Bulgarian Chemical Communications, Volume 48, Number 4 (pp. 770- 778) 2016

An analysis of MHD natural convection heat and mass transfer flow with Hall effects
of a heat absorbing, radiating and rotating fluid over an exponentially accelerated
moving vertical plate with ramped temperature
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An investigation of unsteady MHD natural convection heat and mass transfer flow with Hall effects and rotation of a
viscous, incompressible, electrically conducting, radiating and temperature dependent heat absorbing fluid past an
exponentially accelerated moving vertical plate with ramped temperature through a porous medium is carried out. An
exact solution for fluid velocity fluid temperature and species concentration is obtained in a closed form by the Laplace
transform technique. The expressions for shear stress, rate of heat transfer and rate of mass transfer at the plate are also
derived. The numerical values of fluid velocity and fluid temperature are displayed graphically whereas those of shear
stress and rate of heat transfer at the plate are presented in tabular form for various values of the pertinent flow parameters.
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INTRODUCTION

The effects of thermal radiation and heat
generation/absorption on hydromagnetic natural
convection flow play a crucial role in controlling the
heat transfer and may have promising applications in
several physical problems of practical interest viz.
convection in the earth’s mantle, fire and
combustion modeling, fluids undergoing exothermic
and/or endothermic chemical reactions, building
with buoyancy-driven natural ventilation, radiant
ceiling heating systems and floor heating systems.
Keeping in view the importance of such a study,
Chamkha [1] studied the thermal radiation and
buoyancy effects on hydromagnetic flow over an
accelerating permeable surface with a heat source or
sink. Seddeek [2] investigated the thermal radiation
and buoyancy effects on MHD natural convection
heat generating fluid flow past an accelerating
permeable surface with a temperature-dependent
viscosity. Ibrahim et al. [3] discussed the effects of
radiation and absorption on the unsteady MHD free
convection flow past a semi-infinite vertical
permeable moving plate with chemical reaction and
suction. Mohamed [4] considered chemical reactions
and thermal radiation on hydromagnetic free
convection flow with heat and mass transfer of a
viscous fluid past a semi-infinite vertical moving
porous plate embedded in a porous medium in the
presence of thermal diffusion and heat generation.
Prasad et al. [5] investigated the effects of internal
heat generation/absorption, thermal radiation,
magnetic field and temperature dependent thermal
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conductivity on the flow and heat transfer
characteristics of a Non-Newtonian Maxwell fluid
over a stretching sheet.

It is noticed that when the density of an
electrically conducting fluid is low and/or the
applied magnetic field is strong, Hall current plays a
vital role in determining the flow-features of the
fluid flow problems because it induces a secondary
flow in the flow-field [6]. Taking this fact into
account, Aboeldahab and Elbarbary [7] considered
the effects of the Hall current on the
magnetohydrodynamic free convection flow past a
semi-infinite vertical plate with mass transfer. Saha
et al. [8] discussed the effects of Hall current on the
MHD laminar natural convection flow from a
vertical permeable flat plate with a uniform surface
temperature. Zueco et al. [9] made a numerical study
of the unsteady MHD free convection flow with the
mass transfer taking the Hall current and viscous
dissipation into account. Ahmed et al. [10]
considered the unsteady MHD free convective flow
past a vertical porous plate immersed in a porous
medium with Hall current, thermal diffusion and a
heat source. It is noteworthy that the Hall current
induces a secondary flow in the flow-field which is
also the characteristics of Coriolis force. Therefore,
it is essential to compare and contrast the effects of
these two agencies and also to study their combined
effects on such fluid flow problems. Considering
these two effects, Takhar et al. [11] investigated the
boundary layer flow of a viscous, incompressible
and electrically conducting fluid over a moving
surface in a rotating fluid, in the presence of a
magnetic field and Hall current with a free moving
stream. Recently, Seth et al. [12] considered the
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combined effects of the Hall current, rotation and
radiation on natural convection heat and mass
transfer flow past a moving vertical plate.

