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or profiled internal plunger from a dimensionless radius. It
was found that the greater the uneven distribution of the
swirling flow velocity is, the more the values of the Coriolis
and Boussinesq coefficients will be greater than one. Coriolis
and Boussinesq coefficients reach their maximum values in
the sections where there is an inverse, counter current flow.
For the swirling component of the flow motion with a conical
plunger, the Coriolis and Boussinesq coefficients are less than
one and do not obey the laws, which are typical for the
translational motion. With a profile plunger in the output
section of the cyclone, the vortex flow regime is again
established and the coefficients are less than unity.

Abstract
The results of the calculation of the Coriolis and the
Boussinesq’s coefficients for the swirling flow in a parallel
flow cyclone which separation camera has a variable crosssection due to the presence of plunger of the central vortex are
considered. Calculations are made in the automated system,
developed by the authors according to the regression
dependencies of the experimental profiles of the full speed
vector and angle of its tilt for conical or a profiled inner
plunger from the dimensionless radius. Approaches to the
description of the motion of a swirling conveying flow based
on: the imposition of a flat flow on the potential rotation are
considered; the Bernoulli equation and the constant angular
momentum along the channel radius; the theory of fluid
motion in a centrifugal nozzle; using the equations of
continuity, conservation of energy and state with the use of
the empirical dependences for viscosity and the differential
Navier-Stokes equations for describing the axially symmetric
motion of the continuous phase are considered. Their
shortcomings are indicated. The Coriolis coefficient takes into
account the nonuniformity of the velocity distribution over the
cross section of the flow and is equal to the ratio of the actual
kinetic energy of the flow passing through the given section of
the tester to the kinetic energy calculated from the average
speed. The Boussinesq's momentum coefficient is equal to the
ratio of the true amount of motion, calculated considering the
uneven velocity distribution, to the flow of momentum
calculated at the average speed. In the scientific and technical
literature, these coefficients are defined only for the
translational flows, without imposing rotational, vibrational,
vortex and other additional components of motion on them.
The results of a numerical calculation of the Coriolis and
Boussinesq coefficients for a swirling flow in a direct-flow
cyclone, which separation chamber has a variable cross
section because of the presence of a central vortex displacer in
it, are presented. The calculations were carried out in an
automated system developed by the authors in terms of the
regression dependences of the experimental profiles of the
total velocity vector and its angle of inclination for a conical

Keywords: automated system, uniflow cyclone, profiled
plunger, angle of inclination of the full-velocity vector, field
of full, axial and tangential velocity, Coriolis coefficient,
Boussinesq coefficient.

INTRODUCTION
Swirling flows are widely used for the intensification of
various technological processes (drying, separation, welding
and many others). Swirling flows are characterized by large
local gradients of both velocities and other parameters, and
are accompanied by complex hydrodynamic phenomena that
appear, apparently, as a result of the action of various
mechanisms. The structures of the flows under consideration
are formed mainly by the action of the centrifugal force and
the Coriolis effect [1]. However, the study [2] of the influence
of the Coriolis force in dust-collecting testers with swirling
flows showed that the Coriolis force has no noticeable effect
on the velocity of solid particles in the circumferential
direction. At the same time, knowledge of some physical
processes in turbulent two-phase swirling flows remains still
insufficient.
The description of the motion of a swirling conveying flow is
based, as a rule, on one of the four different approaches:
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1) the flow is represented as a superposition of a flat drain on
the potential rotation [3-6]. The calculation method relies on
the use of the empirical coefficients and provides the
determination of the hydraulic resistance only [3, 7];

area Fk to kinetic energy Eср calculated from the average
speed in the same section [30]:

Е
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2) One can use the Bernoulli equation and the extremal
principle for one of the characteristics of the flow, while
preserving the angular momentum along the radius of the
channel [8, 9], based on the theory of fluid motion in a
centrifugal nozzle [8, 9]. The disadvantages of this approach
are a rough schematization of the flow and a lack of
consideration of the features of motion in the axile zone of the
canal [10, 11];
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where m   gWcp Fk – the mass of the gas flowing through
the cross section Fk at a time, W  W / Wcp – relative rate of
flow.
Thus, this correction factor accounts for the uneven velocity
distribution in the quick flow section. Coriolis coefficient
depends on the way the fluid flows. It is 2 for the laminar
regime, and 1.13 ... 1.15 [32] for the turbulent regime.

