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This study explores the combined effects of magnetohydrodynamics (MHD) and bio-convection on the flow dynamics of hybrid
Nanofluids over an inverted rotating cone with different base fluids. The hybrid Nanofluids, composed of nanoparticles suspended in
various base fluids, exhibit unique thermal and flow characteristics due to the interplay between magnetic fields and bio-convection
phenomena. The governing equations, incorporating the principles of MHD and bio-convection, are derived and solved using numerical
methods. The analysis considers the impact of key parameters such as magnetic field strength, the rotation rate of the cone, nanoparticle
volume fraction, and types of base fluids on the flow behaviour, heat transfer, and system stability. Results indicate that the MHD
significantly influences the velocity and temperature profiles of the hybrid Nanofluids, while bio-convection contributes to enhanced
mixing and heat transfer rates. Additionally, the choice of base fluid plays a critical role in determining the overall performance of the
hybrid Nano fluid system. This study provides valuable insights into optimizing the design and operation of systems utilizing hybrid
Nanofluids in applications where MHD and bio-convection effects are prominent.

Keywords: Magnetohydrodynamics (MHD), Bio-convection, Hybrid nanofluids; Inverted rotating cone; Base fluids, Nanoparticles;
Flow dynamics
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1. INTRODUCTION

The movement of heat studied in different fields through cones has acquired remarkable research attention owing to
its realistic applications in modern life. Appropriate design and application information are crucial for achieving industrial
and technological goals. This study explores the combined effects of magnetohydrodynamics (MHD) and bio-convection
on the flow dynamics of hybrid nanofluids over an inverted rotating cone with different base fluids. The hybrid nanofluids,
composed of nanoparticles suspended in various base fluids, exhibit unique thermal and flow characteristics due to the
interplay between magnetic fields and bio-convection phenomena. The governing equations, incorporating the principles
of MHD and bio-convection, are derived and solved using numerical methods. The analysis considers the impact of
critical parameters such as magnetic field strength, the rotation rate of the cone, nanoparticle volume fraction, and types
of base fluids on the flow behaviour, heat transfer, and system stability. Results indicate that the MHD significantly
influences the velocity and temperature profiles of the hybrid nanofluids, while bio-convection contributes to enhanced
mixing and heat transfer rates. Additionally, the choice of base fluid plays a critical role in determining the overall
performance of the hybrid nanofluid system. This study provides valuable insights into optimizing the design and
operation of systems utilizing hybrid nanofluids in applications where MHD and bio-convection effects are prominent.

Many researchers have studied the natural convective heat transfer phenomena over vertical cones, focusing on the
effects of cone geometry. These investigations have provided valuable insights into optimizing heat transfer in various
engineering and industrial applications [1-4]. Liu et al./5]compared cerebral hemodynamic metrics from CFD models
using Newtonian and non-Newtonian fluid assumptions to simulate blood flow in intracranial atherosclerotic stenosis
(ICAS). Aloliga et al.[6] investigates the magnetohydrodynamic boundary layer flow of non-Newtonian Casson fluids
over a magnetised, exponentially stretching sheet. Loganathan et al. [7] examine the thermally radiative flow of a Casson
fluid over a cylinder with velocity slip, suction/injection, and Newtonian heating. Fatunmbi et al.[8]Investigates quadratic
thermal convection in Magneto-Casson fluid flow influenced by stretchy material, tiny particles, and viscous dissipation
effects. Shankar et al.[9] investigate Casson fluid flow over an inclined, stretching cylindrical surface, incorporating heat
generation, viscous dissipation, thermal radiation, magnetic fields, and mixed convection. Raja et al. [10] investigate free
convection heat transfer in hybrid nanofluids over an inclined porous plate, considering asymmetrical flow behaviour and
sinusoidal heat transfer boundary conditions with an angled magnetic field. Elattar ef al.[11] studied three-dimensional
heat transfer induced by a non-Newtonian Eyring—Powell fluid containing sodium alginate-based CoFe204 nanoparticles
over a deformable horizontal surface.