Natural convection flows are generally modeled
by researchers under the consideration of uniform
surface temperature or a uniform heat flux.
However, practical problems often involve non-
uniform thermal conditions. Some of the numerous
industry based applications considering non-uniform
thermal conditions include nuclear heat transfer
control, materials processing, turbine blade heat
transfer, electronic circuits and sealed gas-filled
enclosure heat transfer operations. Keeping this fact
in view, several researchers [13-23] investigated
natural convection flow from a vertical plate with
ramped temperature.

The current study seeks to investigate the effects
of Hall current and rotation on unsteady
hydromagnetic natural convection heat and mass
transfer flow of a wviscous, incompressible,
electrically conducting, optically thin heat radiating
and temperature dependent heat absorbing fluid
through a fluid saturated porous medium past an
exponentially accelerated vertical plate having the
ramped temperature profile. This problem has not
yet received attention from the researchers, although
natural convection heat and mass transfer flow of a
heat absorbing and radiating fluid resulting from
such a ramped temperature profile of a plate moving
with time dependent velocity may have strong
bearings on numerous problems of practical interest
where initial temperature profiles are of much
significance in the design of hydromagnetic devices
and in several industrial processes occurring at high
temperatures where the effects of thermal radiation
and heat absorption play a vital role in the fluid flow
characteristics.

FORMULATION OF THE PROBLEM

Consider unsteady hydromagnetic natural
convection flow of viscous, incompressible,
electrically conducting, optically thin heat radiating
and temperature dependent heat absorbing fluid past
an infinite moving vertical plate embedded in a
porous medium taking Hall current and rotation into
account. The Cartesian co-ordinate system is
considered in such a way that the x’ - axis is along
the length of the plate in the upward direction and
the y' —axis is normal to the plane of the plate in the

fluid and the z' — axis is perpendicular to the x'y’—
plane. The fluid is permeated by a uniform
transverse magnetic field B, which is applied in a
direction parallel to the y" axis. Initially i.e. at time
t'<0, both the fluid and plate are at rest and at a

uniform temperature T). Also the species
concentration within the fluid is maintained at a
uniform concentration C’ . At time t’'> 0, the plate

is exponentially accelerated with a velocity U e*"
in the x’-direction and the temperature of the plate
is raised or lowered to T +(T,-T))Xt'/t, when
t'<t, and thereafter at t'>t,, the plate is

maintained at a uniform temperature T.a’" and U,
are an arbitrary constant and uniform velocity of the
plate (i.e. a’=0) respectively. Also at time t'>0,
the species concentration at the surface of the plate
is raised to a uniform concentration C/, and this is
maintained thereafter. Since the plate is of infinite
extent along the x"andz’ directions and is
electrically non-conducting, all the physical
quantities depend only ony” and t'. The geometry
of the problem is shown in Figure 1. It is assumed
that the induced magnetic field produced by fluid
motion is negligible in comparison to the applied
one. This assumption is valid for metallic liquids and
partially ionized fluids [24]. Also no electric field is
applied so the effect of polarization of the fluid is
neglected [25].
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Fig.1. Geometry of the Problem

Keeping in view the assumptions made above,
the governing equations for unsteady hydromagnetic
natural convection flow of an electrically
conducting, viscous, incompressible, temperature
dependent heat absorbing and optically thin
radiating fluid in a uniform porous medium, under
Boussinesq’s approximation, taking the Hall current
and rotation into account are given by
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where m=wmzr, is the Hall current parameter.
u'l VVI1T'1 Kl,y k1 Cpl Q()l Cll DM! qr'y V1 G! ,01 g1 ﬁ,1 ﬁ1
o, and z, are, respectively, fluid velocity in the x'—
direction, fluid velocity in the z'—direction, the fluid
temperature, permeability of a porous medium,
thermal conductivity, specific heat at constant
pressure, heat absorption coefficient, species
concentration, molecular (mass) diffusivity,
radiating flux vector, kinematic coefficient of
viscosity, electrical conductivity, fluid density,
acceleration due to gravity, coefficient of thermal
expansion, coefficient of expansion for species
concentration, cyclotron frequency and the electron
collision time.

