIZCHS
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Fig. 2-15. SiC wall-flow monolith made of cemented sections.
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AT AZON BHAASO Q02 TEHXMS PEX YQWCHs Koo EA
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EY, ZE AR L 25 S2 DABI00 5122 =5 o0 S5l TEH WE
HN SEST U 22T 40 UZS F20= S o

H 3 &2 MHHESEXIC BEF
CI&AHSHEOH(DOC : Diesel Oxidation Catalyst)

D0C= =0, €A, XXM & 0l SM= IHLIAE (Canister)2 AL
O, HIDIDIAZ S000F XIS A 20 STAIH ASHAISIE &XI0ICH®

Jt. =0H(Catalyst)

DOC=EU=E M20IA &tstd, H8P BSek, Usk JtAS HA & 4Atg

&, 2 B4, BOIDHA e w2 DISHE 9 ZII2 ASH 02 st
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JIHE, 22604 S0l QPR

DOCEMZE=E HSSL A ABHEO, ASBE22= U3 (Pt), Zt
&(Pd), 2&(Rh), FHIEBE(RU) ¥ 2(Ag), 252=2= LIZ(NI), +al(Cu), 22t
(Mn), 25 (Cr), Z(Fe), HILIS(V) & EIEH(TI) S0l AFSELCH

0l S0HAX Pt PdOl S 20 A8z PrsSotyd, gdsk U Xt
SOM, dH S3EA #2Il =0l 0l MES=EC. Sol Pt2 S0=0 2ot

(u]

Pd2 L&A Z(Thermal sintering)0l 28 =0t OlLI2H Ol AISHE AtSHEIE O] &4
[

SHHUKIE Y¥== &&0| UL,
L+. XIXIA (Substrate)

F E
dot)| floiMd= =010l thet €0, Solld =II=&, HC & i S8 S=REE
ot =HWHESES =2 &= 7Xot¢0
DOCKXIXI M= Olelet ZHE SFAIIIIN Aok
path) B2 SHSA=O, HII2E AHE Al PMEEES0l SItefol et HHol &
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) J
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co + %02—> co,

HC + O0y,— H,0 + CO,

7y oy O = 0

NO + CO— %/v2 + co,

%/\/2+/720

7C + NO—> Ny + H,0 + CO,

NO + Hy—

NO + J;l/fzﬂ./\/bg v 20

CO + 00— CO,, X,

SNO + NI, — Jzijvg + 34,0
INO + Hy > N0 + H,0
WM 0 — 2N, + O,

2NVHy — Ny 34,

(1) &tstgrEol el

Fig. 2-170l DOCSEUHAELZ BiIIItA 2 2B =E0| 4tatte BHSH
LIEFHHRACE.

BHOIDEADE DOCEOHS & £22 SOIHE & ZHU ZEIN A= =0
Sol CO, HC & SOFJt &l &tst=ICh. Of I DOCEI= &AZAE SHESHN =t

SIEHAIAH CO € HC2E BtSot)| #& 2dE=s U=0 HSHETE SIHAIRZILH

0
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Carrier material:
ceramic or matal

Diesal exhaust

HC, CO, NOx
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P SOF
Partlsulatﬁ[ B
Water

Fig. 2-17. Functional diagram of catalyst
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Hoffmann'® Se PdESI0N SXE (02 HAM SZAHEHOIL
“linearly bonded CO” 2t “bridge bonded CO" 2 &EME =QIGIA2H,
bridge bonded CO= HEHOU o-bonds 2IHE S &GN A&t SstE= Ze2
ot PdOl COQ stetdels =Xetn =8
OF 0,2t S&E M 38 ZEHIt =2MES HURUCEH

H2E5 S00AS CO0 AtstErSES HHEHO
Matsushima®™ ol S5t Pt=OHEHOIA COJt
JER 240l UL =, Eley—RideaI(%Blé’_—‘fE‘ C0 + SstE=E 0 — C0)

stetEgxE 0 — CO)HALIBOIC.

o EXHAOIL, BHSXrE 2=0 &t 86l 220 SHESH SE=
Ol CH] =&otACH. Oldset a2 2501 Soteol et 0.2 S&&0l Sotot
= BHECZAN & = UL, BSHT 242 002 SE=40 et THE Bl
LIS2= LIEtEC

CIMAZOA HEEE HE S8 12 OG5t PUE LEO HCROID! O
o & =

=2 SHEH

(3) NOx2| &gt

NOxol BHRAMEE AN HEHA =08 (Selective catalystic reduction
SCR)™® 1t Z=0H=5H e (Catalystic-decomposition) O & PEBICH SCRS NHs@b 2
=2 SRNE AEot0H NOE N2t HO0E MAEAIHA MHote HEHLZ SO0.LE H001 &
H O=S0 450C OlM0A=E =02 8%t &0l MotE L.

ZHZoiH= SHE ALE0H0H NOE N2t 0.2 =olote= ZHEOIXICH NO = o Bt
SEEI 205 HEZ20 B85S E SIHAIl= S0 JHgEol g2 A0l
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SONESI0 BHOIDFASH N SAIO SDAITIBA HIDIDA Zo NGE NHs
o BISAIH HAS £ZII2 BRGHE YYORM, BSAS USH 20
6NO + ANHy — 5N, + 64,0
ANO + ANHy + Oy — AN, + 6,0

6NO, + 8NH; — TN, + 12/, 0

8NO + 2NH, — 5M,0 + 13,0

=20l 44

it

& ATt

0lo

o &

ro

NHOF =912 0.2 erSotd

ANH, + 30, — 2N, + 64,0
ONHy + 20, — NyO + 3H,0

ANH, + 50, — ANO + 6,0

o A2 USAL &0

NI, + H,0 + 2NO, — NHNOy + NH,NO,
2502 + 02 I 2503

Z0HE AMEStH NOE N2t 0.2 2olAlIdl= JHE dtgder 2-H0IH, TS
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1 1

NO — ‘2LM0+ i@

MO— Ny % O,

1

NO + 9 Oy = MO
JIEF NO.= LSt 22 &3 BrS0l 20,

NO, + HC — Ny, + CO + H,0

1
2

N, + 2C0

NO, + 2C0 <

1
2

N, + 2C0,

NO, + 2C

a2l A

o =2—

gty

OIO

kOII

(4)

1)
—

CIEAXINA HIEE= P2 EEAZAIF S Z2ete MAHE |0F, SOF, &
AH(Sulfate) & Al JHAl AE0I0, BiDIZ2 BISAE0 ek JIMAEY, A2, o
HZ2ZE L 0194 EtAXH(Carbon particulate) Bl S22 =XWSHC.

CI&EAXIC BiDIItA =2&= 100~450TC=2 %I H=Z0l DOCE0HEHS0l 2loH
HiDIOIADE BECZ AL D] HAREZ, B8 SOFUS dE8Eoa MFAII|=
20l AFZ2EICE.

0] =0IlA DIHAEAS] SOF= ofLESl L AtAEHZ Z=XHotMH DOCLHOI SO JHJ|
MOl JIMAEIC! SOF= DOCUHIAMSl S0HHEHN 228z g2, et oFZ
JIMAE el 2eld &2 852 222 SMHEHA MH=CCH
300CHtAl=E BHOIOtA 2SO ASE0 et SOF2l AtstD

Horiuchi S b
dl, olH2 M20AM SOFJF SMHEHUMN =&AL Sl

Jrettt) 216t

tH

_33_



SOFIE SE=2%

—

—

_leftt 300COol&tollA

tCH.

