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ABSTRACT

This study describes a theoretical analysis for the wall temperature of ceramic filter trap and
pressures of inlet and outlet channel in the filter trap.

In this study, the ‘maximum wall temperature through filter trap length with time during the
regeneration period showed a tendency moving from forward to backward.

The pressure change of filter trap increased at the initial combustion but decreased with the combus-

tion to be activated.

So the pressure difference between initial and end regeneration at the inlet channel showed about

2 kPa.

The thermal regeneration period of this filter trap in the theoretical analysis showed about 200
seconds in which the wall temperature was similar to the case of initial condition and the pressure

showed about 1 kPa.

7 4 9

ol

D t AuAlg e g@wde) (em)
Ge(t) : 479 A% &% (g/emd)
—4H : §3-E9) ¥g-4d(J/gmole)

K 1 ¥t2-&-(em/s)

L : A 4ol (em)

Me, Moy : €h4-9} Av49] B FA (g/gmole)
Nu : ks d oA 9 Nusselt =

S, :ojdEe] v (em™)

Yg B AY &%, 6,(1=0)/py

DA { oA ShesEst Ho)A o

FH<=(em/s)

1 54 Y AE 54 (em)

A o8 el A FE A
D7 Ax(g/ems)

1 ghegoll A 9] =714 8-4(em/k k)
: 7% (g/ems?)

Al felM Y 9

P 7k /1Y BB e /s kD
HREA{(€))

pAld 79 HelMe] 2x(k)

* A, Fad FAFHEI ey
w» Y, Fdd FHAAEY AAFHH



Vi,Vw : Ad iolMe 7k o WA
o ¥4 £=(cm/s)

w U HAE A (em)

Wy : 1239 57 (em)

% s A 2S TR AR (em)

a, B 1 HE JlEdE 32 AEEACA
ol A(em ), (cm )

Ay A, :71"AA 3AFe AW =(cal/cm
' s k)
Py 0 AR 7129 2HEE(g/cm®)
wy, wa, wy 1Y FHA TeelA e Ae(em)
If T s LEEKD
Gy YT A $m(g/em’ s)
Yy AT Al BE A
W, 1 271 AW 54 (em)
1. M =

Ed AFa el e Fel HITH
3 ol w2 RATFAIF fuet Erkely
2} Al g H R3] AT e o EHA
AleiE gl '

ole] wat Z AFABAEL ZWNF B
grol 2t 7] A =g o] AR ol HF
3t Ak "l =AM FE e
o2 dFA 1 U= AFa 53, tARF
9] vl (Smoke) & TAl9l #An 5 woh
of et LRFEH7A wEsr] HEa o]l
& i o] AlFstr,

dAel wd A E s S 718
Folut w7l FAjE oA HA® F 2
ot w7l $X23 FHEY S 7189 728
HAsA gka Wiy TAlE BEE & e
el 7l Ao 4R AFelAd B2 AT

= slen ot A GHERY Y7ol

47 itk

2 Aol gl as A5 &
A T rdg A faPe=
A e EPL] WP M Fas dA
2T g o &dte] dA Y EY S AHE-st=d

BEETSEE / Vol.14 No.6 1992/61

71 2AEE A FH U

2. oty mgn ey
2.1 EEO ML mAMY Y

AR D A= FHER 2 JAY
o) st Zupekst WA F o] = 3
S gl A7) g Fel g A7 v
Y& o] 245 Fig. 1 % 22 34 Cordi-
erite (2Mg 0-2AL; 03-58105) & TH=o]A
At

axd 9L 24 3dAlE § AZG
A, oB8EA 2 AydA = Jm 5 9l
Fig. 2= 394 & A7kl s 487 2%
o] W3E BoFa v},

e

Maas_) | generation==]

quilibrium

Acgumus
F “laten—1

time

Fig. 2 Back pressure and temperature curve
and formulation of mass balances for
different operation modes of a soot
filter



