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Abstract: - The original multiphase method with the introduction of a phase indicator function is applied for 

mathematical modelling and computer simulation of the mixing and heat transfer processes in the two-fluid 

turbulent heterogeneous jets. Differential equations for the axially symmetrical two-dimensional stationary flow 

and the integral correlations in a cylindrical coordinate system are considered for the jet of fluid from a nozzle 

into a space filled with another fluid that is not miscible with the first one. Parameters of the turbulent mixing 

during the spreading of such jets are modeled and analyzed. For computer simulation, the FLEX PDE platform 

is implemented. The method proved successfully during the half of the century in many different physical tasks, 

including experimental studies using the invented two-phase micro-sensor. The results obtained for the 

turbulent flow of a few nanofluids and Steel-slag jets are important for research and industrial tasks, where the 

calculation of multiphase turbulent mixing and heat transfer gives precise detail characteristics of the heat and 

mass transfer processes. 
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1 Introduction 
Additive manufacturing (AM), also known as 3D 

printing, has many advantages, including the 

elimination of special tooling, flexible and 

customizable design, and efficient usage of raw 

materials. Binder jetting is one of the seven AM 

technologies defined by ASTM and ISO, [1].  

When binder jetting is used to fabricate a part, a 

powder bed is first formed, then a green part is 

created by selectively jetting a liquid binder onto the 

powder bed, and finally the green part is densitified 

by sintering [1]. Advantages of binder jetting include 

complimentary support and ease of debinding, [2], 

[3].  

The feedstock powders used in binder jetting 

include nanopowder (or submicron powder), [4], [5], 

[6], [7], micropowder [8], [9], [10], [11], [12], [13], 

[14], and granulated powder [7], [15], [16], [17], 

[18], [19], [20], [21], [22], [23]. Granulated powder 

is often prepared from nanopowder, and the granule 

size is usually in the micrometer range, [21], [22], 

[23]. 

Alumina nanopowder (90-187085) was acquired 

from Allied High Tech, USA. Alumina micropowder 

(26R-8S70) was acquired from Inframat, USA. Spray 

freeze drying [7], [22] was chosen as the granulation 

method in this study. A slurry with a solid loading of 

20 vol.% was prepared from the nanopowder 

described above.  

The preparation started with adding water and 

alumina milling balls into a high-density 

polyethylene bottle with a capacity of 1000 mL. 

Some parameters of the materials are given below 

[24]: 

Apparent density and tap density of three powders  

Absolute apparent density and tap density (g/cm3) 

Nanopowder 0.29±0.001   0.55±0.012  

Micropowder 2.09±0.004   2.38±0.019 

Granulated powder  0.46±0.006   0.56±0.007 

 

Water, Alumina Nano powder and micro powder 

considered in the paper are as follows:  

1 Alumina Nano powder is flowing from the 

nozzle into the space of water ρ21=0.55/1=0.55. 

 

 

2  Micro Powder Flows from the 

 Nozzle into the Space of Water 

 ρ21=2.38/1=2.38 
Inversely, water is supplied from the nozzle into 

Nano powder and micro powder: ρ21=1/0.55=1.82, 

ρ21=1/2.38=0.42. 

True density: This relates to the ratio of the mass 

and the volume (true volume) of a sample, excluding 

the volume of the open pores, the closed pores, and 

WSEAS TRANSACTIONS on HEAT and MASS TRANSFER 
DOI: 10.37394/232012.2026.21.8 Ivan Kazachkov

E-ISSN: 2224-3461 75 Volume 21, 2026



the inter-particle voids. Skeletal density: This is the 

ratio of the mass to the volume (skeletal volume) of 

the particles, excluding both inter-particle voids and 

opened pores.  

Tapped density: This is the density measured by 

mechanically tapping a container of particles to 

create a regular vibration, which rearranges the 

powder particles. The measurement of tapped density 

is typically conducted using a tapped density tester.  

Bulk density: This is the density measured after 

the particles have freely filled a standard container 

under specific conditions, i.e., the mass of the 

particles per unit volume when they are loosely 

packed, [25]. 

