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I n Japan, auto industry and oil i ndustry have been carryi ng out aut o/ oi |

programthat is naned JCAP(Japan Clean Air Progran) with the support

of governnent since 1997.

In the second step of this program (FY 1999-2001), the studi es of on

retrofit of CR- DPF(Conti nuous Regenerati on- Di esel Particul ate

Filter)and the diesel particle size neasurenent was carried out.

This presentati on shows the outline of JCAP organi zation, the result

of CR-DPF retrofit study and trial neasurenent of particle size

di stribution.

From the study of retrofit of CRDPF, the following results were

obt ai ned.

- Low sulfur diesel fuel is required to enhance the CRT/CSF
per f or mance.

- Concerning applicability of CR-DPF to vehicles in use
There are few opportunities of application in the typical drive
condition in the Tokyo urban areas, because exhaust gas
tenperature does not reach the regenerating tenperature.
On the ot her hand, sone opportunities can be found i n the vehicles
that run under the high exhaust tenperature conditions.

Fromthe trial neasurenent of the diesel particle size distribution,

the following results were obtained.

- CR-DPF reduces PM nunber concentration during transient npde
simul ati ng Tokyo netropolitan

- It is not clear whether PM nunber concentration was neasured
accurately in the range of ultrafine particles. Further study is

necessary.
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What’s JCAP

e Japan Clean Air Program

e Government/Oil Industry/Auto
Industry collaborative Program

e 5Years @0milion$ @
e Primary program finishes 2002/March

JCAP Organization

; ; MinistieiEconomy;
EVvaluation committee Tradeandlindustry

Research JCAP Promotion Department

R iraE Petroleum Energy Center

HORAUNG-GROUPS Japan/Automobile Petroleum Technology

ResearchInstitute Research Institute

GaselineWG
Diesel'WGE
Arrimodeling WG
JestimethodsiWG . .

oLt S e e Funding an(;'TechnlcaI Support
Combustion analysis WG Petroleum Association of Japan C

Health effects WG Japan Automobile Manufacturers Association
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Retrofit DPF Study

Engine Used for Test

Regulation Year 1989 reg. Short term reg. Long term reg.
Model/Year 1989 1994 1999

Displacement , PPPSXff | XQORff , UXQTff
Bower @@Q@ PULk v, PUQX v , PViIs v

@rque @@, vUsm |, TUXm , BUVm
fEeeature w/o turbocharger  w/o turbocharger @ inter-cooler
turbocharger

electronic control




Diesel Fuel Used for Test

Existing fuel Low-sulfur fuel

Sulfur level , ooR, - SU,
Cetane number TV TX

90% distillation , RQT o RRS e

temperature

Density , ODWRQ . ODWRP

DPF Used for JCAP Test

Alternate regeneration
Heat and burn by heater

Continuous regeneration

| CRT™(CRT)
Alternate regeneration DPF made by
made by Isuzu Johnson
Matthey Co. @i S ;
Pressure sensor (upstream) | e iéfséneig:;te
Changeover valve Filter sPerﬁzztsre Sicizes Ho on ates NO?
. \ T \_‘__
Englpe ) T downstream) ™
=y~ | DPX
(CSF)
made by
High pbwer ACG /\f .\/ . Engelhard
Control unit PM burning heater Co.




Collection efficiency

Sulfur in fuel DPF
(ppm)

Steady drive Urban drive
(D13 mode) (JARI transient test cycle)
Test engine Test engine

1989 &1994 model. 1999 model 1999 model

CRT
————— Over 95%
50 CSF 0 e 98%
CRT 97%
500 CSE 40-70% — Increase
Alternate 97%
500 regeneration a 84%

, ~Eordierite honeycomb + heater (tested in JCAP STEP 1)
, aBiC fiber + heater

CRT Regeneration Temperature Range

(Sulfur level 50 ppm)

89Model Year 94Model Year 99Model Year
Q 70 . 700 . 700
i L) | e X i
g 600 < 2 & 600 X 600
w500 | § § 500 [ X X f 500 [
& g %
g. 400 | H 400 | % X § 400 |
8 300 f § § 300 [ X ® 300 [ g é
o X X X X
T 200 [ 200 [ 200 |
'n_: 100 [ 100 [ 100 |
© 0 P —— 0 e 0 —
40 60 80 100 40 60 80 100 40 60 80 100
Engine RPM i “j Engine RPM i “j Engine RPM i “j
«aRegenerated

~ Not regenerated




CSF Regeneration Temperature Range
(Sulfur level 50 ppm)

89Model Year

94 Model Year

99 Model Year

®

700

700

Q 70 .
: 3 .
o 600 [ e o @ 600 [ 600 [
5 X o >.< e O o
50 X o $ 2 5 © © o @ 500 f
g s 8 88 e o o o
Q 400 [ W [ e /B e e 400 i i
] £ % a () H
2 300 frreeBrrrRer s AunaGunandiannn ag0- .-.....)(..---)(....§....§( .......... 800+ rrr = Brevs ;....% ........
= X X X X 3
= 20 [ 200 | 200 [
& 10 100 100
o 0 R A A
40 60 80 100 40 60 80 100 40 60 80 100
Engine RPM o | EngineRPM 6 Engine RPM i “j
«=Regenerated

X

: Not regenerated

Does the Exhaust Temperature
Reaches a Level That Causes CSF to
Regenerate during a Drive in Urban Area?

