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The effect of the three main directions of a uniform external magnetic field on the free convection in a
cubic cavity differentially heated and filled with the Fe304-H20 nanofluid is numerically studied. The finite
volume method is chosen for the discretization of the system of partial differential equations governing the
MHD phenomenon and the numerical resolution is made using the Ansys-Fluent 14.5 software. In this
work, the problem was studied for pure water (@ = 0), then for water with the addition of small propor-
tions of nanoparticles (@ = 1%, 2%, 3% and 4%). The effect of the three main magnetic field directions, the
Hartmann number (Ha = 0,5,10,15 and 20) and the Rayleigh number (Ra = 103, 10%, 10° and 10°), on the
thermo-hydrodynamic nanofluid behavior is examined. The thermal conductivity and the dynamic viscosity
are determined by correlations specifically elaborated for Fes04-H20 nanofluid from anterior experimental
works. Results of this numerical simulation show that, the more the value of Rayleigh number increases,
the more the slope of the decrease of the Nusselt number with the increase of the intensity of the magnetic
field becomes stronger. The horizontal application of the magnetic field, i.e. parallel to the temperature
gradient, reduces the heat transfer more than the other two directions. In the second position, the greatest
decrease in the rate of convective heat transfer is recorded when the direction of the magnetic field is verti-
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cal, i.e. in the direction of gravity.
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1. INTRODUCTION

Impacts of the external magnetic field (MF) on nat-
ural convection thermal transfer in square enclosures
filled with nanofluids (nnfs) have been the subject of
much scientific research for the last two decades [1].
This phenomenon called magnetohydrodynamics
(MHD) can be encountered in many industrial fields,
like heat exchangers, solar technology, electronic and
microelectronic devices, etc. Due to the significant
thermal conductivity of nanoparticles (nnps), the ther-
mal conductivity of nnfs is higher than that of base
fluids [2]. In many cases, the free convective thermal
exchange efficiency can be dramatically enhanced by
employ nnfs as the working medium. It is also easily
controlled by the application of MF which leads to a
reduction in convective currents. The study further
reveals that the use of Cu nnps promotes heat ex-
change more than the use of TiO2 or Al2Os. M. Hajiyan
et al. [3] study numerically the effect of applying an
external uniform MF on free convection of a magnetic
nnf into a square cavity. They consider the relation
between thermal conductivity of magnetic nnf at differ-
ent nnps concentrations and the MF intensity. They
use the Brinkman model for predicting dynamic viscos-
ity and for thermal conductivity, six models from litera-
ture models are used. They find that as Ra increases
the Nu increases. In contrast, convective heat transfer
declines when the intensity of MF decreases because of
suppressing the buoyancy force by the strong MF.
Z. Boulahia et al. [4] present a numerical irreversibility
analysis of two-dimensional and three-dimensional
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naturel convection MHD within cubic cavity filled with
hybrid nnf (alumina, copper and titanium dioxide with
water as base fluid). They use Corcione correlations for
dynamic viscosity and thermal conductivity of hybrid
nanofluid. This study shows that varying Ha, Ra and
the MF angle, the thermal transfer rate and entropy
creation are visibly changed. In addition, it is demon-
strated that to have a satisfactory enhancement heat
exchange rate, the effect of rising the concentration of
hybrid nnps can be optimized. L. El Moutaouakil et al.
[5] analyze numerically the impact of the orientation of
three heating elements on the free convection of nnfs in
a partially heated cubic enclosure with considering
thermal radiation. Several nanofluids (Al2Os, Cu, TiOg,
Ag) with water-based fluid are used. Classical models for
predicting thermal conductivity and dynamic viscosity
(Maxwell and Brinkman) are used. Results demonstrate
that the inclination angle has a significantly influences
the thermal and dynamic fields, but its influence on the
thermal transfer is inconsiderable. The Nu enhances
with Ra, the radiation parameter, the nnps volume frac-
tion and the heated elements aspect ratio. M. Ferhi et al.
[6] use a Lattice Boltzmann Method to study the free
conjugate thermal exchange and entropy generation in
MWCNT-water nnf in a partially heated divided enclo-
sure. The outcomes show the MF direction have a signif-
icant impact on the heat exchange rate and the rise in
MF intensity decreases the heat exchange and the heat
generation in the enclosure.

