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Abstract— In this paper, the main purpose is to design CNG 

engine and to match turbocharger with CNG engine and to 

find the possible of combined injection of CNG and gasoline, 

which is studied on a 2.0 L turbocharged. CNG as an 

alternative fuel is used in SI engines to improve fuel 

consumption and exhaust emissions. By a CFD studies of In-

cylinder combustion we found pollution emission and 

combustion phenomena of CNG engine. CNG has a higher 

octane number and knocking resistance as compared with 

gasoline and hence CNG engines can have higher 

compression ratios and therefore higher indicated 

efficiencies. Results show that the combined injection of 

gasoline and CNG is much better than gasoline mode in terms 

of fuel consumption and raw HC and CO emissions. The 

pollutant were calculated by a CFD analysis of CNG engine 

In-cylinder Combustion process and mixing the CNG with 

natural Airading. 
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I. INTRODUCTION 

This paper covers the new engine architecture of 2.0 L 

internal combustion engines burning natural gas (CNG) 

directly injected inside combustion chamber and matching 

turbocharger with CNG engine to increasing performance and 

in the modern one of its use for fuel consumption and 

pollution emission reduction. Such as Gasoline fuelled 

vehicle running for 100 km produces 22 kilograms of CO2, 

while covering the same distance on CNG with turbocharging 

produces only 14.5 kilograms of CO2. Different methods to 

construction of an engine of this kind are updated, followed 

by determination of the engine compression ratio, 

requirements of the engine systems, for either compressed 

natural gas, or selection of ignition methods. The advantages 

of turbocharging CNG engine are discussed to control air 

pollution emission and to improve power density and thermal 

efficiency on CNG engines. 

A. CNG Engine Design 

A new engine design delivers the supreme flexibility and 

perhaps the most operative design for process with gaseous 

fuel, but inclines to bear mounting prices, which avoid it from 

being a commercially practical option, because direct 

injection CNG engines are improbable to find large-scale 

commercial use in the future, due to the well-established 

invention lines of conventional petrol and diesel engines.  

 

 
Fig. 1: CNG Engine Layout 4-Cylinder 2.0 L 

Recognized world oil assets are decreasing but can 

still keep providing conventional IC engine fuels, i.e. petrol 

and diesel, for decades at costs suitable to most consumers. 

H.Zhao [1] 

The cost of designing a new turbo DI CNG engine 

is unlikely to be recovered in a market of such a scale.  

B. Converting Gasoline Engine 

By converting the fuel system, petrol engines can operate on 

natural gas at a cost much less than by designing a new 

engine. Conventional petrol engines convert chemical energy 

to mechanical energy by so-called premixed combustion. The 

petrol fuel is mixed with air, or air plus recirculated exhaust 

gas, before being inducted into the cylinder(s). The 

compression ratio of a petrol engine has to be low enough to 

avoid auto ignition of premixed air and petrol fuel, because 

auto ignition can cause a very rapid increase of cylinder 

pressure and could cause severe damage to the engine. The 

structure of a conventional petrol engine is designed for a low 

compression ratio. D. Zhang [2] 

Making a DI CNG engine by converting a 

conventional petrol engine would bound the possible for 

improving fuel efficiency by increasing the compression 

ratio, because the assembly of the gasoline engine does not 

allow a large increase of compression ratio. There is still the 

benefit of fuel efficiency, particularly at partial load, from 

direct injection combustion, because the engine does not have 

to use the intake throttle to reduce intake air. Recently car 

industries started to introduce DI gasoline engines such as 

TSI, GDI on their high performance vehicles. D. Zhang [2] 

A turbocharger is typically used with the direct 

injection engine to improve fuel efficiency and to increase 

power density. Converting a DI petrol engine to a DI CNG 

engine includes less modifications than converting a 

conventional petrol engine. The fuel system requirements to 

be redesigned for the CNG fuel.  
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C. Selection of Fuel Injector 

The injector is a device to supply fuel spasmodically into the 

engine cylinder at times that are coordinated with the engine 

camshaft position. The injector needle in an injector 

performances as a valve to open or close the way to the 

injector hole(s). In a fuel pressure-activated injector, one end 

of the needle is preloaded with a spring force, and the other 

end is open to the fuel pressure. The needle is closed in 

contradiction of the seat when the spring force is greater than 

the force due to fuel pressure. The fuel pressure can be 

changed by a pump which is either detached from the 

injector(s) by pipelines or directly connected to an injector. 