 

 

2 The Method for Modeling of 

 Multiphase Turbulent Flows 
Parameters   (density of liquid, flow velocity, 

temperature, etc.) of a mixture in the turbulent 

multiphase flow are considered in accordance with 

the method [26], developed and reported in many 

publications, e.g., [27], [28]. The analog of the 

Navier-Stokes equations in a boundary layer 

approach was derived in the following form [26]: 

1
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The function-indicator ( )iB t  is introduced for the 

phases in multiphase flow as follows: 

1, phase occupies elementary volume V
( )

0, phase is outside elementary volume V
i

i
B t

i














 

In the stationary equations (1) for the flow of 

incompressible liquids, written in a cylindrical 

coordinate system, are: p- pressure, ρ- density, u,v- 

the longitudinal and transversal velocity components,  

τi- turbulent stress for the i-phase. All parameters of 

the flow are averaged on the characteristic interval 

by time chosen. Index m belongs to the values at the 

axis of the flow (symmetry axis).  

The function-indicator of a phase in multiphase 

flow is considered as the mathematical expectation, 

in contrast to the other multiphase approaches [8], 

[9], [10], which are based on the introduction of the 

volumetric specific content of a phase in multiphase 

flow. The function-indicator allows computing the 

volumetric specific content of the phases. 

Development of the model for a two-phase jet 

corresponds to the Figure 1 and schematic 

representation is shown in Figure 2, where r0 – radius 

of a nozzle, u01- velocity at the nozzle. The conical 

surface 1 in Figure 1 is a boundary of a 

homogeneous potential core a, the internal sublayer 

b1 contains an ejected liquid as a disperse phase, 

while the external sublayer b2 contains the liquid 

outgoing from the nozzle as a disperse phase.  

 

 
Fig. 1: General view of multiphase turbulent jet 
Source: [26]. 

 

The internal and external sublayers are divided by 

the surface of phase inverse 2; and the surface 3 is 

dividing the turbulent and laminar flow zones 3, 

which is the most indefinite one; 4 is an external 

conical surface of the axisymmetric mixing zone 

(conditionally smooth).  

Due to a limited regularity of the processes 

occurring in turbulent jets, the surfaces 2 and 3 in 

Figure 1 are blurred into the corresponding regions 

of inversion and intermittency. The external 

boundary of the jet is the outer envelope surface 4 of 

the set of surfaces 3. The uniform velocity profile is 

assumed for the first liquid going from the nozzle. 

The surrounding liquid (phase 2) is in the rest before 

the first liquid starts flowing from the nozzle.  

 

 
Fig. 2: Schematic representation of multiphase 

turbulent jet confined by channel at the distance xg 
Source: [26]. 
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The structural scheme for the mixing process in 

Figure 2 is simplified: the initial part of the length xi 

with the approximately linear boundaries for the 

conical surface (in cylindrical coordinate system) of 

the internal core of a first phase and mixing zone 

between internal and external boundaries of the jet.  

The turbulent zone contains fragments of the 

phases as far as immiscible liquids have behaviors 

like the separate phases, with their interfacial 

multiple surfaces. The first phase in a potential core 

is totally spent in an initial part of the mixing zone. 

Then a short transit area follows. Afterwards the 

ground part of the two-phase jet begins, with the two 

phases well mixed across the entire layer of a jet. 

The external boundary of a mixing zone is 

determined by zero longitudinal velocity of the 

second phase and zero transversal velocity of the first 

phase. The second phase is sucked from an 

immovable surrounding into a mixing zone.  

The function-indicator of the first phase B1(t) is 

zero at the external interface because it is absent in 

the surrounding medium. Similarly, the function-

indicator B2(t) is zero on the boundary of the 

potential core, the interface of the first phase flowing 

from the nozzle. In a first approach, the influence of 

the mass, viscous, and capillary forces are neglected.  

With account of the above-mentioned, the 

boundary conditions are [26]: 

y=y0,  ui= u0i,  vi=0,  τi=0,  B1=1, 
1 / 0B    ;    

y=y0+δ,  ui= 0,  vi=0,  τi=0, B1=0.             (2) 

And dependence of the function-indicator B1 from 

the longitudinal coordinate x is introduced through 

the second derivative of it at the boundary of a jet  

y=y0: 
2 2

1 / ( )B h x   .  

