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Optimizing the process of mixing diesel fuel and 
biofuel in a blade mixer to improve mixture quality

Abstract: This research examines an important aspect of technological processes – the process of mixing 
diesel fuel and biofuel in a specially designed paddle mixer. The main goal is to optimize and im-
prove the quality of the resulting mixture. The use of the FlowVision CFD (Computational Fluid 
Dynamics) program in this study is of great importance and helps to achieve significant results in the 
study and optimization of the diesel-biofuel mixing process. In the context of many industrial and 
technological processes, where efficient mixing of liquids plays an important role, turbulent mixing 
is of great importance. Optimal mixing not only improves the quality of products, but also ensures 
the unity of complex reactions and also helps to reduce the time of completion of the process. It is 
important to emphasize that the research focuses not only on the quantitative aspects of mixing but 



32

also on the study of the influence of the geometry of the mixer on the turbulent characteristics of the 
flow. This can lead to the development of new mixer designs aimed at maximizing the efficiency of 
the fuel mixing process, which, in turn, will help save resources and reduce emissions of harmful 
substances into the atmosphere. This research opens up prospects for further developments in the 
field of fuel blending technologies, which can lead to real improvements in production and susta-
inability. The discovery of new methods of optimal mixing of liquids in specially designed mixers 
can determine the future of energy efficiency and reduce the negative impact on the environment.

Keywords: mixer geometry, numerical solution, turbulence, pressure gradient, turbulent flows

Introduction

Currently, technological processes in various branches of industry are being intensified. Mo-
dern automated systems, including various technical facilities, are used to ensure quality control 
and manage these processes. Field-level technical equipment, including automatic capillary vi-
scometers, occupy the largest share of measurement error in these systems. It is still not possible 
to completely exclude the error of technical equipment of the first automation level, though it 
can be reduced (Galushchak 2015; Costa and Piazzullo 2018; Burlaka et al. 2021). Increasing the 
accuracy of measurements is an urgent task. For this purpose, it is necessary to study the hydro-
dynamic processes inside the space of capillary viscometers more deeply. Modern computational 
fluid dynamics (CFD) methods make it possible to solve this problem with fairly high accuracy 
(Aliiev et al. 2021).

Modeling is the basis of human cognition of the surrounding world. When conducting expe-
riments, theoretical research, and even discussing our own actions, intentions, and conclusions, 
we actually perform modeling (Costa and Piazzullo 2018; Burlaka et al. 2021). The goals, tasks, 
tools, and modeling methods in these cases differ significantly from each other. Nevertheless, 
the general focus remains the same, i.e., obtaining new knowledge by testing (researching) some 
substitute for the real research object, namely, the model. In general, in a simplified way, mode-
ling can be considered a certain experiment (Bandura et al. 2023). In the first case, its object is 
a material analog of the object under study. In the second case, the object of testing is a symbolic 
(mathematical) model. In the third case, it is the attitude of the community to the model under 
consideration (Galushchak O.O. and Galushchak D.O. 2014; Galushchak 2015; Gunko et al. 
2021).

In particular, blade mixers are used in various industrial sectors, such as chemical, petro-
chemical, pharmaceutical, food, etc. However, despite a large amount of research on turbulent 
fluid mixing, some aspects of the relationship between the blade mixer geometry and turbu- 
lent characteristics have not been sufficiently elucidated and systematically investigated.
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1. Materials and methods

Mixing diesel fuel and biofuel is an important step in biofuel production and the reduction 
of emissions of harmful substances into the atmosphere. Optimization of this process can signi-
ficantly improve the quality of the final mixture and, therefore, increase the efficiency of fuel 
consumption. A detailed analysis of the mixing process using the FlowVision CFD program is 
expected to be carried out in our research.

One of the key elements of the mixer, which affects the characteristics of the turbulent flow and 
the intensity of liquid mixing, is its geometry. Geometric parameters of the blade mixer, e.g., the shape 
of blades, their length, the angle of inclination, as well as the configuration of the mixer as a whole, 
can significantly affect the processes of turbulent mixing of the liquid (Kaletnik and Yaropud 2023).

