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Uvadna rijed / Preface

Editor-in-chief's opening remarks

Dearreaders!

The fact that you are reading the text that is in front of
you means that we have made it. You are wondering now
about what it is we have made. Well, to publish the issue you
are justreading!

In the editor-in-chief's opening remarks of the previous
issue of Technical Gazette you could read about hard times
lying ahead of the scientific and scientific-professional
papers in Croatia. The situation has not changed at all since
then. We did not receive any support from the Ministry of
Science, Education and Sports for the preparation of this
issue. Only thanks to the exceptional efforts of all co-
publishers and the help of our supporting institutions were
we able to publish the actual issue.

But let's stop discussing "difficult” subjects. Let's turn
to more beautiful topics. A joint meeting of the Editorial
Board and the Council of the Journal was held at the Faculty
of Civil Engineering in Osijek on February 18, 2010. New
members of the Council and the Editorial Board were
appointed at the meeting. The Editorial Office wants to
express gratitude to the outgoing members for their former
work and to wish a lot of success in future work to the
incoming members. We are particularly pleased to say that
at the same meeting the two new bodies of the journal, the
International Editorial Council and the Expert Council were
enlarged by distinguished home and foreign members. This
will no doubt help in increasing the journal quality and level
of recognition in the scientific and professional circles at

home and abroad. The names of the members of all the
journal bodies are given in the impressum.

The same as the previous issue this one is also larger in
volume, This is the result of an exceptionally great number
of submitted papers and the need of authors to publish
papers in a SCI magazine. Although this requires additional
efforts to be made in technical preparation of the journal and
especially in providing the necessary finances for its
publication, we are glad and proud of such turn of events for
it will make our journal even better and more recognizable.
The current issue publishes six original scientific papers,
five preliminary notes, three subject reviews and two
professional papers from different technical fields.

As usual the issue includes actual news from the Josip
Juraj Strossmayer University of Osijek as well as several
contributions on new books and meetings in the Curiosities
section. We want to emphasize that starting with this issue
new instructions for authors are given to make the
preparation of manuscripts easier.

We invite you again, dear readers, to send us your
contributions and support our efforts to maintain the high
standard of the journal.

Yoursssincerely,

Fue Revy

PeroRaos
Editor-in-chief of Technical Gazette

Tehnidki viesnik 17, 1(2010), 2-2
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IONIZED GAS BOUNDARY LAYER ON BODIES OF REVOLUTION
IN THE PRESENCE OF MAGNETIC FIELD

Branko R. Obrovié, Slobodan R. Savi¢, Radovan S. Petrovié
Original scientific paper

This paper studies ionized gas flow in the boundary layer on bodies of revolution. The present magnetic field is normal to a nonporous contour of the body. The
governing boundary layer equations are brought to a generalized form by general similarity method. The obtained equations are numerically solved by finite
differences method. Based on the obtained solutions, diagrams of distributions of physical qualities in the boundary layer are given. Conclusions of behaviour
ofthese quantities for the studied ionized gas problem are also drawn.

Keywords: body of revolution, boundary layer, ionized gas, general similarity method, nonporous contour

Granicni sloj ioniziranog plina na rotacijskim tijelima pri postojanju magnetskog polja

Izvorni znanstveni ¢lanak

Istrazivano je strujanje ioniziranog plina u grani¢nom sloju na rotacijskim tijelima. Prisutno magnetsko polje je okomito na neporoznu konturu tijela. Polazne
jednadzbe grani¢nog sloja dovedene su na uopéeni oblik metodom uopcene sli¢nosti u verziji Saljnikova. Dobivene jednadzbe numericki su rijeSene metodom
konac¢nih razlika. Na osnovu dobivenih rjeSenja prikazani su dijagrami raspodjela fizikalnih veli¢ina u grani¢nom sloju. Izvedeni su zakljucci o ponasanju ovih

veli¢ina kod razmatranog problema strujanja ioniziranog plina.

Kljucne rijeci: granicni sloj, ionizirani plin, metoda uopéene slicnosti, neporozna kontura, rotacijsko tijelo

1
Introduction
Uvod

This paper studies ionized gas i.e. air flow in the
boundary layer on bodies of revolution. The contour of the
body within fluid is nonporous. The ionized gas flows in the
conditions of the so-called equilibrium ionization.

The main objective of this investigation is to apply the
general similarity method to the studied problem. The
ultimate objective is to solve the obtained generalized
equations in an appropriate approximation and to draw
conclusions on behaviour of certain physical quantities and
characteristics in the boundary layer.