It emerges from the extensive bibliographical re-
search that most scientific works carried out have
adopted some well-known nnps such as Al2Os, TiOsg,
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CuO, etc. [7]. The precision of the models for calculat-
ing the effective dynamic viscosity and thermal conduc-
tivity of these common nnfs represents a serious prob-
lem in using these substances especially in numerical
studies. While, many researchers show that the use of
specific models can conduct to inaccurate values of
these thermophysical properties [8]. D. Toghraie et al.
[9] determine the FesOs-water nnf dynamic viscosity
experimentally. The experiments were carried out for
limited temperature values between 20 °C and 55 °C
with low nnps volume fraction (@ < 3%). The results
show that the viscosity reduces significantly with grow-
ing temperature. Also, the viscosity increases exten-
sively with the rising of nnps concentration. For this
work, the model of dynamic viscosity found experimen-
tally by D. Toghraie et al. [9] is adopted. M. Afrand et
al. [10] developed a correlation to evaluate the thermal
conductivity of Fe3Os-water nnf. They succeed in ex-
pressing the variation of the nnf thermal conductivity
depending on the nnps volume fraction and the tem-
perature. Their correlation for predicting the FesOs-
water thermal conductivity is adopted for this study.

The main goal of this 3D numerical investigation is
to highlight the thermal transfer behavior of a cubic
enclosure when a low solid volume fraction of FesOy is
seeded in water inside it. The enclosure is exposed
externally to a uniform MF, directed, in one of the prin-
cipal directions x, y or z. Simulations are performed to
determine the relationship between the behavior of
heat exchange with varying the intensity and direction
of the MF. The models adopted for estimate thermal
conductivity and effective dynamic viscosity are corre-
lations experimentally found especially for nnf with
small concentrations of FesOs nnps in water. To the
best authors’ knowledge, these two correlations have
never been used together in previous studies. In addi-
tion, the use of FesOs-water nnf with low solid volume
fraction to maintain the Newtonian character in MHD
problems, is still rare in previous studies.

2. PROBLEM STATEMENT
2.1 Geometry Description

Fig. 1 shows a schema of a cubical cavity of side L.
The FesO4-water nanofluid is enclosed in the cavity and
subjected to differentially horizontal temperatures
resulting in the free convective flow of the nnf.

Te

Adiabati
/e

By

Fig. 1 — The studied configuration

The left side wall is kept at high-temperature T%
and the right-side wall is maintained at low-
temperature 7T¢, while the remaining four walls are
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supposed to be insulators. The direction of the external-
ly applied MF is changed in the three main directions.
The strength of the MF changes. The system (x, y, 2) is
adopted. The gravity direction is the negative z-axis,
and the temperature gradient is imposed in the x-
direction. Thermo-physical properties of pure water
considered as base fluid, and the magnetite nnps are
presented in Table 1.

Table 1 — Thermo-physical properties of water and FesOq
nanoparticles [11]

Pure water Fe;0,
p [kg/m?3] 997.1 5200
B [1075K1] 21 670
k[W- m K1 0.613 6
Cp [J-kg=*K™1] 4179 20.796
o [Q Tm™1] 0.05 25000

2.2 Governing Equations

The flow regime is assumed to be steady and lami-
nar. The nnf resulting from the mixture of water and
magnetite (Fe3O4) is incompressible and thermally
balanced, so the single-phase model is employed. The
Fe3O4-Water nnf is Newtonian; it is important to ex-
plain that the Newtonian nnf hypothesis used for this
simulation is valid. Since the base fluid used is the
water which is a Newtonian fluid, and the solid volume
fraction considered is relatively low (@ < 0.04), the
behavior of the nnf (particularly in terms of viscosity) is
therefore similar to that of the base fluid. The Bous-
sinesq approximation is adopted in this study, so all
thermodynamic properties of nnf are assumed constant,
and the variation of density is negligible in all terms of
conservation equations except in the term of buoyancy
forces. The Joule effect, radiation heat transfer, in-
duced MF and viscous dissipation are neglected.

