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AnBoranua—IIpuBORUTCA pelleHHe PAJA 3a3aY eCTeCTBEHHON KOHBEKIUM B HECHUMAEMOM

BASKON KMAKOCTH B BJIEMEHTAPHHIX MAaKPOKANMIIAPAX NpH HEONHOPOAHOM paclpereleHnn

Temneparypsl Ha rpauuie. ITogpoGHO usyvyeHa CTPYKTYpa TeUeHUA MUTKOCTH M BJIMAHUE

MarHUTHOTO IIOJIA HA KOHBEKLHIO B CIIydae NPOBORALIEN KUAKOCTH. [[aeTcA OLeHKa BINAHUA

CBOMCTB MAKPOKANMJIIIAPA HA CTPYKTYPY TEUEHUS, BEIHYMHY KOHBEKTUBHOM CKOpOCTH H
pacipenesieHHe TeMIEPATYPH.

NOMENCLATURE
length of molecular mean free path;

-

h, radius of capillary;
u,v, velocity components ;
, stream function;
D, pressure;
P, density;
T, temperature;
T,, temperature of walls;
v, kinematic viscosity ;
X, thermal diffusivity;
C, sound velocity in gas;
k, wave number ;
€, temperature gradient along axis y;
Pr, Prandtl number;
M, Hartman number;
P,, magnetic Reynolds number;
Gr, Grashof number;
H, magnetic field ;

H, H,,h, components of variable portion of magnetic field.

THE sTUDY of free convection in capillary-porous bodies under nonisothermal conditions is of great
interest. Transfer phenomena in capillary-porous bodies are characterized by some peculiarities
connected with the value of the ratio of the mean free molecular path [ to the capillary radius h [1].
If the capillary radius h is of the order of the mean free molecular path 1(k ~ 10~ 7 m for air), then the
transfer laws depend on free-molecular conditions and should be caculated using kinetic concepts.
This is the case of a highly rarefied gas. If the value I/h is in comparison to unity (weakly rarefied gas),
heat transfer processes can be treated in a macroscopic way. In this representation the usual state-
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ment of the problem should be somewhat altered. In the equations of motion and of state the correc-
tion terms are extremely small and will be neglected in further considerations [1]. However the
boundary conditions on the solid surface require fundamental consideration. The derivation of new
macroscopic conditions is carried out with the help of kinetic representation [3].

In hydrodynamics the conditions of adhesion are usually assumed, i.e it is considered that the
velocity and temperature of the gas at the wall are equal to the velocity and temperature of the wall.
New boundary conditions allow for jumps in the tangential components of the velocity and tem-
perature which are proportional to normal derivatives of these values in the Navier-Stokes approxi-
mation.

In the present paper the problem is formulated and solved on natural convection in a macro-
capillary at I/h < 1 and nonuniform temperature distribution at the boundary. Particular attention
is paid to elucidation of the effect of slip conditions and temperature jump on the flow structure in a
macropore. One of the simplest capiilary models, horizontal capillary slits with geometric dimension
h, is considered.

The Cartesian system of coordinates x, y is employed. The walls coincide with the planes y = 0
and y = h. The gravity field is in the positive direction of the axis y. Let u, v be the velocity components
alongthe axes x, y; p, p, T are pressure, density and temperature ; the kinematic viscosity v and thermal
diffusivity are assumed constant.

The initial system of equations is of the form

YR B (T W
P " ax dy/ ox M ox? ay?
PUKT? dayl oy M\ o2 0y? +Pg
ou 0Ov
bt 1)
ox 0Oy 0 ( (

6T+ BT_% 62T+62T
“ax TP dy — T\ox*  8y?

f(p,p, T) =0. 7

The boundary conditions, which take into account the temperature and velocity jumps are formu-
lated as follows

[ du [ _oT
y=0,h.u=27m1z5;+2nnzzc(—3;,v—0 W

{oT .
y=0 T-T,= 2nn3z5;, T, = To(1 + asin kx) (2)

10T
y=h T—Tw=2nn3E5;, Tw;,= Th(X) J
15 _L
ny=+nl ny,=-=n2= n,=15nlL
1 167 2 128 T, 3 = 1287

where ¢ is a characteristic velocity usually assumed equal to the sound velocity. The case will be
considered of one of the walls being kept at constant temperature, and the temperature of the other
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wall varying periodically
T,, = Ty(l + asinkx), T, = T, = const. (3)

