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Swirling MHD-flow in a closed channel with a circular cross-section
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In this article, the hydrodynamic characteristics of the liquid metal flow created inside a closed channel with

a circular cross-section by the combined action of travelling and rotating magnetic fields of different values of

the corresponding force parameters are investigated using numerical modeling. The dependences of the pressure

drop, flow rate, flow energy and other quantities on the value of the rotating magnetic field force parameter are

obtained.The influence of the intensity of the swirling of the liquid metal realized by the rotating magnetic field

on the characteristics of the flow created by the travelling magnetic field is assessed. The values of the force

parameter of the rotating magnetic field are obtained, at which it is possible to achieve an increase in the pressure

drop between the channel inlet and outlet due to the swirling of the flow, and assumptions are made about the

physical causes of this effect. The influence of structural elements in the considered channel configuration on the

flow properties is estimated.
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Introduction

Generation of magnetohydrodynamic (MHD) liquid

metal flows in circular cross-section channels is an important

process in modern iron and steel, and power engineering

technologies. In steel and iron industry, liquid metal is

transported from melting furnaces to foundries [1]. In power

engineering, liquid metal is used as coolant for fast neutron

nuclear power plants [2]. Besides motor pumps, electro-

magnetic pumps are widely used to create transit flow.

Pumping action in these pumps is initiated by contactless

electromagnetic force generation in liquid metal [3]. By the

method of current generation in metal, pumps are classified

into conduction and induction pumps [4,5]. Cylindrical line
induction pump (CLIP) appeared to be the most popular

one [4]. Such pumps, apart from extensive use in nuclear

industry where specifically high requirements for equipment

performance are established [6], are also widely used in test

bench studies [7]. Some features of pump operation may

serve as the basis for measurement procedures [8,9]. This

type of pumps is also used in steel and iron industry [10,11].
An adaptable design of such pumps capable of solving most

existing problems is currently not available, which is the

reason for continuous exploratory research [12].

CLIP is a set of short toroidal solenoid windings
”
put“

on the channel and connected to power supply in such a

way as to induce travelling magnetic field (TMF) in metal.

To isolate magnetic induction, an external yoke core is

used, and a cylindrical ferromagnetic insert is placed into

the channel, thus, turning the cylindrical channel into a slit

one [4,6,13]. It is the inductor and channel design that

provides the highest CLIP performance. Typical size of the

pump is about 1m, and the size of a slit gap, via which

liquid metal flows, is from 3 mm to 10mm. Typical melt

velocity in the channel varies from several centimeters per

second to several meters per second.

However, there are several issues with CLIP operation.

The first of them is associated with the fact that there

must be an electromagnetic pump mounted on the existing

cylindrical channel without dismantling. In this case, there

is no passive core with a ferromagnetic material in the

channel, and the channel is cylindrical, rather than slit, i.e.

the above-mentioned CLIP design is not suitable because

the force will be generated near the channel wall. This in

turn will induce reverse flow through the central part of the

channel and considerably reduce the pump performance.

It is necessary to modify the pump design to ensure

the most homogeneous force profile across the channel.

The second problem is in the absence of azimuthal force

component and, consequently, of azimuthal velocity in the

CLIP channel. Although the pump is manufactured with

utmost care, it is very difficult to maintain a uniform gap.

This leads to nonuniform velocity in the channel, occurrence

of dead zones where contaminations or gas inclusions are

formed, and hot spots, which reduce performance and cause

flow rate fluctuations.

These problems may be solved by means of a demount-

able inductor, which is discussed in this work and whose

equivalent is described in [14]. The inductor is used to

generate both travelling and rotating magnetic fields (RMF)
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Figure 1. a — simulated domain in the z y plane: 1 — main cylindrical channel, 2 — closing channel, 3 — diffuser, 4 — confuser, 5 —
travelling or rotating field inductor; b — TMF inductor diagram: 1 — cylindrical channel, 2 — six-piece magnetic field inductor, 3 —
generating coils; c — RMF inductor diagram: 1 — cylindrical channel, 2 — six-piece magnetic field inductor, 3 — generating coils.

