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VELOCITY AND TEMPERATURE
MALDISTRIBUTION DUE TO THE MAGNETIC
FIELD INFLUENCE

The elements that possess the ability of chantfiegflow structure (neckings,
nozzles, valves, elbows) can be found in numenodsstrial and medical applica-
tions. This ability leads to the velocity and temgtere fields modification and
can be a reason of negative effects like presas® These negative effects can
be reduced by the usage of magnetic field. Magreetitrol of weakly magnetic
fluids’ velocity and temperature distributions igliwknown. Presented paper con-
siders the numerical analysis of velocity and terajpge maldistribution due to
the influence of strong magnetic field. The anaysias carried out for three-
dimensional circular duct with simplified steno¢imarrowing of the blood ves-
sels), which took form of confusor-diffuser sectiohthe pipe. The system in-
cluded duct and the magnetic coil that was oriemtegbendicularly to the flow
axis and placed in between confusor and diffusiee. Wall of the stenosis was di-
vided into subzones patrtially heated in order totid the velocity and tempera-
ture fields. Biot-Savart’s law was applied to catalthe distribution of the mag-
netic field, which was then used to obtain the negigrforce distribution and add-
ed to principle of conservation of momentum equetias the external body force.
Commercially available software Ansys Fluent 13 whgsen to conduct the nu-
merical analysis, however special user-defined rumdto calculate the distribu-
tion of magnetic force was prepared and implememeitl The results pointed
out that the usage of magnetic field might provadggnificant change in both ve-
locity and temperature distribution, especially lfow Reynolds number flows.
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1. Introduction

The systems of channels or pipes can be found wheng. Usually they
contain additional elements like nozzles, valvdispws, etc., which have had
an influence on the secondary flows. One of theebigineering problems is
analysis of blood flow in vanes with stenosis, sahthe papers discussed it [2,
7]. The negative effects of stenosed vanes or wadachannels can be tried to
be reduced with application of magnetic field. Nuows papers described con-
trol of thermal convection by the strong magneigtdf[1, 3, 8, 9]. It was possi-
ble because the magnetic buoyancy force was muchggr than the gravita-
tional buoyancy force. Therefore, the magnetidfighs able to determine con-
vective flow. More complex phenomenon is in theeca$ forced convection
and the magnetic field influence on it. There msited number of publications
considering this problem. The magnetic field infloe on the blood flow was
presented in [5, 6]. They analyzed the isothermald@ions and the magnetic
field influence on the flow of electro-conductingifl. Therefore, the main role
was played by the Lorentz force. The problem cotregd on drug deliver
particles targeting with utilization of magnetielfi.

In the frame of this paper the analysis of magnitic influence on the
non-isothermal and non-electro-conducting fluid wflothe contracting-
expanding pipe is presented. The main aim is teshgate if the magnetic field
can change the secondary flow. Control of the flmhind the magnetic coil
can prevent fouling or narrowing the channel. Tfaes it is important from
engineering and bio-engineering points of view.

2. Mathematical model

In this section the governing equations used assa for further numerical
formulations are presented. For isothermal flowysigthe mathematical mod-
el consisted of the continuity and momentum equatidVhen the heat transfer
was present in the flow, the energy conservatiomaton supplemented the
model. Considering the influence of magnetic fiefdthe flow the distribution
of magnetic induction had to be known, thereforetfavart's law comple-
mented the mathematical model.

The following equation represents the continuityiatpn with basic as-
sumptions including: incompressible flow, lack afd&ional mass source, sta-
tionary, laminar, three-dimensional flow:

—u,+—u, +—u, =0, (1)

where:u,, uy, u, — velocity components m/s.
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Considering above mentioned conditions complemeniittd the gravitational
and magnetic forces (7) treated as the externaf fiwdes led to the set of mo-
mentum equations as follows:
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where:p — density kg/my 1 — dynamic viscosity Pg g — gravitational accelera-
tion m/g, F.g — magnetic force N/in
The oncoming formula describes energy equation feillbwing assumptions:
the viscous dissipation and species diffusion agigible, flow is steady, there
is lack of external heat source:
aT oT 0T _ A ,0°T 0°T o7
Uy —— +U,— +U,—= st —+—>) ®)
0X oy 0z pc, ox~ ody° o0z
where:T — temperature Kj — thermal conductivity W/(rK), ¢, — specific heat
J/(kgK).
Biot-Savart’'s law was applied in order to calcultte distribution of magnetic
field induction around single circular coil [4]:

~:,u_mi dsxr
B 4ﬂ[ﬁ—|r|3 , (6)

C

where: B - magnetic induction vector T, — magnetic permeability H/mi,—
electrical current Ads - infinitely small element of the coil mi,— radius of
coil m, r - position vector m.