Despite numerous studies in the field of turbulent mixing, the issue of the influence of the 
geometry of the blade mixer on the characteristics of the turbulent flow and the intensity of liquid 
mixing remains insufficiently studied. It is known that various geometric parameters can change 
the structure of the turbulent flow. However, their exact relationships and regularities and turbu-
lent characteristics remain incompletely clarified (Kaletnik and Yaropud 2021).

Thus, the main problem to be solved is a system analysis of the influence of the blade mixer 
geometry on the turbulence and the intensity of liquid mixing. Modeling is performed in the 
following sequence.

The development of a mathematical model of the mixing process involves defining the equ-
ations and parameters that describe the process of mixing diesel fuel and biofuel in the mixer 
(Kupchuk et al. 2022).

The equation of inseparability:

 ( ) g p
g g massV Q
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The equation of mass conservation for substance 1:
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The turbulent Schmidt number is equal to one:
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The mass concentration of Substance 0 is revealed from the condition:

 0 1 1Y Y+ =  (4)
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The momentum conservation equation is as follows:
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The effective viscosity is defined as follows:

 ,g eff g tµ = µ + µ  (7)

The energy conservation equation (for the Weakly compressible fluid model) is as follows:
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g t
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   (8)

The turbulent Prandtl number is equal to one.
Non-evaporating particles can be calculated in laminar fluid and incompressible fluid models 

(Gunko et al. 2021). Those that evaporate must be calculated using models of a weakly compres-
sible fluid or a fully compressible fluid.

The dynamics of the share is as follows (Yaropud 2021):
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where

 r g pV V V= −  (11)

)) the velocity of the relative bearing phase particle. The effect of the attached mass and the 
forces of Basset, Safman, and Magnus are not taken into account.
The speed of the carrier phase is represented as the sum of the average gV  and pulsating 

( )gV ′  components (Yaropud et al. 2023):

 
 g g gV V V ′= +
 (12)
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At the same time, the i-th component of the pulsating component is modeled as follows:

 2  
3g i drV k Vι ι′ ′= ⋅ϕ +  (13)

The drift speed drV ι′  is calculated as follows:

 ( ) ( ) 1
3dr dr

i

kV t t V t t
xι ι

∂′ ′+ ∆ = + ∆
∂

 (14)

Integration over time is carried out from the beginning of the particle interaction with the 
local turbulent vortex (Horbay et al. 2018). 

The process of mixing two fluids in a turbulent flow is characterized by the complex in-
teraction between the fluid particles and turbulent eddies. Turbulent eddies create local zones 
of intense mixing, where mass, momentum, and energy are exchanged between particles. This 
means that the actual time a particle is subjected to the influence of an eddy is limited either by 
the eddy’s lifetime or the time it takes for the particle to pass through the eddy. Both of these 
parameters determine how effective the mixing will be.

The interaction time of a particle with an eddy (τl) is the minimum of the eddy’s lifetime (τe) 
and the particle’s transit time through the eddy (τt). This approach makes sense because a particle 
can only interact with an eddy for as long as the eddy exists and the particle remains within the 
eddy.

For accurate modeling of the mixing process of two fluids, it is necessary to consider the 
interaction time of the particle with the eddy, defined as the minimum of the eddy’s lifetime and 
the particle’s transit time. These parameters provide a realistic description of the intensity and 
duration of turbulent mixing. Thermodynamic parameters, although not explicitly present in 
the formula, do not significantly affect the turbulent characteristics since inertial forces greatly 
outweigh viscous forces, especially at high Reynolds numbers, which are often characteristic 
of turbulent mixing. In such cases, the influence of viscosity on turbulent structures is minimal 
compared to inertial forces. Therefore, changes in viscosity due to changes in thermodynamic 
parameters will not significantly impact the turbulent process.

