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Abstract 
The present study examines the thermal distribution of ternary nanofluid flow 
amid two spinning disks influenced by electric and magnetic fields. Keeping 
in view the shape of the particles, the electrically conducting ternary nanofluid 
is analyzed with variable thermophysical features. Three types of nanoparticles 
namely Copper, Aluminum Oxide, and Graphene with spherical, cylindrical, 
and platelet shapes are taken respectively and are immersed in a (50-50)% ra-
tio of water and ethylene glycol mixture which acts as a base fluid. The antic-
ipated problem is addressed by employing a reliable and user-friendly numer-
ical bvp4c built-in collocation scheme. This solution is then showcased through 
illustrations and tables. Strengthening the radiation results in an enhanced 
heat transfer rate. Radial and azimuthal velocities once rotation of disks is en-
hanced. The key findings provide a strong theoretical background in photo-
voltaic cells, solar collectors, radiators, solar water heaters, and many other 
applications. 
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Trihybrid Nanofluid Flow, Thermal Stratification, Particle Shapes, Spinning 
Disks 

 

1. Introduction 

Nanofluids have promising thermophysical features to improve heat transfer 
rates. Their superior thermal conductivity compared to regular fluids motivated 
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researchers to explore a wider range of nanofluids. Nanofluids are commonly a 
mixture of nanoparticles and a customary liquid. Nanoparticles may be from met-
als, oxides, carbides, and carbon nanotubes family, and alcohol, ethylene glycol, 
water, oil., etc. are mostly used as base liquids. Choi [1] first anticipated the idea 
to study the nanofluids. Masuda et al. [2] focused on the dispersion of nanoparti-
cles to alter the thermal conductivity and viscosity of nanofluid. Metallic and non-
metallic oxides, Nitrides, and carbides suspended in base fluid are studied exper-
imentally and theoretically by various researchers [3]-[7]. With the improved 
thermal stability, thermal conductivity, and thermal properties a new kind of 
nanofluid known as hybrid nanofluid is recently introduced. Two or more kinds 
of nanoparticles are employed in a customary fluid to synthesize the hybrid 
nanofluid. Numerical and experimental research on hybrid nanofluid flows is 
available in the literature. Huminic and Huminic [8] have scrutinized the appli-
cations of hybrid nanofluids in varied scenarios. It is observed that convective heat 
transfer in heat exchangers can be improved by increasing pressure drop and 
pumping power of fluid. Hussein et al. [9] emphasized the heat transfer improve-
ment of silica and titanium dioxide in automotive cooling systems. Various re-
searchers [10] [11] employed various kinds of nanoparticles to study the enhanced 
thermophysical features of a hybrid nanofluid. 

Nanoparticle response to electric and magnetic fields is an interesting phenom-
enon to enhance the heat transfer rate. Electromagnetohydrodynamic (EMHD) is 
a technique that significantly augments the heat transfer rate in the hybrid and 
nanofluid flows. It has found tremendous applications in fusion reactions, mag-
netospheres, plasma confinement, cosmic plasma, biomedical engineering, and 
various practical implementations. Swallom et al. [12] studied the submarine pro-
pulsion application of magnetohydrodynamics. In this analysis, various configu-
rations and geometries have been analyzed. Chen et al. [13] deliberated a statistical 
structure analysis of an MHD thruster in a helical channel. Khan and Kosel [14] uti-
lized the laser-induced graphene electrodes with an MHD pump with polydime-
thylsiloxane as a substrate. Waqas et al. [15] studied the EMHD effects on the heat 
transfer improvement of hybrid nanofluid flow between two rotating plates. Haq et 
al. [16] dedicated to elaborating the heat transfer enhancement of nanofluid with car-
bon nanotubes as nanoparticles under MHD effects between two rotating disks. 

After a brief literature review, it has been inferred that various studies have in-
corporated the hybrid nanofluid flow amid two rotating disks. However, incorpo-
rating three kinds of nanocomposites by considering the shape of particles in the 
presence of electric and magnetic fields is the novelty of the problem. The collo-
cation method is applied to solve the highly nonlinear problem. The outcomes are 
presented both graphically and in tabular format. 