_

|0le

(@)

A0 B = =z 210l [ =T S m s
_ ® R T < A grE2 L g@s
o o 70 S = oo - 8 =
O N TR CEema® x5 C X
o4 w s H & [ 2 20 W wo < = "_un_a M
g =4+ s "B S@w g m @
%u | 0D W = J|J _._D.ﬂ_ - il uw o1 ] ﬁ_. I Dl ok
— —. ) — | o _
i S x o AT w2 @_ﬂ o 8~
WS e fw s e M ZDA
0 =N D X = 10 KO =
v Za o n Bal =®g 5= TG
al > 75 om0 A = = o 3 oF ° o
o S ~ 8 O Y 203 oo mo b Kk A = iy ol
4 o R B o < ow o D= m A
~a A <Xy o S H = < <A T X0 F il0J 0 4
- T iHgawg Y == gwl o
(@) ™ 11 — . o 1|
50 W o0 SOl oo ﬁmmﬁkw ﬂi% B or
ool o Wl o5 g & 0 < s = ol Ko
I R B3 = up o o ® D KOy o W —
) B = = R LR 5 R = - X o T = S <
o al =0 oo < oo d s <F ~ W o= S @i 2 ol =
Kir oo o0 oy 5 mna ol o I _M 0 o Do 2 ol ~
0l0 W 2 z o7 ™ RCIO |%%°C_ﬁ_ S W oW o=
S g Aoy OF g W W& g 3 o z R T
) ol W oo Ok =5 20 ok =4 K o X =
= m ol R oD 3 A S T & = A
7 Ol of Ll 2 ilo0 T X ™
S = 9 0K B 6 ) = % o ~ 0H = . S
1o S - 05 0 = o o = 0 5 & = S A oy @
Kl ol _.A_l o) @_M o_|_ A ﬂ ...A.O O_o S qo_u __A.__‘ A = aJ = W._ ) ._.E o
w4 Rogr & g o0 @ = ;e o= Mo &l MUY
m:r._ Eu_ ol - = 1w 20 Bl HC T <] .A.__\ Cn_ m — ol = T E—))
i ol = ®omE LR Rl L I O A R
o] o__Jowm%Er% e T T @aor,p_mﬂ
) o LW =W, _ SR G TR ) S
) _ <o = = o] 5 4 2 o= K02 < 0 S
o S ol _ 10 < g o » o 1o 0 g |
- B B T S Hweasmwmgsg B P2y
= 82 R A KR S JwvE w26 _ B £ 3
= s mM L L HMWE S S W S SR g d
so 8 8 " L Teo"wmaTsEHpe N we
6 s W a = SwdBs s Wy
s < RCOKO = M S W % <4 T & m R =

_34_

SO3 + Hzo - H2504



i

@ Z0H0Il 2ol M= S0:2F HHIIOtA S =2 Z

SO, + % 0, — SO; + H,0 — H,S0,

@ D20M ZEE S0:2 BHIItA Z2f =

N 380, +1.50,+ Al O~ AL(SO,)4

24
=

i
i

A
]

0z
M

AL(SO,) s+ TEMP.—3S0,+ Al O,

SO+ H, O~ 1, S0,

Douglas J. Ball

Z0HE MEZ Z2 770COIotUIA 2atpnel =01 Jisotll, =2 &ed

ZAANZBLZ M ZAPMOI ZAERJACHD £ I0HALEH

o

o

2. BRE0 LXNASE 0 AEX (COPF)

Z0IE MBS JIE Q8 22 HIJI25 2 KA 300~400°COIIA Xi A4
B4 QUEE IO MSRCE WEE0 UCH BSOS ARGIK €2 2= i)
DA F9 PM2 2 500TOIA THME & UAOLL, SAMOZ 0] 252 XHE5))
= g,

Fig. 2-1801 =OHZE{Q WSS LFEFHQUCH. XIXIXE DCIGRHOIELE Sic
HORY QL2AS AR5, HEHS SAE0Z 2SR, HIIItA =9
PN2 =010t 2EE Helg SWE O & W22 J[20IL HEo ZEE =, by
DIDbA ZAHGHHIM ZSOH0I SloH AtsHEICH
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Forous walls (catalyzed) Flugs

\‘\ ___.-f"'-\
.--"'f-.f
o
FPackaging mat Steel housing

Fig. 2-18. Catalyzed diesel particulate filter.

ZOHREO AIs AWEDI, B, 92 S oo M2t 2y, & =
QEt Blas DDA E2 PUSE0I22, PN ZERS AT SHS D26H0]
AT

Table 2-501 100/1732712 2HE JIEL2 AMAXZAH0 HE ZEHMAES LE
LI & 250 == 20 HAH0l 242 EHE MSotld, ASAIF A&
AH2 HE/22o 420 WMt O Hiss Zelg &= ULt ES 2SI FHIME

(@)

LE, EIOtHl &

0

Table 2-5. Typical COPF sizing ranges in heavy-duty engines

Engine PM Emission
Parameter -

Low(<0.05 g/bhp—hr) High(=0.30 g/bhp-hr)
Space velocity, 1/h 80,000 25,000
Filter volume/engine
. ” 1.5 4
displacement ratio
Filter volume/engine rated 40 150
power, cm3/hp
- Based on 100/17 wall-flow monolith geometry. Smaller filter sizes may be
sufficient if monoliths of higher specific filtration surface area are used.
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2 & 88u0IRULH. =2 ZH0 2g PMHMIAE N S0H0 2t S&E2 Hd &0l
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Fig. 2-19. Conversion of DPM in Pt-based CDPF at different fuel sulfur levels.
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Fig. 2-20. Conversion of gases in Pt-based CDPF.
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Fig. 2-21. Oxidation of PM by oxygen and nitrogen dioxide.
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Fig. 2-22. Configurations of catalytic filters.
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04 NOE NO,2 Mete == 2iCt. Olefst CRTEHS
E AEECL. SFANAHNA=E MY = LG
Oz Hedst2EE 20 ¥&E = ULt

Table 2-60i &&f&0l 3pp
ZH2 BPT= =MHEHECH 15T Y1, SSAA

Al LIEHSECE.

A BHIIDFAC] NOXs &2

£ LIEHUATH. CRT
= CRTEHELC 15T ¥

Table 2-6. Balance temperature comparison

Configuration

Balance Temperature

CRT(oxicat + uncatalyzed DPF)

265 C
CDPF 280 C
Oxicat + CDPF 250 C
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Fig. 2-23. Comparison of regeneration rates in various C-filter configurations.
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Fig. 2-24. CRT balance temperature as a function of fuel sulfur level.
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Fig. 2-25. CRT effect on diesel bus NOx emissions(1998 DOC Series 50 engine).
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Table 2-7. PM Reduction efficiency in CRT filter(CAT 3126 engine)

PM Reduction, %
Fuel Sulfur Level, ppm
ESC test Peak Torque
3 95 91
30 72 73
150 -3 19
350 -155 -139
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Fig. 2-2601 LIEFH &M AlZ0A= 260 AN BiEE= Ash SO0l
A0 IOl X 4ot 0ldet 2HZ CRTEEHE AFZg 22 180
Ol ZHE MZEOIEE HEotD USH, &M AMAOM BHSE = Ashel &

Kool oF {.8%0|CH

no ror

L

e

Pressure, kPa — —= Milage, km
' F-!re‘fI h l dli 'I:lr k Filter turned
Lse nancling muc
10 TN T } soo0c
5 _____,...-r g ——— +4000C
ol=r—"" 0

Jun/od Jan/95 Juligs Feb/9a

Fig. 2-26. Exhaust back-pressure with CRT trap.

