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Abstract : To optimize the combustion system in a HSDI diesel engine, a new analysis technology was developed.
The in-cylinder 3-D combustion analysis was carried out by the modified KIVA-3V, and the spray characteristics for
the high pressure injection system were analyzed by HYDSIM. The combustion design parameters were optimized by
coupling the KIVA-3V and the iSIGHT. The optimization procedure consists of 3 steps. The 1 step is the sampling
method by the Design of Experiment(DOE), the 2 step is the approximation using the Neural Network method, and
the 3" step is the optimization using the Genetic Algorithm. The developed procedures have been approved as very
effective and reliable, and the computational results agree well with the experimental data. The analysis results show
that the optimized combustion system in a HSDI diesel engine is capable of reducing NOx and Soot emissions

simultaneously keeping a same level of the fuel consumption(BSFC).

Key words : Injection characteristics(A}E4), Combustion(3 4), Emission( 8] Z7}2), Optimization analysis(3]

A 3} @A), Neural network(41 7 9, Diesel engine(t] A ¢l:3), HYDSIM, KIVA-3V, iSIGHT

m e

—

oo 1o L gy

Nomenclature 1. Al 2
T :temperature, K 28 OAAY 7159 AL B )
P : pressure, Pa e R Anl FA(COTFANE 3 A
BSFC : Brake Specific Fuel Consumption, g/kWh glA o] H A3 ¥ opE}, i AR
H2:3} she Aolth T AN Ao 2
Subscipts fske] AA = F2 Aol o &3t ot
. = AR ALrd W3R AL V)eg A
c : cylinder 3
bas Ab7E Eo] Zha gk Al Az 84 )
0 : base
A AxA HH ol A ez
A@azhe) e skt 2 A TS A
A 2A AFE ot AR A HA o 2
"To whom correspondence should be addressed. sith

jehglee@hyundai-motor.com

N

N 2
ol B oop

@ 2o e X X

op

oo 1 e
ko o



O|HY - ol&=

FHZ, dxl dialY 7] TR S8 3
A AFAE g1, AFH 4 34, A8 viRe)
Qo ety XN 7] A RE BS A
] 3L ot

2 dTe, 58 bAQR N A, dElE 55
TFO 2 {§X3k12 NOx @ SootE A7+e 4= 9=
A Ak AAIE A3, N2-2 H X3 A8
A IS Esla A8 98 ER 8k Aol =
e AU

1. =X 7Y 9 M

2.1 =E& sflAMd7|Y

AxA HH 3 BN NHE AL EA o) we} o
oFslet Fig. 1(a)2 229 d4A &4 slsl ] of
FA A2 vl o 2 4 Wisconsin t) St A L3k
Aasid g A3 4 F(GA)S AAIsH:E 84
tiolch” o] whl & A=} ErhE FHgo] Yo
L33 AAEiA] A o B BkE AAES 4233)
of St AXbA| 7k E&Ad o] HojAthE &
o] Ut}

FORD M= A&7 7IM(DOE)E AHE-3h=H|
A A7 F HHAE 7|22 3+ Gradient H|
o]29] A3l dnEFH A4S Ags=
ML H g3t JYohI(Fig. 1(b)) o] HH-E AEAZE
ZHol| M= 9= 3l FEFQ HHXE AAH

A HHA L QS CRE WY 4 YonE, 3

H

2 £

]
WERC Approach @)
Design .
parameter, > Comblustmn *=* | Optimization
setup analysis
Genetic algorithm
B Ford Approach (b)

Desi ; :
pam:slgler ’ Sampling "Combustlon{ Optimization
analysis

setup DOE Gradient
based
optimization
B HMC Approach ©
Design : Approxima-pwOptimiza-m Verifica-
Iparameter, ampling tion model tion tion
sefup DOE, .
Combustion ~ Neural Genetic  Combustion
analysis ~ network  algorithm  analysis

Fig. 1 Proposed optimization analysis process
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Fig. 2 Piston bowl configuration

Table 1 Engine specification

Base combustion Opnmum
combustion
system
system
Bore x Stroke (mm) 83 x92 <--
Swirl ratio(-) 1.36 1~3.
Injection angle(o) 148 140~160
Nozzle hole size(mm) 0.141 0.12~0.15
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Table 2 Injection data for ECU use

Injec- Pilot injection Main injection
rpm tion | Injection | Injection | Injection | Injection
pressure start duration start duration
(bar) | (°ATDC) | (°CA) | (°ATDC)| (°CA)
2000 | 927 355 29 -1.5 8.2
4000 | 1600 - - -19.9 234
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Fig. 3 Injection characteristics
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Fig. 4 Combustion chamber model
(Mesh number = ~ 25000)
Table 3 Engine operational conditions )
2000rpm 4000rpm

Initial temperature, T (K) 384.0 3713
Initial pressure, P (bar) 1.438 1.438
Air mass (g) 0.656 1.178
Fuel mass (mg) 25.1 55.8
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Table 4 Optimum design parameters

g
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Combustion cl}amber Base engine Optimum
configuration (Case 1)
Swirl ratio 1.36 1.01
Injection angle 148° 160°
Nozzle hole size 0.141mm 0.1398mm
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Fig. 8 Optimum combustion pressure
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