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 Abstract 
  

Introduction. The aim of the research was to develop a 
method for determining the actual ejection coefficient of a 
liquid-gas ejector with a combined mixing chamber. 

Materials and methods. Theoretical calculation methods 
were used (balance equations of mass and energy in the form of 
the Bernoulli equation and the laws of hydrodynamics), 
experimental methods (ejection coefficients of an ejector with a 
combined mixing chamber were experimentally determined on 
a hydraulic bench in order to determine the experimental 
constant). The Sokolov-Zinger graph-analytical method was 
used to compare the ejection coefficients. 

Results and discussions. A characteristic feature of the 
ejector with a combined mixing chamber is the presence of the 
initial conical and subsequent cylindrical parts of the mixing 
chamber. The angle of opening of the conical part is 3–8° less 
than the angle of the flame of spraying liquid from the nozzle. 
Such a design reduces the hydraulic resistance to the entry of 
liquid and prevents the formation of back-circulation flows. The 
ejection coefficient of a jet device with a combined mixing 
chamber is by 15–55% higher than that of an ejector with a 
cylindrical mixing chamber. 

The joint solution of the balance equations for the conical 
and cylindrical parts of the mixing chamber, taking into account 
the energy losses in each, makes it possible to determine 
theoretical flow rates of the phases in the ejector for different 
operating modes. 

The coefficient k takes into account the influence of energy 
redistribution between phases during ejection and the design of 
the mixing chamber. When the pressure increases from 0.05 to 
0.25 MPa coefficient k increases from 3.6 to 4.8 in a rational 
exponent function.  

The effective ejection coefficient is defined as the product 
of the theoretical ejection coefficient and the experimental 
constant, while the error does not exceed 5%. 

Conclusions. The proposed calculation method allows you 
to determine the effective ejection coefficient of a liquid-gas 
ejector with a combined mixing chamber. 
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Introduction 
 
Liquid-gas ejectors (jet devices) are characterized by high intensity of processes in jet 

streams (Balamurugan et al., 2007; Liu, 2014). Considerable interest in these devices is 
caused by their indisputable advantages: simplicity of design, absence of tribological 
problems, compactness, the possibility of installation in any place of the production premises, 
minimal needs for maintenance and repair (Ivanov et al., 2021; Kong et al., 2015; Sliusenko 
et al., 2021). 

Such devices are widely used in various industries for heat and mass exchange processes 
(Tashtoush et al., 2019), in particular during sulfitation of liquids in the sugar industry 
(Ponomarenko et al., 2015). The sulfitation process (treatment of water or sugar solutions 
with sulfite gas with an SO2 content of 10–15%) is one of the main technological processes 
in the sugar production. Traditionally, it was carried out in bubbling apparatus by blowing 
gas through the juice layer. Due to the significant disadvantages of such devices, jet ejection 
devices with high intensity of mass transfer processes were introduced into the technological 
process of water sulfitation. However, due to insufficient study of the process and 
miscalculations in the design, they had a number of disadvantages: insufficient processing 
efficiency due to the use of ejectors with a compact liquid jet, low SO2 utilization rate, 
significant air pollution with harmful emissions. 

To carry out such processes, a design of a liquid-gas ejector with a conical-cylindrical 
(combined) mixing chamber was developed and patented (Ponomarenko V.V., 
Sliusenko A. M. (2020), Liquid-gas ejector, UA Patent 122296; Riffat et al., 2005). Such a 
jet device at moderate pressures of liquid supply to the working nozzle (0.1–0.3 MPa) allows 
increasing the ejection coefficient k (ratio consumption of the passive flow to the flow of the 
active flow) in comparison with an ejector with a cylindrical mixing chamber (Sliusenko et 
al., 2021). 

It should be noted that the ejection coefficient is the main operating characteristic of jet 
devices (Riffat et al., 2005), needed in analyzing the functioning of ejectors, their revision 
and design. To determine the ejection coefficient of jet devices, various methods are used, 
which are divided into several main groups (Elbel and Lawrence, 2016; Zegenhagen et al., 
2015): 
 Methods based on balance equations (Sun et al., 1995) 
 Empirical dependencies (Zhu et al., 2008) 
 Theoretical dependencies obtained because of solving the equations of non-separability, 

amount of motion, energy and state using experimental constants (Ismagilov et al., 
2016). 
Combined methods of calculations with the use of balance equations of mass and energy 

and the introduction of empirical coefficients (test constants), in particular, coefficients of 
energy loss, resistance, and friction (Aidoun et al., 2019; Chen et al., 2020; Zhu et al., 2008). 

