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Abstract: One of the disadvantages of spark ignition engines, whose power is regulated by throttling, is 

the increased fuel consumption at low loads and when the engine is idle. The combined method of engine 

power regulation by switching off the cylinder group and throttling working cylinders is one of the 

effective ways to improve fuel economy in the above-mentioned modes. This article presents the 

research results of the combined method of engine power regulation which can be realized by minor 

structural changes in operating conditions. The method implies the following: at low loads and at idle 

speed of the engine. Fuel supply to the group of cylinders is switched off with the simultaneous increase 

of the cyclic fuel supply in the working cylinders. The adequacy of the calculated results has been 

checked by the indication of operating processes in switched off and working cylinders. The research 

results of a six-cylinder spark ignition engine with the distributed gasoline injection using the 

combined power regulation system have been shown. The angles of opening the throttle which 

provides a non-shock transition from the operation with all cylinders to the operation with the cylinder 

group switched off have been determined. 

Keywords: spark ignition engine; combined method of power regulation; fuel economy; the idling 
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1. Introduction 

Many factors influence fuel economy (FE) and the amount of pollution (HS) in the exhaust gas (EG) 

of cars with internal combustion engines (ICE). Research carried out on automobile engines shows that 

the modes of car motion have great influence on these indicators. 

The movement of a car, in large cities in particular, is accompanied by complicated operating modes of the 

engine: acceleration, deceleration, constant and unstable modes, and modes of independent and 

forced idling. In this case, most of the time cars move at a low speed, with the engine running at low 

loads and at idle speed. 

Operating modes of automobile engines under operating conditions have been investigated in many 

papers. At low speed and low load, high heat transfer and combustion losses occur, directly affecting 

engine operating conditions [1]. In most cases, these actual engine operating conditions are not reflected 

in standardized driving cycles and, sometimes, summaries of experimentally-derived cycles are also 

used to evaluate traffic jams [2]. Design changes, such as ceramic-coated engines, have also been used 

to reduce heat loss, which, when used in combination with biodiesel as fuel, have shown optimum 

engine operating conditions [3]. This effect is also noticeable when using triglyceride-based biodiesel 

as fuel [4]. Hydroxyl gas can also be used as an indicator to improve engine natural conditions, resulting 

in higher thermal efficiency and improved exhaust emissions [5]. The possible use of biobutanol as 

another source of biofuels and similar trends in engine operating conditions due to its higher oxidative 

stability [6] as a spark ignition [7], as a compression ignition engines [8]. It is also known that the use 

of alcohol additives in petrol improves its properties and achieves an ecological effect [9]. The EGR 

system shows a different reduction in cycle pressure [10] which is noticeable when operating small 

engines [11]. Studies [12–15] shows that the basic operating modes of both freight and passenger 

vehicles moving in cities are part speed and loading modes. They involve acceleration, steady mode, 

and active and forced idling while driving and braking the car. Most of the time the vehicular engines 

run the open throttle or with a fuel supply of not more than 50%. The time of operation with a full 

load, when supplying the fuel is close to the maximum, is not more than 30%. This is particularly 

emphasized in the context of the development of smart cities, where freight delivery can be modeled on 
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special robotic vehicles [12]. It is important to emphasize that the use of such transport is specialized 

and more tailored to individual customers, with a higher standardized freight flow due to the limited 

engine described above and the rail network used [13]. Nevertheless, the combined approach to 

passenger and freight transport is widely developed [14]. This option offers great advantages especially 

when considering ecological aspects [15]. 

In general, it can be concluded that under operating conditions, the main motor vehicle modes of 

operation are part load speed modes and idling modes. In these modes, the fuel economy of spark 

ignition engines significantly deteriorates which is one of the main disadvantages of these engines. 

The reason for this deterioration is the decrease of the indicated efficiency of the actual cycle. It is due 

to the increase in the relative amount of EG and the deterioration of mixing and combustion conditions 

[16–23]. Double sparking can cause early release of heat and reduce the knocking effect [16]. Spark 

shortening phenomena have been observed during the extension of the spark discharge period [21]. 