It is known that in uniform heating from below there exists a critical temperature drop AT,
When this value is exceeded [4], mechanical equilibrium is disturbed. The conditions of heat
conduction are changed to free convection. In the case of non-uniform temperature distribution
at the boundary as shown in [2], there is no limiting value of the temperature difference, i.e. con-
vection arises at any small nonuniformities of the temperature. If the maximum temperature difference
T, — T, exceeds AT, the flow structure in a capillary is rather complicated. In the present case
the study will be confined to the condition when T, — T, < AT, and the amplitude of periodic

variation a is small. This allows a linearized solution of the problem. The solution of the system of
equations {1}-(3) is of the form

T=T(1+T) p=pll+p p=pol+p) @
u=0+u v=0+vp o

where T, p, p, u, v are deviations from equilibrium values.
The linearized basic set of equations is of the form
du v . ¢ép aP

o e T (5)
&+ xAT =0
0* &?
X = 2nx/L; y = 2ny/L; A==+ —=;
ax®  oy?
2 LT, ©
_ 2mu _gLpT, , _In
m=pl P=TFam k=T
The boundary conditions remain the same.
The solution of the problem stated is
U = (A3Zl + AQZZ - A223 - ASZ4 + AIZ5 + AIZS + A‘;ZG)Sin kx (7)
pl A A . 0 .
u= {—— —'é‘—A(,Z1 - 7(1-A3Zz + f (A1 sin5 — As cosg) Z, +%° (A‘;smég ~ A, cosg) Z,

Ao 0 .0 A 0 . 0
~% (A., cosz + A, sm§>25 - f (A1 cosi + A smE)ZG}cos kx ®)

T={B%[SA321 + SAoZ; — (A§F Ay + HA)Zy — (AJFA, + HAS) Z,

+ (HA, + A3FA5)Zs + (HA, + lgFAz)Zﬁ}}sin kx (9
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where

Z, =sinh £, Z, =cosh ¢, Z, = coshn,siny,

Z, = sinh n,sinny, Zs = coshn,cosy, Zs = sinhn, cos 1,

.8 8
&= Ay m=losm5y nz=1ocos5y

K2\
9—_-tan“——-—~—;/—3———— 5=h2(ﬂ3—>

2[k%h? + (6/2)] X " (10

. efk \*
F = — A3sin 20 + 2k®sin 6, 1t =k*h? - ? ;;
H = i$cos20 + 2k*i2cos O + k%, S =i} —2k212 + k*

BB BN (V3,0 V3 (eBK T}*
’“={{T“‘z‘(;)]+[?"’“z’*(w) - J

For easy analysis of the flow pattern the expression for the stream function is used

1
= — E(A3zl + AgZ, — AyZy — AsZy + A Zs + AyZg)cos kx. (11)

The equations obtained are very bulky. To make the effects of temperature and velocity jumps
more obvious, consider the limiting case kh < 1 and kh to> 1. Let kh < 1, then equations (7}-(11)
can be simplified to

: ¢ ~ ¢ .
b= ({-2‘5}’5 + gVt t L—;—f + 5V + Coy+ cs)sm kx (12)
u=%(—§—2y‘+c—62y3+%y2+c4y+cs) cos kx (13)

k> k? c:k? ¢ c.k? c
T=§[Cllz)y5+c—;"y4+<”‘§6“__§1)y3+(—'4§‘—02 y2+ ‘E;'—ZC3+C'51(2 y
+ % — 2e4 + c{l sin kx {14)
1 c c

./,.___%(.1%163;5+§2-y4+-—6§y3+E“y2+c5y+c6)coskx. (15)

But integration constants c; continue to be bulky and are thus not presented here. It should be noted
that in this limiting case free convection practically does not affect the flow pattern in a pore. The

motion is completely attributed to the slip and jump of temperature. Now let ¢ = 0, kh > 1, then the
solution is of the form

u="[ay? +yy — (y + 20)] e ¥ cos kx (16)
ay? kv -
v=| - + (¥ + 20)y | ™ sinkx {amn

T=be ®sinkx b=a[l +2nny(//L)]"! (18)
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2
[ - %[— E}‘c-)— -+ 2az)y]e ~*r cos kx
B =21+ 2mun,(/L)] + 2mn,db(i/L) 1)
T, T 1 + 4xn, (/1) : :

By letting the limit /A — 0 in (7)-(11) results are obtained corresponding to large gas pressures
in a capillary. Here motion in the pore results only from the effect of the gravity field and the non-
uniformity of the temperature distribution. In this case the nature of the flow and heat transfer are in

y

m

rojy
e

FiG. 1. Flow pattern in a macrocapillary kh > L, e = 0.

agreement with free convection in an ordinary dense gas. In another limiting case when the gravity
field is absent (g = 0) the flow also exists but only when I/h # 0, i.e. at low pressures and rather
small pores. It appears that the character of the periodicity along the axis x depends neither on
pore sizes and pressure in a capillary, nor on the presence of the gravity field and is attributed only
to the nonuniformity of the temperature of the pore walls. It is interesting to note that zero stream
functions correspond to the position of extreme values of temperature.