The MF vector is written as: B = B, 5. (€5 : unit
vector). In the case where the MF is applied in x direc-
tion: B = B, = B, I. When the MF direction is z: B = B, =
B, k. If the MF is applied in y direction: B = B_y) =By]J.
The electromagnetic force F is expressed by F= f x B
where J is the electric current. f = a[—VCD + (17 X §)] By
using L, afL, (Th —T¢) and pnr f?/L2 as typical scales for
lengths, velocities, temperature and pressure, respective-

ly, the dimensionless governing equations are written
by:

v.V =0, 1)
(V.V)V = —vp + Lol g2y —22Bnt poprr 4
AnfPnf PnfBr
Onf Pf 7L = —
+mHa2 Pr [(VXeB)xeB], (2)
V.ve =2 y2g. 3)
af

Dimensionless numbers are:
Rayleigh number:

9B (Tp-T) L3
veap

Ra 4)

Hartmann number:
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— nf
Ha=B,L ,p,.fuf' (5)

Prandtl number:

Pr= Z—; ®)

The effective density, specific heat and thermal ex-
pansion coefficient of nnf are expressed as [12, 13]:

pnr =0 ps+ (1 —0) py, (7
(p Cp)nf =0(p Cp)s +1-9)(p Cp)f’ ()
OB =0(pB)s+(1—=0)(pB)y. )

Where 0 is the Fe3sO4 volume fraction.
The effective electrical conductivity of nnf developed
by Maxwell [14]:

30 (Us/(rf —1)
(as/a5 +2)-0(05/0s —-1)]

O'nf = O'f [1 + (10)

For small solid volume fractions of FesOs-water,
correlations are experimentally developed to estimate
the thermal conductivity [10] and the dynamic viscosity
[9]. These correlations are chosen to modelling these
physical properties respectively:

tny = (101 + 0.007165 TH171¢150%) x exp(—0.00719 T) , (11)
knp=ks(0.7575 + 0.3 p0-323T0.245), (12)
where ¢ is in % and 7'is in °C.

2.3 Boundary Conditions

At the right wall T'= T, at the left wall T'= T, and
for the other four walls 6T/ on =0 are the thermal

boundary conditions adopted for this problem.
On the left hot wall:

X=0 U=V=W=0; g=1. (13-a)
On the right cold wall:
X=1 U=V=W=0; 6=0. (13-b)
On the four adiabatic walls:
Y=0Y=12=02=1
v=v=w=0; 9/ =o. (13-¢)

For the electrical potential, boundary condition con-
sidered on all walls is 6CI>/ on =0 For current density

on all walls, the boundary condition is f ‘1 =0.

2.4 Nusselt Number

At the left wall with high temperature 7., the local
Nu is calculated by:

_Fns 06

Nu=—3422 (14)
and the average Nu is defined by:
Nugyg = [ [ NudY dzZ. (15)
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3. NUMERICAL SOLUTION

The simulations are made through ANSYS fluent
14.5, based on the finite volume method developed by
Patankar [15]. For coupling the velocity field and pres-
sure, the SIMPLE algorithm is used, and for pressure
discretization a PRESTO scheme is applied. The 2-
order upwind-scheme is chosen for discretizing the
convection-diffusion terms.

3.1 Grid Independency

A test of sensibility of five mesh sizes is conducted
as shown in Table 2. The Nuavg is calculated for natural
convection of Fe3Os-water nnf when R.= 104, ¢ =0.01,
H. =10 with MF applied in temperature gradient direc-
tion (Bx). The code convergence test for this simulation
is: max|I™*1 —T™| < 107® where TI' replaces the un-
known variables (U, V, W, 6) describing the thermos-
hydrodynamic behavior in the cavity and n is the num-
ber of iterations. A grid size of 713 is chosen because it
ensures the grid independent solution and agrees with
the precision and the calculation time.

Table 2 — Mesh analysis for, R, = 104, ¢ = 0.01, H, = 10 (Bx)

Mesh 413 513 613 713 813
size
Nuavg 1.9998 | 1.9452 | 1.9261 | 1.9266 | 1.9267

3.2 Validation

The code used in this simulation is validated by the
results obtained by Ghasemi et al. [16] on Al2Os-water
in a square enclosure. Fig. 2 shows the dimensionless
y-velocity alongside the horizontal mid-span of the cubi-
cal cavity for R, = 10% and ¢ = 0.03 for three values of

Present result, Ha=0
Present result, Ha=30

Present result, Ha=60
Ghasemi et al., Ha=0

Ghasemi et al., Ha=30
Ghasemi et al., Ha=60

)
800 0.2 0.4 0.6 0.8 1

X

Fig. 2 — Code validation with Ghasemi et al. [16]

Hartmann (Ho=0, Ho=30 and H,=60). Using the
same correlations that Ghasemi et al. [16] used for
calculating dynamic viscosity and thermal conductivity,
it can be observed, that the current code results accord
well with their results.

