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ARTICLE INFORMATION ABSTRACT
Original Research Paper The main aim of this paper is the numerical investigation of air-fuel mixture formation and spray and
Received 21 December 2016 combustion characteristics of EF7 engine equipped with spray-guided direct injection system. For this
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Available Onling 03 April 2017 purpose, first, a six-hole injector is simulated in three injection pressures 6, 10 and 20 MPa and to

validate the fuel injection characteristics, the results are validated against the Istituto Motori-CNR
experimental data. Then, the injector position is selected near the spark plug and by changing the

Keywords: o . . . . LY

Coyrlnpmaﬁonm Fluid Dynamics injector angle relative to the axis of combustion chamber, the appropriate angle for optimization of
Gasoline Direct Injection Engine mixture formation is obtained. Then, the effect of injection pressure, start of first and second injection
Spray and Combustion Simulation as well as the effect of two-stage fuel injection with different ratios of fuel mass at first and second

Stratified Mixture Formation injection are studied on the mixture formation, wall film and engine emissions. The results showed that

the injector angle is extremely effective on the mixture formation, pressure and the amount of unburned
hydrocarbons due to its direct impact on wall film mass. Also, in the two-stage injection, relatively
homogeneous lean mixture compared to the stratified mixture results in better combustion at part load
condition.
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Fig. 1 Different injection time for mixture formation in DISI engines
(a) homogeneous charge, (b) stratified charge [2].
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Fig. 2 Different methods of fuel guided to spark plug in stratified
combustion (a) wall-guided, (b) air-guided, (c) spray-guided [3].
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Fig. 3 Spray image and holes distribution and spray footprint on a plane
placed at 30 mm from the injector tip [14].
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Fig. 5 The spray penetration length in different injection pressure.
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Fig. 6 Spray droplet velocity at t = 0.5 ms.
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Fig. 10 Comparison of simulated and experimental results of pressure
and heat release rate: full load (top) and part load (bottom).
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Table 6 Simulating results of Exhaust gas analysis.
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Fig. 8 ECFM-3z model [17].
[17] ECFM-3z Jo 8 S

L‘).ﬂ).;l.;..u ‘ojb 3929 3 9 2 &S R 6}-:'?". e ‘C"L“ & d>5.\b vs)f
~800000 Jols a5 2 aSeds 5l Slowbro auip 2olS sy ool g
o a5 ol ) oolitul gd oolitul wul 'l S ye alais o Jobus
Sloy slapls 5l (Fn s soae U slaosile polin j3 Sblagi 39300
S5 TeEs 5Tl Wb soue Jo G aSlxl losd caalie e
J> gl Sen 4l U 05 [Sen Logi) @) (ol Sen & G sl
2 50 B Cosloads solawl 1 aslils 51 amgss ol 50wl anils 1) (Gudos

b Gl agy Glagi Gew > slaesile Slej o5

w6, 188 ax0o -4-5
3151 sl 5 3l alaioms jLsd alRtlesl 5 (3luans s 10 S
solie 5l ol ol glo ) 255 gl Ao jsliiea i oo duglio | 0ns
[18] Caslons oslizd (10) oy ala 5 il crgp0 ,Lib oalSilas]
dv 1 dp
HRR:VVTlP@+VT1V@ (10)
olbs ol ohy lale)S S g o2 JL2S i Say sV P oS

oolazul 0 50 (gloaSl Slasin 5 Jgus
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Fig. 13 The effect of angle & on wall film mass and maximum of
cylinder pressure (P,,; = 6 MPa, SOI 450 CA).
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Fig. 15 Comparison of combustion parameters at different time and
pressure fuel injection.

g il Gl L2 g ey o Bl sl el b anslie 15 S

3 oolads 17 0995 1396 s 3 (jurde Suille Swise

5 35 1 - 1.2E-06 R
g 30 1 C—Pressure  ====Wall Film g
=) i — — [ n
CEBT ™ 1 8oE-07 &
ET 1 M i 2
[ 1 3 -l

55, S TR I E
c & 15 T N, ’ S | T
59 E *| + 4.0E-07 =
Ea 107 - s
é 53 =
2 ] F =

0 1 — T — 0.0E+00 ,9

0 85 10 115 20 30

$ (deg)
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Table 8 The comparison of engine operating parameters for Different
times of ignition.
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Fig. 20The equivalence ratio near the spark plug at ignition timing and
NOy emission at exhaust valve opening for different proportions of
primary and secondary injection.
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