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A Study on the Ceramic Filter Trap in CI Engine

~ ABSTRACT

This study is a theoretical analysis and experimental effect of oxygen concentration, ex-

haust velocity and trap inlet temperature on particulate ignition temperature with installation
of ceramic filter trap in diesel engine. So the following results are obtained.
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Based on the fundamental experiments of the regeneration process, the analytical model
was developed and the results from the analytical model agreed with the experiments, then
the validity of the model was prooved.

The ignition temperature for accumulated particulate was proportional to the exhaust
velocity and it was known that the optimum exhaust velocity was about 15m/sec.

The ignition temperature for accumulated particulate was inversely proportional to the
oXygen concentration and the trap inlet temperature, and a minimum oxygen concentra-
tion of 5% was required to sustain regeneration.

This experimental filter trap(EX-66) is found about 30% of smoke reduction efficiency in
comparison with existing muffler.

7.| 5 M8 o . AH Enthalpy of carbon oxidation. (cal/

) gmol)

Heat capacity of the gas. (cal/g °k) k Reaction rate constant. (cm/s)

Heat capacity of the soot. (cal/g °k) k, Pre-exponential factor. (cm/s)

Diameter of cells. (cm) L Length of ceramic filter trap. (cm)

Internal energy in reaction chamber. AP Pressure drop. (N/m?)

Q) _ R Ideal gas constant. (cal/gmol °k)

Activation energy for the oxidation s : Specific surface area of the soot.

reaction. (cal/gmol %) (em™)

Convective heat transfer coefficient. T . : Average rate of carbon oxidation.

(cal/em? %k-s) (g/em?® s) ‘
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Tign : Ignition temperature. (°k)
Tin : Inlet temperature. (°k)
: Exhaust gas velocity. (cm/s)

W : Soot layer thickness. (cm)

X * Depth direction in the thin particulate
layer. (em)

B : Heating rate. (°k/s)

€ i Void fraction of the particulate layer

P : Gas density. (g/cm?)

ps : Soot density. (g/cm?)

Yoz : The oxygen concentration of the
exhaust gas. (mol)
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Fig. 1 Sectional view of a wall- flow monolith
Arrows show the path of gas through
the channels
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Table 1, Engine Specifications

Ttem. Specifications.
Type SD-22 Water Cool -
ing, dycle Diesel
Engine
Number of Cylinder | 4Cylinder
Bore X Stroke mm 83x 100
Piston displacement | 2164

cc
Combustion chamber | Swirl chamber
Compression ratio 22.0 : 1

Max. Power kw/rpm | 29.4/3200

Max. Torque 119.6/1800
N-m/rpm
Injection pump Bosh A type

Injection nozzle Throttle type

Fuel injection timing| 200/1000~300/3000
(Before TDC/rpm) .
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Table 2. Specifications of Ceramic Filter Trap

Diameter X Length 11.84x15.24 cm
Cell Density 15.5 Ce/cm?
Wall Thickness 12mm

Mean Pore Diameter| 15~30¢#m
Porosity 30~509%

Water Fuel
Elkctricdynamomerer tark  tank

HE

Fig.2 Schematic Block diagram of Experimental

Apparatus

2 gk HKES Fig.29 Zth

sy de|e] [EWES Fig. 37 ol &
\algon, yeeE Ho HEYH FEHE
P Aey EEZ 54 E®mAD oS oA
g AZo] wuh, AE g Fos BHRIEH,
BEMAR, TENTEE, HENTERE =
Thermocouple-S B EeID AEEY FHelis
HE 2 ool PEHES REVTL HEY
e mES WEsl Astel 370°] Ther -
mocouple E —EMIEe®s ERH ®ET
o}, vld= JEd FERE 2nAvHe 9%
2] R4t B ol MEH(AM: GSN:2)
olt},