When the fuel pressure increases to overcome the spring 

force, the needle starts moving away from the seat, and then 

after fuel injection starts. A fuel pressure-activated gas 

injector has slower reaction than a liquid injector, since the 

pressure wave propagation in gas is much slower than that in 

liquid, and tends to negotiation the accuracies of fuelling 

timing and fuelling rate. 

As per our studies there are few list of fuel injector 

that are suitable for CNG engine design are as given: 

1) Nippon Denso, Light Green, 2.4 Ohms, Toyota 4KE 

2) Nippon Denso, Violet, 13.8 Ohms, Toyota 3EE, 2EE 

3) Bosch 0 280 150 704 

4) Bosch 0 280 150 209 Volvo B200-B230 

5) Bosch 0 280 150 114 VW Transporter Type I 

6) Lucas 5206003, 14.4 Ohms, Ford 1.6L 

7) Lucas 5207007, 14.4 Ohms, Starlet 

8) Lucas 5207003, Buick 3.0L 

9) Lucas 5208006, Renault 

II. COMBUSTION SIMULATION 

For the simulation we have used viscous model method i.e. 

K-epsilon (2 eqn) with standard wall function. The material 

is Methane-Air (CH4) and reaction is volumetric with 

turbulence chemistry interaction and eddy dissipation. 

Thermal conductivity is 0.0454 w/m-k and viscosity 

is 1.72e-05 Kg/m-s. 

The inlet velocity of atmospheric air is 0.5 m/s at 

26.85o C and the inlet velocity for fuel (CH4) is 80 m/s where 

composition of O2 is 0.23. 

A. In-Cylinder Combustion in CNG 

The combustion will be modeled using a global one step 

reaction mechanism, assuming complete conversion of the 

fuel to CO2 and H2O. The reaction equation is 

CH4 + 2O2 - CO2 + 2H2O 

This reaction will be defined in terms of 

stoichiometric coefficients, formation enthalpies, and 

parameters that control the reaction rate. The reaction rate 

will be determined assuming that turbulent mixing is the rate-

limiting process, with the turbulence-chemistry interaction 

modeled using the eddy-dissipation model. The procedures 

used here for simulation of hydrocarbon combustion can be 

applied to other reacting flow systems. 

The important role of the mixture heat capacity in 

the prediction of flame temperature. The combustion 

modeling results are summarized results. 

1) CH4 mass fraction found near the clearance volume is 

7.594e-001 or 0.759372. 

2) CO2 mass fraction found near inlet valve at the time 

when valve is closed was 9.741e-002 or 0.0974135. 

3) H2O Mass fraction found near inlet valve which is 

7.963e-002 or 0.0796288. 

4) Density is 0.261761 Kg m-3 minimum and 1.7153 Kg m-

3 maximum present on top of piston 

5) Eddy viscosity 3.04459e-06 Pa minimum and 0.158571 

Pa maximum. 

6) Inner wall temperature 90.34o C (min) and 1003.3o C 

(max). 

7) NO pollutant mass fraction is 6.77456e-11. 

8) N2 obtain near side wall and top of piston i.e. 0.232078. 

9) O2 mass fraction present 0.23. 

10) Pressure rise inside cylinder is -231.482 Pa (min) and 

128.453 Pa (max). 

11) Temperature inside cylinder is 1003.3o C. 

12) Turbulence Kinetic energy is 6.31882e-09 m2 s-2 (min) 

and 49.3047 m2 s-2 (max). 

13) Velocity inside cylinder 33.8419 m/s-1. 

14) Wall heat transfer 21.6215 wm-2 k-1 near inlet valve side 

and 170.146 wm-2 k-1 near exhaust valve side. 

The NOx production in this case was dominated by 

the thermal NO mechanism. This mechanism is very sensitive 

to temperature. Every effort should be made to ensure that the 

temperature solution is not over predicted, since this will lead 

to unrealistically high predicted levels of NO. 

 
Fig. 2: Eddy Viscosity 

 
Fig. 3: Turbulence Kinetic Energy 
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Fig. 4: Pressure 

The NOx production in this case was dominated by 

the thermal NO mechanism. This mechanism is very sensitive 

to temperature. Every effort should be made to ensure that the 

temperature solution is not over predicted, since this will lead 

to unrealistically high predicted levels of NO. 

