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1. High Speed Direct Injection Diesel Engine
2. Soot
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Figure 1- Computational grids at TDC
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Figure 2- The effects of number of computational cells on In-cylinder mean pressure trend
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1. Coherent Flame Model

2. Flamelet

3. 3-Zone Extended Coherent Flame Model
4. Shell Auto-ignition Model

5. Durbin’s elliptic relaxation
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1. Kelvin-Helmholtz and Rayleigh-Taylor
2 Diesel Nozzle Flow
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Table 1- Describtion of parameters used in the formulas

DOH Degree of Heterogeneity
O} equivalence ratio in the computational cell i
©® overall average equivalence ratio of total mixture
Neers total number of computational cells
Smy mass of the mixture in the computational cell i
M mass of total mixture
AFR stoichiometric air—fuel ratio
HeterF (0) Heterogeneity Factor
HF(6) Homogeneity Factor

ol ) S oylep cod Lawgs oad by (65, Cond o jlailinl Gl sl a8l s oReal oo 3l YL oy
loudds ealazwl d‘y“\.’a.wus)o 6‘9&5;09..» M»S).’JS

1. Kennedy/Hiroyasu/Magnussen
2. Premixed Charge Compression Ignition
3. Homogeneous Charge Compression Ignition
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Table 2- Engine Specifications[36]

Engine Type HSDI Turbo-charged diesel engine
Number of cylinders 4

Bore x Stroke 86 mm x 86 mm
Geometric compression ratio 18.2:1

Displaced volume 1998.23 cc
Connecting rod length 160 mm

Squish clearance 0.86 mm

Engine speed 1600 rpm

Piston shape Central bowl in piston
Nominal bowl volume 21.7 cc

IVC/EVO 217 CA /491 CA
Intake Manifold Air Pressure 0.162 MPa

Intake Manifold Air Temperature 345 K

Y1050 & g Ghudly 4ilols olasdun =¥ Jgar
Table 3- Diesel fuel Injection System Specifications [36]

Injector type 2" generation Delphi common-rail
Injection pressure 110 MPa

Number of nozzle holes 6

Nozzle hole diameter 0.159 mm

Injector cone angle 154 degree

Fuel temperature 350 K

Total fuel per cycle 20.5 mg

[¥#]d 50 < gms laduinn -F Sy
Table 4- Diesel fuel Specifications [36]

Test Method Result

Flash point (degC) IP-34 71

Carbon residue on 10% IP-14 0.2

Ash content % (m/m) P-4 Lower than 0.005

Water content (mg/Kg)

ASTM-D1744 61

Particulates (mg/kg)

DIN-51419 13

Oxidation stability (g/m?)

ASTM-D2274 14

Sulphur, % (m/m) 1P-336 0.19
Lower calorific value (MJ/Kg) [36] Around 42
Density @ 15 degC (Kg/m°) ASTM-D4052 853.8
Cetane number ASTM-D613 49.1
Cetane index 1SO-4264 47.3

Carbon % (m/m)

ASTM-D5291 86.2

Hydrogen % (V/V)

ASTM-D5291 13.4

1. Ultra Low Sulfur Diesel

. o2 gw QI s
050 Jsb 5 bl Lt s jludans plas o gb s solitasl gl slolily 5 FA/) olies oue o Diesel EN590 s o



www.SID.ir

YYA2 50k cpgo ojlod (e Jlu (3l gl g S g gl - oode 4y i

ol axllo o ol 9 wixo
VO USS aS jeblen e oo plis |y 5l gl alhase g0 (g0ae g 0,0 el HLad s W9y Gl anglie ¥ S
Sl sl ouls (gilwans Slewlre SVl Sl J138le 5 lawgs a5 cllginl g0 HLid s Wy, W oo lis
JBb Ggaee AT 5 VAYD 1l goue 5 (225 alginl (398 Jlad didn ke Cunl (0205 JLad 1is W9, &
alais ‘Blidbcb iy ‘5.6 $99,9 6L®ul;9.~u QMC\M QL‘Q) )l )L...J ).u_u Jﬁs) ‘)L».A S| A!L. gjiw d,..lo ‘U—| )..10531.: L]
Silwands 5l ol mlis 5 0,50 gl G Gzl LSl ol cds ST S0 aub sl ao o )5l 1S YU e
.‘a;‘)...u 9 uLC)Lb‘ ‘5‘>).1 )\b u...nlaﬁ ‘AJL L Jay).n ..b‘?.'ksn ).n‘ U"‘ u.l.c c\S 05....4‘5;7 o.A.QLm.A g.i.JJ.».A V?‘—\NA’ oosm ).)
59,9 LSLQ)"“")L' )JOLQA I\ Jsu\D Ml) Lmula}w u;.\.wd...w.u r:li..atb UW C.Ia.u le.mb 9 )\.\...L.....: O)L.\? LSLAQ ssle C\..Jsl