 

2.1  Approximation of Velocity Profiles and 

 Function-Indicator  
The turbulent stress in the phase is stated by the 

“new” Prandtl’s formula  τi=ρi κiδumi /iu y  , where 

κi is the coefficient of turbulent mixing for the i-th 

phase, δ is the width of the mixing layer. The 

polynomial approximations for the velocity profiles 

and other functions have been obtained based on the 

boundary conditions (2) [26], [27], e.g. 
3 4

1 01/ 1 4 3 ,u u               (3) 

 
2 3 4

2 02/ 1 6 8 3 ,u u                      (4)  

   

 (0) 3 2

1 1 1 0.5 (1 ) ( ), 6,0B B h x h         ,                                                                           

(1) 3 4 2 2

1 1 1 4 3 0.5 (1 ) ( ),B B h x        

 12, 6h   , 

(2) 3 4 5 2 3

1 1 1 10 15 6 0.5 (1 ) ( ),B B h x          

 20, 12h   ,        

(3) 3 4 5 6 2 4

1 1 1 20 45 36 10 0.5 (1 ) ( ),B B h x            

 30, 20h   ,     (5)                

 0 /y y   . Function h(x)=  2 2

1 0
/B





   is 

responsible for the variation of B1 by x, it may vary 

in the range 0h   due to requirements of its nature.  

 

The first approximation 1( )B   in (5) reveals 

restricted application in the range  6,0h  , while 

outside of this region it does not satisfy the boundary 

conditions (2) and the condition 10 ( ) 1B   , 

 0,1   . Therefore, all the next approximations 

1( )B   in (5) were obtained as a transition of the 

piecewise continuous function-indicator 
( )

1

n
B  to its 

next approximation following the condition that the 

derivative by   with respect to a point 1   is zero 

up to (n+1)-th order. These functions have the breaks 

at the transition points of the permanent 

characteristic function 𝐵1
(𝑛)

(𝜂, ℎ) from the one 

regional approximation to the other one (a first 

derivative has break at those points).  

The polynomial approximations for u2, B1 remain 

the same on a ground part of the jet but for the 

function u1 the approximation is  
2 3

1 1/ 1 3 2mu u     .                               (6) 

 

The real profiles for the multiphase flow are 

represented as a product of the corresponding profile 

multiplied by its function-indicator.  

 

2.2  The Advantages of Polynomial Profiles 
The advantage of such approximations is that all 

functions 
( )

1

n
B  are smoothly transforming from one 

region by h(x) to the next one. Each function 
( )

1

n
B  

exactly coincides with the previous one 
( 1)

1

n
B


 at the 

conjugation boundary, where the 
( 1)

1

n
B


 ends and the 

( )

1

n
B  starts.  

Physical meaning of the varying approximations 
( )

1

n
B  is determined by dependence of the phase 

distribution in the mixing layer on the density ration 

of the mixing phases: the higher is density of the 

surrounding liquid, the shorter is penetration of the 

first, lighter phase, into the mixing layer.  
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The disadvantage of the above approximations is 

a growing complexity of the functions 
( )

1

n
B  in 

analytical calculation, which is nevertheless easily 

fought by modern computer analytical calculations. 

It is impossible to get a common approximation for 

B1(𝜂, ℎ) satisfying the boundary conditions (2) in all 

range by parameter i0 (due to the requirement of 

variation B1 from 0 to 1).  

 

 

3 Equations for the Jet at Initial Part 
 

3.1 The Integral Correlations 
Based on (3)-(5), the integral correlations have been 

derived for the two-phase turbulent jet [26], [27] 

integrating the mass and momentum conservation 

equations (1) with the boundary conditions (2) for 

the total cross-section of a flow y=y0+δ, as well as 

the momentum conservation for  y=y*, respectively:  

   
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The first equation in (7) was got integrating the 

mass conservation equation by y, the second and the 

third ones – integrating the momentum conservation 

for the total flow of a two-phase mixture for y=y0+δ 

and y=y*, respectively. The parameters at η=η*<1 

are signed with a star *.  

The equation array (7) for the initial part of the jet 

is transformed to the following dimensionless form 

with the scales r0, δ, u0i for the longitudinal and 

transversal coordinates and velocity, respectively: 
2
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Here are: 
0 0 0/y y r , 

0/ r  ,  0 /y y   , 

0/x x r , 
1x  , 

0 02 01/s u u , 
2

0 0i ns ,  

2 1/n   , 
21 2 1/   , 

1 2i i ia a a h  , 

1 2i i ib b b h  ,   
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2 2
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The computed values of the integral parameters in 

(8) have been obtained in a range of variation of the 

function h(x) according to the approximation of the 

velocity profiles (3), (4), and the function-indicator 

of the phase B1 (5). As shown below mostly the 

region by parameter h(x) is covered in (5) for the 

bright enough density ratio of the mixing liquid 

phases. 

