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Abstract : Recently, the important issues of gasoline engine are to reduce the fuel consumption and emission. Thus,
many researchers are studying the technology to solve these problems. One approach of these issues is to achieve
homogeneous charge combustion and stratified change combustion with various injection strategy. In this study, the
combustion characteristics of DISI engine accrding to injection strategy were examined. The effect of injection timing
on lean limit A/F were investigated using dual DISI single cylinder. The results show that the engine operation region of
dual DISI type engine is larger than that of PFI and DISI type engine cases. Especially, late injection is very effective to
extend the operation region more than any other injection timings. In addition, the results show that when the DISI
injection ratio is increase, leam limit A/F is improved. It means that the dual injection system car meet with emission
regulations and reduce the fuel consumption. Also, combustion pressure of dual injection system is much higher than
PFI and DISI injection.

Key words : Direct injection spark ignition(¥ 5 &AM 7F&E® QlX), Ignition timing(:=AFA]17]), Lean burn
combustion( 8] B+<1 4), Injection ratio(3-A}H] &), Stratified combustion(”d 5-<14~), Dual injection(+ & A
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Table 1 Engine specifications

A

Y1 EoR

i

=

5}

]
=i

HERAM Tt
=317k

=

ki3

25

Wool By HE RN A Rk
2 5 o T HEW G B =T o H Moy
= 2 E T oL SN W oo & o o
> = — 2, & O%E.Pur%. ol B B &
Mk 2 1al.l |IE]s R R L R
SEIEIEE el 5|8 |22 42 2 T xS P ET sy
EEEHE R EEEEBIHEEE : Clzax® AT RGO Y
Sl e S =2 5 WU = o s —
21E| T e T T O U A R i
N == o n MH _/‘_wm._lu i)
Ells 213 £ S do O N B gt %ﬁ%
=) - ~ y
2 g 5 P P TR ey g AT
E B g ﬂﬁﬂﬂoz%%iﬂmﬂo_evﬁ
2 = B ® o B B ot N
ol 4 s ER T R
El2|e 2 ° ° = Mﬁmaipimﬂmuuo_&oﬂbﬂyma
ehdmm .MCMW.Jeeem,em 2 N o= El]ﬂATHodleWﬂ
SEIAE R - = S S ORI A
=55 =[F 5|25 525|555 8 S SRRSO
Elx|E|-S|8 Slele| B2 = ]S ols ) X o= = ﬂizﬁﬁomﬂ_z_n i
Bl ol ol &l = alg|s| | N|le S| l=1.2 2 Hfdlﬁ‘lr.._ = T
R R 2RI B ET g T A
/Al g g 8| &z x| | E] &|F|8 = X 07 =y 17! )
BEE NN 4 | N R A e il
Al 2 L TR e T reg Wt
= o wE P H A WS A e W B
! PERFETEITNTIFITHRET YT R Il I
5 TRERTATT P gy TN ﬁ_.lﬂmmﬂﬁAwm_ﬂapé
o BB P INTFRRT a T TEANAE =Sy
4y L T R~ BT B e R T - A o N B m g o ® g
~ )= o = T ~ = il -~
N Ei.meafdzﬁmﬂuaao4_§Lw%ﬂqm_ %x‘_waﬂ < % Mo Ny S
T TxplIeds R e s agd i H SNz T 8
W T, RIRBIFedg HT DT p ET®RNTT AN S
¥ Foalgl et egw B AR e® SExay o ZeFHogUTwg
<. RT LT LA spp T I EY g iTeg W _gugldpHEIag
) i e O e G ST - S o I A Gl
< T PR P o g e Par B gmod R ARERD BT D
= o W T ok o T oy 2 = 3 oy — T KV = 7 < o O
o \WJIHE N Mﬂﬂmﬂﬁﬂﬁ_’_ﬂﬁﬂr < W‘I < o o =T o o — < W 8 ‘EIM_I,\DFW m
e %mMH%]%%Q%%HW%QUEvmoﬂr.ﬁoﬂ __uo___wwo%o%mﬁ@g%mﬁ@
n PONT APyl B i eRE g P T RN S o
N E,ﬂgA%%omﬂﬂi%Eﬂnw'%%urﬂ%ﬂ%z S~ T U@ ow HD
4 B W o wdn W Epmd e g g AT 8FE RN o EP
. TARTABTo 2T pgETrEe e A LRI g NV
Ao Wo Ry DX g FTRONNE T B gy X N oW mrm B o
e 0 | ~ )
W o= = e AR TE S Ho s i %o A R e
0T % T R R g oz O g0 R e el I
FTRRHEBPNTFTDTEAdT A U T 4 P T WX T K

7}
69

3L,

L
2

pu
[e;

}

o o)
¢

A o] 7§

1

Al ©
il

}o] 0.3 MPa= 7}

°

ol

Transactions of the Korean Society of Automotive Engineers, Vol. 20, No. 1, 2012

F12m, Fig. 191

o

Ao}

o

JERST,

Ape

fL

1=}
o

=

AREE!

