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Abstract: In this work, based on the complete Navier-Stokes equations, numerical simulation of a compressible 

gas in flat channels of constant cross section is performed. For the convenience of solving the system of equations, 

the procedure of "dimensionless" coordinates and physical parameters was carried out, and the coordinate 

transformation transforming the rectangular computational domain into a square one, as well as the coordinate 

transformations that ensure the finite-difference grid thickening in areas with the sharpest change in the flow 

parameters, both in the inlet part and at the channel wall. 

On the basis of the developed calculation algorithm, the influence of the non-design of coaxial jets on mixing 

and propagation in a limited flat channel was numerically studied. 

Numerically identified and analyzed, what are the ratios of the height of the inlet slots, and the initial data on 

the temperature, velocity and pressure of the wake jets, which in the initial sections of the channel are observed (not 

observed) the recirculation zone. 
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Introduction 

The advent of modern high-speed computing tools 

make it possible to consider the numerical simulation 

of complex jet flows by solving exact equations 

expressing conservation laws. 

Of great practical interest is the study of the 

influence of the initial data and the geometry of coaxial 

jets on mixing and propagation in a limited flat 

channel, since such flows are used in the creation of 

mixing and furnace devices, internal combustion 

engines, chemical and oil-gas industries. 

Field experimental studies of the mixing of 

coaxial gas jets with different pressures, temperatures, 

velocities and geometries, as well as other parameters 

in channels of constant and variable cross-sections, are 

in many cases difficult and analytical solutions are not 

always possible, therefore, to solve such problems, 

mathematical modeling methods using numerical 

methods. 

Such flows in the channels can be accompanied 

by separations, motion of waves in the jet contact zone, 

recirculation zones and other complex processes that 

cannot be solved by the parabolized Navier-Stokes 

equations, although the solution of which is much 

simpler than integrating the original Navier-Stokes 

equations. Numerical modeling of viscous gas flows 
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based on the complete Navier-Stokes equations is 

difficult, however, it gives exact solutions to the above 

flow cases [1-3].  

The purpose of the work is to investigate the 

effects of the non-design of cocurrent flows on their 

mixing and propagation in flat channels on the basis of 

an effective computational algorithm for solving the 

complete Navier-Stokes equations for a viscous gas, 

and the little-studied region of parameters is of 

particular interest, when a recirculation flow zone is 

formed as a result of the interaction of jets. Few 

experimental studies of turbulent mixing of gas jets 

with different densities were studied in [4–8], 

concurrent flows in a channel of constant cross section 

in the presence of recirculation zones and the 

conditions for the formation of recirculation zones 

were studied in a number of works [9–12], but the 

relations areas (heights) of the cross section and 

pressure of flows at the inlet to the channel. 

Numerous works are devoted to modeling and 

numerical studies of internal flows and mixing of flows 

in channels based on approximate and complete 

Navier-Stokes equations [1,2,13-17]. It is known that a 

complete picture of the flow can be obtained with 

complex internal flows, the numerical solution of the 

complete Navier-Stokes equations when modeling 

two-dimensional flows of a viscous compressible fluid. 

A more detailed review of methods and schemes for 

solving the Navier-Stokes equations is given in [18-

21], and for calculating internal flows, an excellent 

systematic review is given in [1, 17]. 

Below, we describe the results of a numerical 

study of the influence of the non-design of coaxial 

flows on the mixing and propagation parameters of 

flows in a channel of constant cross section based on 

the full Navier-Stokes equations, with the cross-

sectional areas of the flows at the inlet having different 

finite ratios. 

Problem statements. Given a flat channel of 

length L height 2f_0. The flow diagram is shown in fig. 

1. Suppose the channel and the flow are symmetrical 

about the OX axis, the OY axis coincides with the inlet 

section of the channel, and the origin of coordinates is 

located on the axis of symmetry. At the entrance to the 

channel there are two jets I - near-wall and II - central 

(main), respectively, with their physical and geometric 

characteristics. 

It was said above that the main goal of this work 

is the numerical study of the mixing and flow of 

turbulent gas jets in a channel of constant cross section, 

in the presence of specific factors, such as the 

occurrence of recirculation zones and shock waves in 

particular. In these cases, it is necessary to use the full 

уравнений Навье – Стокса. 