The coefficients 
ija , 

ijb  are computed according 

to the introduced profiles. The integral correlation for 

the part of the mixing layer in the system (8) are 

taken by 0.5  . The corresponding coefficients *

ija

, *

ijb  are computed for this middle section of the 

mixing layer, [26], [27]. 

 

3.2  Dimensionless Boundary Problem 
Except the above, for the dimensionless parameters 

we retain the same notations as for the dimensional 

ones. Only here in (8) it is stated for clarification of 

the dimensionless notations.  

The sliding factor s0 is supposed to be constant. 

Boundary conditions (2) for (8) are transformed as  

ζ=0,   y0=1,  δ=0;       ζ= ζi,  y0=0,   δ = δi;            (9) 

 

where ζi, δi are the dimensionless length of a jet and 

its maximal radius (at the end of the initial part).  

 

The characteristics y0(ζ), δ(ζ), h(ζ) are computed 

from (8), (9). Then all others are got for the stated 

values of the main parameters: i0, κ1, κ2. The first 

parameter is slightly indefinite due to difficulties 

with estimation of the phases’ sliding, while the 

other two are known from the experimental studies 

for the specific conditions.  
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The main problem with validation of the 

mathematical model against the experimental data is 

correct estimation of the coefficients of turbulent 

mixing κ1, κ2 in each specific case. But the advantage 

of the model is the possibility to have all 

characteristics of a flow together with their 

belonging to a particular phase through the functions 

B1, B2. Distribution of the transversal velocities, 

interface interactions, coefficients of the volumetric 

q and mass ejection g, and kinetic energy ei  for the 

phases in a flow are computed as follows, [26]: 

 
 2 2

0 1 0 2

1 1
1 1 0

1 01 0

0.5
d
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B v d d
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2 3
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 
1

3

2 0 0 2 2 0
0
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For the short transient part of the jet there is no 

developed substantiated scheme, therefore it is not 

under consideration here. The ground part is 

considered after a short transient part. The method is 

well elaborated and supported with the experimental 

data, [26].  

 

 

4 Computer Simulation 
 

4.1  Solution of Boundary Problem for Initial 

 Part of Jet Flow 
Solution of the boundary problem (8) allows 

obtaining the parameters for the initial part of a jet by 

the stated values i0, κ21. Computational experiments 

revealed the basic features of the flow. Velocity 

distributions for the phases (u1, u2) and function-

indicators of the phases (B1, B2) are stated, as well as 

the values of parameters at the cross section of the 

nozzle.  

The system (8) contains two algebraic and one 

differential equation. From the algebraic equation 

array the functions y0(h), δ(h) are got, and then the 

differential equation is expressed in a standard form 

dh/dζ =F(h(ζ), i0, κ21),                                                         

for the numerical solution. The boundary problem 

(8), (9) was solved numerically. The results of 

computer simulation are given below. 

4.2  Jets of Water Flowing into Oil (ρ21 ≈ 0.8) 
Next, the features of water jets flowing into the space 

with oil, or salt solution - into fresh water, when the 

ratio of the density of the ejected liquid to that 

flowing out of the nozzle is approximately ρ21 ≈ 0.8, 

are considered.  

The results of computer simulation are shown in 

Figure 3, Figure 4 and Figure 5, from which it can be 

seen that, unlike the previous one, all functions are 

smooth here, without features. The presented 

functions h(ζ), δ, y0 are practically identical for two 

different ratios of the turbulent exchange coefficients 

κ21: 2 and 0.5.  
 

 
1
x   

1
x   

1
x   

Fig. 3: h(ζ), width of mixing layer and potential core 

y0 along axis : i0=0.8, κ21=2𝛿
1i x   

Source: created by the authors. 
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1
x   

 

1
x   

Fig. 4: Widthofmixinglayerδandpotentialcorey0along 

axis:i0=0.8,κ21=0.5 
Source: created by the authors. 

 

Even the values of the width of the mixing region 

are practically the same and the parameter κ21 affects 

the length of the initial part of the jet: a change from 

approximately 1.4 to 2.8 (an increase in κ21 four 

times reduces the initial section of the jet by half). 

The initial section of the jet increases with a decrease 

in the ratio of the turbulent exchange coefficients. 