The initial and boundary conditions for the fluid
flow problem are

u=w=0,T =T/,C'=C., for y'>0andt'<0, (5a)
u'=U,e", w=0,C'=C/,aty’=0andt>0 (5b)
T =T+, -T)t'/t,,at y=0and0<t'<t,, (5¢)
T'=T,, at y=0and t'>t,, (5d)
u,w—->0T" ->T/,C'">C!asy'—>xfort’>0 (5e)

In the case of an optically thin gray fluid the local
radiant absorption is expressed by
oq, N

r=—4a’'c"(T*-T"), (6)
L =—talor (1)
where a” is the absorption coefficient and o~ is the
Stefan-Boltzmann constant.

Assuming a small temperature difference
between the fluid temperature T’ and the free stream

temperature T/, T'* is expanded in a Taylor series
about the free stream temperature T/ to linearize

equation (6) which, after neglecting the second and
higher order terms in (T’ —T/), assumes the form

T = 4TT'—3T". 7)

Making use of equations (6) and (7) in equation (3),
we obtain
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’ 2T * 13
%I’ :;qlgyz_lez;g;r (T'-T))-
%(T’—TO;). (8)
In order to non-dimensionalize equations (1), (2),
(4) and (8), the following non-dimensional variables
and parameters are introduced
y=Yy'/Ugt,, u=u"/U,, w=w'/U,,
t=t'/t,, T=T"'-T))/(T, -T)),
C=(C'-C.)/(C,-C!)a=a'v/U},
G, =g9pv(T, -T))IU;,
G, =98 v(C,-C))/U;, (9)
K?=Qv/Uz K, =KU? /v?,
M =oB)j v/ pU?, P =vpc, Ik,
p=vQ, /,onUO2 ,R=16a"cVT/ /Uozpcp
andS, =v/D,,

Equations (1), (2), (4) and (8), in non-
dimensional form, are given by
2
U g2y =0U_MUHMW) U o r C,
a oy @m?) KT
(10)
2 M _
MW oy SW MMu—w) _w g
ot oy (1+m?) K
2
T_LOT R4t (12)
a R oy
2
a_tec 13
ot S, oy

where K* K., M,G,, G,, P, R, ¢ and S, are,

respectively, the rotation parameter, permeability
parameter, magnetic parameter, thermal Grashof
number, solution Grashof number, Prandtl number,
radiation parameter, heat absorption parameter and
Schmidt number.

It may be noted that the characteristic time t_is

defined according to the non-dimensional process
mentioned above, as

t,=v/U.. (14)

The initial and boundary conditions (5a) to (5e),
in non-dimensional form, are given by
u=w=0,T=0,C=0,fory>0andt<0, (15a)
u=e*,w=0,C=1 aty=0andt>0, (15b)

T =t, aty=0and 0<t<1, (15¢)
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T=1, aty =0 fort>], (15d)
uw—0,T—>0C—>0ay—owfort>0, (15e)

where a is the plate acceleration parameter.

Combining equations (10) and (11), we obtain

oF _0°F 1 e
X oy [N + K 2iIK ]F+G,T +G.C, (16)
where F =u+iwand N=M /(1+im).

The initial and boundary conditions (15a) to
(15e), in compact form, are given by

F=0,T=0,C=0, fory>0andt<0, (17a)

F=e*,C=1 aty=0fort>0, (17 b)
T =t, aty=0for0<t<1, (17c)
T=1 aty=0 andt>1, (L7d)

F—>0,T—>0,C—>0ay—>wfort>0. (17€)

Equations (12), (13) and (16) are subject to the
initial and boundary conditions (17a) to (17e) and
are solved by the Laplace transform technique. The
exact solutions for the fluid temperature T(y,1),

species concentration C(y,t) and fluid velocity
F(y,t) are obtained and presented in the following
form after simplification