with online control of each of them. Impact of RMF

created by an inductor identical design on liquid metal flow

properties was explored in [15]. Its high efficiency and ease

of rotating flow generation are demonstrated. In [13], focus
was made on the impact of only inductor-generated TMF

on the flow. An effective flow rate calculation method

was proposed and is used in this work. It was found

that the additional inserted channel improves integral flow

characteristics, in particular, due to reducing reverse flow

intensity. Nevertheless, even when there is no insert in the

empty channel, TMF generates transit flow with adequate

flow rate. Joint action of TMF and RMF is extensively

studied in terms of improvement of liquid metal alloy mixing

processes. Many papers [16–19] show the efficiency of

this approach, however, the vast majority of them discuss

liquid metal flow in limited cylindrical cells, rather than in

channels. Effect of magnetic fields on liquid metal was also

explored, for example, in terms of separation problems [20].
However, transit flow in the channel was not included in

these problems.

This work investigates the properties of liquid metal

flow induced in the closed circular cross-section channel

by the joint action of TMF and RMF. The channel has

no any inserts. The electromagnetic force is produced in

a contactless manner by an external inductor. Inductor

length, which defines the size of the field of action of the

electromagnetic forces, is much shorter than the channel

length. This setting features coincident fields of action of

TMF and RMF, while the intensity of these magnetic fields

can be set separately. TMF induces the electromagnetic

force that is predominantly directed along the channel

axis and generates the transit flow. RMF induces the

electromagnetic force that is predominantly directed in

azimuth and generates flow rotation. The aim of this

work is to use computational simulation for evaluating the

effect of RMF-induced liquid metal swirling intensity on the

properties of TMF-induced transit flow.

1. Mathematical model

Processes of formation and evolution of swirling liquid

metal flows induced by RMF and TMF were studied

in a domain consisting of a circular cross-section closed-

loop channel. The channel can be nominally divided into

subdomains as shown in Figure 1, a: main cylindrical

channel 1 with radius R, closing channel 2 with radius r ,

that has four bend sections, diffuser 3, and confuser 4.

Inductor 5, generating travelling and rotating magnetic

fields, is placed around the main channel. Figure 1, b, c

shows schematic diagrams of TMF and RMF inductors. In

the given model, each of them is a set of six ring sections

consisting of ferromagnetic core 2 and six generating coils

(solenoid windings) 3 put on the core. TMF and RMF

inductors have no structural difference and the type of field

generated by the inductor is defined only by the generating
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Figure 2. a — computational mesh in the longitudinal midsection of the channel (z y plane); b, c — computational mesh in the transverse

cross-section of the channel (xy plane): b — main channel, c — closing channel.

coil connection circuits. Configuration of this inductor is

described in more detail in [14,15].
Closed configuration of the given channel was chosen

for a number of reasons. Firstly, this solves the issue of

setting boundary conditions, which occurs in such problems.

The issue is in that it is impossible to set the differential

pressure or periodic velocity inlet and outlet boundary

conditions because the differential pressure and flow rate,

or rather, their dependences on the force parameter and

magnetic field configuration are the quantities investigated

in this problem. Secondly, flow in a closed channel is from

physical standpoint closer to liquid metal flow in a pipe

in real processes or experimental studies. In other words,

the influence of structural elements such as, for example,

channel bends on hydrodynamic processes in liquid metals

can be additionally investigated. To reduce computational

efforts by reducing the volume of computational domain,

the closing channel was set to a smaller radius than the

main channel. Hence, it is necessary to introduce a diffuser

and confuser into the channel. These are structural elements

that are widely used in fluid dynamics and whose effect on

the processes being investigated will be also important to

be estimated.