To describe the flow, two-dimensional complete 

non-stationary Navier-Stokes equations are used, in a 

vector-conservative form [22-23] 

 
𝜕𝑈

𝜕𝑡
+

𝜕𝐹(𝑈)

𝜕𝑥
+

𝜕𝐺(𝑈)

𝜕𝑦
=

𝜕𝑉1(𝑈,𝑈𝑦)

𝜕𝑥
+ 

+
𝜕𝑉2(𝑈, 𝑈𝑦)

𝜕𝑥
+
𝜕𝑊1(𝑈, 𝑈𝑥)

𝜕𝑦
+
𝜕𝑊2(𝑈, 𝑈𝑦)

𝜕𝑦
     (1) 

   

Relationship of total specific energy with internal 

and kinetic energy: 

 𝐸 = 𝜌 𝐶𝜗𝑇 +
1

2
𝜌(𝑢2 + 𝜗2).         (2) 

State equation: 

               𝑝 = 𝜌 𝑇.            (3) 
Expression for effective viscosity: 

                            𝜇 = 𝜇𝑙 + 𝜇т ,          (4) 
 

where 𝜇𝑙-laminar, 𝜇𝑡-turbulent viscosity, 𝑈-vector of 

conservative variables; 𝐹,𝐺,𝑉1,𝑉2,𝑊1,𝑊2 are flow 

vectors that look like: 

𝑈 =

[
 
 
 
 
𝜑𝑥 𝐹𝑦 𝜌

𝜑𝑥 𝐹𝑦 𝜌 𝑢

𝜑𝑥 𝐹𝑦 𝜌 𝜗

𝜑𝑥 𝐹𝑦 𝐸 ]
 
 
 
 

= [

𝜌̅
𝜌̅𝑢
𝜌̅𝜗

𝐸̅

] = [

𝜌
𝑚
𝑛
𝐸

] ;    

 𝐹 =
1

𝐿𝜑𝑥

[
 
 
 
 
 
 
 

𝑚
𝑚2

𝜌
+ 𝑝

𝑚𝑛

𝜌

𝑚(𝐸 + 𝑝)

𝜌 ]
 
 
 
 
 
 
 

;   𝐺 =     [

𝑛
Ω1𝑚

Ω1𝑛 + 𝑝

Ω1(𝐸 + 𝑝)

]. 

 

𝑊1(𝑈, 𝑈𝑥) =
1

   𝑅𝑒𝐿

[
 
 
 
 
 
 

0
𝑁𝑥

−
2

3
𝑀𝑥

(𝑚𝑁𝑥 −
2

3
𝑛𝑀𝑥)

𝜌 ]
 
 
 
 
 
 

,  

𝑊2(𝑈, 𝑈𝑦) =
𝜑𝑥
𝑅𝑒𝐹𝑦

[
 
 
 
 
 
 

0
𝑀𝑦

4

3
𝑁𝑦

4

3
𝑛𝑁𝑦 + (𝑚 + 𝑛)𝑀𝑦

𝜌
+ 𝑃𝑇𝑇𝑦]

 
 
 
 
 
 

 

 

𝑉1(𝑈, 𝑈𝑥) =
𝐹𝑦

𝑅𝑒𝐿2𝜑𝑥

[
 
 
 
 
 

0
4

3
𝑀𝑥

𝑁𝑥
𝑛𝑁𝑥
𝜌

+
4

3

𝑚𝑀𝑥

𝜌
+ 𝑃𝑇𝑇𝑥]

 
 
 
 
 

,  

 
 𝑉2(𝑈, 𝑈𝑦) =

1

𝑅𝑒𝐿

[
 
 
 
 
 

0

−
2

3
𝑁𝑦

𝑀𝑦

Ω1𝑀𝑦 + (−
2

3
𝑚)

𝑁𝑦

𝜌 ]
 
 
 
 
 

, 
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𝑊2(𝑈, 𝑈𝑦) =
𝜑𝑥
𝑅𝑒𝐹𝑦

[
 
 
 
 
 
 

0
𝑀𝑦

4

3
𝑁𝑦

4

3
𝑛𝑁𝑦 + (𝑚 + 𝑛)𝑀𝑦

𝜌
+ 𝑃𝑇𝑇𝑦]

