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A b s trac t : In  th is  p a p e r ,  o p tim iz e d  o p e ra t in g  p a ra m e te r s  w e re  fo u n d  u s in g  m u lt i-d im e n s io n a l e n g in e  s im u la t io n  
so f tw a re  (K IV A -3 V )  a n d  m ic ro -g e n e tic  a lg o r i th m  fo r  h e a v y  d u ty  d ie se l  e n g in e .  T h e  e n g in e  o p e ra tin g  c o n d i t io n  
c o n s id e re d  w a s  a t  1 ,7 3 7  re v /m in  a n d  5 7  %  lo a d . E n g in e  s im u la tio n  m o d e l  w a s  v a l id a te d  u s in g  a n  e n g in e  e q u ip p e d  w ith  
a  h ig h  p re s s u re  e le c tro n ic  u n i t  in je c to r  (H E U I)  sy s te m . T h re e  im p o r ta n t p a ra m e te rs  w e re  u s e d  fo r  th e  o p tim iz a tio n  -  
b o o s t  p re s su re ,  E G R  ra te  a n d  s ta r t  o f  in je c t io n  t im in g . N u m e r ic a l  o p t im iz a t io n  id e n ti f ie d  H C C I- lik e  c o m b u s t io n  
c h a ra c te r is t ic s  sh o w in g  s ig n if ic a n t im p ro v e m e n ts  fo r  th e  s o o t a n d  N O x  e m is s io n s . T h e  o p t im iz e d  s o o t a n d  N O x  
e m is s io n s  w e re  re d u c e d  to  0 .0 0 5  g /k W -h r  a n d  1 .3 3  g /k W -h r , re s p e c t iv e ly . M o re o v e r , th e  o p t im u m  re su lts  m e t E P A  
2 0 0 7  m a n d a te s  a t  th e  o p e ra tin g  p o in t  c o n s id e re d .  

K e y  w o rd s : O p tim iz a tio n ( ) , M ic ro  g e n e t ic  a lg o r ith m ( ) , K IV A -3 V  c o d e (K IV A -3 V  ) ,  
D ie se l  e n g in e ( )
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Fig. 1 Computational grid for the Caterpillar engine at 
BTDC 30°

Table 1 Specifications of heavy duty diesel engine and 
injector

E n g in e C a te r p i l la r  3 4 0 1  S C O T E

B o r e (m m )  ×  S tr o k e ( m m ) 1 3 7 .2  ×  1 6 5 .1

C o m p r e s s io n  ra t io 1 6 .1 :1

D is p la c e m e n t  v o lu m e  ( ) 2 .4 4  

P is to n  g e o m e try M e x ic a n  h a t

N u m b e r  o f  h o le s 6

D ia m e te r  o f  h o le  ( m m ) 0 .1 5 8

In je c t io n  a n g le  (d e g .) 1 2 8

In je c te d  m a s s  (m g ) 1 3 2 .2
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Table 2 Variation of engine operating parameters

B o o s t  p r e s s u re  (k P a ) 1 3 0  ~  2 2 0 , 4  s te p s

E G R  ra te  (% ) 0 .0  ~  5 0 .0 , 3 2  s te p s

S O I  t im in g  (A T D C  d e g .) -6 0 .0  ~  2 0 .0 , 3 2  s te p s  
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Fig. 2 Engine laboratory setup with dilution tunnel and EGR 
system
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Fig. 3 Cylinder pressure and heat release rate comparison 
between the experiment and calculation
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Fig. 4 Comparison of emission characteristics
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Fig. 5 Mode 5 three-factor GA merit vs. generation
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Fig. 6 Cylinder pressure and heat release rate of the optimum 
case
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Fig. 7 (a) Soot vs. NOx + HC (b) BSFC vs. NOx + HC data 
from the optimization study including the optimi-
zation start point, intermediate optimum and global 
optimum (not all points are shown due to scaling)
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Fig. 8 Predicted fuel vapor concentration for the optimum 
case (-40° ATDC, -30° ATDC, -27° ATDC and -24° 
ATDC from top to bottom) 

Fig. 9 In cylinder temperature distribution at (a) -10° ATDC 
(b) TDC (c) 10° ATDC
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Fig. 10 In cylinder NOx distribution at (a) -5° ATDC (b) 
TDC (c) 10° ATDC

Fig. 11 In cylinder soot distribution at (a) -10° ATDC (b) 
TDC (c) 10° ATDC
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