4. RESULTS AND DISCUSSION

This three-dimensional numerical study shed light
on the free convection of Fe3Os-Water nanofluid inside
a differentially heated cubic enclosure. Simulations are
carried out for four Rayleigh numbers
(103,10%,10° and 10°), five values of solid volume frac-
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tion of FesOs 1in water base fluid (@=0,
0.01,0.02,0.03,0.04), five values of MF strength
(Ha =0,5,10,15,20) and three MF directions (Bx, By,
Bz). Fig. 3(a) and 3(b) show the change in the Nuavg
depending on H, (in each direction separately of the
three principal directions of MF; Bx, By and Bz) for
pure water (@ = 0) and for 2% of solid volume fraction
(@ = 0.02) and this, for Ra = 10° and for Ra = 10° re-
spectively. The first thing to notice is that an augment
in concentration of FesO4 nnps leads to a higher heat
exchange amount for the three directions of MF. More-
over, the reduction in heat exchange rate with the en-
hance in MF strength resulting from the development
of Lorentz forces is evident for all MF directions. From
these figures, it is also interesting to deduce, the prom-
inent impact of changing the direction of MF on the
thermal transfer rate in studied cavity. For Ra = 103,
the greatest decrease in Nu is recorded when the MF is
directed along the z axis and the smallest reduction is
registered when the MF is directed in the y axis (see
Fig. 3(a)). For Ra = 10°, the greatest decrease in the
thermal transfer is registered in the case where the MF
is parallel to the temperature gradient, i.e. along di-
rected along the x axis. In second position, it is the orien-
tation of the magnetic field along the z axis which causes
more reduction in the rate of heat transfer. When the
MF is directed along the y axis, the smallest reduction in
thermal transfer rate is recorded (see Fig. 3(b)).

11
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o3|, o ©=0)
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= 91| By (p=0) "
—4— Bz (p=0)
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| | —o— By (¢ =0,02)

—4 Bz (¢ =0,02)

8 é 10 15 20
Ha

b)

Fig. 83 — Nu,y, at the hot wall with Ha for three MF directions. (a)
R.=103 (b) R, =108

The same order in the MF directions for reducing
the Nuavg was recorder for Ra = 10* and Ra = 105. Fig.
4(a) and 4(b) illustrate the impact of increasing the
solid volume fraction of Fe3O4 in H20 and increasing
the Ha number on the behavior of Nuavg at the hot wall,
for two values of Ra: Ra = 103 and Ra = 10° when the
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MF is horizontally (Bx).

For all considered MF intensities, an increase of 1 %
in the volume fraction of nnps leads to an increase of
approximately 1.87 % in the Nu number for Ra = 103
and increase of 0.42 % in the Nu number for Ra = 10°.
Beyond Ha = 5, an increase of 5 in the intensity of MF
(Ha) conducts to a reduction of approximately 0.91 % in
the Nu number for Ra = 10% and a decrease of 0.1 % in
the Nu number for Ra = 10°. It is clear that the reduc-
tion of the thermal transfer rate is caused by the aug-
ment of Lorentz forces intensity resulting from MF
application.

1,18 ‘
—=—Ha=0

1164 e Ha=5
——Ha=10

1144 —~v—Ha=15 //
—&—Ha=20

o 112 . ////
= 110 / /

1,08 V T
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0,00 0,01 0,02 0,03 0,04
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9,60 /

9,56

9,52 /V
" % ¢ Ha=20

9,44 T
0,00 0,01 0,02 0,03 0,04

avg

\
1

b)

Fig. 4 — Nu,,, at the hot wall with @ (Bx), (a) R« = 10° and (b)
R, =106

10

—=— Bx
gl | *BY
—4—Bz
6
£
P4 4 //'
2 >
0

Ra

Fig. 5 — Nu,,, at hot wall with Ra for Ha = 20, for three MF
directions and for @ = 0.02

The same phenomenon is observed when the MF is
applied in the other two directions. Fig. 5 illustrates
the impact of increasing Ra on Nuavg at the hot wall for
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one MF intensity (Ha = 20), for 2 % of solid volume
fraction (@ = 0.02), and for a MF applied each time in
one of the principal directions.

