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MODELING OF OPERATIONS IN DYNAMIC REGIMES OF 

SUPERCHARGED DIESEL ENGINES USING TRANSFER FUNCTIONS  
 

Salvadore-Mugurel BURCIU 

 
 

Abstract: In the paper is presented a mathematical model based on the transfer functions which is used for 

establishing the differential equation which expresses the dynamic behavior on working of supercharged 

internal combustion engines. Mathematical model is based on knowledge of the working characteristics for 

the stationary regimes and non-stationary ones in their vicinity, for the engines subsystems, such as engine 

without auxiliary systems, engine turbocharger, exhaust and intake manifold and also the fuel injection 

system. Are presented transfer functions for each engine subsystems and also like whole supercharged 

engine, functions that are used for adjusting automatic command and control systems of the engines.  

Key words: dynamic regimes of working, transfer functions, supercharged engine. 
 

1. INTRODUCTION   
 

In the paper is presented the mathematical 
model for calculate the transfer function for the 
whole supercharged internal combustion engine. 
According to the paper [1], for the dynamic 
behavior on working of a supercharged diesel 
engine, there is a need for a model that is more 
advanced then a first order system.  

The results of the model presented in [1] 
show that the diesel engine behaves like a 
second order system when operating in the 
power regimes (governor area and in vecinity) 
and more like a first order system in the regimes 
with constant torque (overload regimes) area and 
in their vicinity.  

Mathematical model presented in this paper 
is based on knowledge of the working 
characteristics for the stationary regimes and 
non-stationary ones in their vicinity, the 
differential equations and the transfer functions 
established in papers [2], [3], [4], [5], [6], [7], [8] 
for dynamic behavior of supercharged diesel 
engine subsystems, as they are exhaust and 
intake manifold, injection system, engine itself, 
turbocharger [8], [9],  as shown in Figure 1.  

On the basis of these equations results the 
dynamical behavior of whole supercharged 

internal combustion  engine. Using transfer 
functions we can adjusting automatic command 
and control systems of the engines, such as 
automatic governor for revolution or another 
automatic controllers. 
 
2. DYNAMIC CHARACTERISTICS AND 

TRANSFER FUNCTIONS OF DIESEL 

SUPERCHARGED ENGINE 
 

Consider the next diagram (Figure 1) with the 
component parts of the supercharged internal 
combustion engine [8], [9], supercharged with 
free rotation turbocharger.  
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Fig.1. Diagram for supercharged 
engine subsystems 
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In these diagrams, subsystems are: 
K - turbocompressor; S. Inj. - Fuel injection  
system; TG - gas turbine; Diesel - diesel engine 
itself; C.AD. - intake manifold; C.EV. - exhaust  
manifold; ω - angular speed of crankshaft; ωTK - 
angular  speed of turbocharger shaft; ωinj - 
angular speed of fuel injection pump shaft; ccycle 

fuel consumption for a cycle; hK,T - the position 
of adjustment actuator of compressor 
respectively turbine; 
Where: mad,K - mass flow of air aspirated into the 
compressor; mK - mass flow of air on pressure 
entering the intake manifold; mK,cil - mass flow 
of air on pressure which entering the engine 
cylinders; h - actuator position of the injection 
pump for engine; mg – exhaust gas mass flow in 
the exhaust manifold; mT - exhaust gas mass 
flow  entering in the turbine; m*

g0 - exhaust gas 
flow coming out in the environment. 
On the basis of the differential equations (on [2], 
[3], [4], [5], [6], [7])  which simulate  the 
dynamical behaving of constitutive parts of 
engine, it’s possible to achieve the differential 
equation for the dynamical behavior of whole 
supercharged engine, which would represent a 
mathematical model for simulating real engine 
operation. 
According with [2], [3], [4], [5], [6], [7] can 
write: 
-- for Diesel engine own: 
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after use Laplace transformation: 
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--  for injection fuel system: 
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-- for turbocharger:
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after use Laplace transformation: 
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-- for intake manifold:
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after use Laplace transformation: 
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-- for exhaust manifold:
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after use Laplace transformation: 
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Where: 
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ω0=angular speed of engine for stationary 
working conditions; ccycle0= fuel  consumption 
for stationary working conditions; 
hs0=adjustment devices at consumer for 
stationary working conditions; pK0=the pressure 
made by compressor for stationary working 
conditions; pT0=gas pressure at the entrance of 
turbine for stationary working conditions; 
Where: 
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JTK (kgm2) - mechanical moment of inertia for 
parts of turbocharger, reduced to its revolution 
axis; ωTK (s-1) - rotation speed of the compressor 
and turbine of turbocharger; 
ω (s-1) - rotation engine speed; 
Jeng (kgm2) =  mechanical moment of inertia of 
the engine, reduced to its revolution axis; Mte 
(Nm) = torque of engine; Mte,R(Nm) – the 
resisting torque that must be overcome by the 
engine torque; MtK (Nm)-- resisting torque of 
compressor; MtTG (Nm)-- torque of gas turbine; 

km
.

(kg/s) - compressor mass flow rate; 

Tm
.