3) One can apply the Bernoulli equation for the motion of
liquid in a spiral chamber. This method requires preliminary
determination of a number of characteristics that depend on
the geometric parameters of the channel, and does not provide
for the determination of all velocity components [11]. The
drawbacks of these methods considerably narrow the area of
their application for the calculation of a swirling flow;

Similarly to the Coriolis coefficient, another coefficient, bk, is
used in the calculations of pump and compressor equipment,
which is the ratio of the true number of brush movement,
calculated taking into account the uneven distribution of
velocities, to the momentum flow Kср, calculated at an
average speed of [30]:

4) The description of the axially symmetric motion of a
continuous phase with rotation is based on the use of the
differential Navier-Stokes equations, which are simplified
depending on the formulation of the problem and the accepted
physical flow model, as well as the continuity, energy and
state conservation equations using empirical dependences for
viscosity [12-29].
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This coefficient also takes into account the uneven velocity
distribution in the quick flow section. It is called the
coefficient of momentum or Boussinesq coefficient. There is a
relation for symmetrical velocity profiles between the
coefficients αk and bk:

DERIVATION OF EQUATIONS FOR CALCULATING
THE CORIOLIS AND BOUSSINESQ COEFFICIENTS
It is known that the basic equation of hydraulics since 1740 is
the Bernoulli’s equation, which is the law of conservation of
energy for the liquid. This equation has been successfully
applied in a wide range of hydraulic and aerodynamic
applications, and in particular, in determining the hydraulic
characteristics of various types of technical devices.
Bernoulli’s equation for incompressible gas is as follows [30,
31]:

g
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 k  3bk  2,  k  1, bk  1 [30, 33] .
In other cases:

 k  or  k  3bk  2
Therefore, in general, you should use a more exact correlation
[30]:
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where subscripts 1 and 2 are the cross sections at the entrance
to the cyclone and in the exhaust pipe; z – the distance
between the sections; P – hydraulic pressure loss (both local
and friction) in the cyclone; P1 – P2 – static pressure drop
measured according to the indication of a U-shaped
manometer [m] and which is equal gh , [Pa]; ρ – density of
water; W1, W2 – average flow velocity in the annular space at
the inlet of a cyclone and an exhaust passage; ρg – air density;
αk – Coriolis coefficient.
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It should be noted that in the scientific literature these
coefficients are defined for translational movements without
imposing on them the rotational, vibrational, and other
additional vortex motion components. In some applications,
these additional components may exceed the principal
translational speed several times. Thus, in a parallel flow
cyclone with intermediate dust extraction (Fig. 1) the
tangential velocity component may exceed the axial
component in 2 – 2.5 times [34]. Neglect of this fact leads to
significant errors in the assessment of the hydraulic
characteristics of flow with superimposed movements.

Kinetic Bernoulli’s equation member comprises Coriolis
coefficient which represents the ratio of the flow kinetic
energy Eист passing through a given unit’s section, with an
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solid and quasi-potentional areas of the flow are detected [6,
7]. These flows have qualitatively different tangential velocity
gradients which are balanced by the maximum value of the
tangential velocity at the boundary of the quasi-solid flow
core. An estimation of the average integral over the cross
section is debatable for the average tangential velocity.
Opposing assessments were:
– average integral radial angular velocity:

ср 

We had a problem in determining the correction coeficcients
(Coriolis and Boussinesq) attempting to take into account the
second component of the velocity when applying rotary
motion to linear motion. The logical way out of this situation
was the proposal for the three values of each correction
coefficient: 1 – the coefficient values for the unevenness of
the translational velocity component; 2 – the non-uniformity
of the tangential component of the velocity; 3 – unevenness of
the full speed (i.e. the vector sum of translational and
tangential velocity). As for the forward movement, we can
find some ways to average the speed by the quick flow cross
section in the scientific literature, in particular, calculating the
mean integral value by the cross section value. But averaging
the tangential and full speeds was debatable.
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– average energetic cross-section angular velocity (on the
kinetic energy of the flow):
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Furthermore, there are essential uneven pressure distribution
of the gas flow in rotation, and, consequently, unevenness of
density distribution, and eventually, the uneven distribution of
mass during the rotation of gaseous bodies. Since the massdensity-pressure of an ideal gas, respectively, are in direct
proportion, then m ~ Pr  . Then average momentum cross
section angular velocity would be equal to:
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where r  r R – dimensionless radius; – cyclone radius. In
this case, the Coriolis and Boussinesq’s coefficients are:
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coefficients – in case of the rotational movement is no longer
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– average momentum cross-section angular velocity:

During the discussion of the secondary rotation phenomenon
an average linear velocity of the rotary motion was proposed,
but then has been rejected due to the unphysical description of
the tangential velocity in the radial direction. As a parameter
of an averaged rotational movement an average angular
rotation rate at the solid-state of the conventional averaged
flow. Thus, we had to give up on the average speed in the
linear dimension in the rotational motion averaging model and
proceed to the average speed in the angular dimension. Then,
an average speed Wcp – a member of the correction
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– average integral cross-section angular velocity:

Figure 1. Main screen of the automated system for calculating
the Coriolis and Boussinesq’s coefficients and measuring
points T1-T16 of full speed
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A prerequisite for the further discussion was a heterogeneity
flow pattern during its rotation, since in this case the quasi-
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Average energetic evaluation was dismissed because of the
substantial non-potentiality rotational motion. By virtue of the
law of conservation of momentum motion while rotating
priority is left to the average momentum evaluation.

Result output
The structure of the automated system for calculating the
Coriolis and Boussinesq coefficients.
Figure 2. The structure of the automated system

The hydrodynamic study of the strait flow cyclone with
intermediate dust extraction (Fig. 1) [5-7] have led to the need
of determining the Coriolis and Boussinesq’s coefficients in a
swirling flow in the annular channel of variable section,
because according to the available information in the literature
there are data about this coefficients only in terms of
translational motion [1, 4]. For this purpose we have been
previously measured field velocities.

One should fill in the initial data for the calculation of the
Coriolis and Boussinesq’s coefficients for the K1
configuration using the input form (Fig. 3), available on the
button "K1" of the main screen of the automated system.
There are the same input of the initial data for the
configuration of the cyclone K2.

The results obtained in [36] full speed approximations,
regression dependence of the angle of inclination γ of the
velocity vector of the relative radius published in the work
[34], allow us to calculate the Coriolis and Boussinesq’s
coefficients for swirling flows in the annular channel of
variable section. At the same time the axial velocity is defined
by Wz  W sin  , and tangential – W  W cos , where W
– full speed.

Results of the numerical investigation for plunger
configurations K1 (conical) and K2 (profiled) are presented in
Tables 1 and 2, respectively, and Fig. 4. The tables are
darkened for clarity of perception of cells in which the
Coriolis Boussinesq’s coefficients are less than unity.

DISCUSSION OF THE CALCULATION RESULTS FOR
THE CORIOLIS AND BOUSSINESQ COEFFICIENTS

The integrals for the true values of kinetic energy and quantity
of motion and the average angular velocity, were calculated
by approximations [7] by the trapeze. The calculation was
carried out for 10 measuring points (T7-T16) along the length
of the cyclone separately to full speed, as well as the axial
(translational motion) and tangential (rotational movement)
components using an automated system, developed by the
authors (Fig. 1, [8]) . The structure of the automated system is
shown in Fig. 2.