It shows that with the increase in Ra number, the
buoyancy forces are enhanced, thus strengthening the
heat exchange inside the cubic cavity in the three direc-
tions. It can also be seen that when the magnetic field
is parallel to the x-axis, the heat transfer rate is the
weakest, which agrees with the above results. To inves-
tigate the impacts of buoyancy force on heat transfer in
the cavity, Fig. 6 presents isotherms for a medium MF
intensity (Ha = 10), applied along the x-axis and for
2 % of nnps volume fraction. It shows isotherms for the
four Ra numbers considered in this study. The conduc-
tion regime dominates when the buoyancy force is weak
Ra = 103. As the force gradually augments, the convec-
tive regime becomes large and dominant.

Fig. 6 — Impact of Ra (a) Ra = 103, (b) Ra = 10*, (c) Ra = 105,
(d) Ra = 10° on isotherms for Ha = 10, Bx, ® = 0.02 Ra = 103
and a reduction of 0.1 % in the Nu number for Ra = 10°

The dominance of the conductive regime because of
the feebleness of the buoyancy force is confirmed by the
parallelism of the isotherms with differentially heated
walls (Ra = 103). As the intensity of the buoyancy force
increases by rising Ra, the convection becomes strong
and dominates (Ra = 10°). Both isotherms and stream-
lines are presented in Fig. 7 (a), (b) and (c) at the enclo-
sure middle plane (Y=0.5) to see the effects of the
increase in the intensity of a horizontal MF (H, =0,
H, =5 and H, = 20 respectively) on the behavior of the
flow inside the cavity for @ = 0.03 and Ra = 10%. Due to
the weak buoyancy force, the streamlines represent one
main vortex. As Lorentz forces increases, the principal
vortex rotates reverse. Initially, oval becomes more
circular, the flow is slowed down, hence the explanation
of decreasing the thermal transfer rate. To examine the
impact of MF direction, isotherms and streamlines at
the same middle plane are presented for H, =20,
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Ra = 10, and for nnps volume fraction of 4% on Fig. 7
(d), (e) and (f).

Since for this Rayleigh value, the buoyancy force is
strong, the principal vortex caused by the movement of
six selected particles are stronger. It is evident that
there are two eddies within the vortex formed by the
movement of these six particles. The existence of to
such vortexes causes he appearance of a strong thermal
plume and makes the isotherms denser near the hot
wall. The movement of particles becomes uniform when
the MF is applied in the x-direction, which means that
applying MF in this direction diminishes the thermal
transfer rate greater than in the y and z directions.

ol {

LR TS
(e) Ha=20 (By) Ra=10°

s >
3 e

(c) Ha=20 (Bx) Ra=10*

™ o

® Ha#éb’(Bz) Ra=10°

Fig. 7 - Effects of Ha (a) Ha = 0, (b) Ho = 5, (¢) Hs = 20 on
streamlines and isotherms for Ra = 10*, Bx and @ = 0.03 and
effects of MF directions (d) Bx, (e) By, (f) Bz on streamlines
and isotherms for H, = 20, Ra = 10° and @ = 0.04

5. CONCLUSION

This 3D numerical simulation aims to highlight how
changing the direction of a uniform magnetic field ap-
plied from outside affects the convection of FesOs-water
nanofluid filling a cubic container. The results indicate
that MF can control natural convection in a cubical
cavity. The free convection in the enclosure is enhanced
with the intensification of the buoyancy forces and also,
with the rise in the solid volume fraction. On the other
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hand, the rise in the intensity of the Lorentz force re-
sulting from the application of a uniform external MF
in one of the three main directions suppresses the free
convection in the nanofluid. For all considered MF
intensities, an increase of 1 % in the volume fraction of
nnps leads to an increase of 1.87 % in the Nu number
for Ra = 10% and increase of 0.42 % in the Nu number
for Ra = 10°. Beyond Ha =5, an increase of 5 in the
intensity of MF (Ha) conducts to a reduction of 0.91 %
in the Nu number for As the MF magnitude increases,
the decrease slope of Nusselt number augments with
the increasing of Rayleigh number. With conduction
dominance Ra = 103, the greatest damping of the heat
exchange rate is recorded when the MF is directed
horizontally in x direction and the smallest reduction is
registered when the MF is along the y axis. With con-
vective regime dominance (Ra = 10%, 105 and 10°), ap-
plying the MF parallel to the temperature gradient
reduces convection more than the other two directions.
In the second position, it is the orientation of the MF
according to the gravitational direction (vertical direc-
tion) which further reduces the rate of convective ex-
change in the cavity.

