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Abstract: 
Air pollution in cities is caused by motorized and factory activities. Increased pollutant gases cause climate 

change and the greenhouse effect. Therefore it is necessary to control it. One way is to use a wet scrubber on a 

motor vehicle and industrial exhausts. The purpose of this study is to reduce motor vehicle exhaust emissions. 

This research varies the diameter and wet scrubber sprayer on the muffler. The results showed that the more 

sprayers with smaller diameters the HC gas levels decreased by 11.53%, while the CO2 levels decreased by 

1.04% (number = 3, diameter 200 um at 3000 rpm). 
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I. Introduction 
The air pollution of motor vehicles is the main source of carbon monoxide. 50% of air pollution in 

cities is caused by fossil-fueled transportation. The exhaust emissions causing the greenhouse effect are CO and 

NOx, while the greenhouse effect can cause global warming. CO and NOx gas levels range between 39.1 and 

9.1 million tons per year [1]. 

The level of carbon monoxide depends on the control of motor vehicle exhaust emissions. in stationary 

conditions, the exhaust emissions are greater than when it is running. in incomplete combustion, not all 

hydrocarbons are oxidized, there are still hydrocarbon gases (HC) and carbon monoxide (CO) residues. Carbon 

monoxide (CO) gas is more dangerous than hydrocarbons [2]–[4]. 

The previous researchers purified the exhaust gas by adding activated carbon to the muffler[5], [6]. 

Purification with activated carbon is used as an absorber of exhaust emissions. activated carbon is a material that 

can absorb gases because it has fine pores on its surface, this material is a material that can reduce levels of 

exhaust gases. Besides, the use of catalysts, both organic and inorganic [7]–[9]. both of these studies have the 

potential to purify motor vehicle exhaust gas. "Chemical absorption (in the form of activated carbon) can reduce 

air pollution[10]. Activated carbon material comes from plants, animals, waste, or minerals that contain 

carbon[11], [12]. 

In the industrial world, the wet scrubber system is applied to chimneys to reduce exhaust emissions 

(smoke, dust, and pollutant gases). Wet scrubber factors that play a role in the exhaust gas flow include spray 

speed and flow. This system will capture and dissolve pollutant gases into liquid water[13]. The wet scrubber is 

a system that is applied to chimneys in factories to reduce or eliminate smoke, dust, and pollutant gases resulting 

from factory activities. A wet scrubber is a system of reducing or purifying industrial pollutant gas by spraying 

liquid into pollutant gas, so that pollutant gas will be captured by water and make clean gas[14]. The wet 

scrubber system uses liquid as a pollutant gas cleaner by applying high pressure to the liquid so that a spray 

occurs to catch the dirty gas. Pollutants come from incomplete combustion processes and produce CO2and HC. 

To reduce motor vehicle exhaust emissions, one of them is by using exhaust filters [15]. in addition to reducing 

carbon monoxide gas fly, ash is also used as an adsorbent to reduce exhaust emissions [16]. Besides, the wet 

scrubber system is used to reduce exhaust emissions in diesel engines[17], [18]. 

 

II. Theory 
II.1 Incomplete combustion 

Incomplete combustion is combustion that occurs as a result of a mixture of fuel igniting itself which is 

usually not caused by sparks from the spark plug. This condition occurs when the flame does not spread evenly 

during the combustion process. Incomplete combustion causes gas pressure in the cylinder isn’t controlled, this 

condition is called autoignition. Incomplete combustion reactions that occur in combustion rooms are actual 

combustion reactions. The reaction that occurs in combustion using isooctane is[19], 

C8H18 + (O2 + 3,73N2) CO + CO2 + HC + O2 + NOx + 3,73N2 + Heat   (1) 

As a result of incomplete combustion like the combustion process above, detonation and pre-ignition will occur. 
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II.2 muffler 

 The muffler is one of the components of a motorized vehicle, mufflers can also be referred to as noise 

suppression devices mounted on vehicles, mufflers have noise-reducing tubes called dampers[20]. The function 

of the muffler is to drain the combustion engine gas and stabilize the work of the engine and reduce knock in the 

combustion chamber. This knock causes a very noisy sound. To reduce the sound/combustion gas coming out of 

the exhaust valve is not immediately released into the open air. Exhaust gas is channeled to the muffler in the 

muffler. 

In the muffler there is a silencer tube, this depends on the shape of the engine structure. muffler tube function on 

the vehicle as follows: 

a. Reducing harmful gases from vehicle exhaust gases. 

b. Slows the speed of the exhaust gas coming out of the muffler. 

c. Mutes engine sound. 

d. Flowing hot gas combustion engine results. 

Exhaust emissions are the residual combustion products of both motorized and industrial vehicles. 

Exhaust emissions are harmful to humans and living things. The exhaust gas consists of carbon monoxide (CO), 

hydrocarbon (HC), and nitrogen oxide (NOx) gases. The cause of pollutant gas is incomplete combustion. In a 

complete combustion reaction, the residual combustion results in the form of gas CO2, water vapor (H2O), 

oxygen (O2), and nitrogen (N2). In practice, the combustion that occurs in a vehicle engine does not always run 

perfectly so the resulting exhaust gas contains very dangerous compounds such as CO, HC, NOx, and 

particulates. Besides that, the combustion results of fuel oil also contain SO2 and heavy metals (Pb) [21]. 
 