Mathematical model is built on the basis of magnetic

hydrodynamics (MHD) equations, which describe the in-

teraction between flowing conducting fluids and electric

and magnetic fields. A key parameter, which defines the

mutual influence of flow and magnetic field on each other,

is the magnetic Reynolds number Rem = σµµ0UL, where

σ is the liquid conductivity, µ is the liquid permeability,

µ0 is the vacuum permeability, U is the overall mean axial

fluid velocity, L is the typical length. Preliminary estimates

have shown that within the processes being investigated in

this problem Rem ∼ 0.17, meaning that transfer of magnetic

field by liquid metal flow is quite small. Magnetic induction

B was of the order from 10−4 to 10−2, and the Hartmann

number (Ha), defining the ratio of magnetic force to viscous

force, was < 3. The above-mentioned estimates have shown
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Figure 3. Field of the magnitude of TMF-induced volume electromagnetic force: a — in the z yplane, 1, 2 — domains where the

magnitude of force was additionally explored in the xy plane, arrows show the force direction; b — in the xy plane, 1 — domain where

forces were read, the force direction (at us) is marked by a dot; c — in the xy plane, 2 — domain where forces were read, the force

direction (at us) is marked by a dot.

that electrodynamic and hydrodynamic problems could be

solved separately, i.e. the system of MHD equations could

be used in electrodynamic approximation.

Electrodynamic subproblem was solved using the system

of Maxwell’s equations without displacement current and

supplemented by Ohm’s law:

∇×H = jc , (1)

∂B

∂t
= −∇× E, (2)

∇ · E = 0, ∇ · B = 0, (3)

j = σE, (4)

where H is the magnetic field strength, jc is the current

density on coils, B is the magnetic induction, t is the time,

E is the electric field strength, j is the vortex current.

It is important to note that the vortex current in the core

and on coils is not included in this problem. Electromagnetic

force f driving the metal is

f = j× B. (5)

Equality to zero of the vortex current density vector

component normal to the channel boundary (outer wall)
is taken as a boundary condition.

Liquid metal flow in the channel induced by the action of

electromagnetic force is described by the Reynolds-averaged

Navier–Stokes equations closed according to Boussinesq’s

hypothesis, which introduces turbulent viscosity, and by the

continuity equation:

∂v

∂t
+ v · v =

∇P

ρ
+ ∇ · [(ν + νt)(∇v + (∇v)T )] +

f

ρ
, (6)

∇ · v = 0. (7)

In (6), (7), v is the liquid velocity, ν is the kinematic

viscosity, νt is the turbulent viscosity, ρ is the liquid metal

density, P is the pressure.

No-slip conditions on the channel walls were set as a

boundary condition: v = 0.

Velocity v and pressure P at the initial time were taken

equal to zero.

It has been noted earlier that liquid metal flow is induced

by the electromagnetic force, moreover, for the TMF and

RMF cases, direction of this force will differ significantly. In

both cases, the action of force is localized near the channel

walls, however, TMF induces the force acting in the axial

direction (Figure 1, b), and RMF induces the force acting in

the azimuthal direction (Figure 1, c). The Taylor number is
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Figure 4. Field of the magnitude of RMF-induced volume electromagnetic force: a — in the z yplane, 1, 2 — domains where the

magnitude of force was additionally explored in the xy plane, a dot and cross show the force direction (at us and from us, respectively);
b — in the xy plane, 1 — domain where forces were read, arrow shows the force direction; c — in the xy plane, 2 — domain where

forces were read, arrow shows the force direction.

used as a dimensionless parameter defining the intensity of

electromagnetic force generated by the RMF inductor [21]:

TaR =
σωRB2

RR4

2ρν2
,

where ωR is the angular frequency of RMF, BR is the

magnetic induction of RMF, R is the channel radius, ρ and

ν is the fluid density and kinematic viscosity. Taylor analogy

was used as a TMF force parameter [21,22]:

TaT =
σωT kT B2

T R5

4ρν2
,

where ωT is the angular frequency of TMF, BT is the

magnetic induction of TMF, kT is the wave number of TMF.

We introduce a dimensionless parameter, which will

define the joint effect of TMF and RMF on the conducting

fluid:

γ =
TaR

TaT

=
2ωRB2

R

ωT kT B2
T R

.

