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Abstract

A multidimensional simulation of turbulent flow and combustion with swirl in the cylinder of
SI engine is implemented to clarify the effects of swirl. The present simulation employs the
ICED-ALE numerical technique, the skew-upwind dfference scheme, a modified k-e turbulence
model, a combustion model of Arrhenius type and turbulence-mixing-control type. First, the
calculations for swirling flow in an axisymmetric cylinder are carried out. The results are
compared with the experimental data to validate the numerical analysis. Second, the calculations
for intake, compression and combustion processes in an axisymmetric cylinder are performed.
The effects of swirl on turbulent flow and combustion are examined through the parametric study
of swirl number 0.0, 0.6, 1.2 and 2.4. As a result, it is numerically shown that the turbulent kinetic
energy and the swirl velocity, which are produced during the intake process, affect the combustion

Process.
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Table 3 Geometric details of model engine’®

Bore, mm

Stroke, mm
Compression ratio
Connecting rod length, mm
Intake valve

Diameter (D), mm
Maximum lift (L), mm
Dimensionless lift (L/D)
Seat angle, degrees
Opens at

Closes at

75

94
3.5
363.5

34.0

7.3

0.21

60

6" BTDC
44°ATDC

Table 4 Effect of swirl number of ignition delay
and combustion duration

Swirl number

Ignition delay

Combustion duration

(SN) (crankangles) (crankangles)
0.0 19.0 18.8

0.6 21.5 12.0

1.2 20.8 1.4

2.4 19.0 10.8




1756 A2 LA

AHRAQAN NS A58 Aol 0% HA Q4= Q7|73 F47171 Table dofj A 2o F o},
' 7oz A3 <+ dE9 Ao Fig. 8, 99} Table 4ol A13]7} A4l #]A
10%04 90%7A A4se 71zkez Fogdoh & e AL BAAA vehdz Atk AF}
aelz Fig 99] d4A=g o|&dtd A A Zslgte] o}, A4l weixz, whebd A

3 d4717be AEstgieh AslSel BE A sEws) Fohste] Adl g LA Azhe] welA)

K

Pl ",

5 - 457 487 . |
s :_/j"j’jéfi

Z ()

108 |-

uo_

z tea)

(d) =365

0022
ﬂv‘/"'
/‘

1nafr

107 |

102

7 |

%6 86 16 15 %6 85 86 88
r (ca) r ()

(e) 9=370° (f) =375°
Fig. 11 Temperature contours for SN=1,2



S HEE R ECIE

2 Ho k& ol Fol3tel, o 7lelA K34 0.6,
1.2, 2.4¢ A% dHA4U= A0E Hadd 2
Byt A3ls 0.0, & ¢S {52 AEs &
7éJ+~ Bola gleh, AdF 0.09 F5& AFF
0.69 %53 ®ud «, HAA7IZL A3
gony Jdar|7ke A Art o]AL Fig. 104
A B ulel o] dRFAEe Aol MHAE <+
Ak, 71A FRAEE 3R Y PFEEY 5
dstA Aeislch Aoz FHedAds SEv ¢
F7zol wisge] Aoz wxA gl Fig
10 FAZozHe 25mm, Ad-y =22
15mm Hoixl 54 oA FRAEE 2o
Frh oA A3l 0,6, 1.2, 2.4 FFlAY
At EE ASlF7t Sl wep F71dg vl
t}, a3y A3$ 0.0 FEodMY dFAEE A
3 1.28 2.4 759 F7kl ek = ohE 29l
2 A4 A Exolt}, A3}t B g wep
HE 58 dE4o] Fotsln, o2 <l A3
0.6 F59 AW TAHY 2=+ AT 0.0 F5
of Wl stet, eo]E & & Abolw HE 2o o
88 AL e d FA oY A (activation
energy) ol Ed3lE A7HE A7 =R, AF )
R e AsZt gl Aol wia] HHADol
AeolxAle dA-& Balr), oled dHFAEY L=
o] Alelz qldled A4 0.67 1,2 *%59 Hs
2 A7) 7ke] A34 0,0 F59 AR} HolH
3 Q47|12 HEA A 2, A4t
Z7 el wel g4 wEZEa gk £3 A4
0.69 A47)7ke& A3l 0,09 A4L7]7k8c) go
D& =l zglel Fig lle A34 1.2 5o =3}
of ATDC 340°o|4 375°74A9] 2= ZE 524
P2 2olFoh o374 5249 ZhAol 300Ke]
o}, olg|dt A|Zlel| wtE LR EZ = stdwe A4
o s} AAFE A v FEo

o]Abel Fig. 8, Fig. 9, Table 3, Fig. 10

[‘_u

O

o

r[o—\\g

=
Pl
s

% Egaed, A7 Aol WAL

%ol A¥dAT, AN IFRE, FTFERTN &
Sol MHE AL IFEBEE A4S F7)
Holl Wk, AAH ¥ FANAE $4 2rheht,
AT FREAANE AP R S Fao)
N @ am AdY FUYEE Adet 2