The general similarity method was first introduced by
L. G. Loitsianskii [1]. The method was later improved by V.
N. Saljnikov [2]. The investigators of St Petersburg School
and Belgrade School of boundary layer used this method to
solve numerous important flow problems in the boundary
layer (MHD and temperature boundary layer [1-4]). The
original version of this method 1 was successfully used for
planar boundary layer of the dissociated gas [5, 6]. Using
Saljnikov's version of the general similarity method
different planar problems of both dissociated [7, 8] and
ionized gas flow [9] in the boundary layer were solved.

The paper gives the results of an investigation of the
ionized gas (air) flow along a body of revolution. The results
were obtained by application of Saljnikov's version of the
general similarity method. Unlike other methods [10, 11],
both versions of the general similarity method involve
usage of the momentum equation and sets of corresponding
parameters (form parameters, magnetic parameters...).
These are the so-called similarity parameters.

2
Governing boundary layer equations
Polazne jednadzbe grani¢nog sloja

When gas flows at high velocities (e.g. supersonic
flight of an aircraft through the Earth's atmosphere), the
temperature in the viscous boundary layer increases
significantly. At high temperatures ionization of gas (air)
occurs together with dissociation. Because of this thermo-
chemical reaction the gas becomes electroconductive (its
electroconductivity is ). Then the gas (air) consists of
positively charged ions, electrons and atoms (of oxygen and
nitrogen).

If the ionized gas flows in the magnetic field of the
power B,=B, =B, (x), anelectric currentis formed in the
gas, which causes appearance of the Lorentz force and the
Joule's heat. Due to these effects, new terms, not found in
the equations for homogenous unionized gas, appear in the
equations of the ionized gas boundary layer [12].

For the case of ionized gas flow in the magnetic field, in
the conditions of equilibrium ionization, the equation
system of steady laminar boundary layer on bodies of
revolution [7, 10, 12] has the following form:

0 0 ;
P E o) =0, (=)

ou Ou dp 0 Ou 2
pu-—+pv-—= ——+— |\ u-— |-0-B, -u

Ox oy dx oy oy
Jah o 1
P Ox P oy 1

u=0, v=0, h=h,=const. for y=0
u—>u,(x), h—>h,(x) for y-—>o
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In the mathematical model (1), the first equation
represents a continuity equation of axisymmetrical flow
(7=1) of the compressible fluid on bodies of revolution [12].
The second equation is dynamic and the third one is an
equatlon of the ionized gas boundary layer. The term
o B ‘u inthe dynamlc equation represents Lorentz force,
and the term o - B -u® in the energy equation stands for
Joule'sheat[12].

In the system (1) the notation is standard for the
boundary layer theory [13, 14]: x, y - are longitudinal and
transversal coordinates, u(x, y) - is a longitudinal projection
of velocity in the boundary layer, v(x, y) - transversal
projection, p - ionized gas density, p - pressure, u -
coefficient of dynamic viscosity, / - enthalpy, 7(x) - radius of
the cross-section of the body of revolutionand Pr=p-c, /4
- Prandtl number where A - stands for coefficient of thermal
conductivity and ¢, - specific heat of ionized gas. The
subscript e denotes physical values at the outer edge of the
boundary layer and the subscript w stands for the values on a
nonporous wall of the body of revolution within the fluid.

The radius r(x) is normal to the axis of revolution (Fig.
1). The function r(x) practically defines the contour of the
body of revolution. The thickness of the boundary layer d(x)
is considerably smaller than the radius of the body of
revolution (J(x)<<r(x)), therefore, it can be ignored in
relation to r(x) 12. However, this cannot be applied to long
thinbodies [12, 15].

In general, the ionized gas electroconductivity is a
variable quantity that depends on the temperature, i.e. the
enthalpy. In our investigations, by analogy with power B,,

of the magnetic field [12], the electroconductivity is

assumed to be the function only of the longitudinal variable
x,1.e.

o =o(x). (2)

Taking the boundary conditions at the outer edge of the
boundary layer into consideration, the pressure p(x) can be
eliminated from the system (1).