Calculations were performed for a gallium alloy,

Ga86.3Zn10.8Sn2.9, which was chosen from considerations

of comparing simulation results with results of experiment,

which is to be carried out in future. The alloy has the

following properties at room temperature: ρ = 6150 kg/m3,

ν = 2.9 · 10−7 m2/s, σ = 2.6 · 106 S/m. The channel, where

the alloy flow was created, had the following geometric

characteristics: diameter of the main channel D = 0.098m

and length of the main channel l = 0.7m, diameter of the

closing channel d = 0.04m.

Electromagnetic parameters of the processes being in-

vestigated were determined in ANSYS EMAG. Electro-

magnetic subproblem solution domain was divided into

subdomains: 2mm stainless steel channel filled with liquid

metal, inductor, and air. Current on coils was the control

parameter. Permeability of all subdomains was set to 1, i.e.

there was no permeability variation in transition between

domains. Current short-circuiting to the channel wall is

insignificant due to the small wall thickness and stainless

steel conductivity, which is by orders of magnitude lower

than gallium alloy conductivity. Electrodynamic simulation

involved the calculation of vortex electric and magnetic

fields, current density and electromagnetic force. The

calculation used a block-structured grid with the following

parameters: grid step for the liquid metal domain, inductor

and channel domain and air domain was set to 0.004m,

0.01m, and 0.01− 0.02m, respectively. The grid is not
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Figure 5. a — fields of velocity component vx in the z y plane and xy plane (round inset); b — fields of velocity component vz ; c —
fields of PT in the z y plane at γ = 10−3 .

illustrated in this work due to visualization complexity in

ANSYS EMAG.

After determining the electrodynamic parameters, elec-

tromagnetic and hydrodynamic subproblems were coupled

for the reasons of solving the system of equations in

electrodynamic approximation. Coupling was performed

by transferring the calculated electromagnetic force com-

ponents from the electrodynamic subproblem grid to the

hydrodynamic subproblem grid using third-party software.

Electromagnetic force field derived from the electromagnetic

subproblem solution was considered to be time invariant

when solving the hydrodynamic subproblem. Hydrody-

namic subproblem was solved as a nonstationary steady-

state problem where achievement of steady-state flow

energy was used as the criterion of flow steady state.

Time step was 0.1 s. Hydrodynamic parameters of the

given processes were calculated using the finite volume

method in ANSYS Fluent. Figure 2 shows the fragments of

the computational grid used for solving the hydrodynamic

subproblem in different sections. Due to channel and grid

symmetry, Figure 2, a shows only the right-hand part of

the longitudinal midsection (by the z y plane). A block-

structured grid was built, a grid step along the channel

was 0.005m, across the channels was ∼ 0.0025m, a grid

step across the closing channel was ∼ 0.0013m, minimum

cell volume was 9.9 · 10−10 m3, maximum cell volume

was 4.3 · 10−8 m3. Grid clustering to the channel wall

was used: from ∼ 0.0025 m to ∼ 0.00055m in the

main channel and from ∼ 0.0013 m to ∼ 0.00025m in

the closing channel. The number of grid elements was

∼ 7 · 105 .

Magnetic induction of the corresponding field was varied

by varying the magnitude of current on coils. Magnetic

induction of TMF in this work was invariant and equal

to BT = 8.9 · 10−3 T, and magnetic inductions of RMF

were varied within BR ∈ [4.7 · 10−4, 1.49 · 10−2]T, while

with invariant values ωT = ωR = 2π · 50Hz, kT = 114,

R = 0.049m; owing to varying BR within the specified
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Figure 6. a — fields of velocity component vx in the z y plane and xy plane (round inset); b — fields of velocity component vz ; c —
fields of PT in the z y plane at γ = 1.

range, the dimensionless parameter TaR ∈ [106, 109]. Fi-

nally, with fixed TaT = 109, the joint action parameter

γ ∈ [10−3, 1].
Preliminary estimates have shown sufficiently high hy-

drodynamic Reynolds numbers (Re> 2.5 · 105), therefore,
for the purpose of solution, flow turbulence was considered

within the SST model [23,24]. Mathematical computational

model for electromagnetic properties and hydrodynamic

processes was verified using the experimental results ob-

tained and described in [8,15,25].