Consider the case kh > 1 in detail. In a capillary the period of temperature variations is very small
Thus, for example, for a macrocapillary with A ~ 107%m, k> 10°m and A = 2n/k < 2n. 10" %m,
ie. it is the most important case when nonuniformity of temperature distribution over the capillary
wall is seen. Let us dwell on an important feature of free convective motion in a macropore, i.e. the
origin of two flow regions (cells) along the coordinates y. From the expression for the stream function
Y it follows that the position of the boundary between the two regions (zero stream line) is determined

as follows
- (2 + 3), Zco
o o

It is not difficult to explain which factor, the gravity field or temperature and velocity jumps,
affect the flow in the various regions. As seen from (20) with weakening gravity field, the boundary
between the regions is displaced towards large values of y, i.e. the lower near-wall cell occupies the

> 2 (20)
[v4
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whole capillary volume. Therefore the lower near-wall flow (primary cell) is first of all due to the
conditions of temperature and velocity jumps, while the flow in the upper cell mainly to free con-
vection. The minimum value of the gravity field when, at given range of temperature variation and
for a given liquid, the flow in a pore is divided into two regions is given by

_ 8wk
gmin - (kh + 2)BToba

With an increase in the gravity field the size of the primary cell decreases and tends to zero.
The size of the primary cell can also be diminished by increasing the amplitude of temperature vari-
ations b. However at large values of b, firstly the authors’ expansions may not be justified and,
secondly, the laminar nature of the flow can be disturbed. In the later case there exists a critical size
of both cells for laminar motion. The results obtained make it possible to calculate the effective size
{(from the viewpoint of motion intensity) of a macrocapillary. The expression for the effective size
of the macrocapillary when |y/a| > 2 is

3y <0, (21)

h = 2nl\/(n, n3)

For air at normal conditions h ~ 1079 m. As the estimations of the velocity show, in such a capillary
the motion is basically attributed to the effects of slip and temperature jump. Contribution to the
velocity due to free convection is of similar order of magnitude at 1/h ~ 10™* m. The velocity is of
the order 10™4—10~° m/s if the amplitude of temperature oscillations is of the order of one degree.

Consider the problem of free convection in a horizontal macrocapillary filled with electrocon-
ducting fluid. The vector of permanent magnetic field intensity is parallel to the gravity field The
dimensionless form of the basic linarized equations is as follows[5]

TSI m)

z (,, ; %:.H;) _VE% ~ GrT+ -’}ff%’fyz (23)
F‘mvl;,x - - .Z.z (24)

Flmv%}. _— (29)

g_z + «% -0 (26)

% + %f;_ ~0 27

%rva ——w (28)

where
Pr=vjx M= (Bohjc\/(6/p) P, = v/ih = C*/4no.
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The boundary conditions for the temperature and velocity remain the same, equations (2). The
tangential component of the magnetic field at the boundary is continuous.

It has already been mentioned that the effect of free convection is most important at kh > 1.
This is the case to be considered. Assume that there is no temperature gradient across the macro-
pillary ¢ = 0, which allows solution of the energy equation (28) independently of other equations
in the system (22)+27). Without dwelling on computational details the solution of the system of

equations is

[ G
u=jAe ¥ 4+ Be ¥ 4 —-i?e”"’} cos kx
i M
[ Ak «y . BK Grb .
= ey yo T eT¥y L T eTky k
v Kle +%2 +M2e :Ism X
A B Grb
= |—e ¥ 4 eT*¥ 4 ___ e ® |coskx
v %, + %y Mk }