Since the liquid-gas ejector with a combined mixing chamber is innovative 
(Ponomarenko V.V., Sliusenko A. M. (2020), Liquid-gas ejector, UA Patent 122296), there 
is no method that allows to determine the k, taking into account its design features (the initial 
conical part of the mixing chamber). 

The purpose of the research was to develop a method for determining the actual ejection 
coefficient of a liquid-gas ejector with a combined mixing chamber based on mathematical 
modeling of the ejection process using mass and energy balance equations and an empirical 
coefficient (research constant). 
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Materials and methods  
 

The subject of research was an ejector with a conical-cylindrical mixing chamber, the 
object of research was the ejection processes that take place in it. 

Theoretical and experimental research methods were used to achieve the defined goal. 
 

Theoretical methods 
 

Mathematical modeling of the ejection process in a liquid-gas ejector with a combined 
mixing chamber was carried out on the basis of the equations of conservation of mass and 
energy (the law of conservation of energy is written in the form of the Bernoulli equation) 
and using the laws of hydrodynamics. 

For mathematical modeling, a calculation scheme of the ejector (Figure 1) was 
developed and characteristic of cross-sections were determined (cross-section I-I – at the 
nozzle section; cross-section II-II – the point of connection of the conical and cylindrical 
parts of the mixing chamber; cross-section III-III – exit from the chamber mixing of the 
mixture, in which the parameters of the two-phase flow acquire a constant value). 

 

 
Figure 1. Calculation scheme of the ejector 

1 – working nozzle; 2 – reception chamber; 3 – mixing chamber 
 

Flows in the mixing chamber of the ejector are characterized by the following 
parameters (the upper index shows which section the indicator refers to): 

 

І
lР – fluid pressure at the outlet of the 

working nozzle; 
І
gР – pressure (reduction) in the receiving 

chamber; 
ІІ
mixР – the pressure of the liquid-gas mixture 

at the boundary of the conical and 
cylindrical parts of the mixing chamber; 

ІІІ
mixР –  the pressure of the liquid-gas mixture 

at the exit from the mixing chamber; 
І

lV  – liquid speed at the exit from the 
working nozzle; 

 І
gV  – gas velocity at the entrance to the 

mixing chamber; 
ІІ

mixV – the velocity of the liquid-gas 
mixture at the boundary of the conical 
and cylindrical parts of the mixing 
chamber; 

ІІІ
mixV – is the velocity of the liquid-gas 
mixture at the exit from the mixing 
chamber. 

Subscripts: l – liquid, g – gas, mix – 
mixture. 

Superscripts: I – section I-I, II – section II-
II, III – section III-III. 
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Experimental methods 
 

The ejector with a conical-cylindrical mixing chamber (Figure 2) is a receiving chamber 
2 with a cover 4 and gas phase inlet nozzles 3, to which a conical adapter 5 with an expansion 
angle of 25° is attached. The cylindrical part of the glass-mixing chamber 6 was installed 
coaxially to it. The joint between them was sealed. 

 

 
 

Figure 2. Ejector with a combined mixing chamber (schematic image): 
1 – injector nozzle; 2, 4 – cover and housing of the reception chamber; 3 – inlet pipe; 
 5 – conical part of the mixing chamber; 6 – cylindrical part of the mixing chamber 

 
 

The working nozzle of the ejector is a centrifugal jet nozzle with inclined inlet channels 
(Figure 3). Such a nozzle has a liquid spray torch angle of 29°. Since the angle of expansion 
of the conical part of the mixing chamber is 25°, the condition is ensured when it is by 3-8° 
smaller than the angle of the liquid spray torch (Ponomarenko et al. 2015; Sliusenko et al., 
2021). 

The main dimensions of the nozzle: nozzle diameter – dn = 4 mm, length of the nozzle 
channel ln = 5 mm, diameter of the nozzle twisting chamber – 10 mm. The nozzle is made 
according to the seventh quality of accuracy. The roughness of the surfaces of the twisting 
chamber and supply channels is Ra = 1.25, and the nozzle channel is Ra = 0.16 (grinding). 

With the adopted dimensions, the main geometric parameter of the ejector m (the ratio 
of the area of the mixing chamber with a diameter of Dm.c = 19 mm to the area of the nozzle 
nozzle) is m = 22.56. 