-

=]
Q712 4] A7

+od

<



Byungdeok In - Sangki Park - Kihyung Lee

N
iUNNY > 2
4 l&m do
e {m ol
o 2 5o
2 g 0
= 5
H im ¢
N
e e
+ e
2 R
> 4
;"F; 1o rr
it i
o
O

>
>
o>
[
i)
o,
o
o
2
Ir
K
=2 g
S
>
>
%
>,
©
!
[N
o ofr
[ 1

ki
4,
p‘L
)
o I
2

2
i o
2
0
[y
s.
<
Gl
ol
2
N
)
o
O

o
ol
[

=

shsiet”

(9]
i
=
o

22 Z+E MM 2 HIolE] sia] A|AH

E/C & HAI(EC-150, -8 7] )& o] 83}
o] 3| et Bats dA A Alofstsl e,
o] AR FYHE TVFHFS S
7] Y35te] & 7] 3ol TPS2} MAP SensorS
stttk W7 FEO = AAk S22 7 A o
A T AE=F 725 AlAE A8kl o,
An] Alojet sutet Al S ] 9le 4EA(0,)
AA, v 7] EE B 548 S48 flgkn
7] #23 Al(Greenline 9000, EUROTRON)E A
ATH =3 oA &= Fokol| Kistler o] X3} =
I AAY FHAAE T2 S AP e] ¢
S F43te] AD HEES F3to] Ao R A
st o, A4 2S¢l gk Efo] ™ tlo]E & <l
Hol A A E = TDC(Z) 2} 360702 Ze=
LA AEE g5kl FlkdaL, <xle]

121

o rd =

F ox

off e B o o

)
&£

4

Moo 1B

)

s 1L

st 2EAg ol g3te] FYANA Fat
o

bz

ATl M = sk A4 G ol FE2 A E =
% 000rpm =} BMEP 3barZ 75
43kA] 71 MBTel 31783

L=
i
Y

[o o T

B

NN

o O ojo &
i
&
lob
£z
2
[
Jm
o ©
o
i)
£
ol
)
N
fo
%
>
=Z
=
o

T ANERE P
HAEAIL, A &
7t AR HSole #Y £3)9 A=
719 F4S Flskr] A BARATIE
BTDC 180°, 90°, 60°, 45° =2 ¥ 7 &}o] 23] 3}9] om,
HARAL 7] ] Bl 19 S Fig. 200 YERAQITE A
v Ao} e 2258 A ARl FUF

70 si=RSAISE|=2E M0 M15, 2012

Table 3 Engine test conditions

Engine performance test

Engine speed 2000 rpm
A/F 1~40
Injection pressure (PFI system) 0.3 MPa
Injection pressure (DISI system) 10 MPa
Injection timing (PFI system) BTDC 90°

Injection timing (DISI system)

BTDC 180°, 90°, 60°, 45°

Ignition timing

MBT

Charge air pressure

Natural aspiration

Fuels Gasoline
10
—=— Intake Valve
TAAID| —e— Exhaust Valve
s b PFl Injection
l DISI Injection
E ef
E BTDC
=L 9 a1oC
>
© 60°
>
2L BTD
450
. A4
0 100 200 300 400 500 600 700
Crank angle (Degree)
Fig. 2 Dual injection system according to the various
injection timing
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Fig. 3 The operating region of PFI combustion system
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Fig. 4 Effects of injection timing on operation region using
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(e) DISI 70% injection

Fig. 8 Effects of injection timing and ratio on burn rate
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Fig. 9 Effects of injection timing and ratio on CO emission