Figure 1 The gas flow along the body of revolution
Slika 1. Strujanje plina duz rotacijskog tijela

Then the governing equation system can be brought
to the following form:

0 rY| @ rY .
a{pu(zJ ]+5[pv(zJ ]—0, (L =const., j=1)

d
pu.a_u+pv.a_u: peue. ue -|-i ﬂ'a—u +O-‘B},%l'(ue_u)
Ox oy

Oy dx Oy

)

Oh Oh du, Ou O u Oh 2 2
pU-—+pV-—=—U-p,-U,- | —| +—| = —|+o-B,-(u ~u-u,)
Ox oy dx oy oy\ Pr Oy

u=0,v=0, h=h,=const. for y=0

u—u,(x), h—h,(x) for y—> .

In the system (3), the continuity equation is written in
the form that is more suitable for the obtained momentum
equation. Here, L is a constant characteristic length (and for
the numerical calculation, it is taken that L=1).

By the procedure [16] (by analogy with incompressible
fluid flow 1), from the first two equations of the system (3)
and by integration transversal to the boundary layer (from
y=0to y — ), the following equation is obtained:

[jg [ j (1, —u)dy} |
O R GA L

0
Jj ©
r 2
—[zj -0 B, -El).(ue —u)dy.

For solution of this integral, new variables are introduced:
X 2j
r
'Ipw My [—j dx
Po " Mo L

Jj oy
2(x) = [ j J2- 6=,
00

In the transformations (4) and further in the paper, the
values p, and ;=p, v,denote the known values of the density
and dynamic, i.e. kinematic viscosity at a certain point of the
ionized gas boundary layer. Here, p, and p, denote the
known values of these quantities on the wall of the body of
revolution. Note that transformations (4) were used for j=0
inpapers|[5,17].

Having changed the variables, it is relatively easy to

s(x)=

36
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obtain the momentum equation. This equation can be found
inits three forms:

sk F ' " A**' ' F
ds u, ds u, u, A u, 2f

Where prime (') denotes a derivation per the
longitudinal variable s.

While obtaining the momentum equation, the common
quantities are defined: conditional displacement thickness
A'(s), conditional momentum loss thickness A”(s),
conditional thickness A’ (s), nondimensional friction
function ((s), form parameter f{s), magnetic parameter g(s)
as well as a characteristic function of the boundary layer F, .
These, as well as other quantities of the boundary layer are
defined using the expressions:

A% (s)= [&—i}u, A (s)= l-(l - 1]&, Af(s) = &-[1 - lez
'([ p U, E‘; u, u, ! v([ P u,

_ a(u/ui*) , H:A—*:, H1:Aia Z**:A**z
o(z/A7)] A A Vo
M, A "2 ok ok
f(s):ev—:u;-Z =h(); g(s)=N,-Z" =g(s)
0

(6)

2
L Pt 08 p _2[c-@eH)f]-2gH,

T WILY Pyt Pe

For j=0 all the expressions (4), (5) and (6) completely
come down to the corresponding expressions for planar
ionized gas flow in the boundary layer[7].

3
Transformations of the boundary layer equations
Transformacija jednadzba graniénog sloja

In order to apply the general similarity method, the
friction function (s, z) is introduced using the relations

uza_!// 5o 1 po-iy

20 (LY Pty

J
.[u.%w.ﬂ.(ij }z_aa_‘/’, (j=1) (7)
A

that come from the continuity equation. For ;j=0, the
relations (7) come down to the corresponding expressions
used in e.g. papers [5, 7] for planar flow of dissociated i.e.,

ionized gas.
Applying (4) and (7), the governing equation system (3)
is brought to this form:

2 2 d 2
v Dy v v _pe, e, 0[50V N P (ue_a_v’j
0z 0séz Os 0z2 p ds oz oz? 0z
2
oy oh oy Sh_ p. du oy (0] .i.(g.ahj .&.6_%(%_ )
oz & o oz p ©ds e ' a? © o \Prooz p oz \oz ¢ )
v =0, a—l’l/:O, h=nh,=const. for z=0
oz
a—W—>ue(s), h—h,(s) for z—> o
oz
In the system (8), the nondimensional function Q is
determined with the expression
0=-LLE —0(5,2), (©@=1 for z=0, 0=PEe_0(s5) for z ). ©)
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The obtained equations (8) are formally the same as the
corresponding equations in [7], while for j=0 they are
completely the same.

4
Generalized equations of the boundary layer
Poopcene jednadzbe grani¢nog sloja

In order to apply Saljnikov's version of the generalized
similarity method, the procedure already used for solution
of boundary layer fluid flow problems was carried out. For
that reason, anew change of variables is performed:

b/2
u -
$=8 N2 w(s.2)=ul"? K(s)-@(s.1)

B s 1/2 (10)
h(sz)=h 1 -(s.m); K(s)=|a-v,- j ulds
0
a,b=const. A =const.;

here 7(s, z) - stands for a newly introduced transversal
variable, @(s, 7) - new stream function, /(s,1) - nondimen-
sional enthalpy, 4, - total enthalpy in the outer flow of the
body of revolution within the fluid, while a, b - stand for
arbitrary constants.