 
 
 
 
 
 

,  

 

where 𝑀𝑥 =
𝜇(𝑚𝑥𝜌−𝜌𝑥𝑚)

𝜌2
,   𝑀𝑦 =  

𝜇(𝑚𝑦𝜌−𝜌𝑦𝑚)

𝜌2
,  

 𝑁𝑥 =
𝜇(𝑛𝑥𝜌 − 𝜌𝑥𝑛)

𝜌2
, 𝑁𝑦 =

𝜇(𝑛𝑦𝜌 − 𝜌𝑦𝑛)

𝜌2
,

𝑃𝑇 =
𝐶𝑝𝜇

𝑃𝑟𝑇
, Ω1 =

𝑛

𝜌
, 𝑅𝑒 =

𝜌2𝑢2𝑓0
𝜇2

  

 

The system of equations (1-4), for the convenience 

of the numerical solution, is written in a dimensionless 

form for the channel in a reduced square form, and by 

introducing the function F(y) it allows to condense the 

design points near the wall in the physical plane while 

maintaining a constant step in the design plane and the 

function φ(x) crowding calculated points in the inlet 

part of the channel [22]. 

Dimensionless quantities are associated with 

dimensional relationships in the form 

𝑥̅ =
𝑥

𝑓0
; 𝑦̅ =

𝑦

𝑓0
; 𝑢̅ =

𝑢

𝑢2
; ϑ̅ =

ϑ

𝑢2
; 𝐸̅ =

𝐸

𝜌2𝑢2
2 ; 

𝑝̅ =
𝑝

𝜌2𝑢2
2 ; 

 

𝜇̅ =
𝜇

ρ2𝑓0𝑢2
; 𝑡̅ =

𝑡
𝑓0

𝑢2

; 𝜌̅ =
𝜌

𝜌2
; 𝑇̅ =

𝑇

𝑢2
2

𝑅𝑚

; 𝐶𝑝̅̅ ̅ =
𝐶𝑝

𝑅𝑚
; 

𝐶ϑ̅̅ ̅ =
𝐶ϑ
𝑅𝑚

; 𝐿̅ =
𝐿

𝑓0
; 𝑅𝑒 =  𝜌2𝑓0𝑢2 /𝜇2 .         (5) 

 

Index 2 denotes the values of the parameters of the 

central jet at the channel inlet. The transition from a 

rectangular channel to a square one was carried out by 

transforming the coordinates: ξ= 𝑥̅/𝐿̅ , η= 𝑦̅. 

 

Boundary and initial conditions. The solution of 

the problem posed is found for stationary boundary 

conditions and, starting from the problem statement, 

can have the following form: 

𝑡 = 𝑡0; 
𝑥 = 0: 
𝑢 = 𝑢2, 𝜗 = 0, 𝐸 = 𝐸2, 𝜇 = 𝜇2, 𝜌 = 𝜌2, 𝑝 = 𝑝2, 

𝑤ℎ𝑒𝑛 0 ≤ 𝑦 ≤ 𝑅2, 
𝑢 = 𝑢1, 𝜗 = 0, 𝐸 = 𝐸1, 𝜇 = 𝜇1, 𝜌 = 𝜌1, 𝑝 = 𝑝1,    

𝑤ℎ𝑒𝑛 𝑅2 < 𝑦 < 1, 
𝑢 = 0, 𝜗 = 0, 𝐸 = 𝐸𝑤, 𝜇 = 𝜇𝑤, 𝜌 = 𝜌𝑤 , 𝑝 = 𝑝𝑤,    

𝑤ℎ𝑒𝑛 𝑦 = 1. 
0 < 𝑥 ≤ 1:  
𝑢 = 0, 𝜗 = 0, 𝐸 = 𝐸0, 𝜇 = 𝜇0, 𝜌 = 𝜌0, 𝑝 = 𝑝0,     

𝑤ℎ𝑒𝑛 0 < 𝑦 < 1, 
𝑢 = 0, 𝜗 = 0, 𝐸 = 𝐸𝑤, 𝜇 = 𝜇𝑤, 𝜌 = 𝜌𝑤 , 𝑝 = 𝑝𝑤 ,     

𝑤ℎ𝑒𝑛 𝑦 = 1. 