A detailed description of the experimental set up and research methodology can be 
found in (Sliusenko et al., 2021). The experimental installation consisted of a liquid tank, a 
pump, a system of pipelines, shut-off and regulating valves and was equipped with control 
and measuring devices: liquid flow meter KV-1.5, gas flow meter PREMA G 1.6, manometer 
ОBМ1-160, differential manometer. 
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Figure 3.     3-D model of a centrifugal jet nozzle with two inclined inlet channels: 
1 – liquid inlet pipe; 2 – housing; 3 – vortex chamber; 4 – nozzle;  

5 – supply channel; 6 – plunger 
 

Changing the working characteristics of the ejectors was carried out by adjusting the 
liquid pressure in the working nozzle (in the range of 0.05–0.25 MPa), which was controlled 
by a manometer. 

Processing of experimental data was carried out by well-known methods (exclusion of 
gross errors according to the Student's criterion at a significance level of 0.05, the result was 
reduced to the arithmetic mean value). 

To compare the obtained results of determining the ejection coefficient for the ejector 
with a combined mixing chamber with the grapho-analytical method of Sokolov-Zinger 
(Shestopalov et al., 2016; Wang et al., 2023), the value Δpc / Δpр was found for the pressures 
in the control sections and the main geometric characteristic of the ejector m = D2

m.c / d2
n was 

determined. According to the graphs, at the corresponding values of Δpc / Δpр and m, the 
ejection coefficients were determined. 

 
 
Results and discussion 
 

Justification of the design of the ejector with a combined mixing chamber 
 

Analysis of the liquid flow in the initial part of the ejector (Han et al., 2018; Kandakure 
et al., 2005) showed that the conical expansion of the mixing chamber (its initial part) leads 
to a decrease in hydraulic resistance and, accordingly, an increase in the useful energy of the 
liquid jet for gas ejection. At the same time, the opening angle of the diffuser is taken in the 
range of 3–8°, at which minimum hydraulic losses and uninterrupted movement of liquid (Bi 
et al., 2017; Lu et al., 2010; Smyk et al., 2010). It should be noted that the proposed opening 
angle of the diffuser depends on the type of nozzle through which the liquid flows out (the 
specified angle is relevant for the flow of liquid through the hole in the form of a compact jet 
of liquid). 

Based on our own preliminary calculations and experimental studies, the mixing 
chamber is made of a combined one – with an initial conical and subsequent cylindrical 
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sections. The opening angle of the conical part is 3–8° smaller than the angle of the liquid 
spray torch (Ponomarenko V.V., Sliusenko A. M. (2020), Liquid-gas ejector, UA Patent 
122296). With this design, the annular gap between the torch of the atomized liquid and the 
conical wall at the beginning of the receiving chamber ensures guaranteed ejection of the gas 
phase and contributes to the creation of a zone of high rarefaction (Singh et al., 2019). 

The transition to the cylindrical part of the mixing chamber of the ejector takes place at 
the point of impact of liquid drops against its walls, which ensures the operation of the ejector 
without the formation of reverse circulation flows (Tang et al., 2019). The diameter of the 
cylindrical mixing chamber is selected from the condition of achieving the maximum ejection 
coefficient (optimal value of the main geometric parameter of the ejector) (Al-Manea and Al-
Jadir, 2021; Yan et al., 2022). Thus, this leads to an increase in the efficiency and k cone of 
the ejector. 

When the opening angle of the conical part of the mixing chamber is less than 3° for 
the angle of the liquid spray torch, liquid drops will fall on the conical wall and move along 
it, which leads to an increase in hydraulic resistance (Wang et al., 2019). If the angle of 
expansion of the conical part of the mixing chamber is greater than 8° of the angle of the 
liquid spray torch, the liquid drops will not touch the conical walls, the gap between the inner 
surface of the conical part of the mixing chamber and the outer surface of the spray torch will 
increase, reverse circulation flows will occur, and the ejection coefficient will decrease (Lu 
et al., 2010). 

 
Mathematical modeling of the ejection process in an ejector with a conical-

cylindrical mixing chamber 
 

For mathematical modeling of the ejection process in the ejector with a combined 
mixing chamber, two characteristic zones were chosen (Figure 1). 

Zone 1 – passive flow ejection zone (conical section of the mixing chamber between 
sections I – I and II – II). 

.0 c py l  , 
where lc.p – length of the conical part of the mixing chamber. 