 
Fig. 5: Velocity A/F 

 
Fig. 6: Static Pressure Fuel 

 
Fig. 7: Static pressure air 

 

 
Fig. 8: Mass Fraction of CH4 

B. Flame Generation & Injection Pressure 

The injection pressure here mentions to the fuel pressure at 

the fuel entrance of an injector. In an injector with an internal 

intensifier the injection pressure refers to the fuel pressure at 

the exit of the intensifier. A positive pressure difference 

between the injection pressure and the cylinder pressure, to 

which the injector holes are exposed has to be sufficiently 

large to deliver the fuel to the cylinder in a short time period. 

Considering the pressure loss inside an injector, we may 

express the desired injection pressure, Pinj, as 

Pinj > Pmax + dP1 + dP2 

Where Pmax is the maximum cylinder pressure, dP1 

= Pseat – Pmax is the pressure difference across the injector 

holes, and dP2 = Pinj – Pseat is the pressure drop inside the 

injector. Here Pseat is the fuel pressure at the needle seat. 

The pressure difference across the injector holes, i.e. 

dP1, is a driving force of fuel injection. For successful fuel 

injection, two circumstances should be seen:  

1) dP1 is positive;  

2) dP1 is sufficiently high to inject fuel at a anticipated rate. 

Since the pressure variations, we may direct condition 

d P1 = (Pseat – 3s P ) – (Pmax + 3s P ) > 0 

Where s Pseat = standard deviation of Pseat, 

s Pmax = standard deviation of Pmax. 

In practice, s Pseat is difficult to measure, and can 

be substituted by s Pinj, i.e. the standard deviation of the 

injection pressure. 

By the relation Pseat = Pinj – dP2, we may rewrite 

equation as follow 

Pinj – Pmax – P2 – 3* (+ P) > 0 

Or 

Pinj > Pmax + P2 + 3* (P + P)) 

Pmax can be measured or can be a design target.  

dP2, the pressure drop inside the injector, can be 

measured from a assumed injector the standard deviation of 

injection pressure. 

s Pinj, can be measured from a assumed fuel supply 

system.  

The standard deviation of Pmax, s Pmax, can be 

measured from an engine or estimated from data of similar 

engines.  

For an injection event to complete in a given time 

interval, condition (ii) has to be met, i.e. 

Pinj – Pmax – P2 – 3* (P + P) = IPS inj max d s s 

Or 

Pinj = IPS + P2 + Pmax + 3* (P + P) inj max d s s 

Where IPS is a positive number that can be called 

the ‘injection pressure surpluses. The pressure surplus is a 

driving force for a positive fuel stream from an injector to a 
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cylinder. The greater the driving force, the greater is the fuel 

injection rate. Designed for actual conversion of chemical 

energy to mechanical energy from burning a fuel in an IC 

engine, the injection momentum of the fuel jets should be 

kept as high as possible. 

This means that the pressure surplus should be kept 

as high as possible. 

The increased pressure surplus, though, requires 

increased strength of the components of the fuel injection 

system and increased pumping power. As long as the engine 

performance and emission goals are saw, the injection 

pressure should be kept as low as possible, because a low 

injection pressure helps the reliability of a fuel system, and 

helps to reduce its cost and power consumption. D. Zhang [2]. 

 
Fig. 9: Injector Nozzle 

 
Fig. 10: Fuel velocity 

 
Fig. 11: Motion of Air Fuel Mixture 

III. A ENGINE SELECTION & TURBO-MATCHING 

 
Fig.12 Design of 2.0 L Engine 

Engine 4 Cylinder 

Engine CC 1984 cm3 

Max Power 
200 Hp (147 Kw) at 5100-6000 

RPM 

Max Torque 
206 lb ft (280 Nm) at 1700-6500 

RPM 

No. of Valve 4 valve per cylinder 

Bore 82.5 mm 

Stroke 92.8 mm 

Firing Order 1-3-4-2 

Compression Ratio 9.6:1 

Fuel Spray 200 bar pressure 

Boost Pressure 2.5 Kpa to 12Kpa 

Boost pressure 

peaks 
8 psi 

Table 1: Engine Details- 2.0 L (In-Cylinder Combustion) 

Max Turbo RPM 

Compressor outlet 3 diameter (inches) 