(i) For P.#1and S, =1
T(y,t)=P(y,t)-H({t-1)P(y,t-1), (18)
C =erfc(y2\/\2__°], (19)

F(y,t) = {% fz(y,l,ﬁl,a,t)+£[ebﬂx
{01 40,1 — £,(y,S,,0.b, 1)) -
{f,0018.,0,0}-1,(%.5,,0,0,0 } ||
+G(y,t)+H(t-1)G(y,t-1). (20)
(if) For P, =S, =1
T(y,)=R(y,)-HE-DR(y,t-1), (21)

C(y,t)= erfc(z—i//t_], (22)

at b
Py == (L A,a0]+ [ (110,01)

—f,(v.14,0.0]+ G (y,) —H(y,t - 1)
xG(y,t-1), (23)

where
P(y,t)=f.(y,t,R,, £),
P(y.)="1(y.,t,.1 5,),

G(y,t)=2“?[ea‘{fz(y.Pr,ﬁz,al,t)—

-f,(y.1 B.8,0))—a {f,(y.R. 5,a,1)
~f,(y.1 82,0} ],

Gl(y,t)%[fz(y,l,ﬂz,o, - f.(y.t14)],

B.=N+1/K,~2iK2, g, =R+g, @:W’

G
a, = !

=41(S.-1), a=G, /(1-P), ,
bl IB( ) “ ( ) ,Bl_ﬂz

b, =$and 7=G,/(S,-1).
A

H(t-1) and erfc(x) are, respectively, the unit
step function and complementary error function.
Expressions for f,, f, and f, are provided in
Appendix-1.

SHEAR STRESS AND RATE OF HEAT
TRANSFER AT THE PLATE:

Expressions for the primary shear stress at the
plate 7, , secondary shear stress at the plate 7, and

rate of heat transfer at the plate N, are obtained and
presented in the following form after simplification

=1, +ir, =" [f4(ﬁ1,1, a,t)]+é{ f,(8,1b,1)
-£,(0,S,,b, 1)} - {,(B,10,t)
_*E}mz(o,m H(t-1)G,(0,t -1), (24)

Jat
N, =PR,(0,t)-H({-1)PR,(0,t -1), (25)
where
G,(0.1) = 2‘;‘12 [e* {f, (8., P&, 0) - f,(B.La, 1)

_ai{fs(ﬂz! Pr’allt)_ fs(ﬂl’lvai’t)}]

P, (o,t):(%Mztm ¥ \/%](erfc(\/ﬂ_zt)—l)

o e |,
tr

The expressions for f, and f, are provided in

Appendix-1.
Rate of mass transfer at the plate:

The expression for the rate of mass transfer at the

plate S, , is given by
S, =—,]—=. (26)
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Expression (26) reveals that rate of mass transfer
at the plate increases on increasing the Schmidt

number S, and decreases on increasing the time.
Since S, presents a relative strength of the viscosity

to molecular diffusivity of the fluid, S, decreases on

increasing the molecular diffusivity. This implies
that the molecular diffusivity tends to reduce the rate
of mass transfer at the plate and there is a reduction
in rate of mass transfer at the plate with the progress
of time.

RESULTS AND DISCUSSION

In order to analyze the physics of the flow
regime, numerical computations from the analytical
solutions (18) and (19) for the velocity field and
temperature field and from the analytical
expressions (24) and (25) for the shear stress and rate
of heat transfer at the plate are carried out by
assigning some chosen values to different physical
parameters. Throughout our investigation, the values
of the Prandtl number P., magnetic parameter M ,
permeability parameter K, and Schmidt number S,
have been fixed at 0.71, 15, 0.2 and 0.6 respectively
as far as the numerical computations are concerned.
Itis known that P, =0.71 corresponds to the ionized

airand M =15 represents the strong magnetic field.
The effects of the pertinent flow parameters on
species concentration are already analyzed by Seth
et al. [22]. Due to this reason, we have omitted the
numerical computation for species concentration.
The numerical results, computed from analytical
solutions and expressions, are illustrated in Figures
2 to 12 along with Tables 1 to 5.