 

1
x     

1
x   

 
1
x     

1
x   

 
1
x   
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1
x   

 

 
1
x   

Fig. 5: Velocities of phases inside mixing layer and 

energy along axis:i0=0.8,κ21=2 
Source: created by the authors. 

 

We see in Figure 5 many additional 

characteristics, which are available only by the 

applied multiphase method. First the ejection 

coefficient Q and velocities of the phases at the 

external boundary of mixing layer along the 

dimensionless axis 1
x 

 of a jet: a sharp surge in 

the transverse velocity of the first phase BV11 at the 

nozzle exit towards the stationary liquid of the pool, 

then a gradual increase in the flow velocity into the 

mixing region; in the second phase BV12, a sharp 

injection at the nozzle exit and then a weak one until 

a constant value is established.  BU1s, BU2s show the 

velocities of the phases in the middle section of the 

mixing layer.  

Finally, the energy of the first phase decreases in 

the initial part of the jet from 1 to 0.72, and the 

second phase increases the energy from zero to 0.88. 

The velocity of the first phase inside the region 

decreases from 0.274 to 0.238, and the second 

increases from 0.188 to 0.204. Other characteristics 

of turbulent mixing in two-phase jet were also 

calculated by (10). Thus, the method gives unique 

opportunity for calculation of the detail phase 

mixing. 

4.3  Jet of AL Micro Powder in Water  
For this case, density ratio is equal to 2.38. The 

results of computation are shown in Figure 6: the 

total expansion of jet reaches about δ=2.1 on a 

distance
1
x  =0.8.  

Calculation by different values of the ratio of 

turbulent mixing coefficients gives the same results 

here, only the length of the initial part of a jet is 

shorten with increase of the 
1
x   . All the above 

detail characteristics we computed too. 

 

  
1
x   

 

1
x   

Fig. 6: Width of mixing layer δ and potential core y0 

along axis, Al micropowder in water i0=2.38, 21

=0.5.  
Source: created by the authors. 

 

4.4  Jet of Water in AL Micro Powder 
Figure 7 presents the results by water jet spreading in 

a pool of Aluminum powder (i0=0.42) by the ration 

of turbulent mixing coefficients 21 =0.5. Here the 

length of the initial part is 
1
x  =40 and δ=2.75. 

 

WSEAS TRANSACTIONS on HEAT and MASS TRANSFER 
DOI: 10.37394/232012.2026.21.8 Ivan Kazachkov

E-ISSN: 2224-3461 81 Volume 21, 2026



 
1
x   

1
x   

Fig. 7: Water jet in AL micro powder δ(ζ), y0(ζ) 

i0=0.42, 21 =0.5.  

Source: created by the authors. 

 

Figure 8 shows the difference of the results by 

21 =5: 

 
1
x 

1
x   

Fig. 8: δ(ζ), y0(ζ) by i0=0.42, =5.0 21  

Source: created by the authors. 

Here the length of the initial part is substantially 

shorter: 
1
x  =3. Different is also the character of 

the functions δ(ζ), y0(ζ) but the mixing layer is the 

same. 

 

4.5  Jet of AL Nano Powder in Water 
The turbulent jet of AL Nano powder spreading in 

water was studied with the density ratio as above 

stated 0.55. The Figure 9 and Figure 10 show the 

results for varying values of the turbulent mixing 

coefficients.  

 
1
x 

 
 

1
x   

Fig. 9: Jet of a L Nano powder in water:δ(ζ),y0(ζ) 

byi0=0.55,=0.5 
Source: created by the authors. 
The width of the mixing layer is 2.6, and the length 

of the initial part of a jet is 
1
x  =1.7. 
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1
x 

 

1
x   

Fig. 10: Jet of a L Nano powder in water:δ(ζ),y0(ζ) 

byi0=0.55,=5.0 
Source: created by the authors. 

 

Despite such a big difference in the ratio of 

mixing coefficients, similar pictures, only a shorter 

initial part 
1
x  =0.25 is observed in Figure 10. 

 

4.6  Jet of Water in AL Nano Powder 
The turbulent jet of water spreading in AL Nano 

powder was studied with the density ratio 1.82. The 

results are presented in Figure 11.  

1
x   

1
x   

Fig. 11: Jet of water in AL Nano powder δ(ζ), y0(ζ) 

by i0=1.82, 21 =5.0.  

Source: created by the authors. 