The time of interaction of the particle with the vortex τl is the minimum of two values: the life 
time of the vortex τe and the time the particle flies through the vortex τt:

 )(minl e t= τ ⋅τ τ  (15)
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where
le – specific size of the vortex:

 
3/2

3/4    0.09e x
kl C Cµ= =
ε

 (18)

After the expiration of the interaction time, ϕx, ϕy, ϕz are recalculated, drV ′  becomes zero. The 
described model of turbulent particle dispersion is a simplified version of the model proposed in 
research (Hrushetskyi et al. 2021; Gunko et al. 2021).

Model particles representing real particles of this size are distributed uniformly across the in-
let cross-section. The user must specify the mass distribution of real particles in four size groups.

In the current version, five models for calculating CD are implemented.
Model 1 (“Standard”):
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Model 2 (Kaletnik et al. 2017):
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Model 3 (Kaletnik et al. 2017):
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Model 4 Stein (Kaletnik et al. 2017):
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Model 5: 
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When Re < 0.1, the drag coefficient is always calculated according to Stokes:

 24
DC

Re
=  (24)
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It is assumed that the heat transfer inside the particle is infinitely fast. Conservation of mass 
is as follows:

 2dm m d
dt

= − π  (25)

 gShm
Sc d

µ
=  (26)

In the current version, five models for calculating value F are implemented (Paliy et al. 2021; 
Shevchenko et al. 2021; Shevchenko and Aliiev 2020).

Model 1:
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Model 2:
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Model 3:
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Model 4:

 ( )1 1sat pF Y T Y= −  (30)

Model 5:
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At Y1sat(Tp) > 0.99 and Tg > Tp,boil drops evaporate in boiling mode:
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Substance 1 can condense on the surface of the droplets. Conservation of energy (equation 
for particle temperature) is as follows (Hraniak et al. 2022):
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The current version implements two models for calculating Sherwood and Nusselt numbers.
Klift model:
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Frossling model:
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Interaction of the drop with the wall
For the drops near the wall, the Weber number is determined:
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2
d dh
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p dV
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)) In the sticking mode, the particle slowly approaches the wall, sticks, and flows into the film
Sticking mode: We < 5

)) At higher normal velocities, the drop bounces off the wall.
Bounce mode: 5 < We < 10

)) This is followed by an infusion mode that is similar to the sticking mode
Infusion mode: 10 < We, S < 1
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d dd dn

d d d d

p d Tp dVReS Re La
T TLa

σ
= = =

µ µ⋅
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Finally, the most intense interaction takes place in the sprinkling mode, which is characteri-
zed by the injection of a part of the liquid into the film and the return of secondary (significantly 
smaller) droplets to the carrier phase (Fig. 1).

The empirical ratio for the mass fraction of the liquid poured into the film is as follows:

 0.6S −η =  (39)

The empirical ratio for the average diameter of secondary drops is as follows:

 0

0
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d d
In S d m

d d
= − − = µ  (40)
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where:
d0   – the diameter of the drop before it collides with the wall,
dsplash  – the diameter of the droplets formed during the collision.

2. Results and discussion

Before considering the solution of convective transfer equations in the multidimensional 
case, a numerical scheme for calculating a one-dimensional equation of the convective transfer 
of the scalar quantity f with the speed u(x) will be developed (Fig. 2) (Horbay et al. 2018; Ga-
lushchak et al. 2023).

Let’s introduce a grid with a constant step in space 

xi+1/2        i = 0,1, ..., N

where i-th finite volume is bounded by the sides with coordinates xi–1/2, xi+1/2. Volume Vi that 
corresponds volume Vi is bounded by the sides with xi–1/2xi+1/2δ1+1/2. Here δ1+1/2 is the length 
of the inverse characteristic that leaves the point xi+1/2 at the moment of time tn+1 and is directed 
to the moment of time tn. The value δ1+1/2 is determined by the equation

 1/2

1/2 1 1/2 ( )
i

i

x

x

dxT
u x

+

+ +−δ
= ∫  (41)

Fig. 1. Sprinkling mode: S > 1

Rys. 1. Tryb zraszania: S > 1
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To the first approximation, a slowly changing velocity along the x-axis can be assumed, 
which is δ1+1/2 = τui+1/2; the length of the characteristic can be specified using the predictor-
corrector method.