62/ % X

2.2 8y D9

2 AL g8 o e AAHol 4
ok s

D Exdx FHEY ddoz ke
7t AEe YA TRl A e H s
w

2) ZH F99 HE 4d3] gdH ok

D w77t HERY o HYd
o

O PG YIS BAl 8 A Ax
o &g Ae AT,

5) ®7I7kat o7l 2 BZHRT,

e zdg A7) AF Yee =
¥ 2 Fig. 30 uehd wps} g},

_—z vy BTy R Y Iniet en
|

=
Supstrate LV Pw T Yo —wall

Vz Py Ta Ay

Qullel channel

Fig. 3 Schematic diagram of single inlet and
outlet channels with bordering wall
vertical height is greatly exoggerated

« o7l WA ie 1 28 YehRe, 7
e QPEZ 2TEZE Uehth

* 7lAs o) AT R Aoy

Pntnn:R'pi'Tia) 1)

Pymw=R- Pw " T, (2)

» B2rtae] AFuE Yol oo

L vo=CD (5 ) pve @

+ Sestaolel 2w $5% BEWH

o sl

0 oF
a_z(Pi V) =3z —ay 1(T;) Vi/D &)

* E27kxole] oA BEPH 2FA
V- (p-ve)=—N+q—P-\VV (5)
A2 NA h=u +PVERE AL u=e¢=

CoeT—PVE WY8I] Scalar Y22 vehiW
el NE 9g + Ak

o7; 4 i
Corpi"Vis 5 =(5> Chy +(— 1) -
Cm 'Pw'ij '(Tw_T!) (6)

* g BRI B ostol

dw _ (M,

Py Fr

).Y‘(O, t)'Pw'Vw'

0xX

[1—EXP(—S, - K(T,) - W/V,)] (1)

* OPRE TFT 7h27t He T A
FEATe Aoz g 4o 8§
e

—\VP=a-p-V+8.p-vt ¥ 8)

* A8 Ryxd~ WS T4 oo A
o2 Yehid oS3 o) HHA,

Pi—Py=(a-p(T,) Vot B8 0, Vy)-

A7 A (¢, = (Zwn —wy) W/ )
—(w, _wa)(W/w1)2-W<w1
(Uz‘f‘ﬂ)a(W/wl—l),Wg(Dl
x WA A mEel Hadl o8

Haccum = ehan _Hchmﬂ +Hreact o)



B ®hs T @5t / Vol.14 No.6, 1992/63

-

71N [ Hoagum = 550y W - Cop () - T,

+P; W - Cp;(Tw) 'ij

Hyan =—m(Ty—T1)+Cp p,

VT,

Heponz = hz(Tw_Tz)+Cpg ‘Ot

.anTw
4dH
Hreact = (_M_:;> 'pw'Vw 'Yl (01 t)'
[ 1 —exp (_Sp 'K(Tw) *
A

v 1S AEE Aol RYB] A 3
2 Cop W-Cop(T) Turk p, Wy - Cu (T

Tw] =—h (Tw ~TN)—h (T, —T3)

() -V Fi0 (1 —ap

(=8, - K(T,) - W/V,)) 1)

* FddE A= Eucken’s Formula®?
o oafl A thge] deow FHRAC

ki = (NW/D) - (Cpp + @)+ p(T;) (12

+ Jheol @A e Thes Aoz ZANE
Far},

B(T)=ay T . (13)
+ MEEEE Tge) Ho= U 4 9
o,

K(T,) =K, T, exp [— %Jﬂ (14)

* Cordierite Substrate & g-&%& uls
o] oz H¥A,

Co(T)=Ci+C THC T2 )

Cop(T)=Cye +CsTHCeT™? ® (i6)

(7.0, ) =50 )
p1(0. 1) ¥3(0, Y =Gy(2) ®
Y100, ) =Y () (19)

o1 (L. £V (L, 1) =pa (0, t) -V, (O, 1)