The variation of the primary velocity u and the
secondary velocity w, versus the boundary layer co-
ordinate y under the influence of the plate
acceleration parameter a , Hall current parameter m
, rotation parameter K2, radiation parameter R,
heat absorption parameter ¢, thermal Grashof
number G,, solution Grashof number G_and time t
are depicted graphically in Figures 2 to 9. It is
observed from these figures that the secondary
velocity w attains a distinctive maximum value in
the region near the plate and then decreases properly
on increasing the boundary layer coordinate y to
approach the free stream value. This may be due to
the effects of the Coriolis force and Hall current
which induce a secondary flow in the flow field.
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Fig. 3. Velocity profiles whena = 0.2, K* = 2,
R=2,¢=3G, =10,G,=3,S,=0.6and t = 0.5.
It is observed from Figure 2 that, an increase in the
plate acceleration parameter a causes u and w to

increase in the region near the plate and the effect of
the plate acceleration parameter a is almost
negligible in the region away from the plate. This
observation suggests that the higher plate velocity
results in an accelerated fluid motion in the region
near the plate. It is inferred from Figure 3 that both
u and w are getting accelerated on increasing m.

This phenomena is in excellent agreement with the
fact that in an electrically conducting fluid whose
density is low and/or the applied magnetic field is
strong, a current known as the Hall current is
induced which moves in a direction normal to both
the electric and magnetic field i.e. the total current
produced in the flow-field does not move in the
direction of the electric field. Thus, the Hall current
has a tendency to accelerate both the primary and
secondary fluid velocities. It is depicted from Figure

4 that, on increasing K?, u gets decelerated whilst
a reverse pattern occurs for w. This is in agreement
with the fact that in a rotating medium, the Coriolis
force (which is induced due to rotation) has a
tendency to suppress the main flow i.e. the primary
flow induces a secondary flow in the flow field.
Figures 5 and 6 uniquely establish that there is a fall
in the values of u and w for increasing values of
R and ¢. In other words, the primary and secondary
velocities for highly radiating and heat absorbing
fluids are smaller as compared to those of lesser

radiating and heat absorbing fluids which is justified
because the fluid temperature is getting reduced on
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increasing R and ¢ which is clearly evident from
Figures 10 and 11. It is inferred from Figures 7 and
8 that there is a significant increase in the values of
u and w due to the increase in G, and G_. Since

G, presents the relative strength of the thermal

buoyancy force to a viscous force and G, is a

measure of the solution buoyancy force to a viscous
force, as G, and G, increase, the thermal and
solutal buoyancy forces get stronger. This implies
that the thermal as well as solution buoyancy forces
tend to accelerate both the primary and secondary
fluid velocities. It is revealed from Figure 9 that
there is an increase in u and w on increasing t.
This observation suggests that the primary and
secondary fluid velocities are accelerated with the
progress of time.

Figures 10 to 12 exhibit how the fluid
temperature T is affected by the heat absorption
parameter ¢, radiation parameter R and time t. We

see that, an increase in ¢ and R, results in a

significant fall in the fluid temperature T. These
results are in excellent agreement with the results of
Nandkeolyar et al. [15] and Das et al. [20].

25 3.0

Fig. 4. Velocity profiles whena=10.2,m= 0.5,
R=2,$=3,G =10,G,=3,S,=06and t = 05.
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Fig 5. Velocity profiles when a=0.2, m=0.5,
K?=2,¢=3,G, =10,G,=3,S,=06andt=05.
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Fig. 6. Velocity profiles whena =0.2,m = 0.5,
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Fig. 7. Velocity profiles whena=0.2,m=0.5,
K?=2, R=2 ¢=3,