Max RPM 110772 

Mass Flow Rate 

Inducer diameter 1.7 inches 

Hub Diameter 0.9 inches 

Table 2: Turbocharger Analysis 

Mass flow rate 0.388781 

P2 (Psig) 32 

Compressor efficiency 70% 

Turbine efficiency 78% 

Nozzle efficiency 90% 

Ambient temperature 250 C 

Ambient Pressure 14.7 bar 

Compressor Temperature 

Rise 

166.7880 

C 

Compressor discharge 

temperature 

191.7880 

C 

Turbine temperature Drop 
146.4980 

C 

Turbine outlet temperature 
641.5020 

C 

Turbine Pressure ratio 

required 
2.19367 

Table 3: Full Analysis: Compressor & Turbine 

Nozzle Pressure Ratio 1.40261 

Nozzle Exit 

temperature 
575.260 C 

Nozzle velocity 1283.39 ft/sec 
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Jet nozzle outlet 

density 

38.4698 cu 

ft/lb 

Jet nozzle diameter 1.46145 inch 

Jet nozzle area 1.67749 sq. in 

Thrust 15.5016 lbs 

Table 4: Full Analysis-Nozzle 

A. Turbo Power Calculation with Intercooler 

For the matching of turbocharger with CNG engine we have 

used given parameter: 

Bore = Cylinder diameter in inches 

Stroke = Engine stroke in inches 

No. of cylinder = Four 

Ambient Air temperature = Air temperature of the day 

Engine volumetric efficiency = 3000 rpm = 90% 

             6000 rpm= 60% 

At a maximum rpm we will get better volumetric efficiency.  

Four valve per cylinder have 75% to 90% volumetric 

efficiency. 

Boost pressure = psi 

Compressor efficiency = 60% to 70% 

Intercooler temperature = centigrade 

Intercooler efficiency = 70% to 75%  

Deck height is distance top of piston stops from top 

of bore and for our calculation deck height is 1.9 mm. 

Gasket thickness= 0.55 mm 

Bore 82.5 mm 

Stroke 92.8 mm 

No. of cylinder 4 

RPM 5500 

Ambient Air temperature 240 C 

Engine Volumetric efficiency 64.18 % 

Boost  pressure 6.5 bar 

Compressor efficiency 70 % 

Intercooler efficiency 70 

Table 5: Engine Input Data 

Engine Capacity 1983.46 cc 

Naturally aspirated cm/min 3.50 

Air temperature Before intercooler 31.640 C 

Temperature drop 5.35 

Air temperature after intercooler 26.290 C 

Turbocharged cm/min 3.44 

Air-kg / minutes 3.90 

Turbocharged Kw 69.48 

Turbocharged torque Nm 120.57 

Table 6: Engine Calculated Data 

B. Compression Ratio 

Bore 82.5 mm 

Stroke 92.5 mm 

Deck height 1.9 mm 

Gasket thickness 0.55 mm 

Head volume 23.7 mm 

Results 

Compression ratio 14.48 

Combustion chamber volume cc 23.70 

Table 7: Input Data 

 

 

bore 82.5 mm 

stroke 92.8 mm 

Engine volumetric efficiency 64.18 % 

Standard compression ratio 14.48 % 

Boost pressure 6.5 bar 

Result 

Compression ratio under boost 10.21 

Recommended fuel 96.14 

Table 8: Turbo Compression Ratio 

Engine capacity cc 1983.46 

Max RPM 5600 

Turbo Boost 20 KPa 

Result 

Compressor TRIM 44 

Turbine HSG A/R 0.35 

KW 69.48 

Air-kg / minutes 3.90 

Table 9: Turbocharger Matching for CNG 

Fuel CNG 

KW 69.48 

No. of injector 4 

Max Injector Duty 85 

Air fuel Ratio 14.1 

Result in Imperial gallon 

Required injector flow cc/min 98.707437991 

Required injector flow lbs/hour 9.1194729336 

Total fuel injected lit/hour 23.689785 

Total fuel injected gals/hour 5.2111273906 

Table -10: Electronic Fuel Injector 

Engine size 2.0 liters 

Volumetric efficiency 65% 

Max boost in Psi 8 

Max engine RPM 6000 

RPM set size 500 

Table 11: Compressor Flow Map Calculation 

 
Graph 1: Boost vs. Pressure 
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Graph 2: CFM at 2000 rpm 