Locating studied flows in the magnetic field affethe fluid with a new
kind of influence, known as the magnetic force.sTlrce was included in the
momentum conservation equation as the external bady in the following
form [1]:
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where:T, = (Ty+ Ty)/2 — reference temperature K,— heated wall temperatu
K, T; —inlet fluid temperature K — thermal expansion coefficient'kKy — vo-
lumetric magnetic susceptibilit

3. Studied casesand applied solution:

Figure 1 presents the pipe with simplified stenagigch took form of cn-
fusordiffuser section of the pipe. The inlet and outletmeter of the pipe wi
of dg = 0.01 m. The duct began with inlet of a lenl;s = 0.05 m and the
started to narrow on a lencls = 0.015 m to the minimal diametera$ = 0.005
m. From this point the pipe widened itself to obtailet diameter and end:
with straight outlet of a length dos = 0.1 m. The magnetic coil was orien
perpendicularly to the flow axis and placed in baetwef confusor and diffus
parts.The diameter of coil was twice that of a pipe &tior outlet. The wall &
confusordiffuser section was divided into four subzonesiciwlgave four basi
variants ofisothermal heating in this area. The parabolic cigloprofile was
assumed at the inlet with average inlet velocitU,,4 = 0.023 m/s (Re = 16
The inlet fluid temperature weT; = 300 K and the temperature of the he:
wall wasT,, = 310 K The magnetic induction in the centreanil wasb, = 10
T. At the outlet the pressure was assumed ip, = 101325 Pa.

necking

3

T 3
2 4
[J\‘ | l\‘ | lm
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Fig. 1 The schematic view of geometry and boundanditions

The grid generation and numerical computations weréormed with the
usage otommercially available software (GAMBIT 2.3 aAnsysFluent13).
The grid was unstructured and contained 185430 axiesyThe special us-
defined functions written by the Authors were immpénted into the software
calculate threelimensional parabc velocity profile and the distribution of tl
magnetic forceThe results foheating subzones pairs (see figurefl]-2 (va-
riant 1 and 2) and-3 (variant 3 and 43howed symmetry with respect to -
pipe axis, thereforéhey cal be limited to the one of the paifable 1 lists th
thermophysical and magnetic properties of the wgmi#ting fluid (air)



Velocity and temperature maldistribution due to thegnetic field influence 429

Table 1. Thermophysical and magnetic propertiesrof

Density | Dynamic Volumetric | Magnetic Magnetic | Specific Thermal
viscosity thermal susceptibility | permeabi- | heat conductivity
expansion lity
coefficient
p kg/nt uPa-s BKT 7 ur HIm | ¢ Ji(kg-K) | A W/(m-K)
1.225 | 1.7894-10| 3.33-10 3.77-10 47-10’ 1006.43 2.42.10

4. Results and discussion

In figure 2 the distributions of velocity and temgieire for the flow with-
out magnetic field are presented. The velocityriistions are identical, despite
of different temperature distributions.
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Fig. 2 Velocity and temperature distributions fae tflow without magnetic field: (a) velocity
contours for variant 1, (b) temperature contoursveriant 1, (c) velocity contours for variant 4,
(d) temperature contours for variant 4.

Figures 3 and 4 present distributions of seleda €haracteristics. In the
case of wall heated before the necking (figure)Bdad after it (figure 4 (a)) the
characteristic deflection of the flow’s directiooutd be observed. In the case of
variant 1 (and variant 2 according to relation dégsd before) repulsion of
fluid from the heated wall took place. For varidnfand respectively 3) attrac-
tion towards the heated wall was observed. Howdwethe case of variant 1
deformation of the flow structure spread out ovéolg studied area, while in
the case of variant 4 deformation started justrmkbie necking. For the variant
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1 a large recirculation zone near the heated wailldcbe found. After the neck-
ing flow suppression area appeared. It was plagenetrically in regard to the

coordinates system origin (centre of magnetic cdifje similar area was ob-
served in the case of variant 4 near the non-heasdid(wall number 3). The

heating of the wall before the necking caused Bt increase of the flow
velocity (two-times bigger than the maximal velgaibtained in the case of the
flow without magnetic field) and also replacemehtree highest velocity zone
to the area before the necking. In the case ofima# acceleration of the fluid
was also observed. Nevertheless, it was very sulbtlthis case the magnetic
force influenced the shape and size of the highastity zone.

