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Abstract: Reducing exhaust emissions from motor vehicles has become a major task in the design 

of modern motor vehicles. Internal combustion engines, despite the increasingly frequent 

restrictions on, for example, entry to city centers, still constitute the majority of the used motor 

vehicles. For these reasons, it is very important to properly operate and control the used motor 

vehicles, especially in the field of exhaust emissions. One way is to replacement of the vehicle fleet 

and individual cars with newer generation vehicles. Unfortunately, due to economic differences in 

the world, the rolling stock replacement process is not the same in all countries. However, despite 

these differences, even in less developed countries, efforts are being made to reduce vehicle 

emissions. This work presents road, bench and computational comparative tests of the fuel, 

economic, environmental and energy characteristics of a series car with a standard carburetor 

supply system and equipped with an electronic gasoline injection system and a three-component 

catalyst under operating conditions. 

Keywords: Gasoline engine, injection system, fuel economy, European urban ride cycle. 

1. Introduction 

Currently, the automotive industry is undergoing major changes related to the development of 

internal combustion engines, especially in terms of ensuring lower and lower levels of exhaust 

emissions. The development of internal combustion engines is visible in the improvement of their 
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design [1,2] and the improvement of the combustion process in a spark-ignition engine and a diesel 

engine [3-6]. A lot of research is carried out in the area of using various fuels to power internal 

combustion engines. Among these studies, it is worth mentioning the works related to the use of 

popular gaseous fuels such as LPG [7,8], biogas [9], natural gas [10,11], CNG and LNG [12-15]. 

Interesting studies were presented as alternative fuels for diesel fuel, inter alia, in early [16] and 

newer papers [17-19]. The issues of biofuel production were also the subject of research in the 

following works [20,21]. Development and operational tests are also ongoing in the case of other 

operating fluids. In this regard, it is worth mentioning the tests of engine oils [22-24] and brake 

fluids [25].  

Many scientific works have been devoted to the issues of exhaust emissions, including [26-30]. 

One way to reduce emissions is to replace the fleet of trucks and private cars with newer generation 

vehicles. This solution is good in less developed countries, where the inflow of the latest 

technologies related to, for example, electric vehicles. As already mentioned, the most effective 

seems to be replacing the carburetor system with a modern gasoline injection system with a system 

for reducing the toxicity of the three main harmful components: carbon monoxide CO, 

hydrocarbons CmHn, nitrogen oxides NOx. Neutralization systems consist of devices that provide 

more than 90% effective cleaning of engine exhaust gases from toxic components [29]. As is 

known, the efficiency of a three-component catalyst is influenced by the composition of the air-fuel 

mixture. For this causes, in this study, it was proposed to change the fuel supply system of a spark-

ignition engine operated in large numbers of older vehicles in Ukraine. The first part of the article 

[30], presents the theoretical basis, research methodology and a laboratory test stand, in this part we 

present the more obtained results. 

2. Data and Methods 

The tests were carried out on the VAZ-21051 passenger car with a carburetor engine, model 2101, 

widely used in Ukraine. Adaptive electronic injection system LH-Motronic was selected as the 

injection system. As a device for reducing exhaust toxicity, a modern three-component catalytic 

converter is used. To study the engine performance, we used a stationary loading stand SGEU-55 

with a three-phase current motor, 55 kW power and a nominal rotor speed of 3000 rpm, which is 

actuated from the control panel. Fuel consumption was determined by weight. The torque Mk is 

determined by an electric dynamometer, its pulses, which were converted from electric to analog, 

watched the current value of Mk. Air flow rate was determined by a rotary WG-100-1 volumetric 

gas meter. To measure the NOx content of the exhaust gas, a 344-CL-14 gas analyzer was used, 

which implemented a chemiluminescent method. To determine the concentrations of CO, СНН and 

СО2 in the exhaust gases of the engine, the gas analyzer META Autotest-01.03 was used. 
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Measuring range for CO – 0...7%; СmНn – 0…3000 mln-1; CO2 – 0...16%. During the experimental 

studies, a series of loading characteristics, speed characteristics of active idling of the engine with 

different power systems were obtained. 