Ax Bx Grb
h,={Ce™™ - P, 2 ey 4 2 _eTxy (] — y)e""]} cos kx
{ [ 2 k? wi — k2 2M* '

e A B _, Grb . 1.
e N P |

X3 —
T =be ®coskx
= JHER + M) + K + MY — k)
= 2 + M) — IR + M2~ K]}

where the coefficients 4, B, C are found from the boundary conditions

9, 9, 93
A= A B = A C= "y
k { k l
Az——! (I +27mlzxz) —;2(1 +27m1—£z;)
k Grb I Grbk 1 Grb [
51 = - ;{; (— "“A'ZE + 27{"1 Z—'M"Z-' - 27tn2€zbk> - W(l + 27!711 z%z)
Grb ! Grb 1 Grbk _ 1 k
52 = —1‘—{? (l + Zﬂnlle) + (—‘ A_l—z— + Z?anz"-M—z— - ZRHZCEbk)Z
I l Grb I Grbk I_
1+ 27m1ix1, 1+ Znnlzxz, I + 2nn, I 2nn, ZCbk’
k k Grb
53 =1 T s — s ~ 373
3y s M
kP, kP, 0
Bk 2 — k]
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Consider the magnetic field effect on the flow structure in a macrocapillary in two limited cases
of small and large Hartman numbers M.

For small M within O(M?) the velocity components and the stream functions may be presented
in the form

u=uy + Mu, v =1vy + M Y=o+ MY,
. k2 N
" — 1y = MZ{%y“ — Ydak? + 2ak + k*) y® + [W + k(2 + ky) + é(zk + 1)] y?

54 o o
2 ——w}e“"' cos kx.

; - Vv — Ly — 3k >
+ [2902k + 1) — ko + ky)] y — 3 3k/+8k TR

As was expected the sign of the velocity variation under the action of a magnetic field is negative,
i.e. the velocity decreases with an increasing magnetic field. For the case of small M the displacement

/7

Fic. 2 ——————— velocity
profile in a vertical macro-
capillary; — — — — — velocity

profile in a vertical channel
of the boundary between two flow regions due to the magnetic field is obtained when the stream
function is equal to zero. From the expression

it is seen that since the sign of the term including M? is negative, the boundary between the cells
is displaced towards the wall.
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At large Hartman numbers a noticeable redistribution of the velocity components due to Archi-
medean forces and slip conditions (2) takes place. It is interesting to note that free-convective
motion may be depressed with increase of the Hartman number, while the “proper” motion due
to the slip conditions cannot.

So far horizontal macrocapillaries have been discussed. Now consider the peculiarities of the
flow due to free convection in a vertical macrocapillary.

Let the macrocapillary walls be parallel to the gravity vector g, i.e. the macrocapillary is placed
vertically. The wall temperatures are kept constant and different. The capillary is placed in a
permanent magnetic field H, normal to the walls (H, = H;) Assume that all the values depend
only on the coordinate X. This agrees with real conditions in the capillary whose width & is much
less then the height L. The losses due to the Joule heat are neglected. The initial one-dimensional
system is written as follows

é M? H?
d M? H? d% M?*dH,
1 d°H, dv
P dx? - T dx G
ar
= 0. (32)
In this case the boundary conditions (2) reduce to the following
Iév 1_oT
x= +1 v=2nn;z&+2nn2£cé}-
(33)

T—Tw=2nn3£g—z H,=0

z

where

ny = 15m n, = 5n ny = fHm.

From equation (32) it follows that temperature distribution across the capillary is linear, the
transverse component of the magnetic field is H, = H,, and pressure P may be a linear function
of z. Simultaneous solution of equations (30) and (31) yields distribution of the velocity v(x) and
longitudinal component of the magnetic field H (x)

!
T=—x~— 27m3; (34
¥ ! Gr sinh Mx Gr . !

= T - : 35
"= (x+2’""h) M sinh M Msinh a7t j ©OSF MX (35)

GrP,| coshMx x* 1  coshM ! I sinh Mx]
= Zm _E 2 O M o, x4 27, - S XY 36
H.=5p [MsinhM 3 T2 T Msmhm R T ™M o M (36)
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Note that terms of the order (1/h)? included in the solution (35), (36) need not be taken into account
since the initial system of equations and boundary conditions is written within the accuracy to (I/h).

