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1. High Speed Direct Injection Diesel Engine
2. Soot
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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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Table 1- Describtion of parameters used in the formulas

DOH Degree of Heterogeneity
[} equivalence ratio in the computational cell i
®q overall average equivalence ratio of total mixture
Neels 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
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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
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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 20.5mg
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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
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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
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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 NOx emissions for all the studied cases
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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.
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