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The effect of intake conditions from water injection, filter presence, and temperature variations on the performance of petrol and diesel engines and gas pollution rates was studied. The experiment was conducted at varying speeds and loads for single-cylinder four-stroke engines. The composition of the exhaust emissions was analyzed to determine the combustion method. According to the results, injecting a mixture of water and air into the engine inlet can reduce engine emissions by 17-33% and exhaust temperature by 13-35% for both engines. When an air filter and water injection are present, air flow restrictions in the air inlet increase, leading to better combustion and less unburned mixture due to increased air availability.
In this theoretical study, we investigated the impact of combustion parameters on heat generation and emissions inside the combustion chamber of gasoline and diesel engines. We selected the following parameters to study: intake temperature, intake pressure, equivalence ratio, compression ratio, engine speed, turbulence kinetic energy, and combustion chamber design. Gasoline engine test results showed that higher intake temperatures lead to increased heat generation, increased overall engine efficiency, and reduced CO2 and NOx emissions. Increasing the value of the parity ratio led to improved overall efficiency of the two engines.
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Introduction
[bookmark: _Hlk145574166]Nguyen and Ocktaeck [1] studied the effect of combustion period on gasoline engines performance and proved that an increase in combustion time leads to decrease in maximum combustion temperature, pressure, and increase in the trapped residual gas. To improve engine power and reduce toxic gas emissions, [2 -4] improved injection timing, fuel-air ratios, and valve overlap. Different types of alternative fuels have been studied [5-9] as an effective way to reduce the production of toxic gases and solve the fossil fuel crisis. 
Abdullah et al. [10] found that increasing air pressure improves combustion, reduces unburned fuel ratios, and improves fuel and energy consumption and exhaust emissions. Controlling the temperature of petroleum gas in the range of 30-40°C [11] reduces energy loss, increases engine braking force by about 1.85%, and reduces nitrogen oxide emissions by 2%. 
Truong, et al. [12], found that the percentage of carbon dioxide and hydrocarbons decreased with the rich mixture combustion and vice versa with the poor one. Gong et al. [13] noticed that the exhaust gas temperature increased as the equivalence ratio increased. On the other hand, Zhao et al. [14] discovered that the highest energy gain and efficiency were attained when a compression ratio of 10 and a coefficient of 0.9 were used. Bhasker & Porpatham [15] concluded that raising the compression ratio in an SI engine increases the engine's brake thermal efficiency. 
Chen et al. [16] showed that increasing the turbulence intensity in gasoline engines increases the initial rotation ratio, flame speed, and engine performance. In their study, researchers from [17-21] discovered that the efficiency of a gasoline engine can be improved by ensuring that the combustion process takes place entirely within the combustion chamber and by controlling the air intake conditions [22-27].
However, reducing the pressure inside the combustion chamber can lead to increased fuel consumption [28-30], which ultimately decreases engine efficiency and causes an increase in NOx emission [31, 32]. The researchers also found that mathematical programs supported their findings.
According to research [32], when the temperature of the air entering the engine is increased, it impacts the timing and duration of combustion. This, in turn, increases both the volumetric and braking efficiency of the engine. Ramesh and his team [33] have further confirmed this phenomenon and found that it also helps to reduce the levels of nitrogen oxide and smoke. Several studies have been conducted to investigate the impact of various factors on fuel consumption and pollution reduction. 
For instance, the effect of burning room shapes and fuel-air ratio has been examined in references [34-37]. In addition, Melih and Bilge [38] investigated the impact of different variables, such as intake temperature, on gasoline performance and emissions. Further theoretical work was conducted by [39-41] on a gasoline engine to investigate how the mixed flame reacts to changes in intake pressure, temperature, and equivalence ratio.

Experimental Setup
In figure 1, you can see a test layer that has a spark ignition engine fitted with instruments to measure braking torque and temperatures in different areas, along with a gauge to determine fuel and air consumption rate. The gasoline engine is replaced with a diesel engine in figure 2. A digital meter on the control panel displays the engine speed. The engine cooling water inlet and outlet temperatures are measured by thermocouples, while the exhaust gas temperature is measured by a thermal sensor. 
The AVL Di-gas analyzer (Fig. 3) is used to measure the engine exhaust emission as CO, HC, NOx, CO2, and O2. The measured uncertainty in specific fuel consumption is ±1.5%, brake power ±0.5%, brake thermal efficiency ±1%, NO emission ±4.1%, CO emission ±1.5%. Moreover, a computer model called "PROPOERTIES", was used to estimate combustion chamber final pressures and temperatures at different initial operating conditions for gasoline engine fueled with isooctane (C8H18). 
The model was also capable to predicate emissions concentrations at different conditions (NOx, CO and CO2). Figure 4 shows sample of the input data and the output calculations obtained from "Propoerties" Model that used in calculations of different parameters like combustion chamber temperature, pressure, enthalpy, and Lewis number.
[image: D:\(A) Research\(B) Publications\(A)_In Progress\Power group\Comparison Paper\figures\fig1m.jpg]

Fig. 1. Gasoline engine measuring device


[image: ]

Fig. 2. Compression ignition engine
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Fig. 3. Pollution measuring tool
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Fig. 4 (a). Input (initial conditions)
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Fig. 4 (b). Lewis No. (other properties)

[image: ]

Fig. 4 (c). Emissitions

Fig. 4. Sample output calculations.