 

4.7  Steel-Slag Jet Flow 
The characteristics y0(ζ), δ(ζ), h(ζ) are computed 

from boundary problem (8), (9) with account of (10). 

Then all others are obtained for the stated values of 

the main parameters: i0, κ1, κ2. The first parameter is 

slightly indefinite due to difficulties with estimation 

of the phases’ sliding, while the other two are known 

from the experimental studies for the specific 

conditions.  

The computer simulations were performed for the 

steel-slag jet (steel flows from the nozzle into the 

space with slag), and inversely, for the slag-steel jet 

(slag jet is going into volume of steel): 

 0 2 1 0/i s  , ρ1= 7750, 7900, 8500; ρ2=2000, 

2500, 3000. Thus, i0=0.258, 0.253, 0.235 (ρ1= 7750); 

i0=0.323, 0.316, 0.294 (ρ1= 7900); 0.387, 0.380, 

0.353 (ρ1= 8500).  

The results are presented in Figure 12, Figure 13, 

Figure 14, Figure 15, Figure 16 and Figure 17 for 

i0=0.235 (ρ1=8500, ρ2=2000). Sliding is supposed 

absent, therefore s0=1. Actually, phases can slide, 

sometimes substantially but we have little data about.  

 

 
1
x   
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1
x   

Fig. 12: Functions δ(ζ), y0(ζ) by i0=0.235, 21 =0.5. 

Source: created by the authors. 

 

 
1
x   

 
1
x 

1
x   

Fig. 13: Functions h(ζ), δ(ζ), y0(ζ) by i0=0.235, 

21 =1.0.  

Source: created by the authors. 

 

 

1
x   

Fig. 14: Functionsδ(ζ),y0(ζ) byi0=0.235,=5.0 

Source: created by the authors 21  

 

The described method, demonstrated in several 

variants, allows obtaining detailed characteristics of 

mixing separately by phases. This serves as the basis 

for accurate calculations of heat and mass transfer in 

turbulent two-phase jets, which are impossible or 

much more difficult to do by other methods. A 

program was created in the FLEX PDE platform for 

the above calculations. 

Initially, the method was developed for mixing 

liquids with a density ratio from 0.3 to 8.0. It was 

experimentally confirmed using a specially created 

two-phase microsensor [26]. We developed the 

method and completely removed the restrictions on 

the density ratio. New confirmation was made on 

experimental data from modelling severe accidents at 

nuclear power plants with the modelling melts [27] 

(Table 1):  

 

Table 1. Experimental data: r0=0.3 mm, 
5 2

1 2 10 /N s m


   , 3
1 2.1 /kg m   

 
Source: [27] 
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Fig. 15: Function-indicator B1 for different cases 
Source: [27] 

 

In these experiments with high-temperature melts, 

no two-phase sensors were available, but calculation 

by the described two-phase method presented precise 

results of diverse averaged characteristics as clearly 

observed from the presented data. The latter was 

extremely important for estimation of the melt 

cooling during potential severe accidents at the 

nuclear power plants. 

 

 
Fig. 16: Tendency for Q for different flow cases 
Source: [27]. 

 

 
Fig. 17: The width of the mixing zone for flow cases 
Source: [27]. 
 

 

5 Conclusion 
Based on simulation for Al Nano powder and micro 

powder and their jet flow with water, one can 

consider the optimal regime for the mixture of the 

powder with liquids and mixing of different liquids.  

The nature of the initial part of the jet, which 

retains a pronounced potential core with a constant 

velocity, is as follows. The main changes in 

parameters occur in the mixing zone. The effect of 

the density difference is such that the reduced density 

of the pool (compared to the liquid in the nozzle) 

leads to a more intense expansion of the jet and a 

slower attenuation of the axial velocity. This is 

manifested in an increase in the width of the jet and a 

steeper velocity gradient in the cross sections. The 

velocity and pressure distributions obtained in 

computer simulation demonstrate a typical picture of 

a free turbulent jet: a maximum velocity on the axis, 

its gradual decrease along the axis, and the alignment 

of the profiles in the radial direction.  

The zone of increased pressure gradients is 

localized near the nozzle exit. The selected 

mathematical model of multiphase flows [26] and the 

obtained system of equations and approximations of 

velocities and indicator functions provide a 

physically justified description of the process. The 

obtained numerical results are qualitatively (and, if 

data are available, quantitatively) consistent with 

theoretical concepts and literature data for similar 

two-phase turbulent jet flow regimes.  
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