Bio-convection, a captivating phenomenon in nanofluids, arises from the motion of microorganisms propelled by
swimming. These microorganisms generate a thicker boundary layer that breaks into bio-convection cells, inducing
instability and higher density gradients at the surface. Gyrotactic and oxytactic microorganisms represent two distinct
types influencing this behaviour. Applications of bio-convection span diverse fields, including pharmaceutical
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manufacturing, gas-bearing processes, hydrodynamics research, and wine-making, highlighting its relevance across
industrial and scientific domains. Mkhatshwa et al. [12] investigates the bio-convective flow of magneto-Williamson
nanofluids with motile microbes through a porous medium in a horizontal circular cylinder. Alhussain et al. [13] examine
the bioconvective flow of magneto-Williamson nanofluids with motile microbes through a porous medium in a horizontal
circular cylinder. Zohra et al.[14] analyses about convective anisotropic slip boundary layer flow from a rotating vertical
cone in ethylene glycol nanofluid, considering Stefan blowing. The study of Hiemenz and Homann flow over a plate was
explored by Sarfraz et al. [15].

Upon review, it is evident that the impact of bioconvection on magnetohydrodynamic hybrid nanofluid flow through
a rotating cone with distinct base fluids remains unexplored. This study aims to investigate the influence of bioconvection
on MHD hybrid nanofluid flow modelled with the Casson fluid approach over a spinning cone.

Key novel aspects of this study include:

e Introduction of motile microorganisms into the flow over a rotating cone.

e Application of MHD effects to a hybrid nanofluid comprising H20 and NaC6H907 base fluids.

e In the hybrid nanofluid flow, which consists of Aluminum oxide — Titanium oxide, Titanium oxide — Copper, and
Aluminum oxide — Copper hybrid nanoparticles, along with Newtonian (H20) and non-Newtonian (NaC6H907) base
fluids, the interactions between these nanoparticles and fluids influence the thermal and flow characteristics
significantly. These combinations are crucial for studying enhanced heat transfer and fluid dynamics in various
industrial and technological applications.

2. PROPOSED MATHEMATICAL MODEL

Let us consider the incompressible, steady-state boundary layer flow combined with bio-convection phenomena
around a rotating downward-pointing vertical cone. The system employs two novel base fluids: Ethanol (C:HsOH) and
Propylene Glycol (CsHsO:), integrated with hybrid nanoparticles composed of Zinc Oxide (ZnO) — Silicon Dioxide
(Si02), Copper (Cu) — Silver (Ag), and Zinc Oxide (ZnO) — Silver (Ag) combinations. The analysis incorporates surface
temperature and concentration gradients and evaluates the system under a generalized magnetic field. Both thermal and
concentration boundary conditions are considered, with Newtonian base fluids serving as a reference point. The spatial
setup includes the modified Cartesian coordinates where the &-axis is along the cone surface, and the n-axis is
perpendicular to it. The azimuthal angle a describes the plane rotation around the vertical symmetry axis. A magnetic

field of strength B = B, f(¢)/ |1 — &% is applied along the n-axis, and the radius of the cone is given by 7 = & cos8§ where

6 is the cone's half-angle. We assume thermal equilibrium between the base fluids and nanoparticles, and no slip
conditions apply. The study begins with an overview of the bio-convection and hybrid nanofluid systems within the
boundary layer. The two novel base fluids, Ethanol and Propylene Glycol, are mixed with nanoparticles for improved
heat transfer characteristics. This exploration is conducted under boundary-layer approximations, ensuring that the base
fluids and nanoparticles remain in thermal equilibrium with no relative slip by Hassan et al.[16].

The boundary layer equations are derived based on the following assumptions and flow conditions:

9 9
5w +5(v) = 0. (1)

where u and v are velocity components along & and n axis, respectively, and r = & cosd represents the cone radius.
Now the momentum equation (for the axial component) is given by

] a 2 1 2
phnf (ua—; + v# - W?) = (1 + ;) uhnfa—nl; + (pBr)hnfg coss(T —Ty) + (pBc)hnf g coss(C — Cy) — OpnsB*u. ®)]
The Azimuthal momentum equation is given by
ow ow  uw 1 92w
phnf (ua_f-HJE_T) = (1 +;)thfa_nz_‘7hnfBZW- 3)
The Energy equation (temperature distribution) is given by
aT aT 82T
(pCp)hnf (u§+ v%) = khnfﬁ‘ (4)
The Species concentration equation is given by
ac ac _ 9%*c
ua—$+va— B o (5)
The Microorganism concentration equation is given by
on_ om0 ( 0c\ PW L _ ) 0%n
U +van an (nan) Cr—Co€ D 7% ©)

