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Mathematical modeling of the effect of internal combustion engine 

parameters on vehicle acceleration dynamics  
 

A.A. Ernazarov1 a, S.S. Musurmonov2 b 

1Jizzakh Polytechnic Institute, Jizzakh, Uzbekistan 
2Tashkent state Technical University named after Islam Karimov, Tashkent, Uzbekistan 

 
Abstract: Mathematical model has been calculated in the study, which determines the relationship between the 

engine's operating process and the dynamics of the car. The adequacy of the model was verified using an 

experimental study of the B15D2 engine to obtain adjustment, load and external speed characteristics. 
Keywords: engine workflow, mathematical model, acceleration dynamics; experimental study, speed characteristics 

 

 
1. Introduction 

Mathematical modeling of the influence of internal 

combustion engine (ICE) parameters on the dynamics of 

vehicle acceleration is an important task in the automotive 

industry and transportation engineering. It allows you to 

evaluate how different engine characteristics affect vehicle 

acceleration, acceleration time to a certain speed, and other 

dynamic indicators. 

These models are based on the balance of forces acting 

on the car during its movement. For example, in models [1-

3], a car is represented as an elastic-mass oscillatory system. 

The rolling of the wheel on uneven and flat surfaces is 

described in detail, the inertial and elastic characteristics of 

the moving parts of the engine, transmission and wheels are 

taken into account. These models are characterized by the 

complexity of implementation and verification, and require 

the establishment of a number of empirical coefficients 

based on the results of experimental studies. In addition, 

there is a lack of information in the literature on the use of 

such models in car parameter optimization tasks. 

When solving a number of tasks, for example, choosing 

the parameters and settings of an engine and a car, creating 

a preliminary design of a car, and studying its dynamic 

qualities, it is advisable to use simpler models [4-7]. These 

models, for example, the graphoanalytical method make it 

possible to determine the acceleration and path of a car based 

on the calculation of the so-called dynamic factor. 

In mathematical models of car acceleration, the 

maximum engine power in the modes of external speed 

characteristics is usually set according to empirical 

dependencies. For example, in the Leiderman equation, the 

current maximum engine power depends on the rated power 

and rotational speed of the crankshaft, as well as the current 

rotational speed of the crankshaft. This makes it impossible 

to optimize the parameters and settings of the engine, while 

ensuring good dynamic qualities of the car. 

An attempt to combine mathematical models of the 

working process of an engine and a vehicle was made in [8]. 

The engine operating modes when the car is moving 

according to the European NEDC test cycle are replaced by 

quasi-stationary driving modes with a constant speed of 1 s. 

To reduce the engine parameters in quasi-stationary cycle 

modes to the parameters of the actual cycle, the calculated 

 
a https://orcid.org/0000-0002-4188-2084 
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engine parameters are multiplied by the empirical 

coefficients given in [9]. 

The disadvantage of this approach is the use of empirical 

coefficients generalized based on the results of experimental 

tests for a number of engines of a certain class, which makes 

it impossible to take into account the design features and 

workflow of a particular engine. 

Thus, the aim of the work is to develop a mathematical 

model of the dynamics of car acceleration, taking into 

account the influence of the design parameters and 

adjustments of the internal combustion engine on this 

process. 

 

2. Research methodology 

The methodology of computational research. The 

mathematical model of the engine workflow includes 

submodels: 

- determination of the thermophysical properties of air, 

fuel of any component composition, as well as exhaust 

gases; 

- determination of the kinematic characteristics of the 

movement of the elements of the crank mechanism and the 

passage sections of the valves; 

- simplified calculation of the working process to obtain 

a first approximation of the parameters of the working fluid 

in the cylinder at the beginning of the exhaust stroke; 

- quasi-stationary calculation of gas exchange, 

compression and expansion in a cylinder using the 

volumetric balance method; 

- combustion according to the Vibe model [10], in which 

the indicators of the nature and duration of fuel combustion 

are set using empirical formulas given in the work; 

- heat transfer in the cylinder according to the Gerhard 

Vosni model [11]; 

- friction losses as an empirical function of the average 

piston speed. The feasibility of using this empirical 

dependence for a research engine was evaluated in the work. 

The adequacy of the mathematical model was assessed 

by comparing the calculation results of specific effective fuel 

consumption (𝒈𝒆), filling coefficient (𝜼𝒗) and hourly air 

consumption (𝑮𝒏) with experimental data. Figure 2 shows 

the adjustment characteristics for the composition of the 

mixture and the ignition timing angle, Figure 3 shows the 

load and external speed characteristics. It can be seen that 

https://orcid.org/0000-0002-4188-2084
https://orcid.org/0009-0009-8618-1722
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the mathematical model provides a sufficiently high 

accuracy in determining the effective performance of an 

experimental engine. 