𝑡 > 𝑡0: 
𝑥 = 0:  
𝑢 = 𝑢2, 𝜗 = 0, 𝐸 = 𝐸2, 𝜇 = 𝜇2, 𝜌 = 𝜌2, 𝑝 = 𝑝2,     

𝑤ℎ𝑒𝑛 0 ≤ 𝑦 ≤ 𝑅2,    (6) 
𝑢 = 𝑢1, 𝜗 = 0, 𝐸 = 𝐸1, 𝜇 = 𝜇1, 𝜌 = 𝜌1, 𝑝 = 𝑝1,    

𝑤ℎ𝑒𝑛 𝑅2 < 𝑦 < 1,   (7) 
𝑢 = 0, 𝜗 = 0, 𝐸 = 𝐸𝑤, 𝜇 = 𝜇𝑤, 𝜌 = 𝜌𝑤 , 𝑝 = 𝑝𝑤,    

𝑤ℎ𝑒𝑛 𝑦 = 1.       (8) 
0 < 𝑥 ≤ 1:  

{
 
 

 
 

𝑢 = 0, 𝜗 = 0, 𝐸 = 𝐸̃𝑤

𝜌 = 𝜌̃𝑤,
𝜕𝑃

𝜕𝑦
= 0, 𝜇 = 𝜇𝑤 , 𝑇 = 𝑇̃𝑤,

}  𝑤ℎ𝑒𝑛 𝑦 = 1       (9)

𝜕𝑢

𝜕𝑦
= 𝜗 =

𝜕𝐸

𝜕𝑦
= 0, }  𝑤ℎ𝑒𝑛 𝑦 = 0.                               (10)

 

𝑥 = 1:  

{
𝜕𝑢

𝜕𝑥
=
𝜕𝜗

𝜕𝑥
=
𝜕𝐸

𝜕𝑥
= 0  (𝑜𝑟  

𝜕2𝑢

𝜕𝑥2
=
𝜕2𝜗

𝜕𝑥2
=
𝜕2𝐸

𝜕𝑥2
) ,

   
 

𝑤ℎ𝑒𝑛 0 < 𝑦 < 1.      (11) 
 

Conditions (5-11) subscripts 1, 2, 𝑤-respectively 

refers to the parameters of the near-wall, central jet and 

on the wall,  𝜌1, 𝐸1, 𝜇1 and 𝜌2, 𝐸2, 𝜇2,  respectively, are 

calculated for a given temperature 𝑇1, 𝑇2  and pressure 

𝑝1, 𝑝2 of the wall and central jet. The numerical values 

𝜌𝑤 , 𝐸𝑤, 𝜌̃𝑤, 𝐸̃𝑤, 𝜇𝑤 are calculated by setting the 

boundary conditions on the wall in terms of 

𝑢, 𝜗, 𝑇, 𝑃, and 𝑢0, 𝐸0, 𝜌0, 𝜇0, 𝑇0 are some initial values 

of the required parameters. All of the above notation is 

generally accepted [3,22], and as usual, the 𝑥, 𝑦 

coordinates, as well as dimensionless variables, are 

written without an overline. 

The given boundary conditions at the inlet 
(  𝑥 = 0) correspond to the stepwise assignment of 

homogeneous gas flows in the inlet section of the 

channel. The flow is symmetrical with respect to the 𝑥  

axis, therefore, for the values  𝑦 = 0 and 0 < 𝑥 ≤ 1 the 

flow symmetry conditions are set. As the boundary 

conditions at the channel output at  𝑥 = 1 relations are 

used that correspond to linear extrapolation of the 

desired 𝑢, 𝜗, 𝐸 variables over the internal nodes of the 

computational grid. The boundary conditions on the 

wall at 𝑡 = 𝑡0and 𝑡 > 𝑡0in terms of velocities were set 

to stationary conditions of sticking 𝑢 = 0 and 

impermeability 𝜗 = 0, and at 𝑡 = 𝑡0 in the case of 

setting 𝑇𝑤 of the wall temperature, 𝑝𝑤 are found from 

the equation of state. 