3. Results and Discussion 

This section presents comparative tests of a spark ignition engine equipped with a standard fuel 

supply and injection system in terms of engine operation in laboratory test stand (Fig. 1.). 

The measurement uncertainty during bench and road vehicle studies with different power 

systems showed the following errors (Table 1). 

 

Table 1 Measurement errors. Source: authors 

Engine test bench Road tests 

 

Power 

[kW] 

Specific fuel 

consumption 

[g/kWh] 

Carburetor  Injection system 

Fuel consmuption [dm3/100 km] 

Average speed [km/h] 

Bonduary absolute error 0.217 ± 16.18 
0.528 0.366 

1.989 2.321 

Bonduary relative error ± 1.293% ± 0.481%   

Rms absolute error ± 0.072 ± 5.393 
± 0.176 ± 0.122 

± 0.663 ± 0.773 

Rms relative error ± 0.431% ± 0.16%   

The most likely absolute error ± 0.048 ± 3.595 
± 0.118 ± 0.082 

± 0.447 ± 0.522 

The most probable relative error ± 0.287% 0.106% 
± 1.49·10-2 ± 1.117·10-2 

± 1.41·10-2 ± 1.7·10-2 
 

 

Fig. 1 The car during the simulation of the driving cycle. Source: authors 

 

According to the results of the conditional movement of the car on a dynamometer, the fuel 

consumption value is obtained (Table 2). 
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Table 2 Fuel consumption in the European Driving Cycle. Source: authors 

 

 

 

 

 

 

A fragment of the results of the fuel flow measurement with the injection system is shown in 

Fig. 2. 

 

Fig. 2 Fragment of a car movement on a driving cycle. Source: authors 

The specific emissions of harmful substances (g/km) during the driving cycle on the roller 

stand were determined using the HORIBA model full-flow exhaust gas mixing system (Constant 

volume system) and the MEXA7400DEGR gas analytic system. 

Depending on the test program, a continuous measurement of concentrations of: CO, CO2, 

NOx, HC. Exhaust gas in the ride cycle mixed with ambient air. Specific concentrations of harmful 

substances in the environment (background level) and volume of diluted exhaust gas over the test 

period were determined by the specific emissions of gaseous substances (g/km). 

The input data for the calculation of the specific mass emissions of substances (g/km) based on 

the results of the car movement along the driving cycle are given in Table. 3. 

 

 

 

 

 

Performance of the car Value 

Fuel consumption Gcycle [g/cycle] 74.29 

Fuel consumption Gf [dm3/100 km] 9.84 

Test duration – t [s] 194 

Average speed – V [km/h] 18.79 

The path – S [m] 1025.5 
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Table 3 Results of measured concentrations of substances per test. Source: authors 

1 THC – total hydrocarbons. 

 

To calculate the amount of harmful substances in the exhaust gas, the concentration was taken 

for cycles 3 and 4. Emission mass (g/km) for the test was determined by the formula: 

 ,
10 6

d

CKQV
M i

ihimix
−

=  (1) 

where: Mi is mass of emissions of pollutant i-th substance [g/km]; Vmix is the amount of 

diluted exhaust gas expressed in m3/h for the test period; Qi is density of contaminant i-th substance 

under normal physical conditions [g/cm3]; Kh is the humidity correction required to calculate the 

NOx mass emissions; Ci is the concentration of the pollutant i-th substance in the diluted exhaust 

gas [ppm], and adjusted by the amount of pollutant i-th substance in the air for mixing [ppm]; d is 

the distance traveled by the vehicle within the operating cycle [km]. 