What is especially important with the dual fuel system with biogas and ethanol fuel is the reduction in 

the knocking effect at full engine load [17]. Additionally, exhaust residuals have a direct influence on 

the combustion process [18]. With the use of hydrogen as an additive in the fuel it is possible to 

extend the combustion limits of the lean [19]. Another way is to use the thermal efficiency 

optimization strategy in the case of lean combustion, which also helps to combat combustion variations 

[20]. The deterioration of mixing and combustion conditions was also addressed using a multi hole 

injector [22], and in a wide range of engine speed [23]. In addition, the degree of repeatability of 

successive cycles is increased. Mechanical losses grow which consist of friction losses and pump 

losses. These losses significantly increase with decreasing load. This is due to the rise of dilution in 

the inlet line and when throttling can reach 50% of the total mechanical loss [24,25]. Relative friction 

losses also increase significantly when the load changes. They do not depend on the rotational speed 

of the crankshaft, which has been proved in many previous papers. This was confirmed by both 

machine learning model simulations [26], using artificial neural network modeling [27], a zero-

dimensional cylinder pressure model [28],  

The use of this method requires significant changes in the design of the engine and is realized in the 

production process. 

The aim of this work is improving fuel economy of spark ignition engines applying the combined method 

of power regulation. 

The combined method, in which the system of gas exchange does not change, has been studied. The 

power of the engine at small external loads is obtained by switching off the cylinder group when the second 

group of cylinders works with a large opening of the throttle and higher efficiency. The group of cylinders 

is switched off by disabling the fuel supply to these cylinders. The position of the throttle valve and the 

cyclic supply of fuel in the working cylinders is simultaneously increased. It ensures equal power for 

the operation with all cylinders and with the cylinder group switched off. 

 

2. Theoretical Substantiation of Possible Improvement of Fuel Economy 

One of the main reasons for the significant deterioration of fuel economy of spark ignition engines in low 

load and idling modes is a decrease of the indicated efficiency of the engine and an increase of 

mechanical losses. Under the combined power regulation method, if the indicated efficiency increases 

and the mechanical losses decrease, as compared to throttle all cylinders, fuel economy of spark ignition 

engines is improved. 

The comparison has been made for a six-cylinder engine with a distributed gasoline injection system 

and feedback.The dependency of the indicated efficiency on the average effective pressure, which is 

proportional to the external load, has been determined taking into account the nature of the combustion, 

the duration of the combustion phases, and the effect of residual gas.  

The dependencies of the indicated efficiency “ηi” on the average effective pressure “pe” from zero to an 

average effective pressure of 0.35 MPa are shown in Figure 1. It implies throttling and switching off three 

cylinders at loads where the operation of three and six cylinders is possible . 
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As it can be seen from the shown dependencies, the value of the indicated efficiency when three 

cylinders are switched off, ηi varies from 0.306 (in idling mode) to 0.345 (before the enrichment of the 

mixture). When throttling, the indicated efficiency ηi th at this load varies within the range of 0.26,0.32. 

Thus, the transition from throttling fuel-air mixture to the combined method at idling modes and low 

loads by switching off the cylinder group and throttling working cylinders can increase the indicated 

efficiency of a gasoline engine with an electronic control and a feedback injection system by 13.7–

7.8%. With an average effective pressure of more than 0.325 MPa, it is advisable to throttle all 

cylinders. 

The effect of the combined method of power regulation on mechanical losses has been estimated at the 

same values of the average effective pressure pe. 

 
Figure 1. The dependency of the indicated efficiency on the average effective pressure when six 

cylinders are throttled and when three cylinders are switched off (Opel C30 LE engine). Indices: th, 

index to indicate throttling; d, index to indicate deactivation; ηi th, indicated efficiency of throttling; ηid, 

indicated efficiency when three cylinders are switched off (deactivated). 

 
Figure 2. The dependencies of engine parameters on average effective pressure during throttling (n 

= 1800 rpm). 
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Figure 3. The dependencies of engine parameters on average effective pressure when three cylinders 

are switched off (n = 1800 rpm). 

As can be seen from the comparison of the dependencies of pmd(peth) (Figure 3) and pmth (ped) (Figure 

2), the same pe, mechanical losses when the cylinders are switched off are smaller compared with the 

throttling. For pe = 0 it has been obtained: pmth = 0.153 MPa, pmd = 0.145 MPa, and for pe = 0.35 

MPa: pmth = 0.138 MPa, pmd = 0.109 MPa. Thus, with the transition to the combined methodof power 

regulation of gasoline engine, fuel economy improvements can be expected as a result of reducing the 

internal losses. 

