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Modeling of Piston Crevice Hydrocarbon Oxidation in SI Engines
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Abstract

Combustion chamber crevices in SI engines are identified as the largest contributor to the engine-out
hydrocarbon emissions. The largest of crevice region is the piston ring pack crevice. To predict and
understand the oxidation process of piston crevice hydrocarbons, a 3-dimensional numerical simulation
method was developed. A engine shaped computational mesh with moving grid for piston and valve
motions was constructed. And a 4-step oxidation model involving 7 species was used and the 16
coefficients in the rate expressions were optimized based on the results from a detailed chemical kinetic
mechanism for the oxidation condition of engine combustion chamber. Propane was used as a fuel in
order to eliminate oil layer absorption and liquid fuel effect.

&

% EAAY rleds 79 9oz A4y

e Ak Wolkzel e AT ASH
9,]

2 ZeEa Qo A
A%zt w77t~ & njdekst
W

. Sk
22 o E o K8

¥+, 98 F9 odre |49 &
(quenching), &#2fFS A4 F+ 3 W&, H
SAM A& (crevice

ZF(deposiyoll &) F+ 2 W&
volume)oll A o] vl A4 EF

e #4e A7 LA B ol @ vdvs
FAE B AAAA 42 U9 gelol 9o
su aBol STl Wk A2 WRE &
gsol e A shas zwﬂ Az F

33 3 279 W] B33 F
*: g, Agden gatd AT
39, Jeuisx 7 AGF T
E-mail : kdmin@snu.ac.kr
TEL : (02)880-1661 FAX : (02)883-0179

AwlA 23 5 BHE A Aow LA
AT 2 AR A P 1~2 % 3
S0 AT vjdsEs WEe gl

L2 MFe AP 53 Bue B4, W3
Zejae] A, Y2E ¥ 7 BA oz
FHAS ALY U B AAE F A28 E
A AR TP 8 $IAE A dxsgol
M =7 Eadses 7}% 2 9%e KA €@
0, agm ussks F rlausiat S
@77t 389 4887 Bake ATl gol
MELE, of AR 8 Bk FaT o

g3lra Ay dge 99sing naddss
*4 W& 29 old WE A3E FEHOF 3
g8t gt

EA AFg WA Vo dad U wiy)

Bold 23 st HPE ANE vidRRFLE
AuAez B ST AL & a3k
dad 2% we2A $Fe Nogd o
LY NS AR med BA ARA
9 cldgsFad MEL Folv) AW ATE
FAsted ol A48 PG ol st Al
Fasth



Jot o

. j o
~Hdiffusiony& 2 183}
HAE S HARo

S

2 2

sz 450l Bt
A

e

= g
b
=
e
2
=
%
of
ok
o
2
o
2
B
)
Ao

Ho St r

oft &

kel
=
e
o
o
ox
o
4
Ol-ﬂ .ﬁ

o
e
)
o
e

N
2 o
P
b

>0

(moving mesh)& -+
A& #@rlsto o

2o £ 0ok o ax Bl
=4 K
B
o
o
ot
=
___)il_‘_l
3

R TR
2
i)
AE
=)
X

™
(o3
2
] [~
b
i
o
=
e
S
>
o
[}
ol
32
i)

X
)

o)
o

e
o

2 .
o A ok

i g
&
£
o B X ol

fu o
o 1ob
5E
e
o X
Ei}
®
o
8
©
o ot ™

£
o

rr

=
ofo ol i okt
o OF
4
HO¥0 oo gt
H
w 2o
T,
olo
it
>, [Ulo
o
of
ol
>,
2
|

L o
> 3

£

e ol
.‘Em]}l
_amloﬂ

o
L.

Al =] w3l Atst F3H
+ Hautman®] 4%HA4 243}

of e AR PR3

2
o
ox
©
0

r

+
op
ol
ol
N
rlo
)
o
>
)
o H -y ox B X fo;

ook 3 @ o kool o & e N el
rZ

eg e (o W

o
-~
>
op
Ol
o
.

o BT
R

CO 3 H9 4tz
OE Ry
He 4 (5~

o ofo
olrl
tie
L
iul

oL

B I k3@ 3o

A

4
(o)
>
v

CyHyry = 5 CHy + Hy (1

C,Hy + 0, — 2CO+2H, )

co + %02 - CO, 3)
H2+%Og — H,0 ()
S = min{7.93exp(—2.48¢).1) (5)
d{ C,Hops)
at (6)
:—IOxexp<—*I€ET)[C”H2M2]M' [0,1" [C,H,]°
d[02H4]
at (7
=—10%exp |~ 747 ) [CH " [0,]" [C, Hyz]®
d[Col
at (8)