 The study of the dynamic properties of the car was 

carried out according to the next method. The range of 

vehicle speeds from 0 to 100 km/h was divided into sections 

lasting 1 km/h. It was believed that the car was moving at a 

constant acceleration in each section. Knowing the speed at 

the beginning of the section and the average acceleration in 

the calculated interval, you can determine the speed at the 

end of the section. 

The main factor determining the current acceleration 

value of the car is the dynamic factor D, which depends on 

the traction force, the force of air resistance and the weight 

of the car. Thus, the task of the study was to calculate the 

parameters that determine the dynamic factor and 

acceleration of the car. 

Unfortunately, the basic methodology does not clearly 

specify the method for accounting for the effect of vehicle 

gearshift time on acceleration dynamics, which can be used 

in machine calculations. The authors proposed to determine 

the acceleration time 𝜟𝒕 in the speed range from v1 to v2 

when shifting gears as follows. Time t can be divided into 

two intervals (Fig. 1): 

Δ𝑡 = Δ𝑡1 + Δt2,                                (1) 

where Δ𝑡1 is the gearshift time; Δ𝑡2 is the acceleration 

time from speed v1 to speed v2 

                       
Fig. 1. Diagram for determining the dynamic factor when shifting gears

 

The time 𝛥𝑡1 depends on the driver's qualifications and 

can vary from 0.2 to 3 seconds [5]. During 𝛥𝑡1, the vehicle's 

speed decreases by 𝛥𝑣 and reaches v1 at the end of the first 

interval. 

When shifting gears, the car moves by inertia, and the 

traction force Ft1 = 0. Accordingly, the dynamic coefficient 

during the interval Δt1 

𝐷1 = −
𝐹𝑣1

𝐺
,                                  (2) 

where 𝐹𝑣1 is the aerodynamic drag; G is the weight of 

the vehicle. 

The dynamic factor D1 determines the acceleration of the 

car j1 in the range Δt1. 

To simplify calculations, we assume that the 

aerodynamic drag 𝐹𝑣1 during a gear change is constant and 

corresponds to the speed in the previous gear. In this case, 

the acceleration j1 is considered constant, and the speed 

decrease when shifting gears will be at Δv=j1∙ Δt1. 

During the second interval, after the crankshaft is 

coupled to the 𝐹𝑡2 engine transmission, the dynamic 

coefficient D2, acceleration j2 and acceleration time Δt2 from 

speed v1 to speed v2 are calculated using the formulas of the 

basic methodology for the case of a vehicle moving with a 

certain gear. 

The average dynamic factor in the calculated interval 

 

𝐷𝑎𝑣 =
𝐷1∙∆𝑡1+𝐷2∙∆𝑡2

∆𝑡1+∆𝑡2
,                          (3) 

 

Average speed in the calculated range 

𝑣𝑎𝑣 =
(𝑣1+𝑣1

′)∙∆𝑡1+(𝑣2+𝑣2
′)∙∆𝑡2

2
,                      (4) 

 

The engine's crankshaft speed is calculated using the 

vehicle's speed, the current gear ratio from the wheels to the 

crankshaft, and the radius of the wheels: 

 

   𝑛 =
𝑣∙𝑢𝑘∙𝑢𝑝𝑏∙ 𝑢0  

0.377∙𝑟𝑠𝑡
,                                (5) 

where 𝑣 is the speed of the vehicle; 𝑢𝑘 is the current 

value of the gear ratio; 𝑢𝑝𝑏 is the gear ratio of the transfer 

case; 𝑢0 is the gear ratio of the main gear; 𝑟𝑠𝑡 is the static 

radius of the wheel. 

The calculations were performed in the MATLAB 

software environment. The main set of parameters is shown 

in Table 1. 

An example of the results of calculating the loads in the 

drive of a Chevrolet Gentra car during acceleration is shown 

in Fig. 2. 

Table 1 

Chevrolet Gentra Car Parameters 

Parameter value 

Vehicle weight ma, kg 1245 

Static wheel radius rst, м  0,26  

Permissible gross weight. kg 1660 

Car height Вr, m 1445 

Car width Нr, m 1725  

Coefficient of filling of the frontal area of the 

car αА  

0,78  

Transmission efficiency ηт  0,97  

Transmission ratio 

uk1  

uk2  

uk3  

uk4  

uk5 

 

3,818  

2,158 

1,487 

1,129  

0,886 

Main gear ratio 3,72  
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In each gear, the speed of rotation of the crankshaft 

increases during acceleration to values above 4,500 rpm. 

This provides power close to the nominal value and the 

maximum possible traction force on the wheels for this 

vehicle.  

The most significant component of the resistance to 

accelerated movement of the car is the inertia force, which 

at the beginning of the movement of the car exceeds the 

forces of rolling resistance and aerodynamic drag by more 

than 50 times. As the speed of the car increases, the force of 

inertia decreases, and at a speed of 100 km/ h it is only 1.4 

times higher than the other components of the load. 