In typical urban drives, the exhaust temperature
does not reach the regeneration threshold.

\l
(@)
o

600
500
400
300
200
100

CSF inlet gas temperature age-®

o

20 40

Engine Speed (%)

&Regenerated

X : Not regenerated

Regeneration threshold

CSF inlet temperature during
JARI engine test cycle drive

60 80 100 120 JARI engine test cycle

94 Model Year engine




When the Exhaust Temperature Does Not
Reach the Regeneration Threshold, Does
PM accumulate in CSF?

Result of engine test equivalent to 300 km drive
@The differential pressure before and after CSF continuously increase
@ (mdicates PM accumulation)

Differential Edessure [kPa]

JARI engine test cycle & 94 model year engine + CSF
I

15 |
—-Fuel &500 ppm
1 —&Fuel & 50 ppm
05 ﬁo'% jj?'j?g
0 M
0 5 10 15 20 25
# of test cycles

Summary of Regeneration Performance

Mode | Engine , bgs , bre
Regeneration observed in
89 MI_Year Regeneration all ranges at exhaust
engine g ) temperature of more @
observed in some of than 40 C
mid-to-high speed
Steady 94 M/Year RPM rgngeps Regeneration zone in high
drive mode engine RPM expanded wider
than @989 reg. Engines
99 M/Year Regeneration zone Regeneration zone
engine wider than 1989 reg. | expanded further than
and short-term reg. | short-termreg. engine
g _Urband 94M/Year No regeneration occurred
rive mode  engine in JARI engine test cycles




Summary of Retrofit Study

1 Buel requirements
- Low sulfur diesel fuel is needed to enhance the
CRT/CSF performances.
2 BRpplicability to vehicles in use

@¥here are few opportunities of application in
@ @he typical drive conditions in the Tokyo urban

@ @reas.

@ Some opportunities can be found in the vehicles
@ @hat run under the conditions where the exhaust
@ temperature is high.

@@

PM Size Measurement




Trial Measurement 6f @
Diesel PM 8ize

Using STEADY WMODE &d TRANSIENT WMODE

ENGINE SPEC

@N-LINE & @YLINDER M@IESEL ENGINE
@DISPLACEMENT €& B k
@NTERCOOLER & ®JRBOCHARGER
@vith @d @thout GONTINUOUS
@REGENERATION-DPF
FUEL SPEC

-S 48 pm
MEASUREMENT BEVICE

- SMPS

- ELPI

dN/dlog(Dp) (1/cc)

NUMBER 6f BM during TRANSIENT MODE @

ELPI |
Trial measurement data
1.0E+07 ---- Stagel WO
A i Abe o A e e | Stage2 WO
1.0BE+06 |t i ativetiimatek 0 Gt A a1 - —- Stage3 WO
! — — Stagel CRT
1.0E+05 pryare ---- Stage2 CRT
w —--Stage3 CRT
1.0E+04
1.0E+03 PM @ize
L (nm)
1.0E+02 [ Stage1 46
Stage2 85
St 3 141
1.0E+01 -~ o
1.0E+00
0 500 1000 1500 2000
Time @ec)
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PM SIZE DISTRIBUTION énh STEADY MODE
& HIGH EXHAUST GAS TEMPERATURE @@

(SMPS) Trial measurement data
1.E+08 60%rpm 95%Load
TN - - - - W CR-DPF
LE+O7 B —— W O-CR-DPF[[|

| < LE+06 "'; / %
O ' N\
¢ _LE+05 I Around @

'é w\/\ﬁ/ “\‘,-\\ \v\\ Measurement t@mit
[@)] At
O LE+04 -
Q - - ‘\"\ N
CCuraCy N ! . 'l- *.\
LEH03 ot sure ST '
around I@re
1.E+02
10 100 1000

Particle &ze @m)

PM 8SIZE DISTRIBUTION én STEADY MODE
& KOW EXHAUST GAS TEMPERATURE

(SMPS) Trial measurement data
[o) 0,
1 OE+07 | 60%rpm 20%Load |
Accuracy @t €dre - = W CR- DPF
around [®@re _ — W O-CR-DPE
__ 10E+06 =
< 10E+05 L
s 7 N a0
S 1.0E+04 roun .
B T Measurement @mit
% A L oedd h /
$ LOE+03 | g oMo v
o M LA oo
1.0E+02 ! ' —
10 100 1000

Particle &ze @m)
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Summary of , p | ize Measurement

- CR-DPF @duces BM @mber @ncentration during @
transient @ode €mulating @kyo @etropolitan D
- It @ @t clear whether PM @imber @ncentration @

was measured accurately in the range of ultrafine
particles.

Burther §ludy @ @cessary D

Next @udy
PM measurement is under discussion

- Accuracy of measurement @ tBe @nge @ ultrafine
particles

- The @mposition @ @&@ch BM §re @

General Summary

1. Retrofit Study

@@Low sulfur diesel fuel is needed to enhance the
CRT/CSF performances.
@&CRT/CSF hardly regenerate in the typical drive
conditions in the Tokyo urban areas.
2. PM &ize Measurement

- The method is not established and needed to
develop more.
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