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INFLUENCE OF INJECTOR ON CHARACTERISTICS OF 
FUEL DISPERSION IN DIESEL ENGINE 

Abstract 
The combustion process in the IC engines predominantly depends on the air/fuel 
mixture preparation and conditions for its preparation. The process of air and fuel 
mixing can be analyzed through energy introduced with air and fuel in relation with 
necessary energy for rational formation of air/fuel mixture. The main role for the 
quality of the air/fuel mixture in diesel engines has energy introduced by the fuel, i.e. 
the characteristics of fuel injection process. These characteristics are mostly 
represented by: jet length, cone jet angle, physical and chemical structure of jet on 
different cross sections. The physical jet structure is generally described by average 
Sauter diameter of droplets. The approaches to calculate these parameters are as 
follows: 
 modeling and calculating by a numerical method in order to solve 2D and 3D 

models, depending on the ambient conditions, 
 using different semi-empirical models for calculatons of mentioned parameters. 
Each approach the fuel jet characteristics calculations requires knowledge of so-
called “boundary and initial” conditions, which are defined by the exit of fuel flow 
from nozzle orifice. In this paper using an example of jet fuel length it will be 
explained the current way of taking the boundary conditions at the nozzle, the role of 
injector itself in this specific case, as well as a new approach in defining the 
boundary conditions. 

1. Introduction 
The combustion process in the IC engines, with direct fuel injection in the engine 
cylinder depends on how the air and fuel mixture is made. The process of air and 
fuel mixing can be studied through the energy brought into the engine via fuel and 
the air. By diesel engines, especially those with bigger swept volume, the main role 
in the process of air and fuel mixing has the energy introduced via fuel. Within the 
real conditions manifestation of the energy introduced via fuel is reflected through 
the jet characteristics of sprayed fuel. Within the real conditions manifestation of the 
energy introduced via fuel is reflected through the jet characteristics of sprayed fuel. 
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The fuel jet characteristics, regarding surrounding conditions of the jet development, 
can be expressed in forms of: 
- jet dimensions (jet length (Xm), cone jet angle (2), jet dimensions after hitting the 

hard obstacle (Ym, hm), etc.), 
- physical and chemical structure of fuel jet where physical jet structure is usually 

described by average Sauter diameter (d32) of fuel droplets.  
The chemical structure depends on fuel content in the surrounding conditions 
and there is no evaluation criteria for it. 

In the process of air/fuel mixture the characteristics (dimensions) of fuel jet form are 
observed based on which conclusions are brought on homogeneity in the whole 
combustion area, overlapping with the nearby jets, the influence of boundary walls of 
the combustion area, etc. This is the way most authors analyze the form of fuel jets 
under different conditions and determine the factors influencing the dimensions of 
fuel jet. In the process of jet characteristics analysis most commonly found forms are 
shown in the Figure 1; where in the Figure 1a) is shown the jet form in an 
uninterrupted surrounding without limits. 

 
Figure 1: Typical fuel jet forms in different environmental conditions 
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The Figures 1 b), c), and d) show the jet forms in the uninterrupted surrounding, 
when hitting the flat wall at the distance of XZ, at the angle of βz, while in the 
Figures 1 e) and f) jets are hitting the curved wall in the uninterrupted surrounding 
(Figure 1 e)) and the surrounding with a air flow rate w (Figure 1 f)). These are some 
of the typical examples which can be used for the analysis of injection quality. Apart 
from variation of the surrounding pressures and temperature, the real conditions of 
IC engine performance also include different kinds of air flow (turbulent, transversal, 
linear) as well as a variable space limit.Within these conditions jet analyses become 
far more complicated and are rarely found in the relevant literature. The typical 
values mostly found in the analyses are [1], [2], [3]: 

- jet length (Xm), 
- jet dimensions after hitting the wall (Ym, hm) and  
- cone jet angle (2θ). 

By using the example of a jet length in the function of time of injection (Xm=f(t)), the 
influence of constructive characteristics of injector and hydrodynamic characteristics 
of fuel in the injector is presented. 

2. The analysis of fuel jet characteristics 
The common methods of defining and analyzing the characteristics of fuel jets: 

- experimental, 
- calculated, the use of complex 2D and 3D models, 
- calculated, the use of correlation (semi-empiric) expressions. 

 

 
 

Figure 2: Physical model of the free jet 
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The latter method of defining of the fuel jet characteristics is usually mentioned in 
the referent literature. While studying other authors’ work a great number of semi-
empiric expressions for calculation of characteristics Xm, Ym, hm, 2θ and d32 can be 
found. The typical values Xm, Ym and hm, primarily the jet length (Xm) have the same 
form of semi-empiric expression with different constant values, by almost all the 
authors. 
All the authors ([1], [3] and [4]) start with the well known physical model for jet length 
shown in the Figure 2 and they all use the mathematical model for the so-called 
stationary jets, whereas can be conidered to have a constant jet momentum (K) at 
reasonably short jet lengths. In a mathematical form it can be presented as the 
equality of momentum in the section I-I and II-II (Figure 2), which means: 

IIIIII KK    (1) 

There is a presumption that the velocity profile in the jet, outside of potential jet 
centre, is the function )(max fvv  , where by / , and the function f matches the 
best with the Gaussian error function. The value of momentum in the section I-I can 
be described as: 

pdCvdK bbb
b

LII 
222

2

24
  (2) 

where the velocity of fuel at the injector inlet (vb) is calculated through the Bernoulli 
equation for the relevant positions, the injector inlet and outlet, as:  