 

3. Materials and Methodology 

3.1. Working out the Fuel Supply System 

The experimental model of a fuel supply system to implement the combined power regulation method 

is based on a Bosch “Motronik ML 4.1” (“Robert Bosch GmbH”, Gerlingen, Germany) fuel supply 

system in the mechanical drive throttle. The scheme of the experimental system is shown in Figure 4 

[20]. The main algorithm of its operation implies the termination of the fuel supply to the switched-off 

cylinders without changing the gas exchange in small loads and idling modes. The engine is equipped with 

the new system without structural changes in the electronic control unit of the injection system and 

engine ignition. It can, therefore, be installed on vehicles in operation. This system of power regulation 

has five patents in the Ukraine for utility models . 

The system works as follows: an electromagnet (31), whose operation is controlled by the electronic 

control unit of the nozzles (11), is added to the fuel supply system of the engine with a mechanical 

cable throttle actuator. The core of the electromagnet is connected to the tension roller (27) through 

which the control cable passes to the throttle (28). 

With partial loads and idling mode running, the electric current of the electromagnet (30) is activated 

by the command of the electronic control unit (11) to the coil relay switching the electromagnet. When the 

electromagnet (31) switches on, its core moves the tension roller (27) to a predetermined value ∆l. As 

a result of it the opening angle of the throttle (17) is changed to a predetermined value according to the 

engine operation with the cylinders switched off. 

At the same time, the electronic control unit of the nozzles (11) receives the signals from the rotational 

speed sensors (24) and the position of the throttle (16) disables the nozzle assembly (10) by re-directing 

the electric current to the ballast resistance (9). As a result, the engine does not enter the emergency 
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operating mode. 

With an increase in the engine load to a mode where the operation with a subset of cylinders becomes 

less economical with respect to fuel consumption than with all cylinders, at the same crankshaft rotation 

frequency, the electronic control unit of the nozzles (11), according to the signal of the position sensor of 

the throttle valve (16), connects the block of the inactive nozzles (10) to the fuel supply system. 

At the same time, electromagnet (31) controls the tension roller (27). The angle of opening the throttle 

(17) changes to the value corresponding to the engine operation with all cylinders. 

When reducing the load of the engine or during transition to the idling mode, when the engine is more 

efficient at switching off the cylinder group, there is a reverse process of disconnecting the block of 

injectors and the inclusion in the chain of the ballast resistance. The angle of opening the throttle 

changes simultaneously to the value corresponding to the engine operation for part of cylinders. 

The cold start of the engine and its heating occurs due to the engine operation with all cylinders. This 

is provided by the air temperature sensor (19) and the temperature sensor of the engine (22), the signal 

of which comes to the electronic control unit of the nozzles (11). The group of switching off cylinders 

can also be changed. 

Figure 4. The scheme of experimental power system: 1—fuel tank, 2—electric fuel pump, 3—fuel 

filter, 4—electronic control device (microprocessor), 5—battery, 6—ignition switch, 7—main relay, 

8—pump relay, 9—ballast resistance, 10—disconnected injectors, 11—electronic unit for controlling 

the nozzles, 12—non-inverting nozzles, 13—fuel distributor, 14—cold start system, 15—idling speed 

stabilization device, 16—sensor of position and a value of accelerating throttle valve, 17—throttle valve, 

18—air vent, 19—air temperature sensor, 20—λ-sensor, 21—thermal timer, 22—engine temperature 

sensor, 23—crankshaft angle sensor, 24—speed sensor, 25—throttle control lever, 26—locking roller, 

27—tension roller, 28—throttle valve drive cable, 29—gas pedal, 30—relay for electromagnet switching, 
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31—electromagnet, 32—load sensor. 

3.2. Working out the Experimental Installation 

For experimental research, an experimental installation has been developed consisting of a six-

cylinder inline Opel C30 LE engine. The technical characteristic, given in Table 1. 