2. Mathematical Model 

Consider ternary nanofluid with Spherical Cu, cylindrical Al2O3 and platelet gra-
phene particles with 50% water and 50% ethylene glycol as a base fluid amid two 
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rotating electrodes with angular velocity in the shape of disks. The magnetic field 
of strength oB=B  applied in the normal direction accompanying a uniform 
electric field o oE E rω= =E   are engaged. It is assumed that flow is between the 
disks placed at 0Z =  and Z d= . The description of the flow geometry is given 
in Figure 1. 

 

 
Figure 1. Geometrical Configuration of model. 

 
Considering the above assumption the mathematical model takes the following 

form: 

 0,r z
uu w
r

+ + =  (1) 

 

( )

2

2
2

1

1 ,

t r z
tnf

tnf tnf
rr r zz o

tnf f
o

tn

pu uu wu
r r

uu u u B
r r

EB u

υ
ρ

µ σ
ρ ρ

∂
+ + − = − +

∂

 + + −− +
 

 (2) 

 ( )2
2

1 ,tnf tnf
t r z rr r zz o

tnf t
o

nf

uv vv uv wv v v v E B v
r r r

B
µ σ
ρ ρ

 + + + = + − + −+ 
 

 (3) 

 
2 1 1 ,tnf

t r z rr r zz
tnf tnf

pw uw ww w w w
r z r
v µ

ρ ρ
∂  + + − = − + + + ∂  

 (4) 

 

( )
*

2
3

*

1
( )

( ) .
( )

6
3

1
( )

tnf
r z rr r zz

p tnf

tnf
zz o o

p tnfp n

L

f

K
uT wT T T T

C r

T E B u v
Ck

T
C

ρ

σ
ρρ

σ

 + = + + + 
 

+ − +

 (5) 

Thermal stratification at the lower and the upper disks are 1 0 /1T T A r ct′= + − , 
and 2 0 /1T T B r ct′= + −  respectively. The boundary constraints are: 

 1 1
1 0, , 0, , 0,

1 1 1
ra r A ru v w T T T z
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− − −

  (6) 
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Here *k  and *σ  denote the coefficient of mean absorption and Stefan Boltz-
mann constant respectively. By introducing three nanoparticles of spherical cy-
lindrical and platelet shape, thermophysical properties are described as under: 

 ( ) 1
3 1 21 2 3tnf nf nf nfk k k kϕ ϕ ϕ ϕ−= + +  (8) 

 ( ) 1
3 1 21 2 3tnf nf nf nfµ µ ϕ µ ϕ µ ϕ ϕ−= + +  (9) 

To define the shape of nanoparticles in spherical form we write: 
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For cylindrical-shaped nanoparticle: 
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and for platelet-shaped nanoparticles, we have: 
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The mathematical model for viscosity density, specific heat, and thermal con-
ductivity is as follows: 
 ( )1 2 3 3 3 2 2 1 11 ,bf stnf p sp spϕ ϕρ ϕ ρ ϕ ρ ϕ ρ ϕ ρ= − − − + + +  (16) 
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 ( ) ( )1 1 2 2 3 3 1 2 3/tnf sp sp spk k k kϕ ϕ ϕ ϕ ϕ ϕ= + + + +  (18) 

where 1 2 3ϕ ϕ ϕ ϕ= + + . 
Table 1 represents the thermo-physical characteristics of spherically shaped 

Cu, with cylindrical orientation Al2O3, and platelet-shaped graphene. 
 

Table 1. Thermo-physical properties of Ethylene Glycol and nanoparticles. 