A o slid 1) Slalre £g,8 glail [0 oul 48,5 iy sla 5,8 4

12
==-Experiment
—CFD Simulation
10
=
B
2
g 89
=
w
]
£
= 6 1
5]
L
=
5
Y /
= ?  Diesel Fuel Injection Trend
<
s 2] Pilot Injection Main Injection
0

320 330 340 350 360 370 380 390 400 410 420
Crank Angle (Degree)
Figure 3- Comparison of calculated and measured in-cylinder pressure [36]
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Table 5- Initial conditions and considered assumptions

In-cylinder Temperature (K) @ IVC 395
In-cylinder Pressure (bar) @ IVC 1.65
Swirl Ratio (-) @ IVC 3

Piston Top Temperature (K) 560
Cylinder Head Temperature (K) 560
Cylinder Wall Temperature (K) 420
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Figure 4- Comparisons between the predicted and calculated engine-out soot and NOx emissions [36]
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Table 6- Numerical and Experimental Emissions Values

Results Soot NOx
(gr/kg. fuel) (gr/kg. fuel)

Experimental 0.96 28.5

Numerical 0.95 29.17

5% wesdplnl (Zrwiows | Glaebl 5 (@28 @l loand | Jol> @l Gl cadplnl slaob;)l Gl
oud 43 g Gl Sy (9ple) 9 Gl Dlored DSl (o) 2 S Aliie slao pal) (o) 4 Bl iy
Sl 550 sy chlidee (o188 eal) ] 5 Ban e 00d o)y 5 dnlllae il Sl> @ sl el sl e
aile ygige (25 g 9,Shes ()59 58 SBST 5 0050 bl 5350 (29,5 Swosi¥T wdgi liee 1 Bl Sy Bl
Ceslgd 5 G g oS 5 CudeS (e igred 9 s59e (JSI0 Fge )lid :Sle 5 6 95l 0y S g B pan

el [F9] K g 55 odalllas ululy ybls imgly o eddboslital 26 Sledbl oled a5 el 53 oL
e 0l |y Hgise aly Il 60 55 kil s wlasie ¥ Jgar

1P 90§05 al kulph -V Jgus
Table 7- Engine Baseline operation case

Engine Speed (RPM) 1600
Pilot Fuel (mg) 0.5

Total Fuel per Cycle (mg) 20.5
Injection Pressure (bar) 1100
Pilot Duration (CA) 121
Main Duration (CA) 10.45
Main SOI (CA BTDC) 0.65
Separation between Pilot and Main Injections (CA) 30

Fuel Spray Angle (Degree) 154
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Table 8- Operating conditions provided for the engine
Pilot fuel quantity (mg) Pilot injection timing (CA) Seperation between Pilot and main injection (CA)
339.35 20
05 329.35 30
324.35 35
339.35 20
25 329.35 30
324.35 35
339.35 20
4 329.35 30
324.35 35
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Figure 5- Engine-out soot and NOXx emissions for all the studied cases
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Figure 6- Mean in-cylinder temperature and rate of heat release for different studied cases in comparison with baseline operation
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Figure 9- Homogeneity Factor at 355 CA as a function of NOx emission for all studied cases
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English Abstract

Applying the Homogeneity Factor to Evaluate the Effects of Pilot Injection
Characteristics on Air-Fuel Mixing Quality and Engine Performance in a
Turbo-Charged High Speed Direct Injection (HSDI) Diesel Engine
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In the current research, the simultaneous effects of pilot fuel quantity and pilot injection timing on the air-fuel
mixing process, engine performance and pollutant emissions have been investigated in a High Speed Direct
Injection (HSDI) turbo-charged diesel engine. For this purpose, a modified parameter called ‘“Homogeneity
Factor (HF)” has been applied as a new measure for analyzing the air-fuel mixing process: The simulated
results have been compared with the experimental data and a very good agreement has been achieved for
simulating the in-cylinder pressure, heat release rate and pollutant emissions. The results show that the pilot
fuel quantity is more effective on air-fuel mixing quality than pilot injection timing. By advancing the start of
pilot injection timing, the maximum amount of Homogeneity Factor during pilot.injection, is achieved at an
earlier time. As a result, for earlier SOP timing, a sufficient. mixing is available to achieve a more
homogeneous mixture at the time of ignition.

Keywords: Diesel Engine, Homogeneity Factor, Pilot Injection, Engine Performance, Pollutant Emission
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