12

,G,=3,5 =06andt=05

10

.
0.5

. N = =S
10 15 2.0 25 3.0

Fig. 8. Velocity profiles whena=0.2,m=0.5,
K?=2 R=2 ¢=3, G =10, S,=06andt=05
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Fig. 9. Velocity profiles whena=0.2,m=0.5,
K?=2 R=2 ¢=3, G =10, G, =3and S, = 0.6
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Fig. 12. Temperature profiyles when ¢=3andR=2

The change in the behavior of the primary shear
stress at the plate z, and secondary shear stress at
the plate 7z, under the influence of
K%, m, G, G, ¢ R,aandt, are presented in
Tables 1 to 4. It is inferred from Table 1 that the
primary shear stress at the plate 7, increases on
increasing K* and it decreases on increasingm . The
secondary shear stress at the plate z, increases on
increasing either K* or m.

This implies that the rotation tends to enhance the
primary as well as secondary shear stress at the plate.
The Hall current tends to reduce the primary shear
stress at the plate whereas it has a reverse effect on
the secondary shear stress at the plate. It is observed
from Table 2 that 7, decreases on increasing either

G, or G,. 7, increases on increasing either
G, or G, . This implies that the thermal and solution

buoyancy forces tend to reduce the primary shear
stress at the plate whereas these agencies have a
reverse effect on the secondary shear stress at the
plate. It is evident from Table 3 that z, increases on

increasing either ¢ or R whereas z, is decreased on
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increasing eithergor R. This implies that, heat

absorption and radiation tend to enhance the primary
shear stress at the plate whereas these agencies have
a reverse effect on the secondary shear stress at the
plate. It is clear from Table 4 that, -, and z,both

increase on increasinga. r, decreases on increasing
t whereas ¢, increases on increasing t.
Table 1. Shear stress at the plate when G, =4, G, =3,
$=3, R=2, S, =06and t=0.5.
Kzi m— 05 1 15

3.4336
3.6436

2.8786
3.1792

2.4015

_r 2.7645

3.8789
1.5472
2.0784

6 2.5528

3.4874
2.0276
2.5658

3.0234

3.1401
2.1685
2.7408

3.1977

A DNO AN

Table 2. Shear stress at the plate whenm = 0.5,
K?=2, ¢=3, R=2,S =06and t=05
GC¢ G -

10 15 20

3.4336 3.0806 2.7275
3.0203 2.6673 2.3143

2.6070
1.6075
1.7225

1.8375

2.2540
1.6836
1.7986

19136

1.9010
1.7597
1.8747

1.9897

~N O w o1 w

Table 3. Shear stress at the plate when m=0.5,
K?*=2, G, =4,G,=3,S,=06andt=0.5.

R—
¢¢ 2 4 6

1 3.3646 3.4336 3.4727
—, 3 3.4336 3.4727 3.4986

5 3.4727 3.4986 3.5181

1 15827 1.5472 1.5280
, 3 1.5472 15280 1.5158

5 15280 1.5158 1.5069

Table 4. Shear stress at the plate whenm=0.5,
K’=2,G, =4, G, =3, ¢=3andR=2.

a, t—
0.3 0.5 0.7
0.2 3.5851 3.4336 3.3053
—, 0.4 3.8923 3.8605 3.7784
0.6 42198 4.1456 4.0517
0.2 14357 1.5472 1.6626
T, 0.4 1.5054 1.6750 1.8556
0.6 1.5791 1.8157 2.0766
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Table 5. Rate of heat transfer at the plate

R ¢ { N,
0.3 0.8845

2 3 0.5 1.1570
0.7 1.5122

1 1.0419

2 3 0.5 1.1570
5 1.2838

2 1.1570
4 3 0.5 1.2838
6 1.4080

This implies that, both the primary and secondary
shear stresses at the plate increase on accelerating
the plate. Primary shear stress at the plate is getting
reduced whereas secondary shear stress at the plate
is getting enhanced with the progress of time. It is
noticed from Table 5 that the rate of heat transfer N,

increases on increasing either of R, ¢ and t. This

implies radiation and heat absorption tend to
enhance the rate of heat transfer at the plate. The rate
of heat transfer at the plate is getting enhanced with
the progress of time.