The engine has been installed on a universal brake stand SGEU-100 with an electric brake AKB-92-4, the 

power of 100 kW and a maximum rotation 3000 rpm. The installation enables testing the engine in wide 

limits of external loads. The schematic diagram of the experimental installation with measuring devices 

is shown in Figure 5. 

The experimental prototype of the fuel supply system to implement the combined power regulation method 

is installed on the engine (Figure 6). 

Separate exhaust pipes for a group of three cylinders that constantly work and a group of switched-off 

cylinders have been installed on the engine. In the outlet pipeline of a continuously working cylinder 

group, a three-component catalytic converter manufactured by the Arvin Tefh company (Madison, IN, 

USA) has been installed on the 1.5 L engine. This is only the working cylinder group. 

Figure 5. Schematic diagram of the experimental installation: 1—stand SGEU-100 with an electric 

brake AKB-92-4; 2—weighing head VKM-57; 3—device to measure the frequency of crankshaft 

rotation of the engine; 4—oil temperature sensor; 5—pressure sensor in the fuel line; 6—dilution 

sensor in the intake manifold; 7—air flow meter RG-600; 8—weight measuring device for fuel 

consumption; 9—coolant temperature sensor at the exit from the block of cylinders; 10—device to 

measure the ignition angle; 11—temperature sensor of the coolant at the inlet to the block of cylinders 

(temperature sensor for cooling fluid); 12—EG temperature sensor; 13—dryers of VH samples; 14—

throttle valve; 15—liquid U-shaped pressure gauge; 16—SINCRO EGA 2001 gas analyzer; 17—344 HL–

01 gas analyzer; 18—switch of EG flow between gas analyzers; 19—exhaust pipe of the group of 

cylinders which are switched off; 20—three-component catalytic converter; 21—device to measure the 

angle of opening the throttle valve; 22—experimental installation to switch off a group of cylinders; 23—

gearbox of the Opel Omega A3.0; 24—the exhaust pipe of a group of cylinders which constantly work. 
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Figure 6. The fuel supply system for the Opel C30 LE engine. 

Measurement equipment accuracy is presented in Table 2. 

carbon monoxide CO carbon dioxide CO2 hydrocarbon HC 

 

4. Results and Discussion 

The efficiency of the combined method as for fuel economy improvement has been assessed on the load 

characteristics in the load area, where the engine can operate with throttling six cylinders or with 

throttling three cylinders and three cylinders are switched off. Figure 7 shows the load characteristics 

of the engine for its operation with three and six cylinders at n = 2600 rpm. Hence, it is evident that 

throughout all loads from idling modes and before the operation of the enrichment device, the 

stoichiometric composition of the fuel and air mixture is maintained, regardless of the number of 

working cylinders (λ = 1.0). When three cylinders are switched off in this high-speed mode, the maximum 

torque of the engine Mt decreases from 191 Nm to 84 Nm. For loads up to 65 Nm for three-cylinder 

engine performance there is an improvement in fuel economy compared to the operation with all 

cylinders, hourly Gf and brake specific fuel consumption (BSFC) is reduced by an average of 13%. At 

the same time, load reduction fuel economy improves. In idling modes for fuelling a three-cylinder 

engine, the fuel economy is about 19%. When the load Mt = 65 Nm, fuel consumption for the engine 

running on six and three cylinders is the same. At a larger load the engine operation with a group 

of switched off cylinders becomes less economical and therefore inappropriate. The operation of the 

engine with three cylinders compared to the operation with six cylinders is characterized by a larger 

opening of the throttle φdr, the lower thinning of ∆pk, and larger volumetric efficiency of engine ηv, 

with practically the same air flow Gair.When determining the load characteristics, the concentration of 

pollutions in exhaust gases of the engine has been measured before and after the converter.. 

An analysis of the environmental performance of the engine indicates a significant increase in nitrogen 

oxide NOx concentration when the engine runs on three cylinders compared with the engine running on 

six cylinders. When applying a three-component catalytic converter, the NOx concentration in both cases 

is significantly reduced to practically the same level. Similar results were obtained by Ozhan et al. 

after years of research using multilevel flow modeling. Concentrations of carbon oxide CO, carbon 

dioxide CO2, and hydrocarbons HC in the operation of the engine with catalytic converters with 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 12, No. 4, December : 2024 
 

UGC CARE Group-1,                                                                                                                 112 

different numbers of working cylinders are also practically the same. The improvement in fuel 

economy for the operation with three cylinders has been obtained in other high-speed modes; the 

engine load was low (Mt = 40 Nm). 