CRTZES AXAIE S SSO0IA HA 50CH(1999 DDC Series 50 434 &
CH, 1993 6V92 DDEC 2 OXI 250H) 0l H=AIH &80l 30ppme! H=E ArZot
0 2 88 =0t =oAL,

A2l E 50T A= THAM0| RIEGHH OIFHRB 2L, 6VRAX AN =
el S&0| HMSIULE. £ Al2IE B0 A= BIJI2% 275TOI4& 2&AIZ2H0]
HA2 60%0IULCH. ML T HENCOZ SLACUALH, = DHHL2 14kPallU2
H, ¢dl= 20l SIoterol Wet 1~3% 2 akEl AUCH

CRTEH= AdsEANSA0 HEEHAJA=0O, o2t &1 20 X9
SXEREXNIL ERoIALE. Fig. 2-27001 ASXEN M5 HE ZAHHA DI

05

.01 AMXI(1001E TOICMEl 230 kW/4000rpm)S LIEFLHRALCE.
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Fig. 2-27. Prototype of light-duty CRT system.
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=22 S& ol & (3) L= AL &gt S A JHK HALISLZ 231D
UCH
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BHOIOIA =2 OIHESts=A0F YMED ASEF0H0 Sloh BHII2&E= 100CE S

f2 & Al =00l 2ol Hiol2=Es 450TC0l4 =0tX =0, Olelgt M2
AN A 2EIA0IL IHABIS S0 et CHE X2 2F 400~500kmE =0l & A
HASHH &0 AS2EIMMeE AsHEez A0 S=D0H, 28 M2 o
b 30 =8EE, AdeFHIMNE AdeE s A0 SAEU. AMZEE
Az 60LF EOLM 37.5m(Ce @ 1.9g, 25ppm)It EALEICEH.

Olet 22 HIEZ2 SAtotH EHIHMH 5L 2 A 2F 80,000kmE =S == UL,
80,000km ==& =0l= HIIHNE Z2Solt0{0F ofH, ZEE 2l AshE KM Hot)| ?IotH
=2 HMNHGIHOF 8tCE. 0l AIAEZ2 XS] 2HEIA0ILE MA=I0l et Ch

CEXg SEAE 32 HdIJF & 5% &setlt.

5. HJIolEH YA HHIEX

MIlolH&E A HAESIEXI= A0 2t on-board®t of f-board IHAE A
©2 FPEECH On-board MMEAIZ Ml ZZ0] Jtsst DSHA L ES0 A
Cl=dl, HioleEE 1T =0l AR5 = AT =01 & thp M WX
AHIDO 2E HOIt
= 01842z MIIHUXIE 016K HIDIREE ASAIIl= B2, 100hp2
AXOZ 100C =0l=U 22&= HMHXI= 100x 100x 1.43 = 14.3kWO[Ct. Q&
Of 3M=I FOWH X A2IF O HXICH AXM AMA(100hp, 75kW)2 =2 0] 2F
22 HUHXISE SAIZHI Mdots A2 EItsotlt.
Mt CHE=2 on-boardM& AIAEOAM= HIDIDtAS YRS HEOIIHAAIHA
THA8BEHLE, hot airMAMSHCH, 2E2RE AAEMME MM LS HIDIJEACH A

810 (HEE HIOIIHA StH, Hot air AIAEONAME MMSBIIE AR0NM S8

4

[¢]

ol
rr
O
S
Z'-l_l
0P
o
M0 O
02
o
1
£Q
|0
|0
HU
Ooll
=
S
o
rno
o@
2
=
JA



1993 DonaldsonAtOl S AILIHA ZRUEN XE2 MI|6IH LAS X
25t01 DDC 6VI2TARE HOIA L10MEIOl CHOHAl EPARL CARB Q1ZS 2rQUCH. Al
HIZ S OHI2F2 0.018~0.041g/bhphr OIQACH. O DR BIRXI= 3300 TAIS HA
2,0000H01 Y=, S20AHM=E & =2l 20,000,0000tLS == GHRACH
J2{LE 19944 EPAOIAL HHDIDIAZS 0.50/hp.hOIlA 0.7g/hp.h& 2SHAIZIOZ M
DonaldsonAtes LHRA D Jt2 S| 2HZ MAS ECHGIRACEH

DonaldsonAl AES Fig. 2-287 20l @L2lA ES HAS Sasts &I
SlEl, 22%(blower), MA, WS U ECUER PAE0 UCH ZEHE 20H0l0f, o
LbOl ZUEHOI OHI0l EEE0f ®IISIE 0 Qoh MAEE SOt 2 HIH O CH2
RS ZEN W0l ZXE=H, MM MIHOEIN ool BRHS22 012
O &ICH.®

Tailpipe I I I I
®_ Air
Blowe

Fiker Filter i
Salenoid

Heater -
Heat Rdfledor] —— —
Perforated | wienn [y | voisisnin
Flate 4—|
InletWake *
el Vol
Inlet Valve e
Aijr Solenoid
Sensol Vehicle A
F - pressure Systern
T - ternperature
F - flenar

Fig. 2-28. System schematic.

Mool Aetet &2l W0l 2ol Z2EEE, Sd0l= 220 2ok

720t U LY) =2A% oHZFH EH2 I S=SEI0 MA=CH IHH2

Hel
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g2 S)IREY, ZHHHY & ZHYF 2E22H HLE = UL HAHII= M
HAIAE & M S Z2LIEE0HH, e 5 222 €2 M Mdot)l A& etlt.
X ALz AFHIA E2d IS0l 85U

Table 2-801 LtEFH HiQt 201 CIEZO0IE CIRZAXNA SEHE PMAIHESZ
85%0IRULCH. Ol [ NOx, HCsE= SJtotAl &AL, M Al CO= 22t SItotld

8 290,0000t, BB« I
ANZ2HOIL, 8 & THM Al ol FSAlZt2 6.5201A2MH, 0 [

Table 2-8. Emission performance on a DDC 6V92TA diesel engine, federal HD urban
bus cycle, 0.08% sulfur #2 fuel

Engine Baseline g/bhp-hr Trap g/bhp-hr Efficiency %
NOx 5 4.3 14
HC 0.7 0.6 14
CO 2.5 3.0 -20
PM 0.35 0.053 85
SOF - - 63
non SOF - - 92

Fig. 2-290l == &XAIE Al SE& HHEEEE UEUHASO, B2
4.1 kPaOIRULCY.

HIPIHYANAM Hee Z Hgasd HIIEX AFS0l 2o A2
Ct. Table 2-90 AMEOA HIEE= AL 2= JI=2=2 ALt Ol2¥s AL

&S UHEHLHRUCH

rr

m
T
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2000

1300

1000

S0

O—'ﬂ |_||_||_||_||—|._
oz

4 g 8 1012 14 146 18
Backpressure, kPa

Histogram Distribution

Fig. 2-29. Backpressure distribution on trap equipped buses.

Table 2-9. Trap system performance — fuel penalty

PM, Engine Regeneration PM, Trap Fuel Penalty

Baseline Frequency ’ Electric Backpressure Total

g/bhph h g/bhph % % %
1.00 1.4 0.150 2.5 0.4 2.9
0.80 1.6 0.120 2.1 0.4 2.5
0.60 2.0 0.090 1.7 0.4 2.1
0.40 2.9 0.060 1.2 0.4 1.6
0.25 4.4 0.038 0.8 0.4 1.2
0.15 7.2 0.023 0.5 0.4 0.9
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H3&E A8&ax o 2

H1E o183 s
POPF2l @2

POPF(partial diesel particulate filter)gt &S &(Flow Through) |32
D0C(diesel oxidation catalyst)2t ESHHF(Wall Flow) RS2 0OPF(diesel
particulate filter)E Z&ot0! PMHIHE0! 50%014 &= 2t & XIO0ICH.