Let us discuss the results obtained. The effect of temperature and velocity jumps on the shape of
the temperature and velocity profiles are ascertained first From (34) it is clearly seen that the
temperature gradient 07/0x does not depend on the value of [/h, and the absolute value of the
temperature increases. In a rarefied gas the shape of the velocity profile changes. Thus the coordi-
nates of the points where the velocity is maximum are displaced in comparison with the case of a
dense gas. If the wall is hot, they move closer to it, if it is cold, they move away from it. The value
of the displacement

AXdispl = Xmax (l/h = O) — Xmax (l/h #0) (37
is proportional to the value of I/h

1 { 1 l
Xmax 1= — (‘\’/’5 + 27tn1 ﬁ) Xmax1l = _\‘/‘3 - 27'("1 E (38)

Due to the boundary conditions of slip at the walls the velocity v is equal to %nn,(l/h).
Unlike the case of a dense gas (I/h = 0), at zero pressure gradient the flow rate would be different
from zero. For keeping a zero flow rate, a negative constant pressure gradient should be maintained.
d

p )
Fi 2nE Gr(n, — ns). (39)

Note that the value of the vertical heat flux is independent of slip conditions

h
Q=cp | vTdx (40)
—h
Let us cite some numerical estimates. Thus at Gr = 103, I/h = 0-01, velocities at the wall v, ~ 1074
m/s, maximum velocity in the region I decreases by the value AV, ~ 5 per cent, and increases by
AV ~ 4 per cent in the region I1.

Now that the effect of temperature and velocity jumps is clarified, let us study the peculiarities
of convection appearing in a rarefied electrically conducting gas in the presence of a magnetic
field. Since the losses due to the Joule heat are neglected, the temperature profile remains linear
as in the case without a magnetic field. The velocity profile, however, changes its shape. Thus, in
the case of small Hartman numbers within O(M?) the velocity may be presented in the form
vi(x) [1 — (M?/6)]T where vy(x) is the velocity distribution in the absence of a magnetic field.
This means that the characteristic points (position of maximum and zero velocity) have the same
coordinates, but the absolute values of the velocity decrease. At large M numbers, as is seen from
(35), the velocity decreases everywhere except in the near-wall region as 1/M?.

In the vicinity of the walls the suppression of convection by the magnetic field decreases due to
the slip effect and is proportional only to 1/M. The velocity at the wall is

[
vix = +1) = 27rnlﬁfl—r2(McothM — 1) (41)

T v _x3+§_n£2 1 !
. 3 g x4y g
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It is of interest to note that the magnetic field displaces the zero stream line still further to the
hot wall. The upflow region contracts. It is not difficult to ascertain to what position the maximum
velocities are being displaced to. By making the velocity component equal to zero, the positions
of the maximum at large M are determined by the expressions

1 l
Xmaxl = —1 + ﬂln (277.’"1;1>

| l
Xmaxnn = 1 — ﬁln <2nn1 E)

Contrary to the case of a dense gas, the distribution of the magnetic field intensity due to free
convection, as seen from expression (36), becomes asymmetric because of the terms proportional
to l/h.

(42)

H,— H_(Ijh = 0) = 2an,

P .
GrP, | <x sinh Mx) @3

M2 h\"  sinhM /)

In small magnetic fields the H, component of the magnetic field H, is determined by the expression

2 2
g _9Pn (1_£)[1 X —27m1%(x—x3)]. (44)

: 6 6 2

With large magnetic fields H,, free convection is suppressed and the component H, decreases
within the whole region as 1/M> Note that the temperature jump and slip conditions do not affect
the mean vertical convective heat flux Q

h

Q=cp [vTdx
—h
This coincides with the expression for Q,, obtained in [5].

The pressure gradient necessary for keeping the flow rate at zero does not depend on the presence
of a magnetic field and remains the same (39).

Thus, in a macrocapillary, the free convection is characterized by some striking peculiarities.
The velocity profile and distribution of the induced magnetic field component H become asym-
metric. In a macrocapillary the change in the absolute value of the velocity may reach 5 per cent
in comparison with the velocity in an ordinary slit.

3. V. P. SHIDLOVSKY, Introduction into the Dynamics of
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APPENDIX
o 0 o é é é
Ao_f A1=K1 A2=—Ag A3=K3 /14=X4 AS:—A§
044 o2 0 0 0 0
%21 22 %33 B2y B22 B2
A %31 32 X33 B3 B3z B33
T o %42 43 Ba: Baz Bas
sy s Os3 Bsi Bsa Bss
61 g2 g3 Be1 B Bes
4, is obtained from A, if ith column is substituted by
0
0
0
0
0
a
@y =a =1
A2 u 2
“21=‘“"171—’"2l§5; “22=*"1f0059—"2l§€H;
. 0 A A 6
~OinZ. _ . _to v,
%23 kSInza BZI— ka BZZ— kCOS2,
Ao . UAS
ﬁ23— anSIIlg—nzﬁF,