Results and Discussion
Figure 5 shows increasing engine brake thermal efficiency with increasing the pressure due to increases of heat gain inside burning area. At constant pressure, engine brake thermal efficiency increases with an increase in intake temperature. Effect of water injection with different proportions (Fig. 6) at a maximum of 1.5 on the NOx for both gasoline and diesel engines shows decreasing the NOx emission with increasing water injection into the two different machines. 
The reduction in exhaust gas emissions from the gasoline engine about 59% and 50% from diesel engine at the same water spray rate 1.5 relatives to fuel consumption rate. It is evident in this figure that increased water spraying reduces levels of oxides coming out of exhaust gas. The present results emphasized that decreasing exhaust exit temperature leads to decreases in the engine's NOx.
[image: ]

Fig. 5. Effect of water injection on exhaust temperature.
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Fig. 6. Effect of water injection on NOx (ppm by volume).
Figure 7 shows effect of air filter at engine intake for gasoline and diesel engine at different water injection. Effect of air filter is very noticeable in the figure that decrease percentage of carbon dioxide emissions, and more effects with diesel engine than gasoline. The percentage of carbon dioxide by volume is higher without air filter and lower with air filter. The enhancement in carbon dioxide emissions with diesel engine result of installing air filter is 20% while it about 11% with gasoline engine. The addition of water injection in air filters reduces carbon dioxide emissions by 10.5%.
[image: ]
Fig. 7. Effect of air filter on carbon dioxide, CO2


Figure 8 shows Graph effect of air filter and water injection on the NOx emissions at constant engine speed for the both diesel and gasoline engines. The most obvious difference between both variables in this NOx formation was in lower values of water injection with diesel engine, where the NOx composition of the variable without an air filter was almost 23.5% more than the variable with an air filter, while it was 11.7 with the gasoline engine. Both engine variants produced similar NOx formation at high water injection, with only 5.6% additional formation for the variant with and without the filter. 

Figures (9 – 11) show effects of fuel-air equivalence ratio or so called mixture strength (), on emissions production rates of NOx, carbon dioxide CO2, and carbon monoxide CO, at different initial temperatures. It is quite clear that NOx and CO2 species decrease as equivalence ratio, (), with an exception that CO2 at the range of (0.7 -0.9), increases then drops sharply at stoichiometry condition ( = 1). On the hand, CO specie in figure 11, shows always continues increase as mixture strength shifts from lean to rich conditions. One possibility of this behavior is due to high concentrations of carbon atoms in the mixture. Also form the previous Graphs, temperatures changes have, nearly no effects on emissions production rates for all three species.
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Fig. 8. Effect of air filter on NOx emissions
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Fig. 9. Effect of inlet temperature on NOx emissions
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Fig. 10. Effect of inlet temperature on CO2 emissions

Fig. 11. Effect of inlet temperature on carbon monoxide, CO2 emissions

Figures 12 and 13 show the final combustion pressures and final adiabatic temperatures inside combustion chamber.  Maximum values seem to be between 1.1 and 1.2 equivalence ratios, for temperature and pressure respectively, then it tends to decrease beyond those two values. This is due to chemical reaction chains termination for oxidant and fuel. 
Finally, figure 14 shows Lewis Number, (Le), variations with equivalence ratio, which is a dimensionless number, named after Warren K. Lewis (1882–1975). It is defined as the ratio of mass diffusivity to thermal diffusivity. It is used to characterize fluid flows where there is simultaneous heat and mass transfer, and also combustion stability for the mixtures.
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Fig. 12. Effect of inlet temperature on combustion pressure
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Fig. 13. Effect of inlet temperature on combustion chamber temperature

If the Lewis number is greater than unity, flames tend to be stable. Therefore, it is a measure of the relative thermal and concentration boundary layer thicknesses [42, 43]. It can be calculated using the following equation (1): 
 			Le = D/α  			                                   (1)                  
Where, α:  thermal diffusivity, D: mass diffusivity. Figure 14 shows gradual decrease for Lewis Number, Le, and then sharp drop in its values at equivalence ratio values (0.9 – 1.1), then tends to steady after the value combustion stability for the mixtures. If the Lewis number is greater than unity, flames tend to be stable. On the other hand, temperatures changes have no effects on values of Lewis number, as can be seen from the Graph.

[image: ]
Fig. 14. Outcome of inlet temperature on latest eliminating

Conclusions
In this research, the effect of inlet temperature, filter, and water injection in gasoline and diesel engines on their performance and exhaust gas emissions was studied practically and theoretically. The effect of combustion conditions on the efficiency of gasoline and diesel engines and exhaust pollution was studied using a numerical method. 
The following results were reached:
1. Increased cloud temperature increases heat generation, overall engine efficiency, CO2 levels, and NOx emissions. 
2. The strength of the mixture has a strong effect on the Lewis number at different initial temperatures.
3. Injecting a mixture of water and air into the engine intake reduced engine emissions by 17-33% and exhaust temperature by 13-35% for both engines. 
4. The presence of an air filter and water injection into the engine inlet, leads to better combustion and a reduction in unburned mixture due to increased air availability.

Conflicts of Interest
The effects of using a filter at the engine intake, intake conditions, and water injection on gasoline and diesel engine on their performance and exhaust gas emission were investigated experimentally and theoretically. Unburned hydrocarbons, particulates, and smoke opacity were not analyzed.
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Note that: Engine specification: 4 Stroke, diesel engine, single cylinder with diameter of 87.5 mm, 110 mm stroke, swept volume 134 cc, connecting rod length 234 mm, compression ratio 16:1, rated brake power 7.2 kW, 7000 rpm. The gasoline engine has approximately the same specification.
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