(kg/s) - gas  turbine mass flow rate; 
h = the position of adjusting device for injection 
pump; hT – position of actuator turbine control; 
hK – position of actuator compressor control; 
ccycle,0(kg fuel/cycle) – fuel consumption on 
cycle for stationary running; 
pT(N/m2) – exhaust gas  pressure in the turbine 
entry; pK(N/m2) - fluid pressure at the 
compressor exit; 
Tk(K) - fluid compressed temperature at the exit  
of the turbocharger compressor; TT(K) – exhaust 
gas temperature at the entrance of turbocharger 
gas turbine; 
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ccycle(kg fuel/cycle) – fuel consumption on cycle 
for variable speed regimes (non-stationary 
regimes); 
‘0’ index  indicates stationary operating  
regimes; 
hK0    =  position of actuator compressor control 
at  steady working  conditions; 
hT0 = position of actuator turbine control at  
steady working  conditions; 
ωTK0 (s-1) - rotation speed of the compressor and 
turbine of turbocharger at stationary working 
conditions; 
MteTG0 (Nm) - turbine shaft torque at stationary 
running; MteK0 (Nm) - compressor shaft torque 
at stationary running; 
pT0(N/m2) – exhaust gas  pressure  in the turbine 
entry at stationary running; 
pK0(N/m2) - fluid pressure at the compressor exit 
at stationary running; 

If the turbocharger hasn’t adequate devices 
(actuators) for adjustment, in the equations 
(1,2,3,4,5) particular condition is 0,0 ** =∆=∆ KT hh  

respectively (1’,2’,3’,4’,5’) 0,0 ** =∆=∆ KT HH  and 
result equations: 
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To obtain the differential equations of the 
supercharger internal combustion engines 
without the adequate adjustment devices for 
turbine and compressor, it is necessary to solve 
the particular equations system resulting from 
the general equations 35, 36, 37, 38, 39. 
In Figures 2, 3, 4, 5, 6 are presented the 
structural diagrams for the supercharger engine 
without systems and for the fuel injection 
system, the intake manifold, the exhaust 
manifold and the turbocharger. In these 
diagrams the transfer functions are set out in 
rectangles, the input signals on the left and the 
output signals on the right. The index number 
added to some input signals represents the 
number of the structural diagram where that 
signal comes out. We consider the independent 
parameters ∆hs

* and ∆h* [8], and the unknown 

quantities 
***** ,,,, TKTKcycle ppc ωω ∆∆∆∆∆ . 
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For the internal combustion engine as the 
subject of automatic adjustment abiding by the 
revolution, we consider ∆ω* the parameter 
which must be pursued in time: 
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The differential equation written in the 
operational form, where the rotation is 
considered as the object of automatic 
adjustment, is as follows: 
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Relation (44) leads to: 
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Fig. 4. Structural diagram for the intake 
manifold 
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Fig. 5.   Structural  diagram for the 
exhaust manifold 
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Fig. 6.   Structural  diagram for the 
turbocharger 
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where: 
Hengine ∆h (s) = the transfer function determined 
by the actuator of the injection pump; 
Hengine ∆hs(s ) = the transfer function determined 
by the load of engine; 
If Laplace-1  is applied to the differential 
equation (44) written above, the result is the 
differential equation expressing the dynamic 
behaviour in relation to time, for the 
supercharged internal combustion engine 
without adjustment actuators for the turbine and 
compressor.
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Figure 7 shows the structural diagram of the 
diesel supercharged engine [8], considerate the 
rotation as the size for automatic adjustment. 
Taking into account the different charge 
schemes and mathematical models of the engine 
subsystems, the result yields different 
mathematical models represented by differential 
equations up to grade 5. Based on these models, 

the dynamic behaviour of supercharged engines 
can be obtained. 
 
3. CONCLUSION  

 
The purpose of the paper was to present the 

mathematical model and establishing the 
differential equation expressing the dynamic 
behavior of turbocharged internal combustion 
engines which use turbocompressor with free 
rotation, aim which was achieved by 
establishing the differential equation 46.  

On the basis of the mathematical model of the 
dynamic behaviour of the supercharged engine 
and using the transfer functions established, the 
following can be done: 
-- optimal tuning the automatic speed regulator 
located on the engine. 
-- establish performance of the whole system 
and its subsystems, during transitory regimes of 
operation. 
-- obtained the quality indices for the dynamic 
behaviour of the whole system. 
-- performance indication of system in stationary 
regimes of operation, establish speed and 
acceleration deviations. 
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Comportamentul dinamic al motoarelor diesel cu ardere internă supraalimentate utilizand 

funcțiile de transfer 

 
Abstract: În lucrare este prezentat un model matematic bazat pe funcțiile de transfer, utilizat pentru stabilirea ecuației 
diferențiale ce exprimă comportamentul dinamic în funcționare al motoarelor cu ardere internă supraalimentate. Modelul 
matematic se bazează pe cunoașterea caracteristicilor de funcționare pentru regimurile staționare și nestaționare din 
vecinătatea lor, pentru subsistemele motorului, cum ar fi motorul fără sisteme auxiliare, turbocompresorul motorului, 
galeria de evacuare și de admisie, precum și sistemul de injecție al combustibilului. Sunt prezentate funcțiile de transfer 
pentru fiecare subsistem al motorului, precum și pentru întregul motor supraalimentat, funcții utilizate pentru reglarea 
sistemelor automate de comandă și control ale motoarelor. 
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