Analysis of the data table. 1 and 2 showed that:
1. For the translational component of the swirling flow the
same pattern observed for linear flows are performed. The
more uneven the distribution rate is, the more value of the
Coriolis and Boussinesq’s coefficients becomes greater than
one, which conforms with the results of I. E. Idelchik and I. R.
Shchekin’s studies [1, 4]. A maximum value of 3.6 (for K1
see. Table. 1) and 4.4 (for K2, see. Table. 2) for the Coriolis
coefficient, and 1.7 (for K1) and 2.1 (for K2) for Boussinesq
coefficient is achieved in sections where there is the opposite
counter-current flow.
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Figure 3. The form of the initial data input for the calculation of the coefficients for the configuration K1

3. Calculation of the Coriolis and Boussinesq’s coefficients
Table 1. Calculation for parallel flow cyclone with intermediate dust extraction with a conical plunger (K1)
Measuring
point
Т7
Т8
Т9
Т10
Т11
Т12
Т13
Т14
Т15
Т16

full
0,97558
1,0 0079
0,96499
0,88946
0,89401
0,96387
0,91241
0,85938
1,11494
1,08392

Boussinesq coefficient
translatory
1,212267
1,379519
1,778988
1,578998
1,62432
1,516443
1,385296
2,055838
1,37734
1,240096

rotation
1,480844
1,0712
0,745901
0,659006
0,743153
0,756398
0,735584
0,73659
0,588892
0,627826

2425

full
0,95799
1,00314
0,93349
0,81755
0,81558
0,93735
0,84761
0,75865
1,30126
1,21758

Coriolis coefficient
translatory
1,55528
2,09357
3,61949
2,74953
2,95023
2,74172
2,09664
4,86029
2,37897
1,68107

rotation
1,482955
1,004195
0,649328
0,621976
0,411256
0,449779
0,434254
0,363123
0,65607
0,657976
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2. For the swirling component of the flow the Coriolis and
Boussinesq's coefficients do not obey the laws, specific to
forward motion. The average angular speed was calculated in
different ways: by averaging of the tangential velocity,
averaging of the angular velocity, calculation of the average
speed at the average angular momentum. The averaging was
radial, and cross-sectional area as well. Table. 1 and 2 show
the results of calculating average integral value at the crosssection angular velocity.

If we take a conical plunger K1 (see. Table. 1), when most of
the separation zone is free from the plunger, a swirling flow
gets set in the axial zone, making the Coriolis and
Boussinesq's coefficients take values less than one, which is
impossible according to the forward motion theory. If we take
a shaped plunger K2 (see. Table. 2) we can see that the
coefficients in most sections of the cyclone ratios are greater
than one, except for the outlet section, wherein the vortex
flow is established again and the coefficients are less than one.

Table 2. Calculation for parallel flow cyclone with intermediate dust extraction with a shaped plunger (K2)
Measurin Boussinesq coefficient
g point
full
translatory

Coriolis coefficient
full

translatory

full

translatory

Т7
Т8
Т9
Т10
Т11
Т12
Т13

1,03903
1,07365
1,33502
1,24216
1,14700
1,08700
1,00948

1,277608
1,315606
2,05359
2,12293
1,871349
1,440415
1,030506

1,720662
1,360699
1,604971
1,525919
1,623996
1,948732
2,997612

1,09239
1,16255
1,81963
1,55227
1,33232
1,18536
1,02199

1,79275
1,90733
4,12783
4,42683
3,6788
2,29285
1,08595

1,590799
1,213611
1,725324
1,420086
1,458417
1,832187
2,941431

Т14
Т15
Т16

1,00566
1,00350
1,04027

1,023146
1,028535
1,068038

2,998736
1,509153
0,850079

1,01306
1,01107
1,16103

1,06626
1,08734
1,21614

2,936117
1,472376
0,899464

3. Average full speed was also determined in different ways:
by averaging the full speed (given in Tables 1 and 2.) and by
calculating of average axial and tangential velocity
components. The alteration of the Coriolis and Boussinesq's
coefficients, in general, remains the same as for the angular
velocity component.
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