The one-dimensional equation of purely convective transport in Lagrangian form is as fol-
lows:

 
1 1/2 1 1/2

1 1/2 1 1/2

1 ( , )
xn n

i x
f f x t dx+ +

− −

−δ+

−δ
= ∫  (42)

According to the equation, the problem of solving the convective transmission equation turns 
into the problem of reconstructing the function f(x,t) within the finite volume according to its 
average values. The quality of reconstruction determines the circuit behavior: a monotonous re-
construction will give a monotonous circuit, and a high accuracy of the reconstruction will give 
a low level of chain diffusion.

Diagrams generated using the Lagrange representation are stable for any integration steps τ  
(any Courant numbers CFL = δ1–1/2/h). Time integration accuracy is determined by calculating 
the length of the inverse characteristic (Kaletnik et al. 2020a, 2020b).

Different reconstructions f(x,t) within a finite volume from the linear continuous class are 
shown in the figure. Reconstruction I by the parts of the constant function leads to the well-k-
nown counter flow scheme of the first-order approximation. Reconstruction II introduces the 
slope of the function f(x) inside Vi, which is calculated using a symmetric finite difference. This 
reconstruction has the second order of approximation but is not uniform.

Fig. 2. Simulation of the movement of liquid flows in the mixer by the FlowVision program

Rys. 2. Symulacja ruchu przepływów cieczy w mieszalniku za pomocą programu FlowVision
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Monotonic reconstruction III is obtained by calculating the slope of f(x) within Vi as a mini-
mum of slopes calculated from the finite differences on both sides of the finite volume (Fig. 3).

 ( )1 1
( )

( ) 0.5 i
i i

x x
f x f f

h+ −

−
= + −  (43)

 ( ) if x f=  (44)

 
( )

( ) i
i xi

x x
f x f f

h
−

= +  (45)

 where ( ) ( )1 1 1 1min , at 0xi i i i i i if f f f f f f+ − + −= − − − >  (46)

 where ( ) ( )1 1 1 1max , at 0xi i i i i i if f f f f f f+ − + −= − − − <  (47)

Fig. 3. Types of linear reconstruction f(x)

Rys. 3. Rodzaje rekonstrukcji liniowej f(x)
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Flow Vision uses a more complex linear reconstruction with an additional point (reconstruc-
tion IV). It has the following form:

 ( )
( )

1/2 1/2

1/2 1/2

, 1
( )

, 1
ri xn i i

li xli i i

f f x x x x
f x

f f x x x x
+ +

− +

 + − ≥ −=  + − ≤ −
 (48)

where l is the distance from the side xi+1/2 to the additional point fri, fli, i.e., the values of the 
reconstruction function on the left and right borders of the finite volume. The values of fri, fli are 
determined from the position of function f in the Taylor series: 

 ( )2 3 4
1/2

!

1 1( ) ( )
2 3i x xx xxxf x x f x f x f x x+ ′ ′′ ′′′= ∆ ∆ ∆+ + θ ∆  (49)

 1/2ix x x +∆ = −  (50)

Its coefficients can be found using definitions of the average value of the function of the i-th 
finite volume and its nearest neighbors – i–1 and i+1. Thus, we have:

 ( ) ( )1 1 1
1 1 2 2
2 6ri i i i i if f f f f f+ + −= + − − +  (51)

 ( ) ( )1 1 1
1 1 2 2
2 6ri i i i i if f f f f f− + −= + − − +  (52)

To achieve uniformity of the reconstruction, the values of fri, fli are limited to the average 
values of neighboring finite volumes: 

