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INFLUENCE OF THE MAGNETIC FIELD ON THE
AXISYMMETRIC BOUNDARY LAYER OF THE IONISED
GAS ADJACENT THE WALL OF THE BODY OF
REVOLUTION

UTICAJ MAGNETNOG POLJA NA OSNOSIMETRICNI
GRANICNI SLOJ JONIZOVANOG GASA PORED ZIDA
OBRTNOG TELA

Savié S. 1, Obrovic¢ B. 1, Todié¢ N. 1, Hristov N.°
SUMMARY

This paper studies the ionized gas (air) flow in the axisymmetric boundary layer adjacent to
the body of revolution. The outer magnetic field is normal to the nonporous body contour. Two
different forms of the ionized gas electroconductivity variation law have been applied. The
numerical results of the generalised ionised gas boundary layer equations are given in the
form of diagrams. The influence of the magnetic field and ionised gas electroconductivity on
certain boundary layer quantities and characteristics, especially on the boundary layer
separation point, has been studied.

Keywords: ionised gas, boundary layer, magnetic field, body of revolution,
electroconductivity

INTRODUCTION

The real fluid flow is defined by means of a very complex system of partial nonlinear
differential equations of the second order with complex starting and boundary conditions,
whose solution involves numerous mathematical difficulties. However, these equations can be
solved using approximate methods, and the obtained approximate solutions are accurate
enough for technical and technological practice. Approximate methods have been developed
and utilised in a very important field of fluid mechanics — the boundary layer theory. The
results obtained in the boundary layer theory have been successfully applied to cosmic
research, rocket science, aircraft technology, automobile industry, mass and energy transfer
calculations, nuclear reactor design etc.

The growing need for studies of electroconductive fluid flow under the effect of

! Slobodan Savié, PhD, professor, Branko Obrovi¢ PhD, professor (retired), Nenad Todi¢, dipl. ing.
Faculty of Engineering University of Kragujevac, Sestre Janjic 6, 34000 Kragujevac, Serbia, e-mail:
ssavic@kg.ac.rs

? Nebojsa Hristov, PhD, assistant professor, University of Defence in Belgrade, Military Academy, Veljka
Lukiéa Kurjaka 33, 11000 Belgrade, Serbia
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electromagnetic fields gave rise to magnetohydrodynamics, which in turn enabled scientists to
deal with problems such as controlling thermonuclear reactions, possible ways of direct
conversion of heat and kinetic plasma energy into electric energy - MHD generators, etc.

The problem of boundary layer management in the presence of the outer magnetic field is
important not only for fundamental sciences but also for a large number of applied technical
and technological sciences, so these studies are always of great interest.

MATHEMATICAL MODEL

This paper studies the influence of
the outer magnetic field on the
ionised air flow in the boundary layer
adjacent to the body of revolution.
The magnetic field is normal to the
nonporous body contour (Fig. 1).
Due to the small thickness of the
boundary layer, based on [1], the
strength of this field is B,, = B,,(x).

Therefore, for the case of the ionised
gas flow in the magnetic field under
the conditions of equilibrium
ionisation, the equations of the
stationary  laminar  asymmetrical
boundary layer adjacent the body of
revolution [1, 2, 3] have the following form:

P s j
o [P'{%J :|+a{pv(%j }:0, (L =const., j=1),

puﬁ—u+pva—u:—d—p+i(ua—uj—032u, (1)

-
Fig. 1. lonized gas flow adjacent to the body of revolution

o oy de oy oy "
2
pu %.}.p\;%:ud_p—ku a—u +i iﬁ +GB§1142;
ox oy  dx oy oy\ Pr oy

where the equations are: continuity equation, dynamic equation and energy equation,
respectively.

The boundary conditions are as follows:

u=0, v=0, h=h,=const. for y=0, 2
u —> u,(x), h— h,(x) for y— 0.

All the symbols for the physical quantities used in this paper are generally accepted and used in
the boundary layer theory [4].

One of the most significant properties of the ionized gas is its electroconductivity . In order to
fully comprehend the influence of the transversal magnetic field on the boundary layer
characteristics, in this paper, like in [4, 5], two characteristic electroconductivity variation laws
have been applied:

49



GLAVNI MENI

SADRZAJ

STAMPAJ

SACUVAJ

PRVA STRANA

ZADNJA STRANA

IZLAZ

UVECAJ

UMANJI

PRETRAZ

Traktori i p/m Influence of the magnetic field on the... Savi¢ S., et al.
Tractors and p/m Uticaj magnetnog polja na osnosimetriéni ... Vol.24.No.1/2.p.48-53, 2019.

c=0o(x) (a), o= 00(1 - lJ (b), (o,=const.). 3)
ue

In order to solve the equations (1) using the general similarity method [6], instead of physical
coordinates x, y, velocities u(x, y) and v(x, y), new variables s(x), z(x, y), and a stream function
y(x, z) are introduced. Integrating the dynamic equation transversally to the boundary layer, a
corresponding momentum equation is obtained. Then, two sets of parameters f, and g; (new
independent variables) are introduced. Finally, the governing equation system (1) is
transformed into the system of the so-called generalised — universal equations, which can be
solved only using a small number of similarity parameters. When it is assumed that:

k=/f,#0, fi=/#0, g =g#0,
fo=fi=..=0, g,=g,=...=0; 9/ox=0, 8/dg, =0,
the transformed equation system is significantly simplified. The order of the differential
equations of the system (1) is then decreased by the change
u 0d