3

100 | 2000 rpm |
—=—BTDC 180
- BTDC 90°
80 |4 BTDC 60
= v _BTDC 45°
s w0
2
[
c
£
3
@ 2
0
" " L
300 330 360 390 420
Crank angle ( Degree )
(c) DISI 40% injection
- 2000 pm |
—=—BTDC 180
—e—BTDC 90°
80| —a-BTDC 60°
= v BTDC 45
= e
]
©
= a0
£
3
@ 20
0
300 330 360 390 420
Crank angle ( Degree )
(f) DISI 90% injection
20000
2000 rpm BMEP 3bar
17500 - Injection Timing
—=— BTDC 180°
15000 —eBTDC 90°
12500 4—BTDC 60°
£ v BTDC 45°
S 10000
o 7500}
o
5000 |- X
A
2500
0 . . . . . . .
12 16 20 24 28 32 36 40 44
AlF
(c) DISI 40% injection
20000
2000 rpm BMEP 3bar
17500 |- Injection Timing
—=— BTDC 180°
15000 - e BTDC 90°
12500 4-BTDC 60°
£ v BTDC 45
S 10000
O 7500
3}
5000 [
2500 [
0 . . . . . . \
12 16 24 28 32 36 40 44
AlF
(f) DISI 90% injection

33 7 EAF ARl EAH|Z0| mE 7| CO WiZ&&o] B S54S yEhd 18 o]t} Co
=4 o) uha) 54 & RAL nl g ThE Fuld o 2 9
Fig 93 Finlt A ¥AF A7) 2 o) ol 1} o wieris AL & 4 ik w9, 559 2
Transactions of the Korean Society of Automotive Engineers, Vol. 20, No. 1, 2012 73



Byungdeo

k In - Sangki Park - Kihyung Lee

30000 30000
2000 rpm BMEP 3har 2000 rpm BMEP 3bar
| Injection Timing L Injection Timing
25000 —=—BTDC 180° s —=— BTDC 180°
e BTDC 90° —e—BTDC 90°
__ 20000 —a BTDC 60° __ 20000 4 BTDO 60°
€ v BTDC 45° € v BIDC 45°
2 15000 - 2 15000
2 £ 100
Z 10000 - Z 10000
5000 [ 5000
0 . L L . . . . . . A
12 16 20 24 28 32 3% 40 44 12 16 20 24 28 32 36 40 44
AlF AlF
(a) DISI 10% injection (b) DISI 30% injection
30000 30000
2000 rpm BMEP 3bar 2000 rpm BMEP 3bar
25000 |- Injection Timing 25000 |- Injection Timing
—a— BTDC 180° —=— BTDC 180°
o BTDC 90° o BTDC 90°
__ 20000 | 4 BTDC 60° . 20000 —4-BTDC 60°
£ v BIDC 45° £ v BTDC 45°
£ 15000 | 2 15000 | N\
0 o
Z 10000 - Z 10000 |
5000 [ 5000 | .
0 s L L L L L L 0 L L L L L L n
12 16 20 24 28 32 36 0 4 12 16 20 24 28 32 3% 40 4
AIF AlF
(d) DISI 60% injection (e) DISI 70% injection
Fig. 10 Effects of injection timing and ratio on THC emission
7000 7000
2000 rpm BMEP 3bar] 2000 rpm BMEP 3bar]
Injection Timing Injection Timing
6000 - —=— BTDC 180° 6000 - —=—BTDC 180°
o BTDC 90°
5000 - —4—BTDC 60° sooor
P o s
£ 4000 - ﬁ' Y_BTDC 45 € 4000 |- !':
v
o 2% o 'g medv
—3000f a — 30001 a N
x A
o o \mm
Z 2000 - . Z 2000 | 8,
ey v
.
1000 |- 4€ L 1000 |- 4" No
v v
0 1 . . . . . . . . . . . . .
122 16 20 24 28 32 3% 40 44 12 16 20 24 28 32 36 40 44
AlF AIF
(a) DISI 10% injection (b) DISI 30% injection
7000 7000
2000 rpm BMEP 3bar] 2000 rpm BMEP 3bar
Injection Timing | Injection Timing
6000 - —=— BTDC 180° i —=— BTDC 180°
—e—BTDC 90° 2 v —e—BTDC 90°
S0 » 4-BTDC 60° 8000 4 BTDC 60°
= BTDC 45° = - 2
£ a000f g - £ 4000 |- 2
2 % g ;
~ 3000 |- [N ~ 3000 |
x x
§ 5 § bt .
2000 [ v 2 2000 ® e oY
s ‘e " " . A, ey
1000 - & % 1 1000 | AL
L s s L s L L L L L L Y
12 16 20 24 28 32 38 40 44 12 16 20 24 28 32 36 40 44
AIF AIF

(d) DISI 60% injection

(e) DISI 70% injection

Fig. 11 Effects of injection timing and ratio on NOx emission
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