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Multi-Objective Optimization of Diesel Engine Emissions using Genetic Algorithms and

Phenomenological Model

Tomoyuki Hiroyasu  Hiroyuki Hiroyasu  Mitsunori Miki ~ Shinya Watanabe Jiro Kamiura

Because of the merit of the durability and fuel efficiency, many types of vehicles have diesel
engines. However, with increasing environmental concerns and legislated emissions standards,
current engine research is focused on the simultaneous reduction Soot and NOx while main-
taining reasonable fuel economy. In this study, parameter surveys are performed on computer
simulations using the optimization technique. The amounts of NOx, Soot, and SFC are mini-
mized as objective functions and the optimum values of the shapes of fuel ratio are used as design
variables. For the optimization method and the simulation of the diesel engine combustion,
Neighborhood Cultivation Genetic Algorithm (NCGA) and HIDECS are applied respectively. In
this research, we emphasize the following three topics. Firstly, the multiple injections control the
objectives. Secondly, the multi-objective optimization is very useful in an emission problem. Fi-
nally, the phenomenological model has a great advantage for optimization. The developed system

is illustrated with the simulation examples.

Key Words : Engine Performance, Systems Engineering, Diesel Engine / Combustion, Phenom-
enological Model, Genetic Algorithm, Multi-Objective Optimization @
1. OOOO AlgorithmO GAOOOOOOO

goooooooooobOooobooooboOoooooann
gooooooboooboobooobooboooooooboooooon
goooooooooooooooloooooooooooo
200000000030 00O00O0OOOODOO30DOOOOO
goooooobocooboooobooooooooboooooon
goooooooooboboooboooobooooboooooon
gooooooooooo

goooooooooooooooooooooooOooon
goooooooooboobooobooboouoooooboooooon
goooooooooboobooobooboouoooooboooooon
goobooboooboboooboobooooboooboOoobooo
gooooooocoobooboooboooooooobooooon
gooooooocoobooboooboooooooobooooon
gooobooboboooobooboooobooooooOooboooooon
gooooooocoobooboooboooooooobooooon
oo0o0ooooOoNOxODODODOOOooOoooooooooao
gooobooooooOooobOobOboOooOobocoOoOoOooann
0000000000 0000000000000GeneticO

*20020110100002002011028000000000000000
oooooo

1) 00000000 (610-039400000000001-3)
2)0000000(73902116 00000000D0O0DOOOO10)
3)00000000(610-039400000000001-3)

GAOOOO0OO0OO0ODOOO0OOO0O0ODOO0OOOUOOoOoOoO
gooooooooobooooboooooOooooOooooo
goboooooooobooooooooooboooooooa
gobobooooooobooboooboboooobooobooOooooa
00o00000000o0o0oooooUooooNOxOOO
gooooooocoobooboooboooooOooooooooa
O0oOoNOxODODOOO0OOOOOoOooOooooooooo
goooooooooboooobooobooOoooooooa

gbooooooooobooooooooooooooooon
goboboooobooooboooooboooooooooooooa
goboooooooobooooboooooooobooooooa
goooooooooboboooboooooooooooooa
goboboooooooboooooboooooboooobooooooa
gboooooooooboooobooobooboooooOoooa
gobooooooooboooooboooooooooa

2, dOooOoOooOoOoooOooOoooooo
gboooooboocoobooooooooooooooooon
goobodoboboooobobooooobooboOooooooboan
goboooooboooboooooooooboooooooooa
goooooooooboboooboooooooooooooa
gooooooooobobooboboooooOooobooooooa
goooooooooooooooboooooooooa



* No-intermixing among the package is assumed.
* Spray tip penetration is defined by the experimental equations

Package of Spray P(L, M, N)

Breakup Length

: : R l L
Spray tip penetration  ppiected at the start of injection

Fig. 1 Schematic of the package distribution
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Fig. 2 Schematic of the mass system during combustion
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Fig. 3 Schematic of the package combustion process
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Fig. 4 Optimization System
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Fig. 5 Coding method
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Table 1 Specification of the target diesel engine

Bore 102 mm
Stroke 105 mm
Compression Ratio 17
Engine Speed 1800 rpm
Swirl Ratio 1.0
Nozzle Hole Diameter 0.2 mm
Nozzle Hole Number 4
Injected Fuel Volume 40.0 mg/st
Injection Timing ATDC-5.0°
Injection Duration 18.0°

Table 2 GA parameters

Population Size 100
Crossover Rate 1.0
Crossover Method 1X
Totale Length of The Chromosome | 12x 10 bit
Mutation Rate 1/120
Total Evaluation Number 20200
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Table 4 Calculation time
Total culculation time(sec) 11425

The average execution time of | 11.86
one trial of HIDECS(sec)

The execution time of only 525

master node running(sec)
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