 
Boundary conditions for the section I – I. 
The conical part of the mixing chamber also serves as the receiving chamber of the 

ejector. In this zone, due to the friction between the phases, part of the energy is converted 
into heat (Lu et al., 2010). However, in the first approximation, we will not consider these 
transient processes. 

The speed of the liquid from the nozzle of the nozzle is found from the expression: 
2··

·
І

l
l

РV 



 ,                                                            (1) 

and fluid consumption ( ·І
l l nQ V f ): 

2·· ·
·l n
l

РQ f



 ,                                                         (2) 

where  μ – injector flow rate; fn – area of the nozzle; ∆Р – the pressure difference under which 
the liquid is sprayed from the nozzle of the nozzle; ρl – density of the liquid. 
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The gas phase is ejected from the receiving chamber of the ejector, which moves along 
with the active flow. Let's write down the mass balance equation for the input I-I and output 
II-II sections: 

І І ІІ ІІІ
l g mix mixm m m m   .                                                     (3) 

Note that the mass of the mixture at the end of the first zone ІІ
mixm  is equal to the mass 

of the mixture at the exit from the ejector ІIІ
mixm . 

The mass flow of each of the flows can be found if its speed in the given section is 
known: 

· ·i i i im V F ,                                                             (4) 
where    ρі – density of the i-th phase; 

  Vі – velocity of the corresponding phase in the i-th section; 
   Fі – area of the i-th section. 

Express the mass flow of liquid in the inlet section І – І: 
2

·
·2·· · · ·
4

І І n
l l l n l

l

dPm V f   



  .                                         (5) 

Mass flow of the gas phase in the inlet section І – І: 

 2 2
. .· · · · ·

4
І І І
g g g c p g g c min nm V f V D d

    ,                                    (6) 

where  ρg – density of the gas; 
.c pf  – the area of the annular channel (gap) between the nozzle and the beginning of 

the conical part of the mixing chamber. 
 

Zone 2 is a zone of simultaneous movement of phases (cylindrical part of the mixing 
chamber between sections II - II and III - III). 

In this zone, there is a compatible movement of phases to the exit from the mixing 
chamber with the alignment of all kinematic and energy characteristics (Yan et al., 2022). If 
the liquid and gas at the beginning of the zone in section II - II have different velocities, then 
at the exit in section III - III, the flow rate of the phases does not change, but only their 
redistribution along the cross section and equalization of velocities occurs. 

The mass flow rate of the mixture in the initial section III – III: 
2

.
.

·· · · ·
4

ІІІ ІІІ ІІІ m c
mix mix mix m c mix mix

Dm V F V 
   .                                          (7) 

where Dm.c – diameter cylindrical part of the mixing chamber. 
The energy balance equation in the form of Bernoulli's equation (Sliusenko et al., 2021) 

(the energy balance is not related to weight, but to a unit volume of liquid 
mV


 ) for 

sections I-I and III-III: 

     2 2 2

2· 2· 2·

І І ІІІ
l g mixV V V

p
g g g

    ,                                          (8) 

where g – acceleration of gravity; 
∆р – specific losses of flow energy between sections I - I and III - III 
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І ІІ ІІ ІІІр р р      ,                                                   (9) 

where І ІІр  – specific input energy losses of the phases between sections I–I and II–II; 

  ІІ ІІІр  – specific energy losses of the mixture between sections II–II and III–III 
(along the length of the cylindrical part of the mixing chamber). 

Energy losses in the conical ejection zone are determined by Bord's formula: 

 2

·
2·

І
lІ ІІ

V
р

g
  ,                                                     (10) 

where ς – total resistance coefficient of the conical section: 
.e c p    ,                                                          (11) 

where e  – coefficient of resistance to expansion; .c p – the resistance coefficient along the 
length of the conical part can be determined by the formula: 

.
.

.

· c p
c p

c p

l
D

  ,                                                        (12) 

where λ – resistance coefficient along the length of the pipe (depends on the viscosity and 
roughness of the pipe); 
          Dc.p – the average diameter of the conical part of the ejector: 

.min .max
.

3
4

c c
c p

D DD 
              

Energy losses in the cylindrical part of the mixing chamber ІІ ІІІΔр  : 

 2

·
2·

ІІІ
mixІІ ІІІ

c

V
р

g
  ,                                                  (13) 

where c  – resistance coefficient along the length of the cylindrical part of the mixing 
chamber: 

.