Fig. 3-101l POPFS] HS&2IE UEIUHAULCH. POPF= 33X+ JloterH

o

& 2= XS (Corrugated Layer Blades)S 0l20t0d &AM BHO|=o & Ct=
o 25825 (Porous Fleece Layer)Ol SUHAIZSEM PMIF ZHH ZADZS
SH AL

~Porous fleece layer

H Modified Pri
(F'ber Mat) Cell Foerm Cor::g;:?l’on Shovel
7

Corrugated Layer

Foll Strip

Fleece

‘Shovel

e Fleece Layer

Corrugated layer blades (Foil)

Fig. 3-1. Fundamentals of partial DPF.
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POPFEA 2 HEXTHEY A DPFRE =FAMOHCH. =, Fig. 3-201 LIEHH HEeE 20|
POPF= =&8E&l= PN 22E EHO Z&otM, HiJIJOtA =2 NOJH DOC & POPF
Of DEE &SF=0H0I 2loH NO.2 M&tEl®, NO.S O0lSot0d POPFOI E&= PMS

2 T2 M POPFIL &5 MA=C DPFAEES DOCE AtSHSOHZ A NOJH
NO.2 MEtElESs BtSS EXotd, PN 28 EC! SOFE &=tAIZ2Z M PMAIAH S

=012, HiJI2=E asAIH POPFE PMAtStEtS S F&lIetLt.

POPF2 DPFSl XtOIE=2 POPFel &d< HEHAFS < HES

50~60%= == WAl HiJIDtAS] SsHets =822 M AIXOILE XtEel FotE

SR O= HOICH. [etMd POPFE DPFELCH XE&ds 2 AU f£=0ot1, H
o

H
DEOHH AsEX 20 2HS WHRH0l R=xot22 AXN2EI E2 X A

I-HJ

00|>|-

ShoveI‘Position

C+2NO,=2NO+CO, Friter Infet ﬁ\ Catalyst
ilter Inle PM

Fig. 3-2. Construction of partial DPF.

2. POPFSl B8

POPFE 2=22S H2H (Metal partial through filter), Bt 2t2 ZUE (Half
plugging filter), 2= = ZE(Metal foam filter) S92 IR2LH, O 20
DOC2t A=&HILHIE &0t PMHIHE S 50% Ol SFAAIZ2I EXSE NS AL,
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Al

. =5RES

Fig. 3-32 == D0C2l A

)

layer

(Porous

K|0

Fig. 3-3. Metal partial through filter.

=L

00
or

—de

ol

b, BioI250F &

= XI5

o

4, BHEE22M PMHIAES 50% Ol

e}

Kl
I

-

ol

I+

FECIX &

=

B0t

1l
H

Clct

Fig. 3-4. Half plugging filter.
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. =5 & 2d

Fig. 3-50il LtEIH ==
Mz HZ&st 2d0ICH. JIs2

Fig. 3-5. Metal foam filter.

3. IJI1¥3EXS 74
. EX2 H&

= A0 AISE EXe 36438 € IR0 HESt= POPFOiII E 2t &K

OIH, DOCRH DPFZ A =LH.
S0l EXI&E= D0C= N

02 PMHIHES A = UL, =0l EXI5Es DPF=E 3XHE <

AE A= 25+7E=(Corrugated Layer Blades)S 01&0t0 il R&o UL
E Us4d 254825 (Porous Fleece Layer)Ol SWAIH PMS ZEHO ZXGHL,
M ZHSS SWote s HEE NS 0I86tH ZEE PNS LStAIZSZ M
e HHE&S M2ot= HXI0ICH
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Table 3-101l POPFS] S& & ME = LIEFLHRALEH.

Table 3-1. Specification of PDPF

POPF Partial Diesel Particulate Filter

700(CONE TO CONE)

DOC PARTIAL FILTER

~
/)
180(ONLY CATALYST)

Scheme |4 —
el
Dimension and . . .
Weight L : 700 mm, D : 200 mm, W : 25kg
Attach type Muffler substitute type
. - DOC : Stainless Steel
Material - POPF : Stainless Steel / Sintered Metal Fiber
Housing Stainless Steel, Round Type
Filtering 0
efficiency > 50%
Collection
capacity 4.8 0/ 4

L. 2EH2 EHMa MA

Table 3-2%2 Table 3-30 POPF2l ds= Z&ots ZH M2 S5k

a4 2z 2 JIEE S 2 MES LEUHALH

’
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Table 3-2. Specification of sintered metal layer filter

Size/Volume 174.6mmD %246 mmL / 5.9 4

Space Velocity ~92, 000Hr " (Max imum)

Cell Density 200 cpsi(Cell/in?)

Foil / Fiber Mat Stainless Steel / Sintered Metal Fiber
Fiber Diameter 22um(Average)

Porosity 77%

Thickness : Foil / Fiber Mat | 654m / 300um

Table 3-3. Specification of front-coated substrate

Size/Volume 174.6nmD < 150 mmL / 3.6 ¢
Space Velocity ~151,000Hr " (Max imum)

Cell Density 300 cpsi

Foil Stainless Steel

Foil Thickness 50um

. 22 BHe 843

POPFE AES M JIE S8 4= MWAZIHN Ok 2HAHH 2= bH
&S EHASSIHA UIOIESEXIC 2201 |RAEE= ot 210ICH Fig. 3-11
20l POPF&E =22 (Fleece Material)ll 21230100 € BI}HESSS LIEFLHAULE.
Z2H2 J1Z0l 3B B2 g2 A=z HOLur biIIJrA A= I(0
gioh 21801 W2 A2l MEud HIJIDIAE HAHE = SCH(ZMHZES
Cordierite= 20mZEHE AIRE), J13801 12md F ZEL= WAL= 2H
Ol Zel= IOl 2oH by-passEle OHSSl 201 O 201 20 238led M
20| Mot=lCt. et 2 AR ME J1s2 AJ0F 22um@l ZHHE SHEFGHALCEH

GEst ZHSEMNE 4509/ M2z HMFGIA=0, 1 Ols= 400g/mY ZLE20H
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MAs=2 OA X SHRAELZM

Ch.

28

2F al
S =

JIAA

2= 25D

S

22 um

Filtration efficiency [%]

1

]

2 um

B105x74,5 mm 35/450

B105x74,5 mm 221450

S105x74,5 mm 12/450

PM-Filter Catalyst
©105% 74,5 mm

200 cpsi /6

Vlies: 450

Engine:
1,91 TDI

Ruoiler test beach

PM-Filtercatalyst efficiency
Variation of fibre diameter

Fig. 3-6. Pore size selection.

0.018

0.016
0.014

0.012 -

o 9
B
o o
» @

0,004 +

PM emission, averaged [g/lkm]
(=]
£

¥ emission

-29%

-24%

-42%

- 46 %

2207450 gie

221/ 400 g/

4007470 gine !
Type "A"

404/ 500
Type 5"

PM-Fiiter Catalyst
@ 105 x 150 mm
200 cpsi / BS pym

Viies: 450 g/m? /0,3 mm

Engine:
1.9L TDI

Test:
MYEG test cycle

PM Filtercatalyst

Effect of Fibre diameter on filtration efficiency

Fig. 3-7. Filter density selection.
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Fig. 3-80i =2=8stet F0H2 20 HE SAd=E2 MAESS LIEHUHX
Ch. dH2 ZHl ¥ FEREIAEX0N =0HE DES2EM MAE0l 3=

&2 == ULH
CCRT = DOC + Coated Partial Filter
CRT = DOC + Uncoated Partial Filter
tetd 22283 E X0 Wash CoatingS &H&set CCRTI &M HRANMA &
=4

eS|
S0l JtE 200 RPERLIAEIXN0N SHZES TLotRUL.

(=]
(=]

[=2]
o

A
A1 .

Bare Filter CRT

—

ro
o

2800rpm

.
o
2800rpm
PM Reduction [%]

[e=]
o
o

=
2% 1 @-CRT ]
© 3 o
== Bare Filter
[=]
S 20 _
=
: , , , . 2000rpm
200 230 260 290 320 350 380

Temperature [°C]

Fig. 3-8. PM reduction effect on exhaust temperature and catalyst type.