CONCLUSION

The noteworthy results are summarized below

o Plate acceleration parameter, Hall current, thermal
and solution buoyancy forces tend to accelerate the
fluid flow in both the primary and secondary flow
direction. Thermal radiation and heat absorption
tend to decelerate the fluid flow in both the
primary and secondary flow directions. Rotation
tends to accelerate the primary fluid velocity
whereas it has a reverse effect on the secondary
fluid velocity. The primary and secondary fluid
velocities get accelerated with the progress in time.

e Heat absorption and thermal radiation tend to
reduce the fluid temperature. The fluid
temperature is enhanced with the progress in time.

¢ Rotation, heat absorption, thermal radiation and
the plate acceleration parameter tend to enhance
the primary shear stress at the plate whereas the
Hall current, thermal and solution buoyancy forces
tend to reduce the primary shear stress at the plate.
The rotation, Hall current, thermal and solution
buoyancy forces and plate acceleration parameters
tend to enhance the secondary shear stress at the
plate whereas the heat absorption and thermal
radiation tend to reduce the secondary shear stress
at the plate. The primary shear stress at the plate is
reduced, whereas the secondary shear stress at the
plate is enhanced with the progress of time.

o The rate of heat transfer at the plate is enhanced on
increasing either the heat absorption or thermal
radiation with the progress of time.
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AHAJIN3 HA ECTECTBEHA KOHBEKLIMA [TPY1 MAT'HUTO-XWJIPOAMHAMMUYEH
[IOTOK C TOIUJIO- U MACOITPEHACAHE C E®QEKT HA XOJI ITPM1 OTHEMAHE HA
TOINIMHA U U3JTBYBAHE B POTHUPAILl ®JIVU HAJL EKCITOHEHIITMAJIHO
YCKOPABAHA ITOABMXHA TINIOCKOCT C HEPABHOMEPHO HAI'PABAHE

I'.C. Cerx’, P. Tpunarxwu, P. lllapma

Lenapmamenm no npunosicna mamemamura, Unouticko yuunuwe no Mmunno oeno, [xanbao, Hnous

IToctenuna Ha 16 anpui, 2015 r.; kopurupana Ha 16 nekemspu, 2015 r.

(Pesrome)

W3cnenBaHa e HecTallMOHApHATA €CTECTBEHA KOHBEKIIMS IPH MarHUTHO-XUJIPOJUHAMHYEH MOTOK ¢ edekt Ha Xou,
NpUAPYKEH C TOIUIO- U MacomnpeHacssHe. OCHOBHOTO TEUEHHE € POTAlMOHHO, a (IyHIBT € BHCKO3CH, HECBUBAEM,
SNIEKTPONPOBOIAIL M H3TbYBall. TedyeHHeTo € B OJM30CT O IUIOCKA, YCKOpsBallla Cce CTEeHa C HEpaBHOMEPHO
pasnpeneneHue Ha TemrieparypaTta. TOYHO pelieHHe B 3aTBOpeHa (opma 3a pasmnpelesieHHeTO Ha TemIieparypara e
HaMmepeHo ¢ momolnTta Ha JlamtacoBa Tpanchopmarus. M3BeneHn ca 3aBUCHMOCTH 3a CpPS3BAaIOTO HAIPEKCHHUE,
CKOPOCTTA Ha TOIUIONPEHACSIHE U CKOPOCTTA HA MacOIPEHACSHE OT INIOCKOCTTA. UnclieHUTe CTOHHOCTH Ha CKOPOCTTA Ha
¢urynna w Ha Temmeparypara ca MpeJCTaBeHH rpadudHO, JIOKATO TE3H ca CPA3BAIIOTO HANPEXKEHHE W CKOPOCTTa Ha
TOILIONPEHACSHE ca B TabnnyHa (opMa 3a pa3nudHH yIpaBiIsBaIlN apaMeTPH.
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