III. Method 
The design experiment of the exhaust gas testing system as shown in Figure 1. 

 
Figure 1. Testing system design 

 

Experiments using motorbikes with fossil fuels. Testing is done by varying the number and diameter of 

spraying the wet scrub placed on the muffler. only focus on HC and CO2 exhaust gases. while the experimental 

set up can be seen in Figure 2. 

 
Figure 2 Experimental Set-Up  

 
IV. Result and Discussion 

This research was carried out with variations in the number of sprayers (1,2,3), the diameter of the 

sprayer (100 μm, 200 μm) in the modified exhaust, and variations in engine speed of 3000 rpm, 4500 rpm, and 
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6000 rpm.  The results of testing HC emissions by varying the numberand sprayer diameter of the wet scrubber 

can be seen in Figure 3. 

 
Figure 3.  The effect of engine speed on HC gas on variations in the number of sprayers with a diameter of 100 

um. 

 

Figure 3 shows a reduction in HC gas emissions. At an engine speed of 3000 rpm, the highest HC gas 

concentration in 1 sprayer was 91.83%. Whereas at an engine speed of 3000 rpm the HC concentration 

decreased at 1 sprayer by 21.3%. This decrease is caused when the hydrocarbon gas collides with water vapor, 

HC gas is captured by water molecules, and is carried away dissolved in it. whereas CO2 flue gas can be seen in 

Figure 4. 

 
Figure 4. The effect of engine speed on CO2 gas on variations in the number of sprayers with a diameter of 100 

um. 

 

Figure 4 shows a significant reduction in CO2 gas emissions. At 3000 rpm engine speed, the lowest 

CO2concentration with a variation of 3 sprayers is 3.1%. Whereas at 3000 rpm engine speed the highest 

CO2concentration with a variation of 1 sprayer is worth 3.14%. There is a decrease in CO2 gas concentration at 

each engine speed and variations in the number of sprayers because when the CO2 gas contracts with liquid gas, 

CO2 gas will be caught with the liquid gas, because to bind or react the gas produced requires a high enough 

temperature, so the water is sprayed with varying the number of a sprayer, sprayer diameter and runner Wet 

scrubber influence the decrease of the CO2 gas. 
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Figure 5. The effect of engine speed on HC gas on variations in the number of sprayers with a diameter of 200 

um. 

 

Figure 5 shows a significant reduction in HC gas emissions. At 3000 rpm engine speed, the highest HC 

concentration with a variation of 1 sprayer is 83.30%. Whereas at 3000 rpm the engine speed of HC levels 

greatly decreased significantly with a variation of 3 sprayers valued at 22.3%. There is a decrease in HC gas 

concentration at each engine speed and variations in the number of sprayers, sprayer diameter, the number of 

wet scrubber chamber because when hydrocarbon gas contracts with liquid gas, HC gas will also be captured 

with water sprayed so that by adding all variations to the Wet scrubber gas system The resulting HC will 

decrease. 

 
Figure 6. The effect of engine speed on CO2 gas on variations in the number of sprayers with a diameter of 200 

um. 
 

Figure 6 shows a significant reduction in CO2 gas emissions. At 3000 rpm engine speed, the lowest 

CO2concentration with a variation of 3 sprayers is 2.43%. While at 3000 rpm engine speed the highest 

CO2concentration with a variation of 1 sprayer is 3.02%. There is a decrease in CO2 gas concentration at each 

engine speed and variations in the number of sprayers, sprayer diameter, the number of wet scrubber space 

because when CO2 gas contracts with liquid gas, CO2 gas will be captured by the liquid gas, because to bind the 

CO2 gas produced from the combustion process high temperatures are needed, so water sprayed by varying all 

systems in the Wet scrubber affects the decrease in levels of the CO2 gas. 

The results of exhaust gas emission testing using a wet scrubber k which is applied to the exhaust show 

a decrease in exhaust gas emissions. The more sprayers and the greater the diameter of the sprayers, the 
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concentration of exhaust emissions decreases. Because when the exhaust emissions collide with water vapor, the 

gas will be trapped with water molecules. because the density of water is greater than the flue gas resulting in 

the flue gas being bound and participating in water molecules. finally, the exhaust gas coming out of the muffler 

is reduced and clean. the wet scrubber works by capturing pollutant gas particles using water vapor so that it is 

reduced. 

The more the sprayer and the larger the diameter of the hole, the lower the emission of exhaust gases. 

this is due to the bonding between the exhaust gases and the water vapor molecules. as shown in figure 7. 

 

 
Figure 7 The process of capturing and dissolving exhaust gases with liquid gas. 

 

Because in this application, Wet scrubber in the industry is used to clean pollutant gases from 

combustion. The wet scrubber system works by capturing pollutant gas particles by misting water vapor, so that 

dirty pollutant gases can be caught dissolving with the water and the gases released become clean. 

 

V. Conclusions 
The conclusions of the study are as follows: 

i. The number of sprayers and sprayer diameter Wet scrubber to reduce exhaust emissions is very influential, 

from each variation given exhaust emissions, especially CO and HC have a significant decrease. The more 

sprayers and the diameter of the sprayer hole, the greater the emissions of HC flue gas, and the more CO2 is 

captured by the liquid gas that is sprayed so that the gas released decreases. 

ii. This is indicated by the number of sprayer 3 with a sprayer diameter of 200μm at 3000 rpm turns the HC gas 

level to 11.53% while the CO2 gas concentration with the number of variation of 3 sprayers 200 μm sprayer 

diameter at 3000 rpm turns down the CO2 gas concentration by 1.04%. 
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