 1 1 1 1

1 1 1 1

, when 0 , when 0
, when 0 , when 0

i ri i i i i li i i i

i ri i i i i li i i i

f f f f f f f f f f
f f f f f f f f f f
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≤ ≤ − ≥ ≤ ≤ − ≥ 
 > > − < > > − < 

 (53)

Distance l and the derivatives fxri, fxli on the left and right sides of Vi are as follows

 , ,
1

i li ri i i li
xri xli

ri li

f f f f f f
l f f

f f l l
− − −

= = =
− −

 (54)

To check the true accuracy, the solution to Leonard’s test problem is to be considered. This 
test consists of the calculation of one-dimensional motion with a constant speed of three profiles, 
namely, a step, a half period of a sine square, and a half ellipse. The figure shows a comparison of 
numerical solutions based on reconstructions I-IV with the exact solution (Kaletnik et al. 2020b). 
The results are displayed at time step 120 when calculated using CFL = 0.5.

Schemes I and III are uniform but have an unacceptably large diffusion scheme. Scheme II, 
created due to non-monotonic reconstruction, has an oscillating solution. The scheme with re-
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construction IV is the most accurate one. It has the property of uniformity, along with the fine 
diffusion scheme.

Modeling of three-dimensional transfer
As for equation (54) of the section, the subgrid method of the separating power of geometry 

of three-dimensional convective-diffusion transfer of scalar quantity is to be considered. The 
equation can be divided into two parts as follows:

 ( )
1

11 n n
i

i

f f dV
V ∩

= ∫  (55)

 ( )( )1 1 11 )(n r n n
i gg

i

f f G f D f
V

+ + += − +∑  (56)

Equation (55) describes the convective transfer of the quantity f. It is stable for any time step. 
Equation (56) describes diffusion processes (term with D) and boundary conditions (term with 
Gg). To get rid of the dependence on τ in (55), the equation is written in an implicit form.

A three-dimensional function f(x) in (57) is reconstructed using the superposition of three 
functions fn,k(xk), and each of them is a one-dimensional reconstruction along the xk axis of the 
Cartesian coordinate system:

 
3

1
(3) ( ) ( ) 2k n

i k ik
f x f x f

=
= −∑  (57)

Firstly, the explicit equation (1) is solved for the intermediate variable f n. Then, one of the 
standard methods, e.g., the upper relaxation method, solves the implicit equation (52) for f n+1.

Let’s consider the numerical integration of the Navier-Stokes equations. The equation for the 
moving volume  is as follows

 
1 1

 
V

VdV dV
Ω

ρ = ρ∫ ∫  (58)

 
1 1V S

VdV dV PdSdt D
Ω τ

ρ − ρ = − +∫ ∫ ∫ ∫  (59)

where:
S – the surface of the volume Ω,
V – the fluid velocity field,
P – pressure,
ρ – density, 
D – denotes the terms in the Navier-Stokes equation that describe viscous stresses, gravity, 

  etc. 
Additional equations describing the change in density and turbulent transport are needed to 

close the system of equations. The type of these equations depends on the physical formulation 
of the problem and is not considered here.
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The difference analog of the Navier-Stokes equations can be expressed as it is given below.
The unknowns in this equation are Vn+1 and Pn+1. Then, additional terms in (61) are added 

and subtracted as follows
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1 1

1 ( )

n n n n
i i

n n n
s b b is b b

V V V V V dV

T P s P b P b D V
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Ω
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This equation is divided into two parts

 ( )( )
1

1 1 1(2) n n n n n
i i s ib

V V V dV T P s D V+ + +

Ω
ρ − ρ = − +∑∫  (62)

 1 1 1(3) ( )  n n n n
i i s bs b

vV V P bP+ + +ρ = +− ∑ ∑  (63)

It can be seen that equation (62) is again a discrete analog of the Navier-Stokes equations. 
However, unlike the original analog of (61), (62) uses the pressure field made at the previous 
time step.