2. Results

Consider the values of electromagnetic force induced

in the conducting fluid exposed to a variable magnetic

field. These values were calculated during solution of

the electromagnetic subproblem in ANSYS EMAG for

TaT = 109 and TaR = 109 . Figures 3 and 4 show the fields

of the magnitude of electromagnetic force f in the closed-

loop circular cross-section channel under the action of TMF

and RMF in the z y and z y planes. Note that longitudinal

component of the force f z generated by RMF is close to

zero, therefore the component was not used for magnitude

calculation.

Figure 3, a shows that f is at its maximum near the

channel walls and drops to the channel axis. The force

profile shape in this case is caused by the inductor shape:

the profile has six peaks equal to the number of inductor

rings, while it can be seen that in the axial (longitudinal)
direction the force decreases with distance from the center

(of inductor, but not of the channel), i.e. the farther the

ring is from the center of inductor the weaker induced

electromagnetic force is. This pattern is clearly seen in

Figure 3, b, c, where forces are shown in the transverse

channel cross-section at different distances from the center

of inductor. For better illustration of force weakening, the

fields of the magnitudes of force in Figure 3, b, c were

plotted on the same scales. These figures can be also

Technical Physics, 2026, Vol. 71, No. 2



200 I.Y. Mitropolit, E. Golbraikh, I.V. Kolesnichenko

0

5

40

10

γ

∆
<
P

>
, 
k
P

a
T

20

010

2 1
a

15

45

25

30

35

–110–210–310

b

0

0.5

4.0

1.0

γ

Q
, 
1
/s

2.0

010

1.5

5.0

2.5

3.0

3.5

–110–210–310

c
4.5

Figure 7. a — channel section: 1 — domain where channel outlet 〈PT 〉 was read, 2 — domain where channel inlet 〈PT 〉 was read; b —
differential pressure 1〈PT 〉 between the main channel inlet and outlet vs. γ ; c — liquid flow rate Q vs. γ .

used to evaluate the nonuniformity of force action in the

azimuthal (circumferential ) direction: six domains equal

to the number of coils placed on the same inductor ring,

where the force is maximum, are clearly seen. Arrows in

the figures show the force directions and, accordingly, the

main liquid flow direction in the channel. In this case TMF

induces transit flow in the main channel and closing channel

in inverse direction with respect to the z axis.

High nonuniformity of force distribution in the axial

direction is observed only for TMF, and Figure 4, a shows

that the profile of the magnitude of f generated by RMF

has a smoother shape, and in the radial direction the force

decreases slower than in the RMF case. Figure 3, b, c makes

it possible to estimate a decrease in the electromagnetic

force with distance from the center of inductor as well as

nonuniformity of the force in the azimuthal direction, which

is less pronounced in this case than in the TMF case. The

force shown in Figure 4 will in turn create rotating flow in

the channel in direction marked by a dot, cross and arrows

in Figure 4.

To estimate hydrodynamic properties of flows induced

by the joint action of TMF and RMF on conducting fluid,

numerical experiments were carried out. TMF and RMF

were applied simultaneously to the liquid metal volume

contained in the channel (Figure 1, a), and γ varied from

10−3 to 1. Figures 5 and 6 show the fields of velocity

components vx , vz and total pressure PT in the channel

for minimum and maximum values of γ . To illustrate

the structure of flows in longitudinal and transverse cross-

section, streamlines are drawn in the figures of velocity

component fields. Round insets in Figure 5, a and Figure

6, a show velocity component fields vx on sections formed

by the x y plane in domains marked by white dashed lines.

Note that the insets themselves are located in places, where

the displayed field in the z y plane has a homogeneous

structure, and don’t hide important information. Hereinafter

results are shown for the total pressure PT , i.e. the sum of

static and dynamic pressures. It is important that the results

shown below refer to the steady-state flow.

In the first case when γ = 10−3, the axial flow velocity

component prevails over the component orthogonal to the

section. This is clearly seen in Figure 5, a where vx is close

to zero in the most of the channel, though, as shown in

the inset, there is a well-defined structure of slowly rotating

flow. While the axial component (Figure 5, b) in some areas

reaches almost 5m/s. In Figure 5, b, there is also a picture

of reverse flow induced in the center, which is typical of

cylindrical channels and associated with the fact that the

electromagnetic force is concentrated near the channel walls.