_:_:(P:(P(nﬂKafag)n (5)
u, on

e

4)

Therefore, applying the law (a) for o, the equation system for numerical integration finally
takes the following form:

0 (QG_Q}M@%L{&_@+£&(1_¢):Enf( a_w_aga_w}

on = on 28 on B’ B p B of o om
— 5 — 2
i g% +M@%_ﬁ&q} +2KQ % _2L2g&(]—q))(p:
onl Pr on 2B on B on B° p
_Euf[,0h 20 oh)
B’ of of Onm
D=0, ¢0=0, h = l?w =const. for m=0,
o—1, 71—)716:1—1< for mn—ooo.
(6)
Applying the electroconductivity variation law (b), only the terms underlined in (6) differ:
g P. 2xg p, 2 )
—=2¢(l-0)p, + == (1- . 6
sz( )o 2 p( 0)o (6"

Where: 1 — nondimensional transversal coordinate, @ — nondimensional stream function, h—
nondimensional enthalpy, « = f;, =u’/2h — local compressibility parameter, #,— enthalpy at

the front stagnation point of the body within the fluid, f;=f— first form parameter, g;=g — first
magnetic parameter, F,,, Q — characteristic boundary layer functions, Pr — Prandtl number and
a, b — constants.

Fort the concrete numerical solution of the equation system (6), i.e. (6”) it is necessary to adopt
the function Q and the density ratio p,/p [7]:
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0=0m)~(m, 1), p.Jpxh/1-x). %)

INVESTIGATION AND DISCUSSION RESULTS

The system of the conjugated partial differential equations (6) and (6’) is numerically solved by
the finite differences method — using the passage method. A concrete numerical solution is
performed using a programme written in FORTRAN. All the calculations in this paper are
done for the concrete values of the constants ¢ and b when a = 0.4408; b = 5.7140 that
according to [6] represent the optimal values. Prandtl number is taken to be constant (Pr =
0.712). The system is solved for several values of the parameters « and g, given in advance.

Based on the obtained numerical results, only some of which are shown in the form of
diagrams, valuable conclusions on influence of certain characteristic quantities on solution of
this flow problem have been drawn. Under the effects of the transversal magnetic field, when
the electroconductivity laws ((@) and (b)) are varied, it can be clearly noticed that:

¢ The magnetic field has a little influence on distribution of the nondimensional flow
velocity u/ue (the ratio of the longitudinal velocity and the velocity at the outer edge of the
boundary layer). At different cross-sections of the boundary layer, regardless on the
applied electroconductivity variation law, u/ue converges very quickly towards unity
(Figures 2 and 3).

¢ The change in the magnetic field, i.e., magnetic parameter g has a negligible influence on
distribution of nondimensional enthalpy in the boundary layer (Figures 4 and 5) for both
electroconductivity variation laws.

¢ The magnetic parameter, and hence the magnetic field, have a great influence on the
characteristic boundary layer functions B, £ and Fm.

¢ The effect of the magnetic field on the boundary layer separation point is especially
interesting. This effect is best seen in the diagram of nondimensional friction function C.
When the law (a) is applied, with the increase in the magnetic parameter, the boundary
layer separation point moves upstream, so the effect of the magnetic parameter is negative
(Figure 6). When the law (b) is applied and the value of the magnetic parameter is
increased, the boundary layer separation point moves downstream (Figure 7). In that case
the effect of the magnetic field is positive because it delays the separation of the boundary

layer.
1.00 1.00
u u
i fs z
0.80 = 0.80
// /\\i
0.60[—ff- fp=0.15 0.60 Jp=0.10
[~ , f=012 /\\2 f=014
/ - h,=0.0152 = h,=0.0152
0.40 0.40
{1 1. £=0.00 g 1. £=0.00
- 2. 8=0.10 - 2. £=0.10
0.20 3. g=0.15 0.20 3. g=0.15
| n | i
0.00 0.00
0 2 4 6 8 10 12 14 16 18 20 0o 2 4 6 8 10 12 14 16 18 20

Fig. 2. Nondimensional velocity u/ue , law (a)  Fig. 3. Nondimensional velocity u/ue , law (b)
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uvecas | CONCLUSION
This paper analyses the influence of the transversal magnetic field on the ionised air flow in the
UMANJI I axisymmetric boundary layer adjacent to the nonporous body of revolution. Two

electroconductivity variation laws have been applied, as recommended in the referential
PRETRAZI I literature. Transformation of the governing equation system (1) into a generalised one (6) using

Saljnikov’s version of the generalised similarity method is a very complex procedure which
has not been presented in this paper [8, 9]. It should be pointed out that the concrete numerical
solutions of the conjugated equations have been used to draw general conclusions on behaviour
of certain characteristics of the axisymmetric ionised gas boundary layer, which was the
primary objective of this paper.
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