Relatively low temperature gradient (figures 3 @éod 4 (b)) allows pre-
cise localization of isotherm, = 305 K. It is known from the equation (7) that
the sign of the magnetic force magnitude dependb@ulifference between the
local temperature and reference temperaty(that is arithmetic mean between
the fluid temperature at the inlétand the heated wall temperatdrg. Thus,
the temperature distribution might be divided imtsubzones varing in magnet-
ic force direction. The fluid with temperature belthe reference temperature is
attracted to the magnetic coil, while the fluid wiemperature above the refer-
ence temperature is repulsed from it. The surfaparsiting these two subzones
is isothermT,. It is clearly visible in figures 3 (c) and 4 (o) the form of sud-
den drop of magnetic force magnitude.
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Fig. 3 Flow characteristics for variant 1: (a) @ty contours and vectors, (b) temperature con-
tours, (c) magnetic force contours, (d) magneticdorectors.
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Fig. 4 Flow charactersistics for variant 4: (a)ogiy contours and vectors, (b) temperature con-
tours, (¢) magnetic force contours, (d) magneticdosectors

In figures 3(d) and 4(d) the magnetic force vectars presented. They
showed that for variant 1 the magnetic force wdim@én the direction opposite
to the basic flow. Due to that the recirculatiomecappeared. The magnetic
force decay near the wall number 3 caused deflecidhe flow towards it in
the area after the necking. The turn in magneticefairection in variant 4 led
to the acting of it accordingly to the basic flowedtion and it is was a reason
for acceleration of the fluid in this area. Neae tlall number 3 the magnetic
force acted in the opposite direction, which caubedstoppage of the flow.

5. Conclusions

In this paper the numerical analysis of magnettdfinfluence on the low
Reynolds number flow was presented. In dependencthe heating zone of
contracting-expanding pipe significant change ia telocity and temperature
fields could be observed. Due to the magnetic boioydorce the direction of
fluid flow was modified and moreover the fluid stne was twisted. The direc-
tion of changes depended on the heated zone. Wedsaty and temperature
maldistributions can prevent fouling.
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ZMIANA ROZKEADOW PR EDKOSCI | TEMPERATURY POD
WPLYWEM POLA MAGNETYCZNEGO

Streszczenie

Elementy posiadage zdolné¢ zmiany struktury przeptywu (przewenia, dysze, zawory,
kolanka) maj wiele zastosowaw przemyle i medycynie. Zdoln& ta prowadzi do modyfikacji
pél temperatury oraz gikosci i moze by przyczyry negatywnych efektow, takich jak straty
cisnienia. Te negatywne efekty grma wyeliminowa przy wyciu pola magnetycznego. Magne-
tyczna kontrola rozktadéw gakosci i temperatury stabo namagnesowanych cieczydebtze
znana. Niniejszy artykut prezentuje analimimeryczyg zaburzé pél predkosci i temperatury pod
wplywem silnego pola magnetycznego. Analizzeprowadzono dla tréjwymiarowych kanatéw o
przekroju okgglym z uproszczanstenoz (zwgzeniem naczfy krwionasnych) w formie paicze-
nia typu konfuzor-dyfuzor. Badany uktad skladat zikanatu oraz cewki magnetycznej zoriento-
wanej prostopadle do osi przeplywu i umieszczoniefday konfuzorem a dyfuzoren$cianka
stenozy zostata podzielona na mniejsze obszaryngreénicowo, aby odpowiednio zmieria
pole temperatury i pdkosci. Zastosowano prawo Biota-Savarta w celu obliaenizktadu in-
dukcji pola magnetycznego, ktory fydej zostat wykorzystany do otrzymania rozktady sita-
gnetycznej. Sita ta zostata umieszczona w rownargachowaniagu. Analiz przeprowadzono
przy wyciu komercyjnego oprogramowania (Ansys Fluent 18)ktérym zaimplementowano
specjaln funkcje definiowarny przez uytkownika w celu obliczenia rozkladu indukcji oraity
magnetycznej. Wyniki wykazatye pole magnetyczne m® mig znacacy wptyw na rozkiady
predkaosci i temperatury, szczegodlnie w przypadku przepiweniskiej liczbie Reynoldsa.

Keywords: konwekcja wymuszona, numeryczna mechanika ptyngele magnetyczne, sita
magnetyczna
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