BR A HEE £FID 8ETUA ME
2 A7) ok W2 EPue @E, =RYT
BE, HE M 2 R 2 Nde WES
o}, @Y #EE thermocouple E5F-H H

i
Dc
AWy L"" Eletric Heater

Poz g4 WEA Q2 a2y 27
A JEste Fig ol mgstad = 8
717h2 WES W UZo| REY WAHEHE
@3] WE e WSt wiriste EEl
olv-Aw il NS W MmKS —EsH
lkg/omd 2 HEA RES HAT HWTHRS
AR MERES 55 MR WEsklx ol
o BRIES EHAA KM @S g

le] FoEA o] HEIA dUYEH
sh v
. Thermocouple

i ==

Caramic filter trap

Jig

Ezhaust Cas T0 m |
U

Flow Meter

Fig. 3 Schematic Diagrom of Experimental
Apparatus

4. BESER U =8
4.1 ¢ (EEEhBRL} RESH
Fig. 49 A: it o229} L EHS] v)

)
& o Filter Trap
b ~== ~Bongo Type
= W
2= ® i m e amm
g s oy
t% z]__’_‘___,/'“;._.———
P~ 4 . 135
.1935.“” . Time Cmin)
5, ®F
oy
BT w|
bl
‘3'3 40
o= |
ED R o—
“ % B 15
Time (min)

Fig.4 Smoke level and smoke reduction
efficiency of filter trap and bongo type



BEEIBRE/ Vol. 10, No.5 1988/59

-— 1 back pressure

---2 1213 4>

% —_ 3] temperature

W, 4 .
& (o 2 /i:/"“-‘\ 1%

VN
E 50 ///-'\\ \ N | 50
@ // -'/' A \
x - GINNNE
) . S
g T -
& ci 130
8 r-'.///,: ?"‘_
~ - 2
©
L
g 0F 10
5
[ )
) Timel‘%ni.n) b

._Fig. 5 Compbrlson of DPF Temperature
Profile and Pressure '

AES e 9o, BE ik HEdl o)
& YEEYS o ERERS LER Aolt,
471614 wiske} ol ik WBeinct o
30 %RES WABEHES BoF T
 Fig.5004 BelFe e} gol Ry x
FHRE MMM AR fge BH 5
ey 2 BESY Mr|7tael o8 BAS
I RFRMER BAE ) osle =@y

M BBREURC] WRMOE ERAOGNA HAO

Zow BEFE AL B % Utk

4.2 PEHO Feen FAERN DXe
EE : :

AED HFB/ES BT BABES BB
WA D BB Fig. 6ol ik
®HD B AL —gYg B 5 Ak o2y
BEN =dol U Fuee Uy F 9
A |

w PEEtae] del FaEEd n)X s

BOS H5AY, Rt AREEL —%
U HEPRS HTHR BAREES HE
Jhe W IS MEMET Mol whet
Folale Ze ¢ & Utk ol ol B
Fol mat B kHpol Eduwgoz

W 5t717] v &olth, Fig. 7TolM By uiel 2

o] BFE7tAPEC] 15m/sec7tAl= BABE

BEBMETL HolH Ao —wTE

ﬁﬂr Vs=15m/s . T;,=300C

~
8 —— Experiment
E — = — Simulation
]
g
§
=
[
[=}
‘D 30|
'8
&
m -

5 10 5
Oxygen Concentration (%)

Fig. & Ignition temp, during regeneration vs
Q; concentration

Oxygen Concentration

e é%
Tin=3%0C TR
—_— — 15
g ey -}
B :
221 15m/s ]
o~ .
g & L
£ = .
€ N IS IR (P i
- e -
g 8] T Tt
1 P I B s Sty
R e
B —
e e
o e e
&5 |
£ ]
- I
2 : :
Bow 58 105 168 Z0 A5 0l BB 450

Exhaust Gas Velocity Gm/s)

Fig.7 EHect of Exhaust Gas Flow Velocity
and O, concentration on the Ignition
Temperature

o] e &¥s LAsitt o TdA= B4
Ro$n
itk wetd 2 PeERe] HE HEE oF
15m/sec BREDS & 4 AU,

S BREEYS SR ACBETT BAREE
ol 71X HEe AMRY Wr|Ztx el
15m/sec = —EY w Fig.8elA EH& ket
Zol MTike MARE- MRRESS A0S
B} Emel Wt WAt TR EEES
Told PeE7IABEYS ¥ 200~400T #
golth, watd B WelEdols FHiol 4o
7] AsiM e BeR7 dHe) 15m/sec </
frgol A Fig. 8ol wWol ulelzlol Bk
RE SNREZAE BEHET 2@ TIA