Based on (10), important quantities and characteristics
of the boundary layer (6) can be expressed in the form of

more suitable relations as:

u oD . . K(s)
Z_ a» A (S)—MST'B(S)
) o
B(s) = —.(1 ——}m
o on on
)y A
AT (s) B(s)
NG AW (o0 (D
EES - 1= > - 2
A (s) B(s) n” ),
” o
As) = (&——]d
IO p Ony
46)= [ ”E~[1—a—®]d :
0

where the quantities 4, 4, and B are considered to continual
functions of the variable s.

The new transversal variable #(s, z) and the stream
function can also be written in a more suitable form as:

_ _u,(s)-AT(s)
AT s) V)= BE)

n(s.2)= @D(s,m)- - (12)

Using the newly introduced variables (10), i.e. (12), the
equation system (8) after a comprehensive transformation is
brought to a form suitable for further analysis. Thus
transformed equation system is written as:

g P [1_82j u, f [6@ 2’0 o azsz

2 2 Y 2 2
0| 0|, @B +C=b)] O J |Pe [0P) | & Pe .S oo
on on? 2B* on* B> | p \on B> p on ) u, B> \on oson os On
7 2 Y - . 5 \2
0|0 on| aB+Q=b) ] (00 2] P OP 5 002D 2"}.&@2 L
on | Pr on 2 B? on B> p On on? B> p on\on
_u. [ (o0 oh 0w ok (13)
u, B> \on és 0os on
oD - =
D(s,m)=0, %—0, h=h, for n=0
g—f—ﬂ, }_z—>}7e:1—r< for 1 —oo.

The quantity K =f,= uez /2y appears in the energy equation
of the system (13) and in the boundary conditions, and just
like with dissociated gas [5], it is called the local
compressibility parameter. This parameter represents an in
advance given function of's.

Furthermore, both equations of the system (13) contain
the quotient u, /u, in the corresponding terms; hence, the
solution of the system will depend on each concrete form of
the given velocity u,(s) on the outer edge of the boundary
layer. Therefore, the obtained system is not generalized in
terms of Loitsianskii [1], and it is not possible to obtain the
so-called generalized boundary layer equations using the
functions &(s,n) and A (s,n).

In order to bring the system (8) to a generalized form, it is
necessary, from the very beginning, to introduce the
corresponding sets of parameters in the transformations
(10), i.e., (12). Therefore, we introduce the stream function
@ and the nondimensional enthalpy /4 by the expressions:

k3%

u, A
eB cp(ns stl.Sf2afv3,~~~9 gla gzs g39"')

— (14)
h(sz)=h-h(, x, f1, 5, f3> - 81> €25 &3> )

v (s,z2) =

in which (f;) stands for a set of the form parameters of
Loitsianskii's type [1], while (g;) denotes a set of magnetic
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parameters. In the literature, the relations as (14) are called
"the general similarity transformations" and the sets of
parameters are called "the similarity parameters". These
parameters are independent variables (instead of the
variable s).

In the studied flow case, the introduced sets of
parameters are determined with the expressions:

2

(k) **
R s u A
2hl Jels)= (15)

k-1 J ) p—_
g(o)=u NIV Z

K = fols) ==

where they satisfy the following recurrent simple
differential equations (16):

u, dx

Z'ﬁ R

u dfk

<1 k-1 k-F,

) =[(k-1)- f; + S+ fon = (16)
u, d
u_,'fl'gk:[(k_l)'fl+k'Fm:|'gk+gk+1:yk

e

(k=1,2,3, .).

Note that the introduced sets of parameters and
equations (16) have formally the same structure as the
corresponding expressions with incompressible fluid flow
[1]. Based on (15), the first parameters of the sets (f;) and
(g), (fi=u,-Z", g =N,Z") represent the already
defined form parameter fand magnetic parameter g (6).