Lbb pCv /2  (3) 

where: p  - pressure drop from the injector inlet to the jet outlet ( CA ppp  , 
Figure 3 a)), 
  L  - fuel density, 
  bC  - coefficient taking all the losses in the injector, 

  pc – environmental pressure. 
The momentum for the section II-II can be written as: 
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  ccc RTp /  surrounding density, 
  Tc – surrounding temperature, 
  R – gas constant. 
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Taking that the width b is proportional to the jet length (b = C1 Xm), density in the jet 
(ρm) approximately equal to the density of the environment (ρc) tj. cm   , as well 
as the fact that the maximum velocity vmax can be expressed as dtdXv m /max  , 
finally, based on the expressions (1), (2) and (4) expression for the jet length can be 
writen as: 

5,0
25,0

5,0 tpdCX
c

bm 






 



 (5) 

where the constant C is expressed as: 

  5,05,0
1

1
1

 CCC b  (6) 

The majority of authors who have developed the correlation expressions for the jet 
length (Xm) began with the expression (5), which works in the jet length zone, 
outside of potential jet centre, i.e. outside of the zone of uninterrupted fuel jet. The 
expression (5) is often used in the referent literature where: 
the constant C varies between 3,01 and 3,9 ([5],[6] and [7]) and 
the pressure drop Δp is considered to be a constant value. 
Jet length (Xm) also has a significant influence on the jet dimensions after hitting the 
wall. For example, the values Ym and hm (Figure 1) can be expressed through the 
correlation expression: 

  48,024,089,0
2 zcm ttpCY    (7) 

  35,0048,052,0
3 zcm ttpCh    (8) 

There is a pressure drop along the injector (Δp) as well as the constant C2 and C3 
which are also influenced by flow resistance (loss coefficient) Cb in the injector. The 
value tz represents the time of the contact between the fuel jet and the wall. Due to 
the similar influence of thepressure drop Δp and loss coefficient in the injector Cb, 
more attention will be paid to the fuel jet length Xm and furthermore, it will be used 
for the analysis of influence of injector construction on the characteristics of spray 
fuel jet. 
Since the fuel injection is a non-stationary process and the pressure drop is variable 
within one injection cycle, most authors define the value Δp with the mean pressure 
during the fuel injection process or average injection pressure in the first 0,5 ms of 
the injection process [8]. Regarding all these dilemmas and the fact that the constant 
C dissipates more than 30 %, it is necessary to pay more attention to the influence 
of the injection system and the injector itself on the selection the constant C. 
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3. Research results on the specific injector 
In the analysis we used the specific Bosch injector, type DLL 25S834 containing one 
jet with a diameter db = 0,68 mm and jet length lb = 2 mm. The injector appearance is 
given in the Figure 3 a), while in the Figure 3 b) there is its physical model. 

 
Figure 3: Realistic scheme of injector a) and physical model b) 

The calculation of the characteristics of fuel jet length with all the semi-empiric 
expressions is based on the difference between pressures Cppp   , since the 
pressure p  can be easily measured. Nevertheless, when it comes to calculating of 
fuel flow rate at the injector outlet (vb) energy losses in the injector need to be 
predicted that can not be unambiguously determined. This can be seen from the 
Bernoulli equation for the sections A-A and I-I (Figure 3 a)): 
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that can be used for the fuel flow rate at the injector outlet vb calculations (3) with all 
the losses (linear and local) expressed through the loss coefficient Cb. From the 
expressions (9) and (3) it can be seen that the value of Cb coefficient depends on 
constructive characteristics of the injector and hydrodynamic flow conditions in the 
injector. This coefficient, apart from not being constant, can not be unambiguously 
calculated without serious modeling of the hydrodynamic processes in the injector. 
For the specific injector in the Figure 3 a) a physical model shown in the Figure 3 b) 
was made providing the analysis and the calculation of the characteristics of fuel 
flow along the injector as well as the calculation of kinematic characteristics of 
injector needle. A combined multi-dimensional and one-dimensional mathematical 
model were used along with equations of continuity and momentum. The Newton’s 
second law was used in defining the injector needle lift. The model is precisely 
described in [2], and this paper only presents some results of pressure change at 
the injector inlet (pA), the pressure under the centre of injector needle (pi) and the 
pressure at the end of injector jet (pI) in the Figure 4, for two typical angular speeds 
of high pressure pumps (n = 1100 min-1 and n = 700 min-1). 

 
Figure 4: Change of pressure at characteristic positions of the injector for two 
speed regimes of high pressure pump 

By knowing the pressure pI (outlet of injector jet), instead of the pressure pA at the 
injector inlet the expression (3) becomes more simplified: LCIb ppv /)(2   and 
the expression (6) for the constant C becomes: 

  5,05,01
1

*  CC  (10) 
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Knowing the character of the values C1 and φ1, which are for the appropriate 
surrounding conditions (pC, TC) practically constant values, the value C* becomes 
constant and it does not depend on constructive injector characteristics and 
hydrodynamic characteristics of fuel flow in the injector. 

4. Conclusion 
Based on the information considering the calculation of the characteristics of spray 
fuel jet, the influence of constructive and hydrodynamic characteristics of the injector 
has been clearly emphasized. Due to different constructive characteristics of the 
injector as well different characteristics of pressure and fuel flow rate in the injector, 
up to now the correlation expressions on the jet length (Xm) found in the relevant 
literature have not explicitly expressed the influence of the injector, except from the 
jet diameter. Due to losses in the injector (Cb), the value of the constant (C) (6) 
displays significant dissipation according to different authors.  
By offering the model for the calculation of velocity (vb) and pressure (pI) at the 
outletof the injector these kinds of problems can be avoided, and a new constant in 
the correlation expressions (C*) also presents the substantial constant no matter 
what kind of an injector is used and what are the flow losses in the injector and in 
the whole injection system. 
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