Vector equation (62) is three convective diffusion transfer equations for three fluid velocity 
components. These equations are solved using the method outlined in the previous section. For 
this, (63) is divided as follows 

 ( )1

1   n n
i bn b

i

V V dV T P b
V += −

ρ ∑  (64)

To determine the pressure field, the state of incompatibility of the fluid, which it flows from 
is to be considered

 1 0n
ss

V s+ =∑  (65)

where Vn+1 – the velocity value at the boundary of the final volume V. To obtain the expression 
for Vn+1, let’s write the analog of equation (65), obtained by integrating the Navier-Stokes equ-
ations on the moving face of the volume Ω. For a face of this volume that coincides with the 
faces b at t = tn and with s at t = tn+1 the expression for Vn+1 has the form

 ( ) ( )1 1 1
1 1

n n n
s s n n

b s

T TV V P P
P P

+ + +
+ += + ∇ − ∇  (66)



45

Having substituted Vn+1 in (6), we get the equation for determining the pressure

 ( ) ( )1
1 1

n n
sn ns s b

s s

T TP s V s P b
P P

+
+ +∇ = + ∇∑ ∑ ∑  (67)

In the second term on the right side of equation (68), the summation is done on the faces b 
of the volume Ωi, and not on 1 1n n

b sP P+ +=  faces s of the volume Vi, since ∇Pn is defined for the 
volume Ωi. Values for the corresponding faces b and s.

After finding the pressure field Pn+1 from (68), the velocity field Vn+1 is calculated.
It is well known that the pressure field fluctuates when solving the equations of motion of an 

incompressible fluid on undistorted grids. In FlowVision, this difficulty is overcome by intro-
ducing into the pressure equation (67) the difference between the representation of the pressure 
gradient of the second and fourth order of accuracy according to the work.

Let’s consider the general form of diffusion-type equations:

 ( ) ( )1 TC f DC f SST
t PC

∂
⋅ = ∇ ⋅∇ +

∂
 (68)

and convective-diffusion type

 ( ) ( ) ( )TC f CC f DC f SST
t PC

∂
⋅ + ∇ ⋅ = ∇ ⋅∇ +

∂
 (69)

where:
t – time,
∇ – gradient operator,
V – velocity vector.

The values of TC (Time Coefficient), CC (Convective Coefficient), PC (Prediffusion Coef-
ficient), and DC (Diffusion Coefficient) coefficients of the equation at the corresponding ones 
determine the derivatives, SST (Scalar Source Term) determine the output term.

The proposed mixer model was used to simulate the working cavity of the device, which was 
filled with a liquid, indicating all the outlet, inlet, and physicochemical characteristics of the fuel 
(Fig. 4–5).

Before starting the simulation, the initial position of the particle in the coordinate system is 
determined, e.g., the part of the mixer in which it is located. FlowVision CFD uses Navier-Stokes 
equations to model fluid motion. These equations describe the change in fluid velocity from time 
to time and determine how the flow affects particle motion. The particle interacts with the liquid 
phase through the exchange of mass, momentum, and energy. As a result of this interaction, the 
particle can change its speed and direction of movement depending on the characteristics of the 
liquid. Particle parameters such as mass, size, and shape also affect its motion. These parameters 
are considered in the calculations to determine the particle’s trajectory. In some cases, a particle 
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may stop, or its status may change due to interaction with the liquid phase, e.g., during adhesion 
to a surface or a change in the aggregate state. The simulation of the particle motion continues 
until the end time is reached or until certain criteria for stopping the particle are reached, which 
can be specified in the model.

The particle motion is calculated in FlowVision CFD based on the equations of fluid motion, 
the physical properties of the particle, and the interaction with the fluid phase. This information 

Fig. 4. Modeling of the working cavity of the mixer filled with diesel and biofuel

Rys. 4. Modelowanie komory roboczej mieszalnika wypełnionego olejem napędowym i biopaliwem

Fig. 5. Simulation of the fuel particle motion in the volume of the mixer

Rys. 5. Symulacja ruchu cząstek paliwa w objętości mieszalnika
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allows us to study the trajectory of particle motion during the mixing of diesel and biofuel in 
a defined volume or mixer.