The specific emissions of harmful substances for the test are given in Table 4. The table shows 

that the specific emissions of harmful substances of the car with the injection system do not exceed 

the permissible normalized values of the i-th substance, which confirm its compliance with the 

environmental standards of the level Euro-2. Subsequent tests were to determine the urban vehicle's 

fuel consumption. During road tests, fuel consumption was measured with a volumetric fuel flow 

meter. The length of the route was 6 km. For both power systems, 7 comparative races were 

conducted at the same time for two days.  

 

Table 4 Calculated environmental performance of the vehicle over the European Driving Cycle, 

with injection system [g/km]. Source: authors 

 

 

 

 

 

 

 

European driving cycle 

(City cycle number) 

Value 

CO 

[ppm] 

THC1 

[ppm] 

NOx 

[ppm] 

CO2 

[%] 

No 1-2 290.99 154.39 34.85 0.83 

Background levels of harmful substances in two cycles 2.55 8.18 0.00 0.05 

No 3-4 24.52 49.18 20.09 0.72 

Background levels of harmful substances in two cycles 1.39 7.26 -0.03 0.05 

Performance of the car Euro-2 norms [g/km] Injection system 

G CO 2.2 1.08 

G CmHn 
Σ СmHn + NOx = 0.5 

0.21 

G NOx 0.17 

G CO2 - 211.52 

G ΣCO - 8.93 
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The results of the road tests characterizing the fuel economy of the car are shown in Table 5. 

The Table 5 shows that the use of the injection system reduces fuel consumption in urban 

environments by an average of 7.3%.  

 

Table 5 Test results of the car in city conditions. Source: authors 

check in 

Injection system Carburetor  

Qs  

[dm3/100 km] 
V [km/h] tav [s] 

Qs  

[dm3/100 km] 
V [km/h] tav [s] 

Qs [%] 

 7.948 27.238 793 7.292 33.23 650  

2 7.380 29.916 722 8.579 28.761 751  

3 7.065 32.238 670 8.440 31.395 688  

4 7.544 31.718 681 8.037 33.23 650  

5 7.204 29.15 741 8.049 29.875 723  

6 7.443 31.0 697 7.683 32.628 662  

7 7.002 33.282 649 7.570 32.628 662  

Average 7.37 30.65 707.571 7.95 31.678 683.714 -7.3% 

σ x
1) ±0.122 ±0.773 ±18.441 ±0.176 ±0.663 ±14.884  

ρx
2) ±0.082 ±0.522 ±12.438 ±0.118 ±0.447 ±10.039  

σmax
3) 0.366 2.321 55.324 0.528 1.989 44.654  

δ4) ±1.117·10-2 ±1.7·10-2 ±1.75·10-2 ±1.49·10-2 ±1.41·10-2 ±1.468·10-2  

1) Mean-absolute error; 

2) Part of the rms error; 

3) Boundary absolute error; 

4) Relative error. 

 

Steady motion of the car was performed at an interval of 20 km/h, with the initial speed was 20 

km/h, and the final 100 km/h, which are common in operating conditions, as shows in Fig. 3.  

 

Fig. 3 Fuel characteristics of the car. Source: authors 

As can be seen from Fig. 3, the dependences of the specific fuel consumption in steady motion 

coincide. Due to its performance, technically sound and adjustable according to the manufacturer's 

recommendations, the carburetor consumes no more gasoline than the electronic injection system at 

constant speed. 
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It is known that the type of power system affects the engine power, characterizing the traction 

and speed properties of the car. To test this, comparative studies were conducted to determine the 

acceleration of the vehicle to 90 km/h with a carburetor and injection system at intermediate throttle 

position (= 70%), which is widely used in operating conditions. The results of the road tests are 

shown in Table 6. As can be seen from these data, the transition to the injection system reduces the 

acceleration time by 4.81%, while the fuel consumption for acceleration is reduced by 7.75%. 