One of the main issues when adjusting the power of a gasoline engine by the combined method is to 

determine the rules of changing the position of the throttle valve when switching off and switching on 

the cylinder group. It provides a non-shock process of changing the number of working cylinders. To 

establish such a pattern, an experimentally determined series of load characteristics with the 

measurement of the engine torque, fuel consumption, and the position of the throttle valve for each 

speed mode, a load mode has been established. The results obtained are similar to those of Fleischman 

et al. bus tests, where the test was conducted under roadworthiness test conditions . When it is 

exceeded, the operation of the engine with the switched-off cylinders is inappropriate in terms of fuel 

economy. shows the experimental dependencies of the hourly flow of petrol Gp and the opening angle 

of the throttle valve φdr on the torque Mt of a six-cylinder Opel C30 LE petrol engine with a distributed 

injection system with a feedback with six and three cylinders at different speeds. 

The dependencies show that when the group of cylinders is switched off and on, the position of the 

throttle valve does not change, and the torque will vary several times. 

As can be seen from the characteristics shown, the same torque when switching off and on a group of 

cylinders can be obtained at different ratios of the opening angle of the throttle valve. 

(A) 

 
(B) 

Figure 7. Fragments of oscillograms of the transition process of the Opel C30 LE engine when: (A) fuel 

is supplied to the cylinder, and (B) fuel is not supplied to the cylinder. 
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Figure 8. Fragments of oscillograms of the transition processes of the engine when a cylinder is 

switched on and off during acceleration and deceleration ϕr: the position of the rheostat to control the 

stand load. 

Figure 9. Speed characteristics of the SGEU-100 brake stand. 

When the throttle valve closes, a reverse process occurs. In the process of switching the opening angle 

of the throttle valve φdr sharply decreases. There is a decrease of the dilution in the inlet line. In the 

next cycle after the cylinders are switched off, the combustion characterized by low pressure in the 

cylinder does not occur. In the first cycle after the cylinders are switched off, the maximum pressure 

becomes even lower than in subsequent cycles. It is due to the fact that the pressure reduction wave from 

the throttle valve has not yet been able to reach the switched off cylinders. Shown in figure 7, 8, 9. 

Such a short-term transition process is facilitated by the instantaneous reduction of the dilution when 

the position of the throttle valve is changed. Due to this all fuel residues from the inlet valve are absorbed 

into the cylinder. With further closure of the throttle valve, the dilution increase and the maximum cylinder 

pressure gradually decreases as a result of volumetric efficiency of engine reduction. The oscillograms 

recorded with different acceleration and deceleration rates show similar processes of switching the 

cylinders on and off. 

The oscillograms of transition processes recorded in various modes of the engine show that the 

duration of the transition processes when the cylinder is switched off and on the petrol injection is 

insignificant and is within 1–2 operating cycles. It enables to increase the speed of the transition 

process, to improve the engine power regulation. It is one of the reasons to improve fuel economy 
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when applying the combined method of power regulation for a multi-cylinder petrol engine. 

 

5. Conclusions 

Experimental studies of a six-cylinder engine have shown that when using the combined method of 

power regulation. The engine runs steady in all load and high-speed modes. The experimentally 

established fuel economy at the idling mode is about 19%, and the average economy of loading modes 

is about 13%. The application of the combined power regulation method almost does not affect the 

environmental performance of the engine with a three-component catalytic converter installed in the 

production system. The shock-free process of switching off and on a group of cylinders may provide a 

change in the position of the throttle in these processes with a certain ratio. In this case, the cyclic supply 

of gasoline 

also varies with the corresponding value. The composition of fuel and air mixture does not change. For 

the Opel C30 LE engine in all high-speed modes to obtain an almost unbreakable transition from the 

operation with three cylinders to the operation with six cylinders and vice versa, it is advisable to do the 

transition at a torque close to 50 Nm and the ratio of the throttle opening angle at 1.75. It has been 

established that the duration of switching on and switching off the cylinder group does not exceed 1–

2 operating cycles. It cannot significantly affect fuel economy. 
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