· c
c

m c

l
D

  ,                                                          (14) 

wherelc – length of the cylindrical part of the mixing chamber. 
The length of the mixing chamber is chosen so that the velocity of the liquid and gas 

phases at its exit are the same: 
ІІІ ІІІ ІІІ

g l mixV V V  .  
We also note that the mass flow rate of both gas and liquid phases in the cross section 

III–III is equal to the mass flow rate of these phases in the cross section II–II. The cylindrical 
part of the mixing chamber is intended only for transporting phases and equalizing flow 
characteristics (velocities, cross-sectional concentrations) due to exchange processes 
between them (Yan et al., 2022). 

After writing down all the balance equations, we will find one of the main 
characteristics of the ejector (Ponomarenko et al., 2015) – the consumption of the gas phase, 
and therefore the ejection coefficient. 

The mass flow rate of the gas phase is determined from the mass balance equation (3): 
І ІІІ І
g mix lm m m  .                                                    (15) 
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In order to determine the mass of the mixture at the exit from the mixing chamber 
(section III–III), it is necessary to determine the speed ІІІ

mixV . The latter can be found from 
equation (8): 

     2 2 2

2· 2· 2·

ІІІ І І
mix l gV V V

р
g g g

    .  

After the transformation, we have: 

   2 2
2·ІІІ І І

mix l gV V V g р    .                                        (16) 

From the mass balance equation (3), substituting the corresponding expressions: 

 
2 2

2 2 .
.

· · 2·· · · · · · · ·
4 4 4

І ІІІ m c n
g g c min n mix mix l

l

D d РV D d V     



   ·               (17) 

we will find the velocity of the gas phase.  
The density of the mixture depends on:  

 · 1 ·mix l g                                                    (18) 
where β – liquid content per unit volume of the mixture. 

Let's perform a number of simple transformations and enter the notation of expressions: 
2 2 2 2

. .· ·g c p mix m cа f F   ,                                               (19) 

 .2· · · · ·І
g c p l l nb f V f  ,                                            (20) 

   2 22 2 2 2 2 2
. .· · · · 2· · ·І І

l l n l mix m c mix m cс V f V F р g F       ,                        (21) 

Equation (17) will take the form: 

   2
· · 0І І

g ga V b V c   .                                            (22) 

Its roots: 

 
2

1,2

4· ·
2·

І
g

b b a cV
a

  
 .                                          (23) 

One of the roots, as the calculations show, has a negative value and it is not accepted in 
the further calculation. 

After finding the speed of the gas phase at the entrance to the mixing chamber, its flow 
rate is determined: 

  .·І
g g c pQ V f .                                                 (24) 

With a known flow rate of the gas phase, the ejection coefficient is unambiguously 
found. 

Thus, the proposed calculation method allows you to determine the flow rate of the gas 
phase, and therefore the ejection coefficient of the liquid-gas ejector with a conical-
cylindrical mixing chamber. 

 
Model validation 
 
The adequacy of the mathematical model is checked by comparing the calculated 

ejection coefficient with its experimental value. 
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The algorithm for finding the ejection coefficient according to the proposed by us 
mathematical model is as follows. 

1.Given the known nozzle flow coefficient μ and the pressure under which spraying ∆Р 
occurs, determine the fluid velocity at the exit from the injector nozzle according to equation 
(1) 

2··І
l

l

РV 



 . 

2.With a given diameter of the injector nozzle, determine the volume flow of liquid 
according to equation (2) 

2·· ·l n
l

РQ f



 . 

3.Determine the energy losses in the conical part of the mixing chamber according to 
formula (10) 

 2

·
2·

І
lІ ІІ

V
р

g
  . 

4.Find the total resistance coefficient ς of the conical part, if all the structural 
dimensions of the ejector are known. 

5. Determine the energy losses in the cylindrical part of the mixing chamber according 
to formula (13) 

 2

·
2·

ІІІ
mixІІ ІІІ

c

V
р

g
  . 

6.Calculate the total energy losses in the ejector mixing chamber according to formula 
(9): 

І ІІ ІІ ІІІр р р      . 
7.Determine the unknowns a, b, c using formulas (19-21): 

2 2 2 2
. .· ·g c p mix m cа f F   , 

 .2· · · · ·І
g c p l l nb f V f  , 

   2 22 2 2 2 2 2
. .· · · · 2· · ·І І

l l n l mix m c mix m cс V f V F р g F       . 

8.If a, b, c are known, determine the gas velocity at the entrance to the mixing chamber 
according to formula (23) 

 
2

1,2

4· ·
2·

І
g

b b a cV
a

  
 . 