Aerodynamic drag increases proportionally to the square 

of the vehicle's speed and, at a speed of 100 km/h, makes a 

significant contribution to overall drag. This force limits the 

maximum speed for the car, which has an estimated speed of 

170 km/h. An increase in speed can be achieved mainly by 

increasing engine power. 

The speed of 100 km/h is reached in 11.9 seconds, which 

corresponds to the passport data of the Chevrolet Gentra car 

and indicates the adequacy of the calculation methodology. 

Thus, the developed complex mathematical model 

makes it possible to study the characteristics of the engine 

and vehicle during acceleration, determine the influence of 

vehicle parameters on these processes, and conduct 

optimization studies. 

Experimental studies were conducted to refine the 

mathematical model of the working process of an 

automobile engine. The engine of the Chevrolet Gentra 

B15D2 car was chosen as the object of the study. This engine 

has a distributed fuel injection system, a complex of sensors 

and an electronic control unit. 

The technical characteristics of the B15D2 engine are 

shown in Table 2. 

During the experiment, the rotational speed of the 

crankshaft was measured using an electronic frequency 

counter and a magnetoelectric tachometer. Fuel 

consumption is obtained using the weight measurement 

method. Also, this parameter, as well as the crankshaft 

rotation speed, air flow, ignition timing angle and excess air 

coefficient were determined using standard equipment and 

software of the electronic engine control unit. The exhaust 

gas temperature was measured with a chromel-alumel 

thermocouple and a galvanometer. The pressure and 

temperature of the oil and the temperature of the coolant 

were also measured. The thermal mode of the engine was set 

by changing the water circulation of the external circuit 

through the oil and water cooler. 

To identify the mathematical model of the workflow, the 

load characteristic of the engine at a rotational speed of 3600 

min-1, the external speed characteristic, as well as the 

adjustment characteristics when changing the ignition timing 

angle and the excess air coefficient were removed. 

Table 2 

Technical characteristics of the B15D2 engine 

Name of the parameter Value 

Engine brand Chevrolet 

Gentra B15D2 

Engine type 4-stroke, 

petrol engine 

Number of cylinders 4 

Number of valves 16 

 Cylinder placement inline 

Cylinder diameter, mm 74.71 

Stroke of the piston, mm 84.7 

Working volume, l 1.5 

Rated power, kW 40 

The speed of rotation of the crankshaft 

in the rated power mode, min-1 

5600 

Maximum torque, Nm  141 

speed of rotation of the crankshaft in 

the mode of maximum torque, min-1 

3800 

Compression ratio 10.2 

3. Results 

During the calculations, the excess air coefficient and the 

ignition timing angle for the acceleration of the car were 

studied from 0 to 100 km/h (Fig. 2). The excess air 

coefficient was varied from 0.8 to 1.15, and the ignition 

timing angle of the mixture was from 0 to 60 degrees of the 

crankshaft position to the HDC. 

     
Fig. 2. The effect of engine parameters on the dynamics of car acceleration from 0 to 100 km/h

The increase in the ignition timing angle was increased 

by detonation and loads on the parts of the crank mechanism, 

the excess air coefficient was the limits of reliable ignition 

of the mixture. When changing a certain parameter, other 

engine parameters were left unchanged as on the base engine 

(see Table 1). 

Increasing the ignition timing angle from 0 to 29 degrees 

of the crankshaft position to the top dead center, as well as 

reducing the excess air ratio from 1.16 to 0.99. increase the 

maximum engine power and acceleration time of the car. An 

increase in the ignition timing angle, a decrease in the excess 

air ratio, on the contrary, reduces engine power. 
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Accordingly, the dynamic properties of the car deteriorate. 

Thus, it is shown that optimization studies need to be 

carried out to determine the rational values of the ignition 

timing angle and the excess air coefficient. 

According to the results of the analysis of the data in Fig. 

2, to improve the engine's pick–up, it was proposed to apply 

a set of parameters: ignition timing angle – 30 degrees of the 

crankshaft position to the TDC; excess air coefficient - 0.98. 

Calculations have shown that using the proposed set of 

parameters on the engine will reduce the acceleration time of 

the car by almost 10%. Further improvement of the pick-up 

speed of the car is possible by applying optimization 

methods to the selection of engine parameters, expanding the 

number and range of parameter variations. 

4. Conclusion 

The results of a comprehensive study containing: 

- development of a mathematical model of the engine 

workflow; 

- verification of the adequacy of the mathematical model 

of the engine workflow based on experimental research data; 

- refinement of the car acceleration dynamics model, 

taking into account the influence of gearshift time; 

- determination of the effect of changes in engine 

parameters on the dynamic properties of the Chevrolet 

Gentra. 
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