Boost: 8.0 PSI Engine Size: 2.0 Volumetric Efficiency: 65% 

Boost 

in PSI 

Pressure 

Ratio 

CFM at 

1500 

RPM 

CFM at 

2000 

RPM 

CFM at 

2500 

RPM 

CFM at 

3000 

RPM 

CFM at 

3500 

RPM 

CFM at 

4000 

RPM 

CFM at 

4500 

RPM 

CFM at 

5000 

RPM 

CFM at 

5500 

RPM 

CFM at 

6000 

RPM 

1.0 1.06 36.79 49.06 61.32 73.59 85.85 98.12 110.3 122.6 134.9 147.1 

1.5 1.10 37.96 50.62 63.27 75.93 88.59 101.2 113.9 126.5 139.2 151.8 

2.0 1.13 39.13 52.18 65.23 78.27 91.32 104.3 117.4 130.4 143.5 156.5 

2.5 1.17 40.31 53.74 67.18 80.62 94.06 107.4 120.9 134.3 147.8 161.2 

3.0 1.20 41.48 55.31 69.13 82.96 96.79 110.6 124.4 138.2 152.1 165.9 

3.5 1.23 42.65 56.87 71.09 85.31 99.52 113.7 127.9 142.1 156.4 170.6 

4.0 1.27 43.82 58.43 73.04 87.65 102.2 116.8 131.4 146.0 160.6 175.3 

4.5 1.30 44.99 59.99 74.99 89.99 104.9 119.9 134.9 149.9 164.9 179.9 

5.0 1.34 46.17 61.56 76.95 92.34 107.7 123.1 138.5 153.9 169.2 184.6 

5.5 1.37 47.34 63.12 78.90 94.68 110.4 126.2 142.0 157.8 173.5 189.3 

6.0 1.40 48.51 64.68 80.85 97.02 113.2 129.3 145.5 161.7 177.8 194.0 

6.5 1.44 49.68 66.24 82.81 99.37 115.9 132.4 149.0 165.6 182.1 198.7 

7.0 1.47 50.85 67.81 84.76 101.7 118.6 135.6 152.5 169.5 186.4 203.4 

7.5 1.51 52.02 69.37 86.71 104.0 121.4 138.7 156.0 173.4 190.7 208.1 

8.0 1.54 53.20 70.93 88.66 106.4 124.1 141.8 159.6 177.3 195.0 212.8 

Table 12: CFM Over Varying RPM and Boost 

Boost 

in PSI 

Pressure 

Ratio 

lb/min 

at 1500 

RPM 

lb/min 

at 2000 

RPM 

lb/min 

at 2500 

RPM 

lb/min 

at 3000 

RPM 

lb/min 

at 3500 

RPM 

lb/min 

at 4000 

RPM 

lb/min 

at 4500 

RPM 

lb/min 

at 5000 

RPM 

lb/min 

at 5500 

RPM 

lb/min 

at 6000 

RPM 

1.0 1.06 2.578 3.438 4.297 5.157 6.016 6.876 7.735 8.595 9.454 10.31 

1.5 1.10 2.660 3.547 4.434 5.321 6.208 7.095 7.982 8.868 9.755 10.64 

2.0 1.13 2.742 3.657 4.571 5.485 6.399 7.314 8.228 9.142 10.05 10.97 

2.5 1.17 2.824 3.766 4.708 5.649 6.591 7.533 8.474 9.416 10.35 11.29 

3.0 1.20 2.907 3.876 4.845 5.814 6.783 7.752 8.721 9.690 10.65 11.62 

3.5 1.23 2.989 3.985 4.981 5.978 6.974 7.971 8.967 9.963 10.96 11.95 

4.0 1.27 3.071 4.095 5.118 6.142 7.166 8.190 9.213 10.23 11.26 12.28 

4.5 1.30 3.153 4.204 5.255 6.306 7.357 8.409 9.460 10.51 11.56 12.61 

5.0 1.34 3.235 4.314 5.392 6.471 7.549 8.628 9.706 10.78 11.86 12.94 

5.5 1.37 3.317 4.423 5.529 6.635 7.741 8.847 9.952 11.05 12.16 13.27 

6.0 1.40 3.399 4.533 5.666 6.799 7.932 9.066 10.19 11.33 12.46 13.59 

6.5 1.44 3.481 4.642 5.803 6.963 8.124 9.284 10.44 11.60 12.76 13.92 

7.0 1.47 3.563 4.751 5.939 7.127 8.315 9.503 10.69 11.87 13.06 14.25 

7.5 1.51 3.646 4.861 6.076 7.292 8.507 9.722 10.93 12.15 13.36 14.58 

8.0 1.54 3.728 4.970 6.213 7.456 8.699 9.941 11.18 12.42 13.67 14.91 

Table 13: lb./min Over Varying RPM and Boost 
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Graph 3: CFM at 6000 rpm 

 
Graph 4: Boost vs. Pressure Ratio 

 
Graph 5: Lb/min at 2000 rpm 

The detail of Graph is given in above table 12 and 

13. The result show the matching criteria of turbocharger with 

CNG engine. 