_66_



>
0

H2Z Agdx 2 FX|

1. g
AEN A== AR XMW= 140ps, HHOIZF 3,907cc=0ICH. Table 3-40
Ao MRZ2 LIEFLHACH

Table 3-4. Specification of test engine

Type of E/G D4DA
Displacement(cc) 3,907
Max. output(ps/rpm) 140/3,200
Max. torque(kgf-m/rpm) 38/1,800
Air aspiration TCi

Dl

Type of combustion

Type of cycle / engine array 4Stroke, 4/In-Line

Bore(mm) x Stroke(mm) 104 x 145
Cylinder arrangement 1-3-4-2
Compression rate 17.8
BTOC 7 +10°

Injection time

2. AEgEX

0 J%

&l =7
H HMOIZXI(Engine Controller), 912 25 ZEEIX|, W24 25 ZEEXI,
2% 25 XEEX, 82 BIISEH, 9z REH Y dg FEH 22 +4
S UACH
BiOIJOtA= CO, THC, NOx ¥ CO,E 2406t/ H, C0 & Co= HIZ2AELAH



JIe

I

24H(NDIR, Non Dispersive Infrared Absorption), HCE Z=Z0I232HS
(FID, Flame lonization Detector), NOx= 3t&r2rZ#(CLD, Chemiluminescence
Detector)S AtEot0 2406IULE.
Table 3-5 ¥ Fig. 39 ~ 3-130 AMANSSH, BHIISHEX, LANSE
JEXC HEH Y &= LEFHUHIUCH.
Table 3-5. Specification of test device
. A . Type
Test Device Specification Approval No. Manufacture
E/G Dyno. 440kW
E/G Dyn. and N AVL
. Fuel flow meter |0~ 150kg/h EAE-19
Test Equipment (Austria)
Air flow meter |07 25,0004 /min
HC Analyzer FID, 0 © 1%
NOx Analyzer CLD, 0 © 1%
Emission Test - Pierburg
CO Analyzer NDIR, O~ 3000ppm EAA-D21
Analyzer (Germany)
€02 Analyzer NDIR, O = 16%
02 Analyzer NDIR, 0 = 25%
AVL
PM measurement
MOT474
system (Austria)
PM Test Equipment o N EAP-MDO1
Weighing chamber |22483°C, 4548%
Heraeus
Balance 0.001mg min.
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ig. 3-11. PM dilution

and sampling system.

Fig. 3-12. Partial diesel particulate filter. Fig. 3-13. Installed PDPF.
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H3E gy

BiOIESI &Il 452 BOtol)l fIotol JStAIE, SHAE 2 AXAES
>S5
BiOI1JOtA ESHAIE
HIOIDtA HSIAIE A= ND-13 25 Z& M50 MHES STOHACH &
N&EE, C0, HC, Nox ¥ RUHSHSEE HIIME ASoHK &1 Z0HESA

=
==
Fol=2Z20| M&%X

Table 3-1501 ND-132=2)
20l PM2 2 25 & Jis3H= 0.0

=
EAI =20 Alset=

o
XS

Ol A XLl AIZALCE.
LHEFLHRACH.

Table 3-60l

HEot =gotUlt.

LIEHH BE2F

Table 3-6. Schedule of ND-13 mode

Mode Engine Speed Load Rate Weighting Mode Length PM Sampling
No. (rpm) (%) Factor (min) Time(s)
1 idle - 0.15 4 90

2 A 100 0.08 2 48

3 B 50 0.10 2 60

4 B 75 0.10 2 60

5 A 50 0.05 2 30

6 A 75 0.05 2 30

7 A 25 0.05 2 30

8 B 100 0.09 2 54

9 B 25 0.10 2 60
10 C 100 0.08 2 48
11 C 25 0.05 2 30
12 C 75 0.05 2 30
13 C 50 0.05 2 30
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100

Fo
Additional modes
detemmined by
== certification
- personneal
= a0
=
—]
25
15% F.y B L
o L4 . I I
\"\_/'J S0 Fo 100
Idle Engine speed, %

Fig. 3-15. Driving condition of ND-13 mode.

ND-182E= Fig. 3-150i LIEtH Ht2t 20l SEdE0lA =S =0] 50%A &
= (N)S ZHES 0lF XHSH0| 70%2 Mol AX=E(N,) 22t Fotl, 0l
T2tS 100%2 ot NI=S2Z22H 25%= A, 50%E B, 75%S C=2 &Z&otUlt. =F

A, B, Co ot 1/4, 2/4, 3/4 & 4/4B0AM 2E==K0I et & AIGH

Fig. 3-160i AMA== A, B, COIAS HHDJIOIA KHIHES UEHHRACH. £ A
(1), (2) & (3)0l MRHAE NS22H ND-132E2 3|8 A, B, CE Fot=
HE =S LIEHWHRICE.

Table 3-701 AA=E A, B, COIAS &2 BHOIOIA HMAHES LIEHLHRUALCE.
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Pmax -
- —
o - =
& 2
& 07P, . F— @
DC3 O'5Pmaxi é
. 25% | ; | —
i C 50% : i
T 75%__5
N, A B C Ny
Speed (rpm)
Fig. 3-16. Calculation methods of engine speed A, B, C.
Speed A = Nioy + 0.25(Nnigi—Nion) (1)
Speed B = Nigw + 0.50(Nnigh—Niow) (2)
Speed C = Nioy + 0.75(Nnigi—Nion) (3)

N|OW 9} NhighE —;:El EH%E(Pmax) 50%9" 70%%

Table 3-7. Engine speed A, B, C in full

load

el el &d~E 2/0/8tCt.

Speed A(rpm)

Speed B(rpm)

Speed C(rpm)

1970

2435

2900
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2. W=AIE

LHAIE0AE 0, 25 & 50AI2t2

Table 3-80{ Seoul-10
IIAHAHA=ZZS LIEFLHRUCE.

20 50AI2E LH2AIE O T

BHO1DFA

=
=
=

—

2 OlHIE SFGIAC
el oly RS 2 b))

Table 3-8. Schedule of Seoul-10 mode
Mode No. Engine Speed Load Rate Drivin.g Time
() (%) (min)
1 Idling 0 5
2 40 o5 5
3 60 100 >
4 60 50 >
5 Idling 0 5
6 80 100 >
! 80 50 >
8 Idling 0 5
9 100 100 °
10 100 50 >

3. HMBE 2T (BPT) A&

BIOI B S A XISl MBS 2S(BPT @ Balance Point Temperature)= Q&I ZEH
Of PMEE S MMSO| 22 e 2= M LHEILM, DPFel M8 ss 2 0|8t
Ct. BHOI2=5 FoA =XotEA PMEZ0 [HE HHS HaE =Fot0 Al
O g2 HAIGHLD, AR FML RIOHE E HAHZ HFAIIHA 2B I
=== 2H BPTE SFoIAL
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4. 2 3 EZIANE

AREII2 =0 22 SH0lM SHEY Al datEXiel Z2HW e EX0
ofet HHIIJIA E3StAIE MotMRE EItot)| flot¢, A 2HXH=2 X
A2 BIDI=2E0F S ds 2280 =0 HMESE2S(BPT)E0 ¥2 210T
FT0A 28otR2MH, AAHII=2E SHIAHMA 10AI2E 014 286t 2H
LHOIAT DRSOl MAEXl 210 ENE= &0 2t EXSdsS S406tRUL

SRS B AR =E
102 2tZ2e2 HA=EH
0 HHez YUMSEHEY

2 FHAl X2 S S9t5 S0l 2ol ol S22 S0l BHEE =X
HEE =dotJ| ot st 2AXAH0l U= Transient =01 ETC Al EY
ez X &L

=22 HMASS BIotR2H, AME8E82 Fig. 3-172 ¢l &=
x~

1ot = SYotAL.

