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Abstract: Ejectors have found wide application in various industries due to 

their simplicity, unpretentiousness to operating conditions, absence of tribological 

problems, etc. Their main drawback is related to the low efficiency, which is at the 

level of about 30%.

The need to improve operational characteristics led to the creation of an 

innovative ejector with a combined mixing chamber (initial conical and subsequent 

cylindrical parts). A mathematical model based on balance equations is proposed for 

the possibility of determining the ejection coefficient (the main flow rate 

characteristic) when designing or auditing equipment.

Key words: ejector, combined mixing chamber, balance equations, ejection 

coefficient

І. Introduction

Jet device (ejector) is quite simple and reliable equipment that has not 

fundamentally changed since its invention, and at the same time it is complex from 

the point of view of the processes that take place in the flow part [1, 2, 3]. A 

significant drawback of these devices is the low efficiency which usually does not 

exceed 30%, which is an incentive to search for more advanced designs.
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Since the main constituent elements of the jet device are the inlet chamber, 

mixing chamber (MC), nozzle and diffuser, their design, position relative to other 

elements and geometric dimensions have a significant impact on the effective 

operation of the ejector.

One component of the low energy efficiency of ejectors is the significant 

hydraulic resistance of the liquid jet flowing from the nozzle into the space limited by 

the solid walls of the mixing chamber. Moreover, the larger the ratio of the diameters 

of the openings of nozzle and the mixing chamber, the higher the resistance [4]. In 

addition, in the zone between the outer contour of the liquid jet and the wall of the 

mixing chamber, a circulating vortex zone of the water-air mixture is formed, which 

also leads to energy losses. Such flows were visually observed by us during studies of 

the work of ejectors with a transparent mixing chamber.

It is obvious that the elimination of such circulation zones by improvement of 

the ejector design will lead to a decrease in the input resistance of the active flow and 

an increase in its efficiency. To implement such an improvement, a design of a jet 

device with a conical-cylindrical (combined) mixing chamber was developed [5].

To be able to design such devices, it is necessary to have a mathematical 

device that will allow you to determine its main operating characteristics, taking into 

account the design features (the initial conical part of the mixing chamber) and 

provide the necessary consumption characteristics.

Examples of technological processes in the sugar industry that can be carried 

out in jet devices are sulfitation (treatment of water, sugar syrup with a gas containing 

SO2), saturation (treatment of a sugar solution with saturation gas containing 

35...40% CO2), deammonization (removal of ammonia from condensates). The 

undeniable advantages of jet devices make it possible to use them for utilizing 

emissions from sugar factories, which helps reduce material and energy costs for 

production and improves the environmental situation [6]. Ejection devices with a
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combined mixing chamber can be used to improve these processes, provided they are 

properly designed. In case of incorrect calculation of the main dimensions of the 

device, it is even possible to deteriorate the operational and technological parameters.

Let's examine the principle of calculating the ejector with a cylindrical-conical 

mixing chamber based on the classical approach based on the equations of 

conservation of mass and energy. [7, 8, 9]

Ii. Literature Analysis

Let's look at the mathematical model of an ejector with a conical-cylindrical 

mixing chamber based on balance equations. Fig. 1 shows the calculation scheme of 

the jet device. Flows in the mixing chamber of the jet device are characterized by the 

following parameters (the upper index shows which section the indicator refers to):

Р  -  fluid pressure at the outlet of the nozzle;

Pg -  pressure (negative pressure) in the receiving chamber;

Pggg -  the pressure of the liquid-gas mixture at the boundary of the conical and 

cylindrical parts of the mixing chamber;

Pggg -  the pressure of the liquid-gas mixture at the exit from the mixing 

chamber;

Vj1 -  fluid speed at the exit from nozzle;

V І -  gas velocity at the entrance to the mixing chamber;

V ІІ -  the velocity of the liquid-gas mixture at the boundary of the conical and 

cylindrical parts of the mixing chamber;

Vg -  the velocity of the liquid-gas mixture at the exit from the mixing 

chamber.

Inferior indexes: l -  liquid, g -  gas, m -  mixture.

Upper indexes: g -  cross section 1-І, gg -  cross section ІІ-ІІ, ggg -  cross section

Ш-Ш.
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Ill

Fig. 1. Calculation scheme of the jet device 

1 -  working nozzle; 2 -  inlet chamber; 3 -  mixing chamber

Let’s look at two zones:

1. Passive flow ejection zone (conical section of the mixing chamber between 

sections I - I and II - II).