2k St FREE FHAAY
HobxAle @48 Rojn, Arr ¥ ZAdA
sl A4zt 34 gokdrh ooz IR

r‘}_l‘
o
w
2
o3
ox

#5 9 dzol BY FHH4

Weizla A vel §5 2 dak A 4
3 wo)ka 4¥E ARHE 388 Adolm
2, 2%, AL ABAE FFekE AR 4
ARE olgol B 3T olNE
2 aAFolAe 7B AAAA Hd AAE A
Aze AxAe AFYHE BN, A7AS
Al F, dF, A4 Aol AR QAT W
FEEE W HRAAE Al

37t 713 %
g

2o
Y
Jm
oX
o
ki
o
ol
ok
2
2 de
1)
o
s

o
%,
i)
e
oX.
o
ol
Lo
ol

R
2
> L

3
A
4‘[:
uhy
59 FANA FHEAE F2AT]E skew
A5 22y, 253 Ao =slgle]l ¢E4A
FH5e 54 Ao ddE + v 53
9 k-e 2w, Arrhenius ¥ 3§ E¥FS AT
3to] g3t ubgd GREY AAS 2¥ee A
Y darnd 5, A4 AAg Aol a4 3
2 A AE dolt EFAAH FAHYA +
2 mel-g AA s ek

(2) ol & sAsds XS AHE3te], A7

A3 713 A-H oA LAHE GRFE o
Folzol Ba oA FAHY TraBS A
3, Jlel §9, ¥E, dx FHL 4AN40
: —?117*47} AT £ a& *awurs} NEE:
stol 717 Ao W)

5e 2ok

vortexs} Al#lr = &
2 F435 73 twin-vortex FeHF Holxuh, F
o] FulB el T3 7h4]sted TDC ZAo)|A&
o AzAd, Adde §F9 27 SFg 4L
oltdzl, F FubtE mAIA Yabel sl A
v, Ay e sk EAS TRl Rojd,



1758 A=A

TDCo M= A 2] 13%F A

(4) Aol F setelg dFE +YPsiod, F
A FHAANA AAE AE 2L FFo] sl
Aol mlx& 4FL otsldch Asl4E 0.0,
0.6, 1.2, 2.42 JF7pA 7)ol wte}, "Hubd oz o
Aol Frhste] 2o b dA A zte] whepx|z,
Ho gk bol A5k A4 AHE Az A7
b3t darizte g vl Asiud, Asls¢rt F
7hgtoll whet A& A7) 7k Al F oot FolAln,
A4rlZhe A4 grobAlch A4 1.2%%59 d&
ZAes A3l 2H LR AsS4 0.0 FEE} =
7] wgell, Z4 gz} JM—"— Ak A3
Ad7|zke] AAH Tt oAt AL Bk o
2?3 A%E B, §4 J%;‘oﬂxi T Ad3e
3 53, 2x9 WRAE HEE A e,
of 7}4 & Jag vAE

)

iﬁtmﬁlr

F oo

,
GEREE A4

©l
Aoz

(1) Kimbara, Y., 1986, “Gasoline Engines-Targets
on Hand,” A%} 7|4, Vol. 40, No. 4, pp. 428
~434.

(2) Lancaster, D. R., Krieger, R. B,, Sorenson, S. C.
and Hull, W. L., 1976, “Effect of Turbulence on
Spark-Ignition Engine Combustion,” SAE Paper
760160, SAE Trans., Vol. 85, pp. 689-710.

(3) Smith, J. R, 1982, “Turbulent Flame Structure
in a Homogeneous Charge Engine,” SAE Paper
820043, SAE Trans., Vol. 91, pp. 808-816.

(4) Butler, T. D, Cloutman, L. D., Dukowicz, J. K.
and Ramshaw, J. D., 1981,
Numerical Simulation of Reactive Flow in Inter-

“Multidimensional

nal Combustion Engines,” Prog. Energy Com-
bust. Sci., Vol. 7, pp. 293~315.