S Urban streets Rural roads Motorsays

Torque (%) Time [5]

Fig. 3-17. Schedule of ETC mode.
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6. DHHAIE (Lug down-3 2 &)

AXIO| OHAHSLSIAIE Q! LugDown 32EE2 AXSSHAMNA S OHSX
HES HIIotSLt.
2 ZENeAsoz ZSHOIQUO. A MISIMEHHA ARG HLE=E HA
S| M= (Rated speed)2l 100, 90 & 80%2 x=&EolH, HXl H= M.Z9 OHH H
HE2 SEHOIAULE.
7.4XAE
Jb. &EX
= XANMN AMEXES 452 Hotot)| ot HAHO0|l CH B & 2
i1 eI 30,000km Ol&afQl xtsS AAHGHACH. 30,000km =8 & AATHA HiJ|I2
TIF 250C OI&01 10% DIStS 2 15,000km Olal FEMAIES FIt2 A AIGHAHLE.
ANE X2 AXE20| 30, HSII(Turbocharger)et =2t 2D (Intercooler)Jt
SaE TCIHAMOHAM AMEHA SHOM BHIIE0| 20 B2 S
Fig. 3-18 & 3-190il AXIAIE Xt XM XS 2E2RFAFEAXS 2

S2 LIEFLHALH.

Fig. 3-18. View of test vehicle.

Fig. 3-19. View of PDPF.
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L. &lEdd

ROl FHEEZH(AIIE)E 30km/hr0IGH 30%, 30~60km/hr 30% &
60km/hr 014} 40%= & GtRALEH.
Fig. 3-200il &Ext&el Fl-d= LIEHHALH
X

@ M=Z2872H30 km/hr 0I5 2 S=524

ZXe FgHs HFY 0F € WE S= =ZelokJl Aote EXe =2 7
= 2 L= 2d2l 5,000kmOtCt BZotRULt. e F26t SIt5 =Y
= 0I80ot0d 33 =3dotll, MEUOIEH2 ADIAHHEIXE FHotUALt., £
Lug-Down 3 ZE=5 0IE0tH HAFOIBAIS HAIGIRACH, Us JISE AXte
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D
021
[}
|1
=
kJ
Uzt

H1ZE RHEANE 2 24
1. JI2dsSAE
Table 4-101l ABANZO J2HS AIBZUAE UEHHACEH

A RN HII= =52 140 PSOIH EXEE MU =8= AL
134.9 PS2 & -3.6%2 X0IE =2

Table 4-1. Power of test engine

Recommendat ion )
| tem Test value Difference Standard
value
Max. power (PS) 140 134.9 -3.6% < +5%

. AEXES HANS &F

HENEE 19969 O0l=2 gAals oAU, 11 Ols= 1996 0IM2| Xtg
At

2 PMOIl CHEF RO &2, X+g0l 1048 Ol

10
Hu

b
o
0
Q
v
=
=
rlHHl
[
[m
ol
[

HXb ==0F Bt&otyd, ULk BHEE= PMS X2lot)| ?loll 28&8XE 5 <
XNEHOl HA BIEAHOID] IHSO0ICH.
Fig. 4-101 Z= X0l HE0t= NOx/PME LIEHHRACH. 19968 A HIOIAE= NOX
11.0 g/kwh, PM 0.9 g/kwh2ZM NOx/PMHIDJ 120111, PMMIAE 50%S St=dt=
S

POPFE HEY &+ JUJUA2H, 0I= HAINAME NOx/PMHIDOF 182CH 2H tENO=R
(@]

PME0H DEEE(Partial Filter) 2012 NO./Soot RatioOll 2 PMEEZE L
H 1gY NO, HHEZE0| = HEXE0l PM HIA=01 22,

MHIAESE SotgsS 2 = UL

e

@
o
N
o
¥ IH
[T
e
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PMFC Efficiency [%]
100 1

[ g e o e e e ] =
Passenger lar Heavy Duty Truc = Lengt!\\gﬂo\mm
5 Medium-Duty \\ e
- i
il | Vehicle - g
60 1
50
40
30
20
10
L LB
0¥ : : ‘ ‘ ‘
0 5 10 15 20 25 30 35
Ratio NO, / Soot [a/g]

@
=3
=3

n
@
k=

N
=3
=3

Number of vehicle types
-
o
(=3

-
=3
k=3

@
o

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
NOx/Soct-Ratio [ ]

NOx/Soot-ratio of different Diesel-applications
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Fig. 4-1. NOx/Soot ratio of different Diesel applications.
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2. HIHEANE

MAHEAEZ2 ND-132E2 +HotARA2H, PM, CO, HC % NOxS =ZolULt.
Table 4-2%F Fig. 4-2, Fig. 4-32 MAHASAlg2 Z0E LIEHH X 0ILC.

HMAZE2 PM 56.3%, CO 98.3% % HC 93.6%= =H UEIG2LE, NOxe 4.3% &

T Zaote Zets ERUC AIUEH A=z AHIS2 1%01ot2] BtE 20

= -1 AA

Table 4-2. Emission reduction rates of PDPF

| tems Without PDOPF With POPF Reduction rate | Test Mode
PM(g/KWh) 0.112 0.049 56.3%
CO(g/kWh) 0.82 0.014 98.3%
ND-13 Mode
HC(g/kWh) 0.217 0.014 93.6%
NOx (g/kWh) 5.308 5.079 4.3%
Engine power (PS) 134.9 134.5 0.3% |
: FULL LOAD
Fuel (Cgo/”kwhm)p“o” 232.3 032.9 0.26% |
POPF= U PMel 2EE ZHO Z&GHL], DOC ¥ POPFOI DE = At3H=0H
Jb NOE NO.= &tstAIZ|H, MAHE NO,E 0/&E0t0 POPFOI L&HE PM2 CO.2 4t

NZBLZM PNE A=H22 THAAIZICEH
POPF & &0l ?IXIgt DOC

rr
B
Wh

FSIE0HE2 A NOJEH NO.22 MEtHtsE2 22X
otLIct PME & dt= SOF(Soluble Organic Fraction)S AMSIAIH PME 22 M2
Al SAI0 BIDIOtA 2EE ASAZOZM POPFAUIAL] PM AtSHEIE 2

ANl HE Ck.

02
o

A
e

o
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Fig. 4-2. Emission results of PDPF.
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Fig. 4-3. Emission reduction of PDPF.
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UNAMNEE EHS(50% 0142 HRLE 2

Fig. 4-42 0Ol POPF ZO0l0l WE PMHIHES UEIH A0ICH ZE2l 2010t
200mmOl &Y Z2 PMHIHEE 50% Ol&42=z LEU 2 XM= S&28 dats
= =20t ol ZEHEMZ0l 246mm, & 174.6mmE S HOIRUCH. ZEF Ut
CHatol &l BiOIE (4liter=)2l 1.5HH2 2RIl 1.5= AAFEXIQ 1~1.5A012 =
Uatez HEE0l zIHZ S 25 UACH

NO, Uberschu; 240 °C;
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50

|
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90 _PM Reduction [ %]

B0 el s e
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Fig. 4-4. PM reduction rate on PDPF length.
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H2Z U-AIE

HAIE 2024

X2 UWrdss Z0t2I] AActH Seoul-10 2=2 50AI2E 014 AAIGHA S
4, Fig. 4-5% Fig. 4-601 &EXI LH-AIE (Seoul-1 )OIl HE Adl 2H8EA
(BIE=E, E3)0 POPFEXI MM BIOI2E 2 ¢S LIEFWACH. Dol
N B8 UWAEsSAEQ Seoul-10252 AlEY I HXI dHO 2&&= F1 55
0CEX0I] HX H-=H0l Zcle g2 210 240mbar2 =EEHON EXI 85N