9.Calculate the volume flow of gas at the entrance to the conical part of the mixing 
chamber according to formula (24) 

  .·І
g g c pQ V f . 

10.With known volume flow rates of liquid and gas, determine the volume coefficient 
of ejection of the liquid-gas ejector according to the formula: 

/g lk Q Q . 
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Comparative data of the results of calculating ejection coefficients based on the 
developed mathematical model and experimental data (own research) for an ejector with a 
conical-cylindrical (combined) mixing chamber are presented in Table 1. As for the accuracy 
of the obtained results, the calculations were performed with accuracy to the fourth 
significant digit. Experimental studies were carried out at least three times, the exclusion of 
gross errors was carried out according to the Student's criterion at a significance level of 0.05, 
and the average arithmetic value of the ejection coefficient was taken. 

The work of the ejector is characterized by accompanying processes (cavitation, shock 
waves, liquid evaporation) (Besagni et al., 2017; Jafarian et al., 2016), which are 
accompanied by redistribution of energy and its losses, which are extremely difficult to take 
into account analytically. Therefore, to correlate the calculated ejection coefficient, an 
experimental constant was found and its average value was determined. 

 
Table 1 

Comparative data of calculated ejection coefficients with experimental ones 
 

No of 
experiment 

 

Liquid supply 
pressure P, MPa 

Ejection coefficient Correction 
factor calculated experimental 

1 0.05 1.152 3.652 3.17 
2 0.1 1.208 3.908 3.235 
3 0.15 1.254 4.295 3.425 
4 0.2 1.305 4.728 3.622 
5 0.25 1.361 4.825 3.545 

Average value - - - 3.4 
 

The graph of the dependence of the ejection coefficient (experimental and calculated) 
on the liquid pressure with the average value of the experimental constant equal to 3.4 is 
presented in Figure 4. 

 

 
 

Figure 4. Dependence of the experimental and theoretical ejection coefficient k on the liquid 
pressure P in the nozzle for an ejector with dn = 4 mm, Dm.c = 19 mm (m = 22.56) 
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At the nominal operating mode of the ejector of 0.1–0.2 MPa, the error in determining 
the ejection coefficient does not exceed 5%. 

A comparison of own results of determination of ejection coefficients with results of 
other researchers was carried out. When determining the ejection coefficient according to the 
data of Sokolov-Zinger (Shestopalov et al., 2016; Wang et al., 2023) when using the 
theoretical pressure characteristic (graph of the dependence of the ejection coefficient on the 
pressure) for an ejector with the main geometric characteristic according to our researches m 
= D2

m.c / d2
n = 192 / 42 = 22.56 the maximum value of the ejection coefficient reaches a value 

of 4.8 when: 
 

Δpc / Δpр = (pc – pl) / (pр – pl) = 0.038, 
 

where pc – pressure of the mixture at the exit from the ejector, MPa (pc = 0.1 МPа); 
        pр – pressure of the active medium, MPa (pр = 0.25 МPа); 
        pl – pressure of a low-pressure medium, MPa (pl = 0.006 МPа). 

This value of the ejection coefficient was recorded by us during experimental studies of 
ejection processes in an ejector with a combined mixing chamber at the pressure of the active 
medium pр = 0.25 MPa. 

When the pressure of the active medium increases, the ejection coefficient of the 
innovative ejector reaches higher values than the k ejector with a cylindrical mixing chamber 
(Ponomarenko et al., 2020), which is explained by the presence of the initial conical part of 
the mixing chamber, as a result of which the formation of reverse-circulation flows of phases 
is prevented. 

 
Conclusions 
 

1. The selection of the main dimensions of the innovative ejector with a conical-cylindrical 
mixing chamber is justified. In particular, the angle of the conical part of the ejector is 
taken to be 3-8° smaller than the angle of the liquid spray plume, which ensures the 
operation of the ejector works without the formation of reverse circulation flows. 

2. A mathematical model of the ejection process based on the mass and energy balance 
equations is proposed (the energy balance is written in the form of the Bernoulli 
equation) and an algorithm for finding the main operating characteristic of the ejector – 
the theoretical ejection coefficient – is given. 

3. The average value of the experimental constant is set, which is equal to 3.4, which 
allows determining the valid ejection coefficient. 

4. The ejector with a combined mixing chamber is recommended for use in mass transfer 
processes of food production, in particular during sulfitation of sugar production liquids, 
which is explained by its higher ejection coefficient by 15-55% compared to the ejector 
with a cylindrical mixing chamber. 
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