IV. A POTENTIAL APPLICATION 

A. Commercial Vehicle 

Heavy duty trucks and buses are good applicants for CNG 

engines for a various reasons.  

1st They typically have a large space available to 

accommodate the improved volume of the natural gas fuel 

system, due to the bigger fuel tanks and fuel pumps.  

2nd The high cost of commercial vehicle makes it 

easier to engross the extra cost of the gas fuel system.  

3rd Their great action strength makes the recovery 

period of the additional cost short. A commercial vehicle can 

travel several hundred thousand kilometers a year, and the 

fuel cost alone can run to over 7235500.00 Indian Rupee a 

year. In areas where the price variance between diesel and 

natural gas is considerable, the good on the fuel cost can 

counterbalance the additional cost of the natural gas engines 

in few years. 

Buses, especially city buses, are also suitable for DI 

natural gas engines. Maximum buses convoys are powered by 

diesel engines. Substituting the diesel engines with DI natural 

gas engines can develop air quality in cities, because the final 

produce less pollutants than diesel engines. Direct injection 

natural gas (CNG) engines are capable of transmitting the 

same torque and power as the diesel engines they replace, and 

incline to deliver a smoother ride than diesel engines due to 

reduced noise and vibration. H.Zhao [1] 

B. Passenger Cars 

Applying CNG engines to passenger cars presents three 

major challenges.  

1) Convenience to natural gas fuelling facilities. Nowadays 

gasoline stations hardly have fuelling facilities for CNG. 

Most CNG fuelling stations are built in metro cities, and 

are mostly for fleet operations. People in small cities and 

rural areas typically do not have contact to CNG fuelling 

facilities.  

2) The reduced driving range of vehicles powered by CNG, 

which bounds their application to short-distance travel.  

3) The extra cost of the CNG engine, which is not as easily 

engrossed as in the case of commercial vehicle, because 

passenger cars travel less than commercial vehicle and 

the fuel cost is a lesser portion of the total cost.  

V. POLLUTION EMISSIONS 

CNG has a minor adiabatic flame temperature than that of 

diesel or gasoline fuel. The NOx development increases 

exponentially with the adiabatic flame temperature. DI CNG 

engines therefore characteristically emit less NOx than diesel 

engines. The tailpipe NOx emission from a DI CNG engine is 

about half that from a diesel engine at the same operating 

condition. DI CNG engines tend to emit less PM or soot mass 

than a diesel engine. The leaning to form particulates from 

burning CNG is much weaker than from burning diesel fuel. 

CNG, which usually contains more than 90% methane, has a 

lower carbon hydrogen ratio than diesel fuel. For the same 

quantity of energy released, burning CNG forms less CO2 

than combustion of diesel fuel. A DI turbo CNG engine 

usually produces 25–30% less CO2 as compared with diesel 

engine. In an IC engine, combustion typically can only be 

continued for less than 60° of crank angle before the flames 

are quenched by expansion of the in-cylinder charge. If the 

flame speed is not adequately high, a portion of the fuel or a 

portion of the intermediate products from combustion of the 

fuel will not be fully oxidized before the exhaust valves open, 

and is emitted as unburnt hydrocarbon. The amount of unburnt 

hydrocarbons from a DI natural gas engine is higher than that 

from a diesel engine, but tends to be lower than that from a 

premixed natural gas engine.  

VI. CONCLUSIONS  

In this paper numerous recent studies on Turbo DI CNG 

engine performance were calculate and it was noted that for 

greatest cases the main attention has been on the mechanical 

and thermal performances. By a CFD studies of In-cylinder 

combustion we calculated pollution emission and combustion 
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phenomena of CNG engine. CNG has a higher octane number 

and knocking resistance as compared with gasoline and hence 

CNG engines can have higher compression ratios and 

therefore higher indicated efficiencies. Results show that the 

combined injection of gasoline and CNG is much better than 

gasoline mode in terms of fuel consumption and raw HC and 

CO emissions. 

The synergy effect of combination of CNG was 

investigated on a 2.0 L direct injection turbocharged engine. 

It combines the advantages of each fuel by providing both 

high volumetric efficiency and strong performance. So the 

turbo DI CNG engine can act as an octane booster to put on 

optimal spark timing and additional for gasoline fuel 

enhancement.  

The combustion and matching of turbocharger 

showed that improvement in knock tendency, and the mixed 

injection of gasoline and CNG is much better than gasoline 

method in terms of fuel consumption and unburnt HC and CO 

emissions.  
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