Xt
o
ot0l OIXle g2 Ble A2z =R

4000 { —sSpeed 400
—Torque
= E000 300
E. ——
— =
= i =
2 2000 200 @
a -—1 m o
= ‘ =
m
5 1000 100
0 ‘ 0
0 200 400 600 &00 1000 1200
Timelsec)
Fig. 4-5. Speed and torque of test engine in Seoul 10 mode.
BO0O 0,30
——DPF |n Tomn
500 ——DPF In Pres /" | 0.25
A\ /N
I N 7 A S S )T .
= e [
™ 300 ni1s 5
= 200 010 =
[= N e
: __J l L :
— 100 f i T 0,05 [us]
u} 0.o0
u} 200 400 B00 s00 1000 1200
Time[zec]

Fig. 4-6. Temperature and pressure of pre PDPF in Seoul 10 mode.
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Table 4-32 HAIEFHAZIN W= BHJIJtA HIAHSO0ICH. PM, CO & HCHIAZ
2 B0AIZt SEAIE s 2 BEHatb 8 LD, 50AI2E OI=0= <F 98%, 93%S LIEL

WOl X2 THedse Hats 8iALU. 2 NoxMHE8 @85 LER20 0= NO
b BHOIOA S2| dF BrAet ZEot AU H20ICH

Table 4-3. Reduction results of emissions by driving time

[ tem 0 hr 25 hr 50 hr Without PDPF

ol Test value(g/kWh) 0.049 0.049 0.048 0.112
Reduction Rate(%) 56.3 56.3 57.2 -

0 Test value(g/kWh) 0.014 0.013 0.015 0.82
Reduction Rate(%) 98.3 98.4 98.2 -

e Test value(g/kWh) 0.014 0.014 0.016 0.217
Reduct ion Rate(%) 93.6 93.5 92.6 -

NOx Test value(g/kWh) 5.079 5.201 5.12 5.308
Reduct ion Rate(%) 4.3 2.0 3.5 -

Table 4-4= POPF FEFI XES 0AI2, 25A12H, SOAIZHOI UOIH Z2 D
PI2AHIZO HEE LIEHH 200/CH & 50AI20 ZD S POPFES ZEEH AEHO
N E2D H2AHIS0 MSE UIDIAUCH HIDZ POPF BE X5 £ U o
SAHIB BS0F 010G B8Ot YU HX ABANE HE N0l $
o, 8 M 23 HIJIJIA ZHAFI 5 JIFQ £5% 0IHZ JIEXE BSAl
US o 4+ UNCH

Table 4-4. Pmax and Fuel Consumption results by with or w/o PDPF

| tem Without | With POPF |With POPF |With PDPF |Without POPF
PDPF at 0 hr at 25 hr | at 50 hr at 50 hr

Measurement

Max. power Vol (PS) 134.9 134.5 133.9 134.7 135.1

(Pmax) ™3 Tat fon(%) . 0.30 0.74 0.15 0.5
Measurement

F/C va oo ki) 232.3 232.9 233.1 234 .1 2321

at Pmax Variation (%) - -0.258 -0.344 | -0.775 0.086
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Fig. 4-7. Back pressure variation by endurance test.
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H3Z MAFE=2T ANE

THMES 25 (Balance Point Temperature) A&

= AN E BIIOtA 222 280 KRAAIHAINSEA PM ZEOl T
HotE =Tot0 Al2te &2 HAICIRCH, AZ3AIt =58 Y
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Fig. 4-80l QX T2 252 € SAHZ HFAIIIHM st HIY &=
ZL2H BPTES =Hot LIEFWALCH. Fig. 4-9= HIJI2% 290C 22014 HHEH0l
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Fig. 4-8. Speed and torque in BPT test.
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Fig. 4-9. Back pressure with temperature of pre PDPF.

2. NOOl 2l8t OHY THMIIs2%

NO-Oll 28t Carbon2l M2 300CE=20AM &= 0lFH OI2CH A
M= Ml=s0l EHXAH =0, Fig. 4-100l8 22 HiJI=2=Jt 180T
25 XZ2A0IA Carbon A0 ZL28H NO. M0l LEILIDI Al&Eols As & ==
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Fig. 4-10. Relationship of NO2 and regeneration temperature.
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3. MMIls25=(Light-0ff Temperature)
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0§l 4tstedE HEHok=E C02 Conversion LOTE & 150C=, HiJI2&E0t
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1 QUACH LOTS JIEE MHE 50%2! JIE2=2 HotA2O, 90%01&e MHE &

Il UWrdss ol F
30AI2H 2,000ppm2 EO2 =& =0 L= A2 20E L0T= Hl Hsb AL
L, =& MH22t 0% M 80%= XMaHGHACH DAL &AM MHMESE LEtUW=E
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Fig. 4-11. Regeneration possibility temperature of SOF.
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Fig. 4-13. Temperature of pre and after PDPF.
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Fig. 4-14. Back pressure of pre PDPF.
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Fig. 4-15. Smoke results of after PDPF.

Fig. 4-1601 M=
LEEFLHRACEH. 4

O:|_‘.—_|:E ol

s o

(%)®Mous

=2

100

a0

&0

40

20

10AI2H

(| él- =t

OHAMZAIES] ZOAIZHO 2 BIEItAC A M2 S

SO HX=HUM HEs== SItotkl gD
HECH 204322 M2 &0 BHEERUACEH

HH = Ot A

|SMOKE - R.R. I. T r r
—=—EBP Eff.Smoke
Hl-_ J.vl. | ¥ n | X
A ATV ATTNY

Time{h)

Fig. 4-16. Smoke reduction rates.
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Fig. 4-17. PM results of after POPF.
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H5& ETC 2=01 28t oot MAHE

1. ETC 2 E(European Transient Cycle)

CEFd Al EXI2 Sdd S5 S0l 2ol )l S22 S0l BHEE=EX
HFE =HobJ| ®lott, UEe S2HXIA0l U= Transient Z=Q1 ETC AIS2E
oz gAg=E2 HMAHES EItotAlh

J .
Fig. 4-190i ETC Al A& M~E LIEFLHRUCH. ETC 2E0AM AR M=
£ 600=7tXl= 1,000~3,000rpm =2 =t&otA2U, 600 O0I=0= 2,400+ 200
OlM 2,400+ 100rpme 2 2&otH CHE LI RULCH.
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Fig. 4-19. Engine speed in ETC mode.
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Fig. 4-2001 ETC A2l &3 H3S LIEHHRUCH. ETC 2E0A A E3=
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Fig. 4-20. Torque in ETC mode.
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Fig. 4-21. Exhaust flow of partial flow system.
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Fig. 4-2201l & transient cycleS LIEILHRJULCE.

100

T AT
TV A M
L {

u] 200 400 500 g00 1000 1200 1400 1600 1800
Time, s

Vehicle speed, kmh

Fig. 4-22. European transient cycle.

2. HIDIOtA HAHE

Table 4-5%2 Fig. 4-2301 ETC AI&ESl HDIJIA MAHASAIE ZWME SEOHH
LIEFLHRICE. PMAIAZ0] 63.3%, CO= 91.0%, HC= 96.6%2 =H LIEtS2LE, NOx
HASS 1.8% 2A5HJA=0, 0lHs 2= ND-132 =2 R ALGHC.

PM HIHE0I ND-132E20 2f 7% ofs8 X2 ETCEE=S SE0| Transient2
col22 2ottt 2AH561 SIHEHl et B0l A&t ol BiJIOFADJE Opens

T [}
EU=E =573 S Sdtote 201 SIHEUI| 2012t At2 =L,

ol

r
0

Table 4-5. Emission results by using muffler and POPF

I tem W/0 POPF | With POPF Redr“actte' O | Test mode
PM(g/Kiih) 0.330 0.121 63.3%
HC(g/Kih) 0.464 0.044 91.0%
ETC mode
CO(g/Kiih) .428 0.049 96. 6%
NOX (g/Kith) 4.913 4.821 1.85%
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Fig. 4-23. Modal results of ETC.