(5) Heywood, J. B., 1980, “Engine Comustion
Modeling-An Overview, Combustion Modeling in
Reciprocating Engines,” Plenum Press, New
York, pp. 1~38.

(6) Mattavi, J. N, 1981, “The Attributes of Fast
Burning Rates in Engines,” SAE paper 800920,
pp. 2783~2801.

(7) Cloutman, L.D., Dukowicz, J. K., Ramshaw, J.
D. and Amsden, A. A, 1982, “CONCHAS-

DR

SPRAY : A Computer Code for Reactive Flows
with Fuel Sprays,” Los Alamos National Labo-
ratory Report LA-9294-MS.

(8) El Tahry, S. H., 1983, “Equation for Compress-
ible Reciprocation Engine Flows,” J. Energy,
Vol. 7, No. 4, pp. 345~353.

(9) Launder, B. E. and Spalding, D. B, 1974, “The
Numerical Computation of Turbulent Flows,”
Computer Methods in Applied Mechanics and
Engineering, Vol. 3, pp. 269~289.

(10) Horlock, J.H. and Winterbone, D.E., 1986,
“The Thermodynamics and Gas Dynamics of
Internal-Comustion Engines,” Volume II, Claren-
don Press, Oxford.

(11) Magnussen, B.F. and Hjertager, B.H., 1976,
“On Mathematical Modeling of Turbulent Com-
bustion with Special Emphasis on Soot Forma-
tion and Combustion,” 16th Symposium on Com-
bustion, pp. 719~729.

(12) Westbrook, C.K. and Dryer, F. L., 1981, “Sim-
plified Reaction Mechanism for the Oxidation of
Hydrocarbon Fuels in Flames,” Combustion
Science and Technology, Vol. 27, pp. 31~43.

(13) Raithby, G. D., 1976, “Skew-Upwind Differen-
cing Schemes for Problems Involving Fludi
Flow,” Computer Methods in Applied Mechanics
and Engineering, Vol. 9, pp. 153~164.

(14) Leonard, B.P., 1979, “A Stable and Accurate
Convective Modeling Procedure Based on Qua-
dratic Upstream Interpolation,” Computer
Methods in Applied Mechanics and Engineering,
Vol. 19, pp. 59~98.

(15) El Tahry, S. H, 1985, “A Comparison of
Three Turbulence Model in Engine-Like Geome-

Proc. of Int. Sym. on Diagnostics and

in Reciprocating

tries,”
Modeling of Combustion
Engines, pp. 203~213.

(16) Arcoumanis, C., Bicen, A. F. and Whitelaw, J.
H., 1982, “Measurements in a Motored Four-
Stroke Reciprocating Model Engine,” Trans.
ASME, J. Fluids Engineering, Vol. 104, pp. 235
~241.

(17) Bicen, A. F., Vafidis C. and Whitelaw, J. H.,
1985, “Steady and Unsteady Airflow Through



S EEE I ECIE S

the Intake Valve of a Reciprocating Engine,”
Trans. ASME, J. Fluids Eng., Vol. 107, pp. 413
~420.

(18) Ahmadi-Befrui, B., Arcoumanis, C., Bicen, A.
F.,, Gosman, A. D. Jahanbakhsh, A. and
Whitelaw, J. H., 1982, Calculations and Mea-
surements of the Flow in a Motored Engine and
Implications for Open-Chamber, Direct-Injection
Engines,” Three Dimensional Shear Flows, pp. 1
~9.

(19) Hoult, D. P. and Wong, V. W., 1980, “The
Generation of Turbulence in an Internal Combus-

ol DY +ANA

1759

tion Engine,” Combustion Modeling in Reci-
procating Engines,” Plenum Press, New York,
pp. 131~160.

(20) Tabaczynski, R. I, 1979, “Turbulence and
Turbulent Combustion
Engines,” Energy and Combustion Science, Per-

in Spark-Ignition

‘gamon Press, Oxford, pp. 259~ 281

(21) Hamamoto, Y., Tomita, E., Tanaka, Y. and
Katayama, T., 1985, “The Effects of Swirl on
Spark-Ignition Engine Combustion,” Proc. of Int.
Sym. on Diagnostics and Modeling of Combus-
tion in Reciprocating Engines, pp. 413~422.