Having applied the similarity transformations (12) and
(14), the boundary layer equation system (8) is finally
transformed into:

24 (2-b) A

2
iQ_6?+a : .a‘f+i12 &Ea@
on on 2B on® B> | p \On

gl pe.[l_@]:
B ) on

1| & o o oo 0’0 2 o
= 20 Z
B” % an a776fk o/ on’ s oan Gnagk

0 |Q 0h| aB+Q=b)fi . 0h 2kf p. 0P
on | Pr on 2 B? on B’

o’ o 0w
og on’
2
0w\ 2xg p oD\ oD
2 . — e | 1 —_—
e [aan 5 p\ on)on (17)
o0 @J
B |5 Ofc on) =" \on og. Og on
oD -
@—O,E—O,h—hw—const for n=0
g;j—ﬂ,};—ﬂz(s)zl—lc for n > .

1 |& ov oh ov oh) & ov oh
- 9 - - . ¥ =
[Z ‘ {an o, j 21 (

Since in (17) the distribution of the outer velocity u(s),
does not figure explicitly, this system is generalized. The
system of generalized equations (17) represents a general
mathematical model of the ionized gas flow in the boundary
layer on bodies of revolution. Once again note that the
obtained system (17) has the same form as the equation
system of'the corresponding ionized gas planar flow [7]. For
j=0, these equation systems are the same because in that

2
0 [p.20) @B Qb f g 000, Jﬁz.p_e_[ag
on on 2B on B p on

0|0 0h|, aB+Q=b -} , 0h _2%fi p. 0P
on|Pr on 2 B? on B> p On
_Fufi (00 Ok o0 ok

B> \on of, of, on

oo - -

D=0, %:0, h=h,=const. for n=0
ggﬁl,ﬁ—ﬂl(s)zl—x for 17— o.
n
(@:®1:(pl(n’ K, fa & )5 }7:]/_’1:]/_[1(775 K, fl: gl))9

2
+21<'-Q-(gn(§j

case the transformations of the variables and parameters
have the same form.

In three-parametric twice localized approximation (x =

£,#0, f=f#0,g=g#0, f,=f,=..=g,=g,=...=0and 0/0k=

0, 0/0g= 0) the obtained equation system is significantly
simplified. In this approximation the generalized equation
system (17) comes down to:

L& P | 0P _Fyfi [0 o’d v o’
s P on B> |\on onof, of, on?

2
_2K~gl.&(l 6@] oD
B> p on 87]

(18)

Technical Gazette 17, 1(2010), 35-42

39



lonized gas boundary layer on bodies of revolution in the presence of magnetic field

B. R. Obrovi¢, S. R. Savi¢, R. S. Petrovi¢

where
F,=2[¢-(Q2+H) f]-2g H,.

The system of approximate generalized equations (18)
represents a mathematical model of this problem of ionized
gas flow in the boundary layer on bodies of revolution.

5
Numerical solution
Numericko rjeSenje

For numerical solution of the system (18), the order of
the dynamic equation is first decreased using the change

252(0(’7”@]{1,&)- (19)

u _ oD
Taking into consideration the change (19), the equation

system for numerical integration is finally brought to the
form (20):

on n 2 B? 617 32 P
0 [0 0h) @B+ Cb1fy o 0T A pe o
on| Pr on 2B on  B* p

=0, 0=0, E:%W:const. for n=0

¢—>1,}_z—>}7e=1—lc for 1 — o

jl(Q,ég)+ Qb)Y fi gy S0, S {gi_ } LN )L

(.J%L_éfmawj
ofi of on

BZ

a_wz_u.&.(l_m.@jm_ﬁ oh o0 ok
n) B> p

ofi 0 On
(20)

Furthermore, by analogy with the dissociated gas [5],
for the function Q and the density ratio P,/ approximate
values are adopted in the form of the expressions:

— 3 _
Q=Q(Z):(@J P M @1
h 1-x

Note that a detailed investigation with thermodynamic
tables for dissociated i.e., ionized gas is needed for finding
the exact laws on distributions of these quantities, which is
not the objective of our investigation.

Numerical solution of the system of conjugated partial
differential equations (20) is performed by means of finite
differences method using the passage method. For that
reason, the boundary layer area is replaced with a planar
integration grid that contains cells with values An = 0,05
and Af,=0,001[7, 17, 18]. Some derivatives in the equations
(20) are replaced with the corresponding finite differences
at discrete points of the grid. The values of the functions ¢,
@ and h are calculated at these points of each calculating
layer. The number of discrete points for each calculating
layeris M=N=401.

Due to localization per the compressibility and
magnetic parameter, these parameters play the role of
simple parameters. Therefore the equation system (20) is
solved for each in advance given value of these parameters.
Since Prandtl number practically does not depend on the
temperature, the equations are solved for Pr = 0,712 (for
air). The usual values are taken for the constants @ and b [2]:
a=0,4408 and h=15,7140.