The interaction of the speed and pressure of particles when mixing diesel and biofuel is deter-
mined by the laws of liquid flow and calculations of the Navier-Stokes equations. The relation-
ship between these two parameters plays a key role in determining the motion and distribution 
of particles in the system (Fig. 6).

Particles that move with the fluid are carried with the corresponding velocity of the fluid. If 
there is a change in the velocity of the fluid in the system, this will also affect the velocity and 
distribution of the particles.

Turbulence in the fluid flow can lead to changes in pressure and velocity at various points in 
the system. This can cause particles to move from a high-pressure area to a low-pressure area or 
vice versa.

The particle motion potential is determined by the physical properties of the fluid, the proper-
ties of the particles, the boundary conditions, and the parameters of the model in which they are 
analyzed. Modeling this movement allows us to study the influence of various factors on the 
distribution of particles in the system during their mixing of diesel and biofuel (Fig. 7).

The physical properties of the fluid, such as density, viscosity, temperature, and pressure, 
determine the environment in which the particles move. Particles will move in the direction of 
decreasing potential energy, which can be caused by a pressure gradient or fluid density.

This interaction can change the speed and direction of the particle motion.
Gravitational forces can also affect the motion of particles, especially in cases where the 

liquid phase is under the influence of gravity.

Fig. 6. Dependence of pressure and velocity of particles in time when mixing diesel fuel and biofuel

Rys. 6. Zależność ciśnienia i prędkości cząstek w czasie podczas mieszania oleju napędowego i biopaliwa
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In turbulent modes of fluid movement, particles can be in complex jet flows, which can lead 
to their movement and change in speed.

Depending on the properties of particles and liquid, adhesion (binding) of particles to other 
surfaces or aggregation (uniting) of particles together may occur.

The movement of particles can be limited by the geometry of the mixer or the volume in 
which they are considered. These boundary conditions can affect the motion of particles and 
their potential energy.

To obtain accurate data on pressure changes when mixing diesel and biofuel in FlowVision 
CFD, it is necessary to perform calculations using appropriate flow models and set initial con-
ditions and parameters corresponding to your specific task (Fig. 8).

In principle, when diesel and biofuel are mixed in the mixer, the pressure can change in the 
following ways. If the biofuel volume is greater than the volume of diesel fuel, and they are 
mixed in a narrow channel or constricted product, then an increase in pressure may occur in this 
area. If biofuel has a lower density or viscosity than diesel and they are mixed in a narrow chan-
nel, a pressure drop may occur due to a reduction in flow resistance. In many cases, the pressure 
can remain constant if the amount of diesel and biofuel, as well as the mixing conditions, are 
balanced in such a way that no significant pressure changes occur. Turbulence can be observed 
in the mixing zone, which can lead to local changes in pressure and the creation of pressure gra-
dients depending on the speed and direction of the flow.

To obtain data on the change in the speed of the particle motion when mixing diesel and bio-
fuel in FlowVision CFD, we perform calculations using appropriate flow models, set initial con-
ditions, and take into account the physical properties of both components. The simulation results 
will allow us to understand how the speed of particles changes and how it affects the process of 
mixing diesel and biofuel (Fig. 9).

Fig. 7. The potential of particle motion when mixing diesel and biofuel

Rys. 7. Potencjał ruchu cząstek podczas mieszania oleju napędowego i biopaliwa
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In principle, since the fuels have different viscosity or density, the changes in the speed of the 
particle motion can be observed when mixing diesel and biofuel. Hence, the turbulent flow in 
the mixer may increase the speed of particles to achieve a uniform distribution of components. 
In some cases, when biofuel has a higher viscosity than diesel, a reduction in particle velocity 
may occur due to flow resistance. Under more uniform conditions, particle motion can remain 
constant even if the properties and parameters of the fuels are adjusted to compensate for the 
change in velocity. The speed of particles can vary locally due to turbulence and mixing in dif-
ferent areas of the mixer.

