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A b s trac t :  A c c o rd in g  to  th e  in c re a s in g  c o n c e rn  o n  th e  g lo b a l e n v iro n m e n t , th e  C O 2  re g u la t io n  h a s  b e e n  d is c u s se d  
in c lu d in g  a u to m o b ile  e m is s io n  re g u la tio n . In  o rd e r  to  c o p e  w ith  th is  r a p id  c h a n g in g  c irc u m s ta n c e s ,  th e  d e v e lo p m e n t o f  
a n  u ltr a  lo w  e m is s io n  a n d  s u p e r  fu e l  e c o n o m y  a u to m o b ile  is  e s s e n tia l .  
  D ire c t  in je c t io n  L P G  e n g in e  is  th e  o n e  o f  th e  p o s s ib le  fu tu re  e n g in e  to  m a x im iz e  th e  e n g in e  e f f ic ie n c y . T h is  
e x p e r im e n ta l  s tu d y  fo r  th e  d e v e lo p m e n t o f  d ir e c t  in je c tio n  L P G  e n g in e  te c h n o lo g y  is  p ro m o te d  w ith  tw o  p a r ts ;  sp ra y  
c h a ra c te r is t ic s  o f  h ig h  p re s su re  sw ir l  in je c to r ,  a n d  p e r fo rm a n c e  c h a ra c te r is t ic s  o f  d ire c t  in je c t io n  L P G  e n g in e .
  E n g in e  c h a ra c te r is t ic s  a c c o rd in g  to  th e  fu e l  w a s  a n a ly z e d  in  o rd e r  to  e s ta b l ish  s tra t if ie d  c o m b u s t io n  te c h n o lo g y  fo r  
L P G  e n g in e  b y  u s in g  th e  D IS I  e n g in e . In  th e  e n g in e  e x p e r im e n t , c o n tro l  sy s te m  w a s  m a n u fa c tu re d  fo r   g a s o l in e  a n d  
L P G  fu e l.  T h e  e n g in e  w a s  m o d if ie d  2 ,0 0 0 c c  G D I e n g in e ( fu e l  s u p p ly  d e v ic e , fu e l  in je c tio n  d e v ic e ) .  T h ro u g h  th is  
e x p e r im e n t, e n g in e  o p e ra tin g  c o n d i t io n , e n g in e  sp e e d  a n d  sp a rk  t im in g (M B T ), fu e l  in je c tio n  p o s it io n ,  a n d  fu e l  r a te  
w e re  in v e s tig a te d .
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Fig. 1 The experimental setup for the fuel injection
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Table 1 Test condition of fuel injection experiment

F u e l  ty p e G a s o lin e  /  L P G

I n je c to r H ig h  p re s s u r e  s w ir l  in je c to r

R a il  p r e s s u re  (b a r ) 3 0 , 5 0 , 7 0 , 9 0 , 1 1 0

S u r ro u n d  p re s s u r e  (b a r ) 0 , 3 , 7 , 1 1

In je c t io n  p e r io d  (m s ) 1 7

S u r ro u n d  te m p .( ) 2 5 , 8 0
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Fig. 2 Schematic diagram of direct injection engine

Table 2 Specification of test engine

 E n g in e  ty p e 4  s tro k e , 4  c y l in d e r  

 B o re  *  S tro k e 8 2 .0  *  9 3 .5 m m

 D is p la c e m e n t 1 ,9 7 5 c c

 V a lv e  ty p e D O H C  4  V a lv e

 C o m p r e s s io n  ra t io 1 1 .0  :  1

 C o m b u s tio n  c h a m b e r P e n t- ro o f  ty p e

 M a x . p o w e r 1 4 1 p s / 6 0 0 0 rp m

 M a x . to r q u e 1 8 .6 k g m / 4 5 0 0 r p m

 I n ta k e
o p e n B T D C  1 8 °

c lo s e A B D C  5 4 °

 E x h a u s t
o p e n B B D C  4 7 °

c lo s e  A T D C  1 7 °
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Table 3 Experimental condition for engine test

E n g in e  s p e e d 1 0 0 0  rp m

S p a r k  t im in g
  M B T  -  G a s o lin e  :  3 0 °  B T D C

        -  L P G  :  3 5 °  B T D C

I n je c t io n
p o s i t io n

2 5 °  B T D C  1 7 0 °  B T D C
(1 0 °  B T D C  )

L a m b d a  v a lu e
( A /F  r a t io )

V a r ia b le  ( r ic h  A / F  ( 1 0 .3 : 1 )
      le a n  l im it  A / F (4 0 :1 )

L o a d 1 / 4  L o a d
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Fig. 3 Comparison of injection rate between gasoline and 
LPG fuel (Pinj=50bar, Psur=0bar, Tsur=25 )
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 Fig. 4 The droplet and vapor distributions of gasoline (a, b, c) and LPG (d, e, f) spray
       (a) Pinj=50bar, Psur=0bar(atm), Tsur=25 , Dt=2 ms (b) Pinj=50bar, Psur=0bar(atm), Tsur=80 , Dt=2 ms
       (c) Pinj=50bar, Psur=7bar(atm), Tsur=80 , Dt=2 ms (d) Pinj=50bar, Psur=0bar(atm), Tsur=25 , Dt=2 ms
       (e) Pinj=50bar, Psur=0bar(atm), Tsur=80 , Dt=2 ms (f) Pinj=50bar, Psur=7bar(atm), Tsur=80 , Dt=2 ms
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(a) Torque and exhaust gas temperature

(b) Exhaust emissions (CO, HC, CO2)

(c) Combustion stability
Fig. 5 The effect of spark timing on combustion
             (Comparison of gasoline / LPG fuel)
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(a) Torque and exhaust gas temperature

(b) Exhaust emissions (CO, HC, CO2)
Fig.  6  The effect of fuel injection position on combustion 

(Comparison of gasoline / LPG fuel)
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(a) Torque and exhaust gas temperature

(b) Exhaust emissions (CO, HC, CO2)

Fig. 7 The effect of A/F ratio timing on combustion 
(Comparison of gasoline / LPG fuel)
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