Solution method.   For the numerical solution of 

the system of equations (1-4) with boundary conditions 

(5-11), an effective implicit Beam-Warming finite-

difference scheme was used for the numerical 

integration of the Navier-Stokes equations in the form 

of conservation laws for a compressible gas [23]. This 

scheme and algorithm is non-interactive and retains a 

conservative form, which is important for studying 

internal flows with a recirculation zone. In addition, the 

results of calculations [22, 23] show that the scheme 

has sufficient computational stability and accuracy for 
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Courant numbers greater than one. When solving 

equation (1), a one-step finite-difference scheme was 

used in the form [23] 

Δ𝑈𝑛 =
θΔ𝑡

1 + θ2

∂

∂t
Δ𝑈𝑛 +

Δ𝑡

1 + θ2

∂

∂t
𝑈𝑛

+
θ2

1 + θ2
Δ𝑈𝑛−1 

+O [(θ −
1

2
− θ2)Δ𝑡

2 + Δ𝑡3],        (12) 

 

where 𝛥𝑈𝑛 = 𝑈𝑛+1 − 𝑈𝑛 and 𝑈𝑛= U(n Δt) are 

solutions of the partial differential equation (1). The 

calculations were carried out at θ=1 and 𝜃2=0.5 , which 

means that scheme (12) will be three-layer of the 

second order of accuracy. In addition, the delta form 

retains the advantageous property of a stationary state, 

if it exists, to be independent of the time step size [23]. 

To obtain a numerical solution, it is necessary to 

set the initial time 𝑡 = 𝑡0 of the gas-dynamic quantities, 

for example, as from condition (5). At the beginning of 

the calculation, at the boundaries and in all internal 

nodes, the viscosity was set depending on temperature 

in the form 𝜇 =  со𝑛𝑠𝑡. 𝑇0.6472. On the wall at pressure 

𝑡 > 𝑡0, a much less stringent condition 
𝜕𝑃

𝜕𝑦
= 0 is set, 

since the constancy of P is assumed only across the 

sublayer adjacent to the wall with a thickness equal to 

Δy. 

As a method for numerically solving the problem, 

we used the algorithm described in [22] , where the 

spatial derivatives were approximated by the second 

order of accuracy O( ∆𝑥2, ∆𝑦2). 

The effective turbulent viscosity is calculated 

using an algebraic model in the form 

 

μ = const 𝑇0,6472 + χρ𝑏2(x) |
∂u

∂y
|,            (13) 

here χ is the empirical turbulence constant, b(x) = is the 

conditional width of the mixing region; 

Steady-state solutions are considered obtained if 

the conditions are met at all grid points 

 

𝑚𝑎𝑥
𝑖,𝑗

|
∆𝑈𝑖,𝑗

𝑛

𝑈𝑖,𝑗
𝑛 ∆𝑡
| < 𝜀                 (14) 

 

where ε is a small number, taken as options, equal to 

0.0001. 

Results of a numerical study. To study the 

patterns of propagation of cocurrent flows with 

different pressures in a channel of constant cross 

section, a channel was chosen, as in [11]. with 

geometric data: D= 188 mm (𝑓0=  0.94 mm - half-

height), L= 1.4 m. Calculations assumed that both air 

flows, heat capacity at constant pressure and heat 

capacity at constant volume are constant, P𝑟𝑇= Pr=0,7. 

The main calculations were carried out under the 

condition on the wall along T in the form   𝜕𝑇/𝜕𝑦 = 0 

The calculations performed for various initial 

data and their variants are shown in the table. The main 

calculation results are presented in the form of graphs 

in Figs. 2.  

The results of options №. 1 and №. 2, i.e. at the 

same temperatures of the jet and cocurrent Т𝟏 =Т𝟐 = 

300 К ( 𝜑4 = 1) as well as at Т𝟏 =300 К and Т𝟐 = 700 

К  ( 𝜑4 = 2.333) with the rest constant parameters, 

shows that in the second variant there are recirculation 

zones (reverse currents) in the initial sections of the 

channel. At the same temperatures of the jet and 

concurrent, this is not observed. Increasing the 

temperature of the jet promotes the development of the 

flow. In both cases, in the initial sections of the 

channel, the axial value of the longitudinal velocity 

first increases, and decreases with distance from the 

channel exit. This can be explained by the fact that an 

increase in temperature leads to an acceleration of the 

flow and a decrease in pressure in the initial sections. 