Physical 
Properties 

Cu 
Spherical 

Al2O3 
Cylindrical 

Graphene 
Platelet 

50% Ethylene Glycol 
and 50% Water 

3

kg( )
m

ρ  8954 3970 2200 1056 

JK( )
kgpC  383 765 790 3288 

W( )
mK

k  400 40 5000 0.425 
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The following transformation converts the above nonlinear set of Equations 
(2)-(7) to the ensuing dimensionless form: 

 
( ) ( )

( )

1 1

1 2

1

, ,
1 1

2 , , .
1 1o

r ru f v g
ct ct
h T T zw f

T Tct h ct

η η

η θ η

Ω Ω
= =

− −
Ω −

= = =
−− −

′
 (19) 

The non-dimensional form is: 
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The boundary constraints are transformed into: 
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Here, M is the magnetic moment parameter, 1A  is the parameter of unsteadi-
ness, 1γ  and 2γ  are the parameters of scale stretching, Ω is the parameter of 
rotation, R is the radiation parameter, Pr is the Prandtl number, 1B , 2B , 3B  
and 4B  are used to denote the thermophysical properties of nanoparticles. 

3. Results and Discussion 

This section serves to display the outcomes in the form of illustrations and tables. 
Figure 2 is the graphical outcome of the radial velocity profile for the magnetic 
field parameter. As the magnetic field strength parameter elevates it boosts re-
sistance in fluid and surface. Resultantly the deceleration in flow velocity occurs 
near the surface of the lower disk. However, near the upper disk opposite trend in 
fluid motion is witnessed. The trend in the radial velocity profile for increasing 
values of Reynolds number Re is displayed in Figure 3. Near the lower disk, the 
deceleration in fluid motion is observed due to the radial flux of the lower disk. 
Additionally, an upsurge in Reynolds number causes the enhancement in inertial 
forces which slow down the flow phenomenon near the lower disk. However, as 

https://doi.org/10.4236/jamp.2024.128180


M. Ramzan, S. Riasat 
 

 

DOI: 10.4236/jamp.2024.128180 3022 Journal of Applied Mathematics and Physics 
 

the axial motion arises due to the vertical motion of the upper disk, radial velocity 
is seen to be increasing. 

 

 
Figure 2. Radial velocity profile versus Magnetization parameter M. 

 

 
Figure 3. Radial velocity profile versus Reynolds number Re. 

 
Figure 4 is the manifestation of the axial velocity profile for growing values of 

rotation parameter. For the growing values of the rotation parameter, the decel-
eration of the fluid motion near the lower while the acceleration near the upper 
disk is observed. This is because the rotation of the disks opposes the flow direc-
tion in the vicinity of both disks. Therefore, the opposite trend is observed in fluid 
motion for both disks for increasing rotation. The temperature profile for increasing 
values of thermal stratification parameter for rotating disks is given in Figure 5. 

It is gained that increasing values of the thermal stratification parameter causes 
the cooling of disks. The physical significance behind the noted phenomenon is 
that the heat transfer rate is enhanced, and the thermal boundary layers’ thickness 
gets thinner. 

Figure 6 shows the temperature distribution for increasing values of radiation  
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Figure 4. Axial velocity profile versus Rotation parameter Ω. 

 

 
Figure 5. Temperature profile versus Rotation parameter Ω. 

 

 
Figure 6. Temperature profile versus Radiation parameter Rd. 
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parameters. It is noted that as the values of radiation parameter increase both disks 
are heated. Increasing values of radiation parameter decay the mean absorption 
coefficient thereby, the temperature rises. 

4. Conclusions 

The present study has focused on ternary nanofluid flow by incorporating varied 
nanoparticles with dissimilar shapes. The said trihybrid nanofluid has a combina-
tion of three nanoparticles (copper, aluminum oxide, and graphene) and a base 
fluid (mixture of water and ethylene glycol with equal distribution). Three dissim-
ilar shapes spherical, cylindrical, and platelet of copper, aluminum oxide, and gra-
phene are considered respectively. The flow is assumed between two spinning 
disks under the influence of electric and magnetic fields. The graphical and nu-
merical outcomes ascertain the following outcomes: 
• Magnetic field strength causes the enhancement in radial and azimuthal veloc-

ity profiles due to the increasing strength of the Lorentz force. 
• Owing to enhancement in the rotation characteristics of the plates, decelera-

tion in the fluid motion is witnessed but a pronounced increment in the tem-
perature profile. 

• The increasing values of the rotation parameter enhance the inertial forces and 
therefore upsurge in radial and azimuthal velocity profiles is observed. 

• The heat transfer rate can be boosted by intensifying the radiation parameter. 
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