For a concrete solution of the generalized equation
system (20), i.e., the corresponding system of algebraic
equations expressed by means of the finite differences
method, a suitable program in FORTRAN programming
language was written. It is based on the program used in the
paper [2]. The accepted values for the characteristic

functlonsB 0 and F, atzeroiterationare By, = 0,469,
Q1 x+1=1and F k1 = 0,4411 The equation system (20) is
nonlinear, therefore it is solved using an iterative procedure.

6
Results
Rezultati

Numerical solution of the system of generalized
equations (20) is obtained for each cross-section of the
boundary layer (starting from the cross-section f, =0,00) in
the form of tables. Only some of the results in the form of
diagrams are shown in this paper. The subscript 1 is omitted
in the parameters f,and g,.

Figure 2 shows the diagram of the nondimensional
velocity u/u,=0®/0n for three cross-sections of the
boundary layer f,=/f=-0,18;/=0,00 and f=0,18), while
the value of the compressibility parameter is ¥ = f; = 0,02.
Figure 3 gives the diagram of the distribution of the
nondimensional enthalpy # at these cross-sections, where
the compressibility parameter is x = f, = 0,03. Figure 4
represents the distribution of the nondimensional enthalpy
h atone cross section of the boundary layer (f=0,08) but for
three different values of the porosity parameter. Figure 5
shows the distribution of the nondimensional friction
function ¢ (f) in the boundary layer for three values of the
magnetic parameter g. Finally, Figure 6 gives the diagram of
the distribution of the characteristic function F,, (f') of the
boundary layer.

7
Conclusions
Zakljucci

The general similarity method was successfully applied
to the ionized gas flow in the boundary layer. However,
there are some difficulties in application of this method,
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Figure 2 Diagram of the nondimensional velocity u/u,
Slika 2. Dijagram bezdimenzijske brzine u/u,
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Figure 3 Diagram of the nondimensional enthalpy h
Slika 3. Dijagram bezdimenzijske entalpije h
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Figure 4 Diagram of the nondimensional enthalpy h
for different values of the parameter K =fq
Slika 4. Dijagram bezdimenzijske entalpije h
za razne vrijednosti parametra k =f

mainly of mathematical nature.

Application of this method has given important quality
results that illustrate the behaviour of the distributions of the
physical and characteristic quantities at certain cross-
sections of the boundary layer.
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Figure 5 Distribution of the nondimensional friction function {( f)
Slika 5. Raspodjela bezdimenzijske funkcije trenja C(f)
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Figure 6 Distribution of the characteristic function F, (f")
Slika 6. Raspodjela karakteristicne funkcije F,,(f)

Note that the system of generalized equations (17) has
the same form as the corresponding equation system for the
planar ionized gas flow along a nonporous contour. It,
obviously, enables the transformations (4) that contain the
terms (#/L)’ and 7/L.

Based on the numerical results a general conclusion can
be drawn: the distributions of the obtained solutions of the
boundary layer equations have the same behaviour as with
other problems of dissociated gas flow.

Based on the diagrams here presented and others not
shown, the following concrete conclusions can be drawn:

e The nondimensional flow velocity w/u, at different

cross-sections of the boundary layer on bodies of revolution
converges very fast towards unity (Fig. 2).

o The nondimensional enthalpy converges relatively fast
towardsthe value & =h, =1—-k at the outer edge of the
boundary layer (Fig. 3).

o The compressibility parameter has a significant
influence on distribution of the nondimensional enthalpy at
any cross-section of the boundary layer (Fig. 4).

o The diagram in Figure 5 shows that the magnetic
parameter has a significant influence on the nondimensional
friction function {, and hence on the boundary layer
separation point. A decrease in the value of the magnetic
parameter postpones the separation of the boundary layer.
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o The magnetic parameter has a significant influence on
the distribution of the characteristic function F,, of the
ionized gas boundary layer on bodies of revolution (Fig. 6).

In order to obtain more exact quantitative solutions, the
system (17) should be solved in three-parametric
approximation but without localization per corresponding
parameters, in particular without localization per the
compressibility parameter. This is very important because
the compressibility parameter has a great influence on the
change of enthalpy in the boundary layer. Furthermore, it
has been noted to change even the general character of the
behaviour of the distribution of the enthalpy [5], which
could be also expected in this case. However, solution of
these equations without localization would be brought with
both mathematical and software difficulties.

8
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