Table 4-601 ETC2E=2| HHIIJIA HIAHAEAIE ZUE LIEFLHALCE.
0401 NOXHHZ &0l ML X 2= A2 ASE0H0 2o BiE S = NO.
Jb O X2 8360 N2 &MEStElX 210 NOZ2 MEE/UD| S0l
Ct.

Table 4-6. Reduction rates results of ETC mode

te PM Co HC NOx
(g/kWh) (g/kWh) (g/kWh) (g/KWh)

No. 1 0.330 1.489 0.431 4.983

Muffler No.?2 0.326 1.394 0.470 4.900
No.3 0.333 1.402 0.491 4.855

Avg. 0.330 1.428 0.464 4.913

No. 1 0.118 0.058 0.046 4 .846

PDPF No.?2 0.125 0.042 0.044 4.825
No.3 0.120 0.048 0.042 4.791

Avg. 0.121 0.049 0.044 4.821

Reduction rate(%) 63.3 96.6 91.0 1.8
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of 2o ZEE 0l AR2 R=(blow-off)E == ULH. 13 AIF0M= OHA
MAZ0l ChA MotE AL, 23], 32 AEMAM= HANMAS0l S EACH. HH

JI=E0l =LA WTAIEMA Uz SHY 32 Z)|lle WHEMB SO0
MotZll, 23 O|=RH= 4 =Hot22 POPFEXIC] &2 AXNA 2HE X
HE A2 BHEHSHT

Table 4-8. Smoke reduction rates in lug-down 3 mode(Paper type)

Muffler POPF R.R.
NO.1 | NO.2 | 33 gz 13] 23| 33 g (%)
Imode | 2.25 [ 2.28 | 2.23 | 2.25 | 1.26 | 1.27 | 1.25 | 1.26 44.08
Test 1| 2mode [ 1.84 [ 1.91 [ 1.99 [ 1.91 | 1.05 | 1.06 | 1.1 1.07 44.08
3mode | 1.77 [ 1.84 [ 1.84 | 1.82 | 0.86 1 1.07 | 0.98 46.24
Imode [ 2.16 [ 2.14 [ 2.26 [ 2.19 | 115 [ 111 | 1,11 | 1.12 48.63
Test 2| 2mode | 1.91 1.9 [ 1.96 | 1.92 | 0.94 | 0.88 | 0.78 | 0.87 54.94
3mode | 1.93 | 1.93 [ 1.82 [ 1.89 [ 0.86 | 0.83 | 0.83 | 0.84 55.63
Imode [ 2.13 [ 2.21 [ 2.19 [ 2.18 | 1.01 | 1.01 | 1.04 | 1.02 53.14

Test 3| 2mode [ 1.86 [ 1.9 [ 1.97 [ 1.91 | 0.91 | 0.9 | 0.83 | 0.88 53.93
dmode | 1.97 [ 1.82 [ 1.81 | 1.87 | 0.88 | 0.86 | 0.91 | 0.88 52.68

Total Average Reduction Rate 50.4%

| tem

Table 4-9. Smoke reduction rates in lug-down 3 mode(Light extinction)

o = Muffler POPF R.R.
- (Absorption, m-1) (Absorption, m-1) (%)
imode 14.05 8.10 42.35

Test 1 2mode 11.44 5.89 48 .54
3mode 11.17 5.35 52.09

imode 13.92 6.26 55.05

Test 2 2mode 11.62 4.74 59.18
3mode 11.40 4.85 57.47

1mode 13.79 5.55 59.78

Test 3 2mode 11.24 4.74 57.83
3mode 11.23 4.75 57.70

Total Average Reduction Rate 54 .44
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Fig. 4-24. Log—down 3 mode map.
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2. HEJtA HAHE

Ol

Fresh&fEf 2t &XF AR = BISIOtA MAHAES Hlwol)l ?Iot & XHAIE
AAIGHAL2O, Table 4-101t 4-2601 A XAl BHSItA HIHES UEHHA

o

[m)

Ol

CE=EE MHEZ2 PMOI fresh &EHOIA 56%0IAX2LE LHAIE = 53.1%=
otul, COMAHE=2 9BRIA 82.3%= 16%AototRA2M, HC= 93.6%01A1 90.8%= 2%
Mototith, 0 Z2UE 28, WFAIE &= PMY HCHMHE=Z 2 Bt 8, C0
MAE2 X01JF 2 AE & = UL

COMAES XOIDF 2 A2 THMUZOA C(ZH)0l N2t BHETHN 0.2 At
stelE O W=AIS0 AIZ2E E2He Z8E e 0] freshet HEHEOH I
20l &0 2EEO CO.2 &atE Xl &0 COt MHED| H20ICH. 2HEC=Z
LIAAIE 22 Qlottd =0He &s01 A Motd Xl E=Utid BHECC.

=

Table 4-10. Emission results of PDPF installed in vehicle

[ tem W/0 PDPF With PDPF Reduction Rate| Test mode
PM(g/KWh) 0.112 0.053 53.1%
CO(g/kWh) 0.820 0.063 82.3%
ND-13 mode
HC(g/kWh) 0.217 0.020 90.8%
NOx (g/kWh) 5.308 5.276 0.6%
Engine power (PS) 134.9 133.1 1.3%
FULL LOAD
Fuel
. 232.3 237.9 2.4%
consumpt ion(g/kWh)
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Fig. 4-26. Emission reduction rates of PDPF installed in vehicle.
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Fig. 4-27. Distributions of exhaust temperature upper 250C.
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Fig. 4-31. Performance comparison of with or w/o PDPF.
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A/F
Al20s
Ba(N0s)
BaC0s
bhp-hr
BPT
CIDI

Co
CO(NHz)2
C02
CB-DPF
CRT
CCRT
CTE

Cu
Cu-ZM-S
DeNOx
DOC

DPF

ETC

F/C

FSN

FBC

FTP

He

Hz0

ACRONYMS and ABBREVIATIONS

Air/Fuel

Aluminum Oxide

Barium Nitrate

Barium Carbonate

Brake Horsepower Hour

Balance Point Temperature

Compression Ignition Direct Injection
Carbon Monoxide

Urea

Carbon Dioxide

Catalyst-Based Diesel Particulate Filter
Continuously Regenerating Trap
Catalyst Continuously Regenerating Trap
Coefficient of Thermal Expansion
Copper

Copper Zeolite

lean NOx

Diesel Oxidation Catalyst

Diesel Particulate Filter

European Transient Cycle

Fuel Consumption

Filter Smoke Number

Fuel-Borne Catalyst

Federal Test Procedure

Hydrogen

Water
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HC Hydrocarbon

HDE Heavy-Duty Engine

|OF Insoluble Organic Fraction
LoV light—-duty Vehicle

LOT Light-Off Temperature

MECA Manufacturers of Emission Controls Association
MOR Modulus of Rupture

mg Milligram

mg/s Milligram per Second

MVEG Motor Vehicle Emission Group
Ne Nitrogen

NHs Ammonia

nm Nanometer

NO Nitrogen Oxide

NO2 Nitrogen Dioxide

NOx Oxides of Nitrogen

02 Oxygen

PAH Polyaromatic Hydrocarbon

Pd Palladium

POPF Partial Diesel Particulate Filter
PM Particulate Matter

ppm Parts Per Million

Pt Platinum

Rh Rhodium

RC Robust Cordierite

S Sul fur

SCR Selective Catalytic Reduction
S| Spark Ignition

S0z Sulfur Dioxide
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S0s Sulfur Trioxide

SOF Soluble Organic Fraction

SUV Sport-Utility Vehicle

SV Space Velocity

TCi Turbo Charger Intercooler
TSP Thermal Shock Parameter

TWC Three-Way Catalyst

Vo05/Ti02 Vanadium Oxide/Titanium Oxide
WOT Wide-open Throttle

C Degrees Celsius
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