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The article considers the issue of forming dynamic operating modes of a diesel engine during 

vehicle acceleration. The influence of turbocharger inertia on boost pressure, acceleration dynamics, and 

the occurrence of such phenomena as ―turbo pit‖ and ―turbo pick-up‖ is determined. The author 

proposes a method for mathematical modeling of transient engine operation based on the use of an 

extended mathematical model of the Blitz-PRO
®

 turbo-piston engine. A system of equations for the 

dynamics of the engine, turbocharger, and pneumatic actuators is presented, which allows for highly 

accurate determination of changes in the speed, boost pressure, and load in real operating conditions. 

The results obtained contribute to increasing the accuracy of transient evaluation in modern diesel 

engines with gas turbine supercharging and can be used in the design improvement of supercharging 

systems. 

 

When a diesel internal combustion engine is used in a motor vehicle, transient operating modes 

constitute a significant portion of its operation. These modes include starting, warming up, accelerating, 

and braking. From the perspective of the turbocharging system's operation, the acceleration mode of the 

vehicle is of greatest interest [1]. Due to the inertia of the turbocharger, it takes a certain amount of time 

for its rotor to spin up to its operating speed. Consequently, during the initial acceleration phase, the boost 

pressure does not correspond to that during steady-state engine operation. To maintain the maximum 

permissible excess air coefficient, it is necessary to limit the cyclic dose of fuel injected into the cylinder, 

which leads to a decrease in engine power and an increase in acceleration time. This phenomenon is 

known as "turbo lag". As the vehicle accelerates, the boost pressure begins to increase sharply, which 

leads to a sudden increase in engine power and acceleration of the vehicle - "turbo lag". Both of these 

phenomena are unfavorable and are the subject of constant efforts by designers to eliminate them. 

Fig. 1 shows the combination of external speed characteristics of the engine (VSH) and the 

resistance power (load) on the engine. 

When accelerating a vehicle at maximum acceleration, the engine operates according to its external 

speed characteristic, despite the engine load being significantly lower than the power it generates. The 

difference between the engine's generated power and the load power is expended to increase the kinetic 

energy of the engine and vehicle. Clearly, the dynamic VSH is lower than the static VSH, which 

adversely affects the transition time. 

The problem of favorable formation of dynamic VSH becomes more acute with increasing boost 

pressure, since, with single-stage boost, it becomes necessary to use high-pressure turbocompressors, 

which have higher rotor moments of inertia. 
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Fig. 1 External speed characteristics during vehicle acceleration and a fixed transmission gear ratio 

 

To simulate transient operating modes, the Blitz-PRO
®
 mathematical model of the turbopiston 

engine, developed at the Department of Tractors and Agricultural Machinery, Operation and Technical 

Service, was supplemented with the corresponding calculation modules. Initially, the steady-state 

operating mode of the engine is calculated before the onset of a transient process (e.g., acceleration). This 

step is necessary for the initial filling of the arrays of parameters of the working fluid in the engine 

cylinder, intake receiver, and exhaust manifolds [2 - 5]. Next, the sequence of engine operating cycles is 

calculated. In this case, the change in the rotational speed of the engine and turbochargers is calculated at 

a time interval corresponding to the cycle time. Dynamic equations are used for the calculation engine 

and turbochargers, as well as an equation for determining the load on engine: 
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where n - is the current engine speed; nTK  - is the current engine speed turbocharger rotor; Ne  - the 

current value of the effective engine power, which is the difference between the indicated power and 

power of mechanical losses; Nload - current value of engine load; Nt  - instantaneous value of 

turbocharger turbine power; NK - instantaneous value of turbocharger compressor power; Ieng- 

instantaneous value of power losses in transmission: Ieng- total moment of inertia of moving parts of 

engine, transmission and vehicle propeller;  0,  1,  1 - constant coefficients; ITK - moment of inertia of 

turbocharger rotor; nн - rated engine speed; Ne- rated engine power; і - time layer number. 

The turbocharger dynamics equation is solved together with the iterative refinement of the pressure 

increase ratio in Пк the turbocharger compressor based on the interpolation of the digitalized 

characteristics of the turbocharger. 

It is especially important to emphasize the need to use extrapolated characteristics of the compressor 

and turbine of the turbocharger [6, 7] to ensure the stability of such a calculation, since the engine 

operates over a very wide range. 

It should be noted that when simulating transient engine conditions, the mathematical model is also 

supplemented by a calculation of the dynamics of pneumatic actuators to determine the current flow area 

of the bypass valves [8, 9]. According to the fundamental law of dynamics: 

∑ F̅=-ma:Ps+Pt+Fпр=-mmex
d
2
hcl

dt
2 ; 



Proceedings of the XVIII International scientific and practical conference «Information technologies and automation– 2025» 

51 

Ps=
 dм

2

4
(p

s
-p

o
); 

Pt=pt
 d P

2

4
-p

зт

 dcl
2

4
; 

Fпр= прhкл+ in, 

where p
s
  - is the air pressure in the engine receiver; p

o
 - is the ambient pressure; p

t
 - is the gas pressure 

before the turbine; p
t
 - is the gas pressure after the turbine;  пр - is the spring stiffness coefficient;      - 

is the static force of the spring; is the diameter of dм  - the actuator membrane; d P - is the diameter of the 

bypass valve; is the diameter of dcl  - the actuator membrane ; hcl - is the valve lift height; hcl - the total 

mass of the moving parts of the mechanism. 

In conclusion, it should be said that the application of the indicated approach to modeling the 

dynamic VSH [10] of diesel engines allows us to estimate transient processes in modern gas turbine 

supercharging systems with a fairly high degree of accuracy. 
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Annotation. This paper proposes a mathematically grounded framework for organising urban 

passenger transport that couples classic transit modelling (assignment, headway control and capacity 

analysis) with a permissioned blockchain for trusted, auditable data exchange among agencies, operators 

and users. We formalise the problem as minimising generalised passenger time and operational cost 

subject to fleet, capacity and service constraints, while enforcing the integrity of ticketing, vehicle 


