Transactions of KSAE, Vol. 16, No. 6, pp.74-80 (2008) Copyright © 2008 KSAE
1225-6382/2008/096-10

CAl QX St multi-zone 914 TEI9| JHet

A
o Z AR Y ge oY

[ = =

oh

x
mjo
)
_(')k

MEUHSm RSABs HSTYY - NSO JHEE e

=

Development of a Multi-zone Combustion Model
for the Anayss of CAl Engines

Kyeonghyeon Lee” « Jaeman Lim? + Youngrae Kim? « Kyoungdoug Min 2

DInterdisciplinary Program in Automotive Engineering, Seoul National University, Seoul 151-744, Korea
2school of Mechanical and Aerospace Engineering, Seoul National University, Seoul 151-744, Korea
(Received 1 January 2008 / Accepted 14 April 2008)

Abstract : A combustion of CAI engine is purely dominated by fuel chemical reactions. In order to simulate the
combustion of CAl engine, it should be considered the effect of fuel components and chemical kinetics. So it needs
enormous computational power. To overcome this problem reduced problem of needing massive computational power,
chemical kinetic mechanism and multi-zone method is proposed here in this paper.

A reduced chemical kinetic mechanism for a gasoline surrogate was used in this study for a CAl combustion. This
gasoline surrogate was modeled as a blend of iso-octane, n-heptane, and toluene.

For the analysis of CAl combustion, a multi-zone method as combustion model for a CAl engine was developed and
incorporated into the computational fluid dynamics code, STAR-CD, for computing efficiency. This coupled
multi-zone model can calculate 3 dimensional computational fluid dynamics and multi-zoned chemical reaction
simultaneously in one time step. In other words, every computational cell interacts with the adjacent cells during the
chemical reaction process. It can enhance the reality of multi-zone model.

A greatly time-saving and yet still relatively accurate CAl combustion simulation model based on the above mentioned
two efficient methodologies, is thus proposed.

Key words : CAI(CAI), Multi-zone(*H E] &), CFD(d 4} A < 2}), Reduced chemical kinetic mechanism(=4-3}
hak-3-21), Ignition delay(%d 3% 1), Auto ignition(<3})
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where e, :Internal energy of speciesi

c, :Averaged specific heat at constant volume
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Fig. 1 Geometry of the sector mesh
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Table 1 Calculation cases

CASE T zone T-F zone Num. of zones
1 5 1 5
2 5 4 20
3 10 4 40
4 10 8 80
5 20 4 80
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Fig. 3 Relation of the calculation time and the number of
zones
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Table 3 Specification of the test engine

Bore x Stroke (mm) 86 x 86
Compression ratio 10.5
Displacement volume (cc) 498
Valvetiming IVO/IVC -302/-130
(ATDC) EVO/EVC 145/ 281

o

$ &30l gs) siA & Fl3H7] Hl3lAl 248 1-D
AL ES]o]21¢] GT-POWERE ©] &3l IVCollA =
| 248 73k

N

4.2 CAl QT &g
Fig. 504 914 2dla} A
E(heat release rate)-S- 1] 1L 3}
Azt Al oA o] FE o] A
WS &4 F Arh ol A2 ALY AlEF AlFd o]
IVCo|§ o]u g WH 7} &3]= Ao 5
Wk = X| ol e gFo] AAH T} Fof
Qo= AztET) 1l 71]4011*1b
3 AT ule iﬂﬂﬂ & T
=3 skl oJsiA A
5
&

o}
H

o},

&wsk gno

i

SRR

oy 32 Lo

=

FF

1‘>
N
N
[‘ﬁ
=)

A A Azl A=

—
i
2
il
1o

Koo o oo

i 0@ X rr oo &

ek
5o L T
S
d
fru
2
o
o
o or
juits
B
tlo to
P gh:

W 2 ol

=R A E e 9

4y O dr o ol i
o

=

AA A o7 A3} A H o] Ad 7} o x5}

3L x
L

Lo

Pressure & HRR, 2000 rpm

-120 -80 -40 0 40

r T
=———HRR_EXP
35| —— urr_cav 250

30 —P_E XP

—— P_CAL J 200

Pressure (bar)
Heat release rate (J/deg)