= 20)
T.(0, ) =T, (0, t) @)
Po(Ly 1) =Py &)
%(O,t):%(bt)zo @3

z7]z4
T,(2,0) =T, )
W(Z,0)=wW,(Z) 25)

23 e &M

A EAT HEL HHEP] s o
=3 o] AY3H o
* 2)(3))] 7E dYslm Ew

G =Gr(1)—Gy | 29



64/ X

= 200 Aazet AL Wddd Vv, S = 270 H2), Juwe Ysted F)sa

Py, P, T,,We] §424 Jed
32 e ) i 0 B

ﬁ(:“'j’:) Vi@ ar-vT,) Vi

—F
[1—exp(—sp ‘K, T, -exp(RT ) .
w

P —P, _
TSR @
W/V.,,] 3
¢ = 2wz —ws) (W/w1)— (w2 —w,)
W) Wie, « Hanel @), A, Ao, A9e B
sl Halsha

w+wsW/iw, —1), Wzw,

a - - .
» 4@l FE YD A@RE ol s 51 W Cpp (T F s Wy - Cu (T) T}

Besh =—hy (T, —T1)~ ks (T,,—T2)
a—az-(Gl)=_<%).(£T_a:u) ) +(_A‘}HT>° (;’;g:).vw.y,(o, 1)

« Al =128 g HQ1), Jw) (l—exp (=S, K(T,) -W/V,)] 84

Heng ol-gtl s

( START )
]

7] 02 oP G [T DIMENSION, Gl15,15) . F{15.08) . rp(18.18)
a_Z(p_i> o a_Zl—aa a3 * VTI . <_p:">/Dz . | T|(|5.|5|.Tz(|.=:.|5)i Twl15.15), wy15.15) J
READ, Conslanis
(29 “""—I"“'—‘
READ
Inilizl valuey
2 /Gl 0P, <G, I — . .
_— ) =— —= = T+ | — 2
az<4"=> oz Pz>/D ———— T ]
) (30) Soive Ihe five algebralc squntinns, I
Gilx, U}, Pyle, 1), Palz, 1} Yytx t) Va2, 1)

* A =122 diYgstm 4(2), 412,
209g ol g3t Helsta

I Salve thy 0.0.E.by Runge-Kulls meihods I
.\

No

Yos

aTl 4 atm R z Pl r 1.t
w67 = (5) w782 ) LAt s

" (Tw =T ) 81)

;

No

il

Cpe - (Gr (1) —G1) g? (é) [hz +Cpp -

_srer )

_P ———
<R;im> ) V’”] *(TT2) 62 Fig. 4 Flow~chart for solving the equation
w




Nellr] AL e~ 2o srize} 2is
o] fratxiEgel o shd Am B 48 Ru-
nge —Kutta Methods ol webs &l & &5 o
©]9] Flow-Chart+ Fig. 4% 21},

3. siMExnt & 0

31 TEHZO2E A2t mE ¢ 259
£ %}

Fig. 5= ZE)e] Zolet Alzre] wWsle] m
& ZHYe 22EE vl Aelth 97
oA B ulsl go] AAe] IPEE ot
AlZbel| Wk "EHe] Hu exrt WE e
g ol 5 Zow oFFe B Ak ol
Qe Fhagez Ayl R d
O‘j PAEo] dajAgeo] odte] Q40 =3
YE gk AN PE FT= AP she
< Auigtt. 2YelN B slel Zo] A
to] Astste] wal T &F=om
LEEE {]333}1.‘-]-7} oA AAle] Fg
o] oF 200 % B AL Auiz 28 o
T Ak

gor e e

127.23
63.65
1200 = 31.8s

900 = \ .
C - 2005
600 |- s _

] .2 .4 K] 8 1.0
Z/L

Wa)l Temperature | K)

Fig.5 Profiles of wall temper_ofure as a
function of dimensionless axial distance
at selected times