Fig. 8. Pressure change in the volume of the mixer when mixing diesel fuel and biofuel

Rys. 8. Zmiana ciśnienia w objętości mieszalnika podczas mieszania oleju napędowego i biopaliwa

Fig. 9. Change in particle velocity in the volume of the mixer when mixing diesel and biofuel

Rys. 9. Zmiana prędkości cząstek w objętości mieszalnika podczas mieszania oleju napędowego i biopaliwa
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Conclusion

Using experimental, theoretical, and numerical approaches, scientists have found out that 
various parameters of the blade mixer geometry, such as the shape of the blades, the angle of 
inclination, their size, and location, can change the distribution of turbulence in the fluid flow 
and the intensity of mixing. Optimization of the mixer geometry can improve the quality and 
efficiency of mixing processes, as well as reduce energy and resource costs. Studies confirm that 
developed turbulence is achieved when a blade diameter is 0.015 m, which can be useful for 
certain applications where a high level of turbulence is required. However, to ensure optimum 
efficiency, smooth operation, and intensive mixing, a blade diameter of 0.055 m has been found 
to be the most structurally advantageous. This can be a compromise between achieving efficient 
mixing and maintaining stability and economy.

The choice of geometric dimensions of the mixer is made taking into account the type of 
fuel, design features, and calculation data. This highlights the importance of a balanced approach 
when designing mixers for specific applications. Increasing the size of the blades by more than 
0.075 m can lead to a decrease in strength, difficulty in manufacturing, and a decrease in rotation 
speed, which will negatively affect the performance of the mixer as a whole.

This research was supported and funded by the Ministry of Education and Science of Ukraine under grant No. 

0122U000844.
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Serhii Burlaka, Ihor Kupchuk, Tetiana Boretska, Yaroslav Gontaruk, Maryna Melnyk

Optymalizacja procesu mieszania oleju napędowego 
i biopaliwa w mieszalniku łopatkowym w celu poprawy jakości 

mieszanki

Streszczenie

W niniejszym artykule analizowany jest ważny aspekt procesów technologicznych – proces mieszania 
oleju napędowego i biopaliwa w specjalnie zaprojektowanym mieszalniku łopatkowym. Głównym celem 
jest optymalizacja i poprawa jakości powstałej mieszanki. Wykorzystanie w badaniu programu FlowVision 
CFD (Computational Fluid Dynamics) ma ogromne znaczenie i pozwala na osiągnięcie znaczących wy-
ników w analizie i optymalizacji procesu mieszania oleju napędowego z biopaliwem. W kontekście wielu 
procesów przemysłowych i technologicznych, gdzie ważną rolę odgrywa sprawne mieszanie cieczy, duże 
znaczenie ma mieszanie turbulentne. Optymalne mieszanie nie tylko poprawia jakość produktów, ale także 
zapewnia jednolitość złożonych reakcji, a także pomaga skrócić czas zakończenia procesu. Należy pod-
kreślić, że badania skupiają się nie tylko na ilościowych aspektach mieszania, ale także na analizie wpły-
wu geometrii mieszadła na turbulentną charakterystykę przepływu. Może to doprowadzić do opracowania 
nowych konstrukcji mieszadeł mających na celu maksymalizację efektywności procesu mieszania paliw, 
co w efekcie pozwoli zaoszczędzić zasoby i zmniejszyć emisję szkodliwych substancji do atmosfery. Ba-
dania te otwierają perspektywy dalszego rozwoju w dziedzinie technologii mieszania paliw, co może pro-
wadzić do realnej poprawy produkcji i zrównoważonego rozwoju. Odkrycie nowych metod optymalnego 
mieszania cieczy w specjalnie zaprojektowanych mieszadłach może przesądzić o przyszłości efektywności 
energetycznej i ograniczeniu negatywnego wpływu na środowisko.

Słowa kluczowe: geometria mieszalnika, rozwiązanie numeryczne, turbulencja, gradient ciśnienia,
przepływy turbulentne
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