=120 80 40 0 40
Crank angle (firing TDC = 0°)

AA

zone
3}o]
R B S

\__

zone

7ol 85

ik

i
5

=

SRR R E

Multi-zone combustion model & 71 53]

22 AES AU

1) 71&E o]

o] o] nHEA| &+ FAHES
ol timti-step¥} o} CFD 3fj A 2}

of WaPshi= Ao g 7]E] A

2) Zones +HIE VT
gatdeh At 2 e
% zone< 1070, 918

3)

4)

Pressure (bar)

o
=
®
s
lo

2] multi-zone Edlo] z

B
o,

et

Jot fo
o g
Ay

g Lo

o H

-Yir}o

R A
34 A= DA ARl taf A
uf o] 90 %] I AR TS Wl

@7]%E CAl 1X 28

35

Pressure & HRR, 2500 rpm

-120 -80 -40 0 40

T T 300

-120 -80 -40 0 40

Crank angle (firing TDC = 0°)

Fig. 5 Comparing pressure curve with the experiment data

Transactions of the Korean Society of Automotive Engineers, Vol. 16, No. 6, 2008 79

Aol A= CAL <lzle] A4 &4
S Eof A E U s 2Aa)
21} 637] 9] WHS-A1 S 71 R = =8
LS Ax HAYEZOZ AFEEY AL, A
o Ue] 1724 sislE AE wl4i(

> o

et
o

T5 zone2 472

o fo o £
My oft 4! e

Z 32} multi-zone B 9]

Heat release rate (J/deg)

o

oA () =

-

of



Kyeonghyeon Lee « Jaeman Lim * Youngrae Kim « Kyoungdoug Min

AT = A ST FA L] A LS ol |
To R M= A om, AdxtY

o} AT A AT SAT T A e 2 A
7o Bl s A ek AR E A} Ak

References

1) Y. R. Kim, A Study on the CAlI Combustion
Characteristics Using a Reduces Chemical
Kinetics M echanism, Ph. D. Dissertation, Seoul
National University, 2007.

2) R. Ogink and V. Golovitchev, “Gasoline HCCI
Modeling: Computer Program Combining De-
tailed Chemostry and Gas Exchange Proce-
sses,” SAE 2001-01-3614, 2001.

3) S.B.Fiveland and D. N. Assanis, “Development
of Two-Zone HCCI Combustion Model Acc-
ountng for Boundary Layer Effects” SAE
2001-01-1028, 2001.

80 sizx=AIZstsl=27 HM16H 65, 2008

4)

5)

6)

7)

8)

9

P. Brown, “VODE: A Variable Coefficient
ODE Solver,” SIAM J. Sci. Stat. Comput.,
Vol.10, 1989.

S. M. Aceves, J. Martinez-Frias, D. L. Flowers,
J. R. Smith, R. W. Dibble, J. F. Wright and R.
P. Hessel, “A Decoupled Model of Detiled
Chemical Kinetics for Prediction of Iso-Octane
HCCI Combustion,” SAE 2001-01-3612, 2001.
S. C. Kong, C. D. Marriott and R. D. Reitz,
“Modeling and Experiments of HCCI Engine
Combustion Using Detailed Chemical Kinetics
with Multi-dimension CFD,” SAE 2001-01-
1026, 2001.

C. V. Nak, W. J. Pitz, C. K. Westbrook, M.
Sjoberg, J. E. Dec, J. Orme, H. J. Curran and J.
M. Simmie, “Detailed Chemical Kinetic Mo-
deling of Surrogate Fuels for Gasoline and
Application to an HCCI Engine,” SAE 2005-
01-3741, 2005.

P. M. Najt and D. E. Foster, “Compression-
Ignited Homogeneous Charge Combustion,”
SAE 830264, 1983.

S. M. Aceves, D. L. Flowers, C. K. Westbrook,
J. R. Smith, W. Pitz, R. Dibble, M. Christensen
and B. Johansson, “A Multi-Zone Model for
Prediction of HCCI Combtion and Emissions,”
SAE 2000-01-0327, 2000.