.0
o3 =S 03, = H; B33 = N3 (AosanH—igcong);

0
Bsi = —n3AS: By = —nyAd (H cos 3 — Fsing); Bz = AGF

0
oy = cosh 4, o4, = cosh (io cos 5); 243 = — cosh </10 cos g) sin </10 sin g)

. . 0
B4y = sinh A, ; B4z = sinh </10 cos§>; faz = — sinh <Ao cos g) sin ().0 sin g)

Ay

k

. 23
o5y = —-sinh 4, + nl-klcosh/l1 - nzé;;Scosh Ay
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Ao 6 s
T52 = =37 <Za(1)sm Zé(l)cosg)+ nl—o[Z4(1) — Z5()] — = ny[Zy(DH — J3FZ,(1))

Bk

A 8
Bsy = f (24(1)(:03— + Zsil)sin?-) o {23(1)0039 — Zg(Dsin 0] + =

3 L n,[Zy()H — Z(1)F]

Bk

Bsi = ﬂcosh Ay —ny— A nZSsmh Ay

. " Lsinh A, —

Bk
4o

.0 6 yrs )
Bsy = — T 24(1)81115 - 25(1)0055 +n, —k~[Z3(1}sm 8 — Zg(1) cos 6]

B nz[Z6(1)H — A3Z4(VF]

9 2
Bsy =2 (23(1}cos + ZS(I)sing)— nl%[24(1}cosﬂ + Z4(1)sin 0]

ﬂk’ m[Z,(VH — Z4(1)F]

Oy = ﬁkz (H cosh A, — n3Ssinh 4,)

8
gy = E%[ZS(I)H ~ ABZ(DF]=n3—— 7% [Ao COs = HZS(I) -

— A.si
osin 3

~HZ 1) = A3 (005—2 Z4(1)F + sin 3 Zs(l)F) I
o = —————[Z (I)H -7 (1)F]—~ fHa——5 | —Ag COS=Z, (I)H -
63 ﬁkz 3t 6 3 ﬂkz (] 2 4

.0
— hosinz Zs(DH + 13 congs(l)F -3 singz4(1)F]

Be1 = Z(Ssmh Ay — n34,Scosh 4,)

Pk
Bes = ﬁ—”:z ZoDH = BZ(0F) = ny g3 [,10 cos 5 Zs(DH —

. 0 6
— A sxn—iZ4(1)H -3 (cos§Z4(1)F + singzs(l)F)}

Bss = ,Bk2 [-ZJVH + Zs)F] — ny = [ Ao cosHZ3(1)H -

Bk?
. 8 5 0 ;.. 0
— A sm-z—Zé(l)H + 45 cosizs(l)F — A3 sm§Z3{l)F
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SOME PROBLEMS OF FREE CONVECTION IN A MACROCAPILLARY

Abstract—Solution is given to a number of problems of free convection in incompressible viscous fluid

in elementary macrocapillaries with non-uniform temperature distribution at the boundary. The fluid

flow structure and effect of a magnetic field on convection in the case of conducting fluid has been studied

in detail. The influence of macrocapillary properties on the flow structure, rate of convection and tempera-
ture distribution has been estimated.

QUELQUES PROBLEMES DE CONVECTION NATURELLE DANS UN MACROCAPILLAIRE

Résumé—Une solution est donnée a quelques problémes de convection naturelle pour un fluide visqueux
incompressible dans des macrocapillaires élémentaires, avec une distribution de température non uniforme
i la frontiére. On a étudié en détail la structure de I'écoulement du fluide et I’effet du champ magnétique
sur la convection dans le cas d’une fluide conducteur. On a estimé I'influence des propriétés macrocapil-
laires sur la structure de I’écoulement, sur la distribution des taux de convection et de température.

PROBLEME DER FREIEN KONVEKTION IN MAKROKAPILLAREN

Zusammenfassung—Es werden Losungen angegeben fiir eine Reihe von Problemen bei freier Konvektion

eines inkompressiblen, zihen Fluids in elementaren Makrokapillaren mit ungleichférmiger Temperatur-

verteilung am Rand. Die Struktur der Strémung und der Effekt eines Magnetfeldes auf die Konvektion

fir den Fall eines leitenden Fluids wurden genau untersucht. Der Einfluss der Eigenschaften der Makro-

kapillare auf die Struktur der Stromung, der Anteil der Konvektion und die Temperaturverteilung wurden
abgeschitzt.