Table 6 Results of the car acceleration dynamics study. Source: authors 

 

After making changes to the mathematical model, the comparative figures of a car with 

different power systems when driving under the modes of the European driving cycle were 

calculated. As an example, a graphical representation of the hourly fuel consumption (Gf) is shown 

in Fig. 4. From Fig. 4 it can be seen that the fuel consumption is lower when the injection system is 

used, in particular in idle, steady-state and forced-idle modes. In the Table 7 presents the results of 

the calculation of fuel consumption by a mathematical model of a car with a carburetor system and 

an injection system when driving according to the modes of the European Driving Cycle. 

 

Fig. 4 Dependence of fuel consumption on the mode of movement of the car in the urban cycle:  

а) carburetor b) injection system. Source: authors 

Check 

in  

Carburetor Injection system Change parameters [%] 

Average 

time [s] 

Average fuel 

consumption 

[cm3] 

Average 

time [s] 

Average fuel 

consumption, 

[cm3] 

Time [s] Fuel 

consumption 

[cm3] 

1 24.09 68.3 22.93 63  4.81% 7.75% 

2 24.50 73 23 60   

3 23.75 72 23.48 70 

4 24.08 64 22.61 60 

5 24.29 67 23.55 63 

6 23.54 67 22.58 60 

7 24.42 67 22.41 65 

Average 24.095 68.328 22.94 63 

σx 0.132 0.877 0.203 1.380 
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Table 7 Results of calculation studies of the fuel consumption of the car while driving on the 

European Driving Cycle. Source: authors 

Indicators System type Change 

indicators [%]  Carburetor Injection system 

Fuel consumption, Gcycle, g/cycle 78.624 73.56 6.44 

Fuel consumption, Gf, dm3/100 km 10.489 9.813 6.44 

 

As you can see, the fuel consumption is lower with the petrol injection system. Fuel 

consumption by a vehicle depends on many factors, technical, road, technical condition of the 

engine and accessories as well as other vehicle systems [32,33,34]. The results of the calculation of 

the mathematical model of environmental performance of the car in motion according to the modes 

of the European driving cycle are shown in Table 8. 

 

Table 8 Estimated performance of a car with different engine power systems in motion European 

Driving Cycle [g/km]. Source: authors 

 

Indicators 
Euro-2, 

emission rate, g/km 

Power System Type 

Carburetor Injection system 

G со 2.2 8.94 1.434 

G сmнn G сmнn + G Nox = 0.5 0.27 0.19 

G Nox 0.49 0.157 

G CO2 - 213 237.822 

Total pollutants reduced to the level 

of CO aggressiveness 
- 

 
29.98 8.493 

 

Table 8 shows that the obtained results indicate a significant reduction in the emission of all 

harmful substances after replacing the carburetor with the injection system. Total emissions that are 

reduced to the level of CO aggressiveness have decreased by 3.5 times. Therefore, the 

neutralization system works most effectively with the injection system. Comparative studies of the 

car with different power systems and exhaust gas neutralization systems have shown that the use of 

electronic feedback systems, unlike carburetor systems, will provide an environmental level of the 

Euro-2 and reduce the socio-economic damage by 3.5 times. 

4. Conclusion 

Comparative studies of the gasoline engine on the loading stand with different power systems 

showed that the engine with the injection system allows to reduce fuel consumption, on average by 

the characteristic of idling, by 11.1%, by the loading characteristic by an average of 5%, and the 

energy performance of the engine increased full load, capacity increased by 6.6%. 

The experimental data obtained during the test on a simulator roller stand under the modes of 

the European Urban Ride Cycle indicate an increase in the environmental level of the engine car 
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with an injection system and a lower fuel consumption per cycle compared to a regular engine 

power system. Comparative tests of the VAZ-21051 with a regular power system and gasoline 

injection system showed that the use of the injection system reduces urban fuel consumption by 

7.3%. When driving at a constant speed, fuel consumption is the same for both power systems. The 

acceleration dynamics of the car are improved with the engine's gasoline injection system. The 

transition to the injection system reduces the acceleration time by 4.81%, while the fuel 

consumption for acceleration is reduced by 7.75%. 
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