The boundary condition for current flow system are as follows:
At the cone surface 7 = 0;



179

Magneto Hydrodynamic and Bio-Convection Effects on Hybrid Nanofluid Dynamics... EEJP. 4 (2024)
u=0v=0w=r0T=To+ T, —T)%,C=Co+ (G, - C)En=ng+ (n, +np) . )

Atn — oo:
u->0,w—>0,T > Ty C— Cyandn - ny. ®)

The hybrid nanofluid properties are redefined in terms of the volume fractions ;1 (for the first nanoparticle) and
@np2 (for the second nanoparticle):

_ Ky
‘uhnf N (1—¢np1)2'5(1—¢np2)2.5' (9)
Phnf = {(1 - ¢np2)[(1 - ¢np1)pf + ¢np1pnp1]} + ¢2pnp2 (10)
s = G (11)

The heat capacity of a hybrid nanofluid is calculated by using a weighted average of the specific heat capacities of
the base fluid and the nanoparticles.
(1_¢np1_¢np2)(PCp)f+¢np1(PCp)np1+¢np2(PCp)

(1_¢np1_¢np2)Pf+¢np1Pnpl"'d’npzpnpz

Ly (12)

(Cp),mf =

The thermal expansion coefficient of the hybrid nanofluid can be approximated as a volume-weighted sum of the
thermal expansion coefficients of the base fluid and the nanoparticles:

(ﬂT)hnf = (1 - ¢np1 - ¢np2)(ﬁT)f + ¢np1(ﬂT)np1 + ¢np2(ﬂT)np2~ (13)

The thermal conductivity of a hybrid nanofluid is more complex to model due to the interaction between
nanoparticles and the base fluid. A common model is based on Maxwell's effective medium theory, which can be extended
to hybrid nanofluids as follows:

(14)

k _ [knp1+2kf_2¢'np1(kf_knp1) [knp2+2kf_2¢np2(kf_knp2)
hnf f knp1+2ks+dnp1(Kp—knp1) | | knpa+2kp+dnpz(kp—knp2) |

The electrical conductivity of hybrid nanofluids is enhanced due to the addition of nanoparticles, and can also be
modelled using Maxwell's effective medium theory, similar to the thermal conductivity. The electrical conductivity gy, sis

given by:

(15)

0np1+20f—2¢np1(0f—0np1)] [Unpz +20F=2¢np2(0 f—onp2)

(o} = 0, .
hnf s [ Unp1+20'f+¢np1(0'f_0'np1) U'np2+2¢7f+¢‘np2(0'f_0'np2)

To further simplify the equations, the following dimensionless variables are introduced: (Alhussain et al.0, Aghamajidi
etal. [17])

& n* u v w T-To C—Co n-ng
= = = uUu=— v=— w=— 0 =—- = - 16
§ L 2 L’ L’ L’ oL’ T —To ¢ » X (16)

Solve the equation from 1-6 and applying equation (16), we get

aw aw r ! - ) o M }

U—+v—+uw—= : : (1+_)___MAW 47
9& on r [(1—¢npz)[1—¢np1+¢np1pz_;1 +¢np2p;l—;2] {(1_4)71171)2 5(1_¢‘np2)2 5 B/ an? of
20 s _ 1 1 knnr 020
Uoe tv an ~ Br (PCp)yps (PColnpa\ [ kp 0m? o
(1~¢np2) 1—¢np1+¢nplw +Pnp2 W
99 00 _ 19%
w4210 (19)
B0 10y irefx b0 T

usk v =l et g (20)

After applying initial conditions, we get the following differential equations

1
(1_4’71111)2'5(1_4’11102)

5% (1 + %) w'" + [ZVW’ _ ZV’W] [(1 - ¢np2) [1 - ¢np1 + ¢np1 p;‘_:l] + ¢np2 P;:z] _ GZ—:fMAZW =0. (21)
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" (p p)nm (Pcp)npz kg , ,