This flow considerably reduces the main flow velocity,

which has been shown in [13], and, to a great extent due to

interaction with the main flow, the transit flow coming from
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Figure 8. a — fields of velocity component vx in the z y plane and xy plane (round inset); b — fields of velocity component vz ; c —
fields of pressure PT in the z y plane at γ = 7.5 · 10−3

the diffuse has a little slanted form (Figure 5, b), and non-

zero values of vx occur in the left-hand part of the main

channel (Figure 5, a). Significant differential pressure is

observed (Figure 5, c), and the main channel outlet pressure

is much more uniformly distributed than the inlet pressure,

which is also related to the interaction between the main and

reverse flows, and probably with the bend section passed

by the flow before entry into the main channel. On the

contrary, in the case when γ = 1, the rotating flow, which

has a well-defined structure, prevails over the transit flow,

which is indicated by high values of vx at the main channel

walls (near 30m/s) (Figure 6, a). Due to strong rotation in

the center of the channel, two low pressure zone are formed

on both sides of the RMF inductor (Figure 6, a), in which

the fluid is drawn from the closing channel. Decrease in

the differential pressure between the main channel inlet and

outlet (Figure 6, c) leads to longitudinal flow degeneracy,

moreover, pressure along the channel walls is very high.

Figure 7 shows dependences of the section average

differential total pressure 〈PT 〉 between the main channel

inlet and outlet 1〈PT 〉, and of flow rate Q on γ .

〈PT 〉 was assumed to be the average pressure over a

surface formed by the xy plane section in domains marked

with dashed lines (Figure 7, a). The results show that

application of RMF with a small (compared with TMF)
force parameter to the TMF-induced axial flow provides

an increase in 1〈PT 〉 (Figure 7, b). However, this effect

is observed in a comparatively small range of values

γ ∈ [5 · 10−3, 10−2]. As γ grows, 1〈PT 〉 starts decreasing

rapidly down to near-zero values. This means that the flow

changes to a condition where the rotating flow component

prevails over the transit flow component, i.e. the flow

almost completely transforms into rotating flow localized

in the main channel (Figure 6, a, b). To explain this effect,

consider in more detail the cases when γ = 7.5 · 10−3 (γ
within the specified range) (Figure 8) and γ = 1.5 · 10−2
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(γ higher than that at the right-hand boundary of the range)
(Figure 9).
Figure 8, a shows the joint action of TMF and RMF when

vx is non-zero almost throughout the channel. When the

flow moves in the closing channel, its vx gradually decreases

with distance from the swirling zone. As the RMF intensity

increases, the maximum pressure is concentrated at outer

walls of the right-hand half of the main channel — where

vx is maximum. While a low pressure zone (a band in the

center of the right-hand half of the main channel) is created
in the center of the channel, due to a relatively small axial

velocity component vz and, accordingly, small flow in the

closing channel. As γ further increases, these effects are

obviously intensified. Figure 9, a shows that RMF-induced

rotation presses the flow against the main channel walls.

Maximum PT is also there (Figure 9, c), which hinders the

flow through the reducer, thus, the axial velocity component

decreases (Figure 9, b), and, as a result, the flow loses its

swirl almost in the very beginning of the closing channel.

The effect of TMF and RMF with different values of the

corresponding force parameters on the flow is illustrated by

the time dependence curves of (Figure 10): the kinetic force
Ek , TMF-dependent poloidal flow component energy Epol ,

RMF-dependent azimuthal flow component energy Eaz .

Ratios used for energy calculations are shown below. Ratios

(8)−(10) are given in the cylindrical coordinate system;

its origin coincides with the origin of the Cartesian system

used above, and the link of the radial and azimuthal vector

components to the corresponding Cartesian components is

determined by the known equations. ρ was assumed as

constant, therefore the problem addressed the energy related

to ρ and domain volume V and, consequently, measured in

(m/s)2. V in this case is the volume of the main cylindrical

channel, rather than of the whole domain.