Options №. 3 and №. 4 differ from the previous 

ones by the pressure of the jet and daily flow, which 

are respectively equal to 4 atm and 1 atm. In these 

options, similar flow patterns are also observed, an 

increase in the initial values of temperature and 

pressure to a jet of 4 atm leads to a sharp increase in 

the axial values of the longitudinal velocity in the 

initial sections of the channel, and when moving away 

from the channel exit, to its rapid drop. Such patterns 

were not observed in [11, 12]. 

On fig. 2 shows the transverse distributions of 

temperature and pressure at various distances from the 

channel exit (                 - option № 3, ------- - option  

№. 4). It can be noted here that, as the temperature and 

pressure move away from the inlet section of the 

channel, they equalize along the cross section and tend 

to a uniform value. The axial value of temperature and 

pressure is also given here. It can be seen from the 

graph that the axial value near the mouth of the slot first 

falls, in the recirculation zone it increases, and as the 

distance from the nozzle exit, the temperature 

decreases and tends to a constant value. 

On fig.  3-6 show the results of the calculation for 

the case when the flow velocity is set to essentially 

subsonic along the central slot, and along the peripheral 

slot - sonic and supersonic. On fig. Figures 3-4 show 

the transverse and axial distributions of the 

longitudinal velocity and pressure , respectively, for 

options № 5  and № 6 . Figure 3 shows the transverse 

distributions of the longitudinal velocity at different 

distances of the channel, as well as the axial change in 

the longitudinal velocity at 𝑅2 ƒ0⁄ =  0.5  (solid line), 

𝑅2 ƒ0⁄  =0,26 (dotted line). As follows from the graphs, 

as we move away from the channel exit, the velocity 

profile gradually smoothest out, the maximum velocity 

value tends to the jet axis, while taking on a parabolic 

form, the axial velocity value in the initial sections 

increases, and decreases as we move away from the 

beginning of the section. 

On fig. 4 shows the transverse distribution and 

axial pressure change at slot ratios 𝑅2 ƒ0⁄ = 0,5  and  

𝑅2 ƒ0⁄ = 0,26  (solid and dotted lines, respectively). As 
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can be seen from the graphs, with a small slot ratio, the 

transverse pressure distribution equalizes faster, and 

the axial value drops rapidly. This is obvious, since the 

flow flowing out of the smaller slot loses its 

momentum faster and equalizes with the flow flowing 

out of the larger slot. On fig. 5 and fig. Figure 6 shows 

the transverse distributions of the longitudinal velocity, 

pressure, as well as the axial change in velocity, 

temperature and pressure at the slot ratio 𝑅2 ƒ0⁄ = 0,26, 

while the more heated gas is supplied through the 

central slot (option №. 7). 

Here it can be noted that the transverse 

distributions of the velocity and pressure profiles are 

similar to other cases, when the axial change in velocity 

in the initial sections increases rapidly, and with 

distance from the beginning it gradually decreases and 

tends to a constant value. This is explained by the fact 

that when mixing two viscous flows, where the speed 

of the larger one involves a flow with a lower speed, it 

thereby leads to an acceleration of the flow with a 

lower speed at the initial sections of the channel. The 

axial value of pressure increases in the initial sections, 

while the temperature decreases. This is due to the fact 

that, at the mixing boundary, the deceleration of the 

flow at a high speed leads to an increase in the pressure 

value, and the temperature drops, transferring heat 

from a more to a less heated flow. 

Variants №. 8 and №. 9, at a heated temperature 

of the central jet and low pressure ratios of the jet and 

cocurrent flow ( 𝑃2 𝑃1⁄  =1), as well as two values of 𝜑2 

in the mixing region, abrupt changes in the velocity and 

temperature profiles are not observed, and also in both 

cases the core and high temperature are maintained 

until the end of the channel. 

The results of variant №.. 10 showed that 

noticeable flow recirculation zones are traced in the 

initial sections, and when moving away, the transverse 

distribution of the longitudinal velocity passes to a 

parabolic profile. At 𝑥̅= 0.03,  0.07, 0.2, 0.4, the height 

of the recirculation zone occupies, respectively, 0.64ƒ0,  
0.48ƒ0 , 0.35ƒ0 0,10ƒ0 of the channel section, and 

reaches half the channel length. 