X"+ Pr [(1 ~ Pup2) [1 = Gnp1 + Prpr 5 e, + Gnp2 ) [an] [2VX' —V'X] = 0. (22)

Y" +Sc[2VY' —=V'Y] =0. (23)

Z" —PelZ'Y' +ZY"]+ Lb[2VZ' —V'Z] = 0. (24)

Again, apply the following boundary conditions we obtained
V=0,V =0W=1X=1,Y=1,72=1 at y=0,
V-0 W-0 X -0, Y->0, Z -0 as y—- oo. (25)

3. Numerical Method: 4th-Order Runge-Kutta and Shooting Technique

The 4th-order Runge-Kutta method is used to solve this system of first-order ODEs. The steps of this method are as
follows:

Step 1: Start with initial guesses for the unknown boundary values at y = 0(for example, y,, ¥,, ¥, ....€tc., for the
velocity, temperature, etc.).

Step 2: Integrate the system of ODEs using the Runge-Kutta method from y = 0 to a large value of y (denoted as
y = oo) where the boundary conditions at infinity are applied.

Step 3: Compare the computed values at y =oco0 with the boundary conditions at infinity (e.g.
¥2(0), ¥4(%0), ¥6(0), .., etc.).

Step 4: Adjust the initial guesses iteratively using the shooting technique until the boundary conditions at infinity
are satisfied to a desired level of accuracy.

4. Transformation of Governing Equations to First-Order ODEs
To apply numerical methods such as the 4th-order Runge-Kutta method, the system of second- and third-order ODEs
needs to be transformed into a system of first-order ODEs.
The ODEs derived from the governing equations are expressed in terms of the functions V(y), W(y), X(y), Y(y),
and Z(y), which describe the radial velocity, axial velocity, temperature, concentration, and microorganism distribution,
respectively. These functions are transformed into first-order ODEs using the following designations:

V=y,V =y, V' =y, W=y, W' =y X =y6,X" =y,,Y =y5, Y =y Z=y10, Z' = y11 .

Using these designations, the system of equations (21)-(25) is transformed into the following set of first-order ODEs:
1. For the radical velocity V:

Vi'=Y2.,¥2 =3
y’=(1+l)_1((1—¢) )2.5(1_¢ )2.5)
3 B npl np2

Pnp1 Pnp2 Ohn
—[2y1y3 — 3’2 + 53’42] [(1 - ¢np2) [1 ¢np1 + ¢np1 ] + ¢np2 p;' ] + %MAZYZ

(26)
(PBT)np1 (pﬁ )n 2
- [(1 - ¢np2) [1 - ¢np1 + d’npl (p;T): ] + ¢np2 (P;T): ] [Y6 + NCyB + NnY10]
2. For the axial velocity W:
Y =Ys
2.5 2.5\ |opn
yS - (1 + ) ((1 - ¢np1) (1 - ¢np2) ) [%MAZZ)% - [(1 - ¢np2) [1 - ¢np1 +
Pn Pn
Brp1 ”1] Gnp2 ”2] [2y1ys — 2}’2)’4]] @27
3. For the temperature X:
Y6 =7 (002) (o0)
1 k pCp),, pCp),,
y; =—Pr [ﬁ] [2y1y7 — ¥2¥6] [(1 - ¢np2) [1 - ¢np1 + ¢np1 (oCy )m] ¢np2 ( (pcp)sz)]' (28)
4. For the concentration Y:
Vs' = Yo, Yo' = —=Sc[2y1¥9 — ¥2¥s]. (29)
5. For the microorganism distribution Z:
Yo' = Y11

Y11' = Pe[y11y9 + y10(—=Scl2y1y9 — y2¥sD)] — Lb[2y1y11 — Y2¥10l- (0)
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The boundary conditions are translated into the following form for the system of first-order ODEs:
Aty =0,

y1(0) =0, ¥,(0) = 0,y,(0) = 1, y6(0) =1, y5(0) =1, y,0(0) =1,
Aty = oo,
}’2(00) =0, y4(00) =0, y6(o°) =0, yS(oo) =0, }J1o(°°) =0.