[AlO‘exp(—TQET) [CO]““[Oz]b“[HZO]‘“}XS

d[H,]

a (10)
—10%exp( — o ) LL1" (021" [ G HiT*

o]

Hautman® 9§ @& 93 Z(turbulent
adiabatic flow reactor)E ©o]-&5to] 2zt Ao UEht

4719}
%9

2213} ol 1 | (activation energy)?t 7} 38}
FE Qe vedE 16 MY AFE A

st AdoMe 2= WeE 960~1146 K,
Adzel =7 BEES 03 sbRolith e,

ol

Time (s)

Fig.

- 885 -

A71 85 71H ALd YR 25 4
o2, o] A% Hautmano] AT w§
ol dad Wy Astele] H Lo g 7

2oap

—&— Dagaut

----8--- Modified Hautman §

—-—#-~— Hautman E

0.9 MPa

I . N | " |

1000 1200 1400 1600 1800 2000

Temverature (K)
1 THC 50 % buming time at 0.9 MPa
with Dagaut's, Hautman's, and Hautman's
model with modified. coefficients; initial
mole fraction of propane is 0.04



ML Fig. 1% T8 € F AUtk Fig 1&
Dagaut®7} A2tgk A st uwkg dAYEH
Hautman®9] 497 443k whg 222 A8 50 %
A4 AzHE 09 MPa Zo)A Ak wisig
ZAolth A8 50 % A& AZke] zpol= Wi 100
W ol2n, 2wt wole] wet I apol:
g2 A

weba] AiA UlF AdE HA ) 494 4bs)
529 #EE7) AdME 49A A3 2do &
Aol Hasth B AT A= Hautmanol AAF
4GA 43wk mAaS A As 3L @
Z35te Aoz o4#A Dagaut®] A sebst
fAYESY 2 ARE Yl =S 53]
T, 494 Atgl W Ald Yetde e T
A dUAE JedlE 479 42 A9
A 16702 Mg FAS F 2l A8 50
%, DA B35 A(THCY 50 %, 90 % Abgl AlgE
At Akl zol7t HaxsEHEE Sl ol&
AR E57) 93+ Powello] AN TF A2
&+ 72]29] Direction set method S A& o}

ek 32 oo £ ¢

2.2 3Xt¥ CFD Al8alolH
EAl AH ] ofgt wAEtg
2 A4 AR Aol ARA A
sl AA Ar|Hs e e
2 FAsta AAalolgd A A
t}. Fig. 29} Zo] 3&ad AxE 4
AL ngstd AA Azl @
on, 928 B4 AF LA BT A
AR olFolA] ity HAE EA9 A& 6
%03 mmo|d, AAbd A4 AL 085 %ol
AgslE Aot AP UREAQY  ApYe
Table 19 vehd gk 48 Azte HJ2ED
BHo AN w}t ) 2¥eity AFEHY
Acel)e] B4 ALARo2 {A 7] Al =
of mel AAadF WE Fo Axrl FA G
At v@Asidct CFD A A4 T
9] STAR-CDE o}&#3l% e, 44 A4n o
2 23 2 BT gd(gybroutine)?] 3 E
7tk 329 Azl FAE AsME
Al 44 Z2a%89 ICEE AH&sgich
A E7 FAFE ARE ) ¢F, A4, 4
, W7l BRE BF Xt o] daa
59 FFL A AIFA FAEHA BAE

B>
=
ok

)

iy

\ e
&
o
r

o L
N

uE >
m!o FZ{
o
4 =
O% —_—
oy el
o oo & ¥R 3 do lok

5 =

ML
AN )
o

e -

-

18 R

T

£ o

4

NS

Fig. 2 The computational mesh at BDC;
221,601 cells including refined crevice

cells
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Fig. 3 The piston velocity, the crevice gas
velocity and the
velocity

relative  crevice gas
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Fig. 4 The distribution of propane, ethylene,

carbon monoxide (mass fraction) and
temperature (K) near the piston crevice at

ATDC 115° in expansion stroke
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Fig. 5 Mass of fuel and ethylene in cylinder and
exhaust port during expansion and exhaust
strokes
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Fig. 6 Sectional THC distribution and velocity at
ATDC 115° in expansion stroke; (a) vertical
section view of THC, (b) horizontal section
view of THC and (c) horizontal section
view of velocity distributions
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