On fig. 7 shows the transverse distributions of the 

longitudinal velocity 

( − ∙ − option №11; ----- - option №.12;                 -  

option №.13), as well as the axial value of the 

longitudinal velocity with different values of 

temperature and pressure. In all three variants, a 

recirculation zone is observed in the initial sections of 

the channels; reverse currents. At constant parameters 

𝜑1, 𝜑2, 𝜑3, 𝜑5, an increase in the temperature of the 

main jet, respectively, leads to an expansion of the 

reverse flow region, and in these zones the transverse 

pressure change is harmonious. This phenomenon can 

be explained by the fact that in the reverse flow zones, 

i.e. at the boundary of the mixing of two jets, the jet 

moving at a speed of about - and supersonic involves a 

jet moving at subsonic speed. In this case, a jet with a 

high speed loses part of its inertia due to deceleration, 

and a subsonic jet accelerates, naturally, in the mixing 

region, a decrease in the value of the jet velocity 

occurs, due to which a decrease in speed leads to an 

increase in pressure, and an increase in speed vice 

versa, which thereby leads to to a harmonious change 

in transverse pressure. 

Numerical results showed that even at pressure 

ratio 𝑃2 𝑃1⁄ =1, but at high temperature ratios  ( 𝑇2  𝑇1⁄  

=2.3333), a recirculation zone is also observed in the 

initial sections (option . 14, Fig. 8). On fig. Figure 8 

shows the axial changes in the longitudinal velocity 

along the channel, as well as its transverse distributions 

in different sections of the channel. As follows from 

the graph, the axial value of the longitudinal velocity 

in the initial sections decreases, and as it moves away, 

it increases and tends to its constant value. 

From the profiles of the transverse distributions of 

the longitudinal velocity, given in different sections of 

the channel, it follows that in the inlet sections near the 

channel wall, reverse current lines are traced, and as 

they move away, they extend and pass to a fully 

developed flow. 

 

Conclusion.  

The paper presents the results of a numerical study 

of the influence of the non-design of coaxial jets on 

mixing and propagation in a limited flat channel 

obtained by numerical solution of the non-stationary 

full Navier-Stokes equations by the method of implicit 

finite-spaced schemes. In particular, the following 

regularities were revealed: 

- at different initial pressures and large ratios of 

jet velocities and temperatures, a recirculation zone is 

observed in the initial sections of the channel; 

- at high ratios of initial pressure (4:1) and jet 

temperature, it leads to a sharp increase in the axial 

values of the longitudinal velocity in the initial sections 

of the channel; 

- if the central jet is essentially subsonic and wall-

mounted sonic or supersonic, in the initial sections 

there is no recirculation zone, and with a small ratio of 

slots, the pressure distribution levels out faster, and the 

axial value drops rapidly; 

- at small ratios of velocity and heated temperature 

of the central jet and at small ratios of pressure of the 

jet and concurrent ( 𝑃2 𝑃1⁄ =1), no sharp changes in the 

velocity and temperature profiles are observed, and the 

core and high temperature persist until the end of this 

channel. 
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Fig 1. Scheme of the flow. 

 

 
Fig. 2. Transverse changes in temperature and pressure at different distances from the inlet section of the 

channel, as well as their axial changes along the channel:   ______  -option № 3; − ∙ − option № 4. 

 

 
Fig 3. Transverse and axial distributions of longitudinal velocity: 

   − − − option №. 5; ________  option №.  6. 
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Fig 4. Transverse and axial pressure distributions: 

   − − − option №. 5;  ________ option №.  6. 

 

 
Fig 5. Transverse and axial distributions of longitudinal velocity: option №. 7. 

 
Fig 6. Transverse and axial change in temperature and pressure: option №. 7. 
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Fig 7. Transverse and axial change in longitudinal speed: 

− ⋅ −   -  option. №. 11;     −−− - option №. 12;    ________    - option №. 13. 

 

 
 

Fig 8. Transverse profiles of the longitudinal velocity in different sections of the channel, as well as its axial 

change along the channel: option №. 14. 

 

 

Table 1. 
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