5. NUMERICAL EXAMPLE

In this section, we will analyse the sensitivity of the system to various flow parameters by examining their effects
on Sherwood number, Nusselt number, and skin friction. The parameters considered include:

1. Magnetic Parameter (M)

2. Volume Fraction of Nanoparticles (€)

3. Bioconvection Parameters (Nc,Nn)

4. Schmidt Number (Sc)
Example: Consider the following parameter values based on the typical setup for nanofluid flow:

M =1,Nc =0.1 =Nn,Sc =0.6,Pr = 6.5, Pnp1 = 0.005, Onp2 = 0.015,e=1,A=1,6=1

These values represent a non-Newtonian fluid with bio-convection and magnetohydrodynamic.

Sol: The 4th-order Runge-Kutta method is used to integrate the system from y = 0 to a sufficiently large value of y,, =
10. To apply iteration procedure, we get numerical solution for v, (y), ¥y, (), ¥y3(), .., V10 V), ¥11(y). These
correspond to the velocity, temperature, concentration, and microorganism profiles.

Table 1. The effect of varying flow parameters on the Sherwood number for both Newtonian and non-Newtonian base fluids. This
analysis focuses on how changes in parameters such as M, €, Nc, Nn, and Sc influence the Sherwood number in the presence of different
nanoparticle combinations.

M | Nc | Nn | Sc | Al,03—-Ti0o, | TiO,—Cu | Al,O3;—Cu | € | F"(0) Ajhamajidi | F"(0) Modified

0.1 0.20434 0.20490 0.20489

1 [ 05 ] o1 | o1 0.19424 0.19457 0.19456 0.0 0.65 0.65
0.9 0.18905 0.18928 0.18928
0.1 0.20434 0.20490 0.20489

1|01 [03] o1 0.21337 0.21382 0.21382 0.2 0.73 0.70
0.6 0.22576 0.22604 0.22604
0.1 0.20434 0.20490 0.20489

1 0.4 0.30051 0.30244 0.30242 0.4 0.82 0.77
0.7 0.37883 0.38183 0.38179

01 | 0.1 | o1 0.20395 0.20451 0.20451 0.6 0.89 0.85

1 [ o1 [ 01 | o1 0.20375 0.20430 0.20429 0.8 0.96 0.93

1 [ o1 [ 01 | o1 0.20734 0.20774 0.20774 1.0 1.02 1.00

6. SENSITIVITY ANALYSIS
This section has explored the impact of different factors on bio-convection and steady two-dimensional
magnetohydrodynamic (MHD) free convection in Casson nanofluid flow over a spinning cone.
Figure 1. (a-c), Figure 2. (a-c), and Table 1.

A10,-T0, T0,- Cu

09 Water — 09 .
Sodium Alginale —rmee Sodium Alginate

M=1,2,3
M=1,23

Figure 1. (a-c) Graph of M on the temperature profile
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Figure 2. (a-c) Graph of M on the microorganism profile

Figs. 1(a-c) and 2(a-c) were analyzed to observe heat and motile microorganism profiles across a wide range of
magnetic parameters (M = 1, 2, 3) in hybrid nanofluids.

e As the magnetic parameter (M) increases, both temperature and motile microorganism profiles show an increase in
hybrid nanofluids.

e it is demonstrated that the thermal and motile microorganism boundary layer thicknesses increase due to the release
of additional heat in the hybrid nanofluids as the magnetic parameter (M) is increased.
e  Furthermore, it is demonstrated that non-Newtonian-based hybrid nanofluids outperform Newtonian-based ones.

This superiority is attributed to sodium alginate, which exhibits a significantly higher Prandtl number and thermal
diffusivity compared to water-based hybrid nanofluids.
Figure 3. (a-c), Figure 4. (a-c) and Table 1.

