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1. Gasoline Direct Injection (GDI)
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1. Port Fuel Injection (PFI)

2. Advanced Port Fuel Injection

3. Concept

. Bosch

. Injector

. Scavenging

. Fuel Film

. Turbocharged Port Fuel Injection
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0. Wall Wetting
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1. Hydrocarbons

2. Dual Multi Point Injection System
3. Fuel Atomization

4. Computational Fluid Dynamics

5. Wisconsin University
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Table 1- EF7-TC engine specifications

Borexstroke 7.86 cmx8.5 cm
Length of connecting rod 13.45¢cm
Compression ratio 9.5
Displacement volume 457.9 cm?®
No. of cylinders 4

Intake valve opening time 694 CA
Intake valve closing time 234 CA
Exhaust valve opening time 485 CA
Exhaust valve closing time 23 CA
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Figure 1- Computational grid at BDC
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Figure 2- Validation of simulation results using in-cylinder pressure at 3000 rpm (PFI engine)
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Figure 3- Validation of simulation results using in-cylinder pressure at 5500 rpm (PFI engine)
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Table 2- Operating conditions (PFI engine)

3000 rpm 5500 rpm
Ignition timing 3 °BTDC 12 * BTDC
Duration of fuel injection 19.22 ms 21.81 ms
Start of fuel injection -447.39 CA 0CA
Fuel mass injected per cycle 0.06383 gr 0.0759 gr
Intake flow pressure 1.667 bar 1.666 bar
Intake flow temperature 27.75°C 39.6°C
Ambient pressure 0.87 bar 0.87 bar
Cylinder wall temperature 415K 415 K
Cylinder head temperature 465 K 465 K
Piston crown temperature 555 K 555 K

Fuel Iso octane
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Figure 4- mass fraction of fuel on the intake port walls (PFI engine)
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Figure 5- mass fraction of fuel on the intake port walls (APFI engine)
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Figure 6- fuel film formed on the walls of the air inlet system (PFI engine)
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Figure 7- fuel film formed on the walls of the air inlet system (APFI engine)
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Figure 8- fuel film formed on the walls of the air inlet system (PFI engine), cold start conditions, wall temperature -10°C
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Figure 9- fuel film formed on the walls of the air inlet system (APFI engine), cold start conditions, wall temperature -10°C
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Figure 10- Comparison of the combustion chamber pressure between PFI and APFI engines under the same conditions
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Table 2- Operating conditions (APFI engine)

3000 rpm
Ignition timing 3 °BTDC
(I?)l;;a%:}c}gcct)grf)uel injection 9.61 ms
Start of fuel injection 4 CA ATDC
Fuel mass injected per cycle 0.06383 gr
Intake flow pressure 1.667 bar
Intake flow temperature 27.75°C
Ambient pressure 0.87 bar
Cylinder wall temperature 415K
Cylinder head temperature 465 K
Piston crown temperature 555 K
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Figure 11- Effect of fuel injection start time (in fixed injection duration) on the combustion chamber pressure (APFI engine)
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Figure 12- Effect of fuel injection time on the mixing of fuel and air in the combustion chamber (@330 CA)
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Figure 13- Comparison of fuel distribution in the combustion chamber between PFI and APFI engines
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English Abstract

Numerical investigation of the effect of APFI concept on some combustion
characteristics of Turbo-Charged Sl engine
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Using GDI technology has a lot of challenges for automotive manufacturers such as a combustion
development so PFI engines have been produced and even, in some markets, their production is increasing.
Regarding to the strict emission legislations, PFI engines need improvement and using novel technologies.
One of these technologies is APFI concept. This concept could approximately achieve the main advantages of
GDI technology by less cost and challenges. In this study, the effect of APFI on the wall wetting, fuel
distribution in combustion chamber and output power are investigated. It shows that using this concept could
decrease fuel film mass on intake system about 75 percent. In the other hand, fuel distribution in combustion
chamber (around spark plug) becomes homogenous which causes improvement in combustion progress and
increases in-cylinder peak pressure. Investigations show that the APFI engines are sensitive to the injection
timing so the optimum time for start of injection is investigated.

Keywords: APFI, Fuel film, fuel distribution, In-cylinder pressure, Port fuel injection
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