Epol =
1

V

∫

V

(v2
r + v2

z )dV, (8)
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Eaz =
1

V

∫

V

v2
ϕdV, (9)

Ek = Epol + Eaz , (10)

where vr and vϕ are the radial and azimuthal velocity com-

ponents in the cylindrical coordinate system, respectively.

Figures 10, a, b describe the minimum and maximum

cases of γ . In the former case (γ = 10−3), the poloidal flow
component energy prevails, in the latter case (γ = 1), the
azimuthal component prevails (Figure 10, b). In both cases

these energies almost coincide with the total kinetic energy

of the flow, i.e. there is no any mutual influence between

the transit and rotating flow components at such TMF and

RMF force parameters. Other situation is observed in

Figure 10, c, d: when γ = 7.5 · 10−3 , the effect of rotation

on the flow is quite evident by the increased Eaz , however,

here TMF still plays the key role, which can be seen by

quite close values of Ek and Epol . With further increase to

γ = 1.5 · 10−2 , there is a drastic change in the situation:

the main part of energy now consists of the rotation energy.

Figure 9, d shows that Eaz grows with time, and Epol

decreased accordingly. This is caused by the fact that the

rotating flow zone in the main channel (zones near the main

channel wall of the zone in Figure 9, a) gradually expands

to the left. Such expansion is probably attributed to the fact

that fluid, passing via the closing channel, returns to the

main channel and is drawn by RMF, while a part of fluid

joins the rotation in the main channel, and another part

continues its longitudinal motion throughout the channel.

Conclusion

Results of the numerical simulation of liquid metal flow in

the closed-loop round cross-section channel under the joint

action of TMF and RMF have shown that application of

RMF to the TMF-induced flow can increase the differential

pressure between the channel inlet and outlet (Figure 7, b).
Ratio of forces generated by TMF and RMF in liquid and

distribution of the forces over the channel are important

parameters affecting the flow behavior. As mentioned

above, as γ grows, a differential pressure increase effect

occurs. However, it can be observed in a small range of

values up to γ = 7.5 · 10−3. With further growth of this

parameter, rotation starts prevailing over the longitudinal

flow, which decreases the differential pressure.

Within the numerical calculations, the maximum dif-

ferential pressure was observed at γ = 7.5 · 10−3. At

γ < 5 · 10−3, few or no changes in the hydrodynamic flow

characteristics were observed. On the contrary, in the
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cases when γ > 10−2, RMF significantly contributed to the

flow, suppressing the axial flow considerably. As soon as

γ = 5 · 10−2 was reached, the axial flow in the channel

actually stopped.

This is attributed to a number of reasons. RMF fluid

swirling pressed the fluid against the channel walls, and the

higher the RMF force parameter was the stronger the fluid

was pressed, creating a high pressure zone at the walls,

and a low pressure zone closer to the center. Due to the

axial flow even at a low velocity, the rotating flow zone

concentrated in the right-hand part of the main channel

could expand to the left, involving an increasing volume

into rotation and decelerating the axial flow. The higher the

RMF force parameter was the faster it involved the fluid

into rotation. Besides RMF, structural components, reducer

and bends, were a serious negative factor for the axial flow.

Note that reduction in the reducer area doesn’t play any

essential role in the absence of RMF (Figure 5, b), however,
as it turned out in the course of numerical experiments

where rotating fields were significant, it was the slanted

reducer wall that considerably hindered the flow passage

(Figure 6, a).

Increase in 1〈PT 〉 can be achieved due to the fact that

the transit flow is able to carry the rotation-defined angular

momentum almost throughout the channel (Figure 8, a), if
the angular momentum is relatively small and the magnitude

of TMF is enough to overcome the rotation localization

within the main channel as, for example, in Figure 6, b.

Thus, the rotating flow is carried away by the axial flow from

the main channel, presses the fluid against the channel wall

at the main channel outlet and consequently increases the

mean cross-section pressure and, accordingly, the differential

pressure between the inlet and outlet.
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