ALO, - TiO, Ti0,- Cu ALO, - Cu
1 1 T T - 1
Water
Water [ Water — | . ]
0o Sodium Alginate _._. 0 Soditm Alghate—.- - 02 Sodium Alginate —._....
0.8 08 1 08
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Figure 3. (a-c) Graph of € on the temperature profile
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Figure 4. (a-c) Graph of € on the microorganism profile
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e It illustrates the impact of spin parameter (¢ = 0, 0.5, 1) on temperature and microorganism species density profiles
in hybrid nanofluids.

e The heat profiles (Fig. 3 (a-c)) and microorganism profiles (Fig. 4 (a-c)) show a decreasing trend across all three
hybrid nanofluids as the spin parameter € increases.

e This decline is attributed to the thinning of the boundary layer as € increases. The Newtonian base fluid exhibits a
similar decline in thermal expansion within the hybrid nanofluids.

e Graph depict variations in microorganism species density for different values of Nc (Nc = 0.1, 0.5, 0.9) (from
Fig. 5.).

. The microorganism profiles show symmetrical motion of hybrid nanoparticles with various base fluids and a
tendency to aggregate. Non-Newtonian base fluids exhibit faster acceleration compared to Newtonian base fluids,
resulting in a reduction in flow patterns within hybrid nanofluids.

e Figure 5. (a-c) and Table 1.

41,0,- Tio, Ti0, - Cu A0, -Cu
1 ————— 1 — 1 —
Water Wa?er o — Water  —
09 Sodium Alginate —.—.- 09 Sodiun Alginate --—-=- 1 09 Sodium Alginate - ..
8 08 ] 08
07 0.7 ] 07
06 06 ] 0.4
=05 =05 =05
Ne=01,05,09 Ne=01,05,00
04 o 1 u Ne=01,05,09
03 03 ] 03
02 02 ] 0.2 AT
01 01 ] 0l
0 0 0

Figure 5. (a-c) Graph of Nc on the microorganism profile

Figure 6. (a-c) and Table 1.
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Figure 6. (a-c) Graph of Nn on the microorganism profile

e  Graph (Fig-6) illustrate the impact of hybrid nanoparticles with Nn values (Nn= 0.1, 0.3, 0.6) on the microorganism
species density profile using two base fluids.

e  The buoyancy effects associated with increasing Nn result in a significant decrease in microorganism species density
across all three hybrid nanofluids. Non-Newtonian base fluids exhibit more excellent acceleration, leading to
stiffening of the boundary layer as Nn increases in the three hybrid nanoparticles.
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Figure 7. (a-c) and Table 1.
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Figure 7. (a-c) Graph of Sc on the concentration profile
Graph illustrates the influence of Schmidt number Sc (Sc = 0.1, 0.4, 0.7) on the concentration flow fields in hybrid
nanofluids. The concentration profiles (Fig. 7(a-c)) show a decrease as Sc increases, reflecting a reduction in mass

diffusion due to the ratio of momentum diffusivity to mass diffusivity.
Figure 8 (a-c) and Table 1.
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Figure 8. (a-c) Graph of Sc on the microorganism profile
Graph depict the impact of Schmidt number Sc on the microorganism species density flow fields in hybrid
nanofluids. The microorganism species density profiles (Fig. 8(a-c)) decrease with increasing Sc, indicating that
advection transport dominates over diffusive transport rates.
Non-Newtonian base fluids exhibit enhanced kinematic viscosity in concentration and microorganism species

density profiles.
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Figure 9 and Table 1.

e  Demonstrates comparing the current study's results and those published previously [17], showing excellent
agreement under limited considerations.

e It Provides numerical values of local Sherwood numbers across three hybrid nanoparticles with two base fluids,
categorised by variables such as M, €, Nc, Nn, and Sc. The local Sherwood number increases with larger values of
g, Nc, Nn, and Sc and decreases with increasing M. Additionally, it is noted that Newtonian base fluids exhibit higher
mass transfer rates in Aluminum oxide — Titanium oxide, Titanium oxide — Copper and Aluminum oxide — Copper
hybrid nanoparticles.