60/

2 HEINE BARES BeBEot HA G
BUsE AR BERE) 5% MEe
ook & Hg + A A BEEE D

Ttafrde 2 BERVVO S vnd #AS

7tAZoE B HRY REXHS BRAY 4
AU,

Tin =80T
T =300C
oIl
— ——— ¥ =
8 Vs =15m/s — T = 30T
~ B
L8
R
- I 5
& &y %
2= @ %
G s
a g R ER
£ 3 Iyl
3. M""‘E““‘:-T-::-:: Y e
e [ Py sty
g g SRR
Z*; ] _
&%
21 . . )
Hoor 008 008 000 013 01801 022 0B

Oxygen concentration (x 100 %)

Fig.8 Effects of O, concentration and trap
temp on the ignition temp.

5. # ]

YAl 3lojA BaEEs B8L vy
= BT BERE, HE/IAKE 2 ExA
MRl o 3l ER\ET ¥ BE%RES 539
r e S v 2T 2L ERe 9ddh

1) HEEE HT KB Zde] B/EY
QI A7lelA e FHEHRERY BERER7T A
—#s5ld B mde] ko]l yEEUTCH

(2) THE KTHRS BAEEE HHE7T~
gigol thflsted waEel ¥ 15m/sec ¥ o7}
M RE HEYS € 5 AU

(3) 2 dHEPANA LTHEE TR BX
HES BFRES IHADBESE T8
S92 BRIt @Eol 2k 15m/sec Q] S
5%9 MEFREETT B4AL 7] Y3 HER
FREYS BRI

4) REX delE] e gl v Eao Hal v
QEEAS] k309 BEYS < $ It

g2 £ X ®

1. O.A, Ludecke, D.L. Dimick; “Diesel
Exhaust Particulate Control System Deve-

10.

11.

12.

. E.J. DBisset,

. ZM. Mokaka;

lopment’” SAE Paper No.830085,

. B. Wiedemann, U. Doerges, W. Engeler,

B. Poettner; “Regeneration of Diesel
Particulate Filters at Temperatures” SAE
Paper No.830086.

F. Shadmann; “Thermal
Regeneration of Diesel Particulate Mono-
lithic Filters” A.I.ChE, Journal 31, 1985.

. W.R. Wade, J.E. White, I.J, Florek; “Diesel

Particulate Trap Regeneration Techniques”
SAE Paper No.810118.

. E. Pauli; “The Calculation of Regeneration

Limits of Diesel Particulate Traps for
Different Regeneration Methods” SAE
Paper No.840075.

. GM. Simon, T.L. Stark: “Diesel Particu-

late Trap Regeneration Using Ceramic
Wall-Flow Traps, Fuel Additives and
Supplemental Electrical Igniters” SAE
Paper No.850016.

“Performance and Re-
generation Characteristics of a Cellular
Ceramic Diesel Particulate trap” SAE,
1982,

. E. Pauli, G. Lepperhoff; “The Discription

of the Regeneration Behavior of Diesel
particulate Traps with the Aid of a Mathe-
matical Model” SAE 830180.

. B. Widemann, U. Doerges; “Applications

of Particulate Traps and Fuel Additives
for Reduction of Exhaust Emmisions”
SAE Paper No.840078.

Kenichirou Takama, Kiyoshi Kobashi;
“Regeneration Process of Ceramic Foam
Diesel-Particulate” SAE Paper No.841394.
M.A. Field, D.W. Gill, B.B. Morgan, P.G.W.
Hawksley; “Combustion of Pulverized
Coal” ' BCURA Leatherhead, Cheroyand
Sons, Ltd., Banbury, England, 1967.
R.B. Bird, WE. Stewart, EN. Light;
“Transport Phenomena” John Willey and
Sons, New York, 1960.