NOMENCLATURE
SYMBOL DESCRIPTION
By Magnetic field (MF) [Tesla]
B Dimensionless MF density vector
Cp Specific heat [J/(kg-K)]
ep Unitary vector of the direction of B
g Gravitational acceleration [m/s2]
Ha Hartmann number
J Electrical current density [A/m]
k Thermal conductivity, [W/(m-K)]
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MHD NATURAL CONVECTION OF FE304-WATER NANOFLUID... JJ. NANO- ELECTRON. PHYS. 15, 05032 (2023)
IIpupoauna MHD rkouseknis uanodgawiny FesOs+Boga B kyGiuHii noposkuuHi
M. Maache Battira!, C. Brahmi!, R. Bessaih?

1 Abbes Laghrour University, Faculty of Science and Technology, Department of Mechanical Engineering, 40000
Khenchela, Algeria
2 Mentouri University, Faculty of Science and Technology, Department of Mechanical Engineering, 25000
Constantine, Algeria

YuicesibHO JTOCIIZKEHO BILIMB TPHOX OCHOBHHX HAIIPSIMKIB OJHOPIJHOTO 30BHINIHBOIO MATHITHOIO II0JISI
Ha BIJIbHY KOHBEKIIO B IH(epeHIiHoBaHO HATPITIH 1 3amoBHeHid HaHodumoimom FesOs-H20 ky6iunoi mopo-
sxumun. s auckperusartii cucteMu Oud)epeHINANIBHUX PIBHAHDL Y YACTUHHUX IIOXITHUX, IO KEepPYIOTh
MTI'JI-sBurem, 06paHoO MeTO[ CKIHYEHHOr0 00'€My, a YKCJIOBY POSOLILHY 3IaTHICTH BUKOHAHO 34 JOIIOMOIOK0
mporpaMuoro 3abesnedenss Ansys-Fluent 14.5. V it po6oti samgauy mocmimxysanu miist yuctoi Bogu ($=0),
IIOTIM JJI BOOU 3 JOJABAHHAM MaJIMX YaCTOK HaHodacTUHOK (P=1%, 2%, 3% 1 4%). Boius Tphox 0CHOBHHX
HAIpSAMKIB MargirHoro moss, umena laprmasa (Ha =0,5,10,15120)) i umcna Penea (Ra = 103, 104,
10° i 10°), Ha TepMorimpogMHAMIUHY MOBemiHKY HaHO(I0IAiB. TelIompoBi HICT 1 IuHAMIYHA B'A3KICTL BHU-
3HAYAIOTHCS KOPEJSIISIMY, CIIeIiaIbHO po3podsennmu it HaHoduoiny Fes04-H20 3 monepennix excnepu-
MEHTAJILHUX po0iT. Pe3ybraTu 1b0ro YmucesIbHOr0 MOJIETIOBAHHS ITOKA3YIOTh, 110 YAM OLITBITE 301JIBIITY€EThC
3HadeHHs yucyia Pesest, TUM cupHINIMM cTae Haxui 3MeHIneHHs yucyia Hyccenpra 31 301/1bIIeHHAM 1HTEH-
CHBHOCTI MAarHITHOTO HO0JsA. ['opr3oHTaIbHE 3aCTOCYBaHHS MATHITHOTO II0JIsI, TOOTO IapaJjiesbHe TPaieHTy
TeMIIepaTypH, 3MEHIIIye Teperady TeIuia OLIbINe, Hi%K JBA 1HIIMNX HATIPAMKN. ¥ JPyTroMy II0JIOKEHH] Haio1-
JIBIIIe 3MEHIIIEHHs IIBUIKOCTI KOHBEKTUBHOIO TEILJIO0OMIHY (PiKCYeThCS IIPH BEPTUKAJILHOMY HAILIPSIMKY Ma-
THITHOTO II0JIsT, TOOTO B HAIPSIMKY CHJIN TSISKIHHS.

Kmiouosi ciosa: Ky6iuna moposkanna, Ilpupomua xonsexiria, Hampsamor marmitaoro mosss, Hawmodroin
Fe304-H20.
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