7. CONCLUSION

This study analysed the magnetic bio-convective flow of Casson hybrid nanofluids through a spinning cone,
presenting thermal, mass, and microorganism profiles graphically and tabulating physical quantities. Key findings
indicate that an increase in the magnetic parameter (M) enhances heat and motile microorganism profiles, while a more
significant spin parameter reduces the temperature profile. The microorganism flow field decreases with increasing Sc
values for all hybrid nanofluids. Mass transfer rates in a non-Newtonian base fluid improve with higher B values. For
Newtonian base fluids, mass transfer rates increase with ascending &, Nc, Nn, and Sc. Notably, TiO,-Cu hybrid
nanoparticles exhibit superior Sherwood numbers. The potential applications of hybrid nanofluids in rotating cones span
food technology, aeronautical engineering, the pharmaceutical industry, and endoscopy scanning, suggesting future
exploration of the benefits and limitations of these nanofluids in such fields.
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MATHITOTTAPOINHAMIYHUI TA BIOKOHBEKIIIMHUM BILJIMB HA TTBPUJIHY TUHAMIKY HAHOPIJIUH
HAJI IEPEBEPHYTHUM OBEPTOBUM KOHYCOM 3 PI3BHUMU OCHOBHUMU PIAMHAMMU
Banaxki IMaaxi?, Apuana Cenanari®, l'yram Kymap Maxaro?, ILK. Par?
4Vuieepcumem mexuonoeii ma ynpaeninna Llenmypion, Ooiwa, Inoia
b®daxynomem mamemamuru wixonu npuxnaonux nayx KIIT Deemed to be University, Bxybanewsap, Odiwa, Inois.

V miii poboti focimKyeThess KoMOiHOBaHM BIUHB MarHiToriaponuHaMikn (MI'J]) i GiokoHBeKil Ha AMHAMIKY MOTOKY TiOpHAHIX
HaHODIIIOIIB Haj IepeBEpHYTUM 00EPTOBUM KOHYCOM 3 Pi3HUMHU 06azoBumHu pimuHamu. ['iOpuaHi HaHO(IIOIIH, IO CKIIAAIOTECS 3
HAaHOYACTHHOK, CYCIICHJJOBaHUX y Pi3HHX 0a30BHX piAMHAX, JEMOHCTPYIOTh YHIKaJIbHI TEIJIOBI Ta TEKy4l XapaKTePUCTUKH 3aBJISKH
B32€MOIii Mi>K MArHITHUMHU TOJISIMU Ta SBUIIaMU 010KOHBeKIi1. OCHOBHI PiBHSHHS, 10 BKIIFOYat0Th NpuHImny MI'J] Ta 6iokoHBeKIIii,
OTpHMaHi Ta po3B’s3aHi YUCEIbHIUMHI METOIaMU. AHAJIi3 pO3IJIsiaac BILIMB KIIOYOBHX ApaMeTpPiB, TAKUX sIK HAMIPYKESHICTh MarHITHOTO
T0JIs1, WIBUAKICTh 0OepTaHHs KOHYca, 00’ éMHa YacTKa HAHOYACTUHOK 1 THIH 0A30BUX PiMH Ha MOBEIIHKY IOTOKY, TeILIONepeady Ta
cTabuIbHICTh cucTeMH. Pesynbratu mokasyrots, mo MI/] cyTTeBo BIuMBae Ha Hpodiii MIBHIKOCTI Ta TeMIepaTypu TiOpHIHUX
HAaHOQUTIOIIB, TOAI K OIOKOHBEKI[iS CHpHsi€ MiABUIICHHIO MIBUAKOCTI 3MIlIyBaHHS Ta Teruionepenadi. Kpim toro, Bubip 6a30oBoi
pimuHM Bifirpae BHpINIaNbHY pONb Y BU3HAYECHHI 3arajlbHOI MpOAyKTHBHOCTI ribpuaHoi cucremu Nano fluid. e mocmimkeHns nae
LiHHY iH(pOpPMANilo 00 ONTHUMI3aLI] An3aifHy Ta pOOOTH CHCTEM, III0 BHKOPHCTOBYIOTH IiOpuIHI HaHO(IIOI 11 B Iporpamax, ne MI'J]
Ta OI0OKOHBEKIIiHHI €()EeKTH € MOMITHUMHU.

Kurwuosi cioBa: maenimoeiopoounamixa (MI]]); 6iokonsexyis, 2i6bpuoni nHanogmoiou, nepesepuymuii 06epmosuii KoHyc, 6a306i
PiOuHU; HaHOYACTMUMKU, OUHAMIKA meyil