O < y  < lc ,

where /c -  length of the conical part of the mixing chamber.

The speed of the liquid from the nozzle of the nozzle is found from the 

expression:

V/1 =M

and liquid flow rate (Q  = V1 f m):

Ql = Pf n, ,
Р/

where fi -  nozzle flow rate coefficient;

АР -  the pressure difference under which the liquid is dispersed from the

nozzle of the nozzle.

Let's write down the mass balance equation for the input I-I and output II-II

sections:

m1, + m1 = m11 = m11 1 . (1)/  g  m mm1, + m1 = m
l  g  >

, i
m
i i

m
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Note that the mass of the mixture at the end of the first zone m j1 is equal to the 

mass of the mixture at the exit from the ejector mmin.

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

given section:

mi =PViFi , (2)

where pi -  density of the i-th phase;

Vi -  velocity of the corresponding phase in the i-th section;

Fi -  area of the i-th section.

Let’s express the mass flow of liquid in the inlet section І  - 1:

mg Р Ґ , .  fa. (4)

where f  c - the area of the annular channel (gap) between the nozzle and the 

beginning of the conical part of the mixing chamber.

2. Zone of combined movement of phases (the cylindrical part of the mixing 

chamber between the sections ІІ -  ІІ and ІІІ -  ІІІ).

The mass flow rate of the mixture in the initial cross-section ІІІ -  ІІІ:

ІІІ  Т /Ш  T7 _  I f  ІІІm = p  V F = p  Vm r  m m mc r  m m

2
mc

4 (5)

The energy balance equation in the form of the Bernoulli equation (the energy

mbalance related to a unit volume of liquid V = —) for sections І  - 1 and ІІІ -  ІІІ:
p

where

VL VL &
2g 2g 2g

+ Ap, (5*)

Ap -  specific flow energy loss between sections І  - 1 and ІІІ -  ІІІ

Ар = Ар1 ~п + Ар11 ~ш , (6)

where Ар1 11 -  specific input energy loss of phases between cross-sections І  - 1 

and ІІ -  ІІ;

Ар11 ~ш -  specific energy loss of the mixture between the sections ІІ -  ІІ and 

ІІІ -  ІІІ (along the length of the cylindrical part of the mixing chamber).

The length of the mixing chamber is designed so that the velocity of the liquid
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and gas phases at its exit are the same, which is possible with complete mixing of the 

flows:

Vш = V,ш = Vшg  l m

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.

From the mass balance equation (1), we find the flow rate of the gas phase 

through the ejector:

m1 = m111 — m] . (11)g  m l  v /

If we substitute speed in equation (11) V^1 (determined from the equation

(5*)) and the mass flow equation of liquid, then we get:

VIII
m 4 (v '  )2+(v  У -  2g  ■ д р . (12)

V Pг f (  Dim, - dl )= Vm Pm ̂ — p (13)

where pm -  mixture density:

Pm = a p + ( l-  a ) Pg

where a  -  liquid content per unit volume of the mixture. 

Let’s introduce the following notations of expressions:
2 rl 2 r 2

а = Pg J a.c — PmFmc ,

b = 2Pgfac (Vl' )Plfm >

c =(v, !  p2, 1  —(i  ' f  pm I + I p g  ■ pIf i  ,

Equation (13) will take the form of a quadratic equation:

a ( V/ ) 2+ b ( V/ )  + c = 0

(14)

(15)

(16)

(17)

(18)

As the calculations show, one root has a negative value and it is not taken into 

account in the further calculation.

After finding the velocity of the gas phase at the entrance to the mixing 

chamber, its flow rate is determined from the equation of non-discontinuity, and the
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ejection coefficient is unambiguously found.

Thus, the proposed calculation method allows you to determine the ejection 

coefficient of a liquid-gas ejector with a conical-cylindrical mixing chamber.

Conclusion: For devices with a combined mixing chamber, taking into account 

its design features (the initial conical part of the mixing chamber), an algorithm for 

determining the ejection coefficient is proposed on the basis of balance equations.

These calculations are necessary when designing ejectors with given 

consumption characteristics according to the technological regulations.

Further research will be aimed at refining the proposed methodology by 

introducing correction factors that take into account complex hydrodynamic 

phenomena that take place in the flow part of the mixing chamber.
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