3.2 O 5 EAIZtY e

Fig.6 2 ol= % SA23te dHYg 79 &
7 YHASE Ul Rolth drdM B
= Hpeh o] o] F Sk o] 233
kpaolA ek 1llkpaBEFA A3 7sil S
= 9 Utk ofe Wi Ao Agte] A
of me s WYsEe WH K= Ago)
A 7h=e) fES W sl HA9 vide &

BEmT®es: / Vol.14 No.6 1992/65

S 4 . 1=265%
= . __——t=1272s
o 3F \
o
[
4 .
3 2 inlet
5
LI T, .4
[ ittt
F A oullel
g 4] 1 o 1
o 2 4 & - 8 1.

o 4
Fig. 8 Channe! pressure profiles early and late
in the regeneration. pressures are tcken
as differences from outlet pressure

o] ZAageoRM JlAY fEo| A% gt
2Hs7t deold g 4 5 I,

33 UTER0A AlZtol B A9
k-

Fig. 7& dAAel A= S 4N
| YEhd adelt o] HxoA B et
ol dEue vido] A4dEr] AlZpeted  of
30 & &}t ¢¥e] 2F 33 kpa7tAl F7tst
O7F a7k gwebd Ay EE e AR}
Fadte] A4H wWr1gHel gaA =5y °l
24 e Mol Fagoh

Pressure [ xpa ]

0 1 ] | ]
0 50 100 150 200
Time(s)

Fig. 7 Time dependence of the pressure drop
‘across the monolith

4 4 E

DA Bl HAAGE HF A5 Al
YUY A% 553 mdg AR
AU B Ao AR o) Be
Agich,



66/ X

L AfAje)] APE = Ft L Polo uw
2 gexe Huyde Azte] A el wet F
Hel g ZoA 5 Fog o|Fdhe AYS
B

2. AH9 ¢HWMI= Ah 27|dE FF
st A4t @ P oher Astete, d
HYT 22004 AAAFe] gEHa= o 2
kpa FE°]|81th

3. B "y f4da g4 71k 2
200 Zo|m, o] Wl WexE ASdue] AH
o 7o) =] ¥ & lkpa 2 HSiTh

g2 11 2 8

1. Paulie E., Lepperhoff G. and Pischinger F.
“The Description of the Regeneration Beha-
vior of Diesel Particulate Traps with the Aid
of a Mathmatical Model,” SAE Paper 830180,
1983.

2. Bissett EJ. and Shadman F. ! “Thermal Rege-
neration of Diesel-Particulate Monolithic Fil-
ters,” AICHE ].31, p.753-758, 1985.

3. Bissett EJ. ! “Themal Regeneration of Parti-
cle Filters with Large conduction,” (to appear)

Math. Modeling. 6, p.1-18, 1985.

4, macdonald LF., El-sayed M.S.,, Mow K. and
Dulien FAL. : “Ind. Engne Chem. Fundles,”
1979.

5. Bird R.B., Stewart W.E. and Lightfoot E.N. :
“Transport Phenomena,” 257. Wiley, New
York, p23, 1960.

6. Field M.A,, Gill D.W., Morgan B.B. and Hawk-
sley P.G.W.: “Combustion of Pulverized
Coal,” BCURA Leatherhead, Cheroy and Sons,
Ltd., Banbury p.329-345, 1967.

7. Barin I, Knacke O. and Kubaschwski O, -
“Thermochemical Properties of Inorganic Su-
bstances,” Splinger Verlag. Berlin, p.392, 1977.

8. Touloukian Y.S. and Buyco E.H.: “Specific
Heat, Nonmetallic Solids,” IFI/Plenum, New
York, p.9-14, 1970.

9. B, MR | “Mathematical Model of the
Thermal Regeneration of a Wall-Flow Mono-
lith Diesel Particulate Filter,” 3B HE)E
T8a&st 10853, p54-60, 1988,

10. John H. Johnson : Wall-Flow Diesel Particu-

late Filters-Their Pressure Drop and Collec-
tion Efficiency, SAE Paper 890405, 1989.




