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Rotating flow assessment 
of magnetized mixture 
fluid suspended with hybrid 
nanoparticles and chemical 
reactions of species
Noor Saeed Khan1,2,4*, Qayyum Shah5, Arif Sohail9, Zafar Ullah4, Attapol Kaewkhao6, 
Poom Kumam1,2,3*, Seema Zubair8, Naeem Ullah9 & Phatiphat Thounthong7

The current study characterizes the effects of Hall current, Arrhenius activation energy and binary 
chemical reaction on the rotating flow of hybrid nanofluid in two double disks. By the use of suitable 
similarity transformations, the system of partial differential equations and boundary conditions for 
hybrid nanofluid are transformed to ordinary differential equations which are solved through optimal 
homotopy analysis method. The intensified magnetic field and hybrid nanofluid performances are 
represented in three dimensional model with flow, heat and mass transfer. Radial velocity decreases 
and tangential velocity increases with the Hall parameter. Temperature rises with high values of 
rotation parameter while it decreases with the Prandtl number. Nanoparticles concentration enhances 
with the increments in Arrhenius activation energy parameter and stretching parameter due to lower 
disk. There exists a close and favorable harmony in the results of present and published work.

List of symbols
m	� Hall parameter
(u, v, w)	� Velocity components
(r, ϑ , z)	� Cylindrical coordinates
a1	� Stretching rate at lower disk
a2	� Stretching rate at upper disk
H	� Distance between disks
Sc	� Schmidt number
k2r 	� Chemical reaction
M	� Magnetic field parameter
m1	� Fitted rate constant
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Pr	� Prandtl number
Ea	� Activation energy
E	� Non-dimensional activation energy parameter
Ei , i = 1 , 2, 3..., 10	� Arbitrary constants
Re	� Reynolds number
knf 	� Thermal diffusivity
m2 , m3	� Masses of the silicon dioxide and molybedenum disulfide nanoparticles
T1 , C1	� Temperature and concentration at lower disk
T2 , C2	� Temperature and concentration at upper disk
Rd	� Thermal radiation parameter
mf 	� Mass of the base fluid
k2	� Dimensionless stretching parameter due to lower disk
k3	� Dimensionless stretching parameter due to upper disk
T	� Temperature
P	� Pressure
cp	� Specific heat at constant pressure
DB	� Diffusivity
B	� Chemical species
f ′(ζ)	� Dimensionless radial velocity
g(ζ)	� Dimensionless tangential velocity
B0	� Applied magnetic field strength

Greek symbols
�	� Rotation parameter
�1 , �2	� Angular velocities at lower and upper disks
σ	� Electrical conductivity
ǫ	� Pressure parameter
σ1	� Stefan–Boltzmann constant
ψ	� Physical stream function
ζ	� Similarity variable
ϕ	� Nanoparticles concentration
φ	� Total volume fraction of nanoparticles
φ1	� Volume fraction of silicon dioxide
φ2	� Volume fraction of molybedenum disulfide
Bi , i = 1 , 2, 3, 4, 5	� Dimensionless hybrid nanofluid constants
θ(ζ)	� Dimensionless temperature
γ1	� Chemical reaction parameter
γ2	� Temperature difference parameter
ν	� Kinematic viscosity
µ	� Coefficient of viscosity
ρ	� Density

Subscripts
f	� Base fluid
hnf	� Hybrid nanofluid
s	� Solid nanoparticle

Superscripts
′	� Differentiation with respect to ζ

The analysis of chemical reaction has numerious applications such as food processing, polymer production, 
synthesis and oxidation of materials, contamination, biochemical engineering, metallurgy and plastic expul-
sion, chemical processing types of equipments, evaporations, manufacturing of ceramics, energy transfer in a 
drizzly cooling tower, etc. Ali et al.1 worked on the finite element method to prepare the code for the chemical 
reactions, heat source, magnetic field, thermal radiation, activation energy, and convective boundary conditions 
to present the parametric computations for faster stretch and slowly stretch to the surface of the wedge. Hayat 
et al.2 devoted to the convection and mass transfer flow of an electrically conducting viscous fluid on a curved 
surface with chemical reactions. Bibi and Xu3 discussed the characteristics of homogeneous–heterogeneous 
chemical reactions in peristaltic flow of Carreau magneto hybrid nanofluid with copper and silver nanoparticles 
in a symmetric channel with velocity slip condition, thermal radiation and entropy generation signifying that 
hybrid nanofluid has better thermal conductivity compared to the conventional nanofluid. Sambath et al.4 pre-
sented the thermal radiation, chemical reaction and heat source/sink for laminar natural convective MHD flow 
of viscous incompresible gray absorbing and emitting, but non-scattering fluid past a vertical cone considering 
the variable wall temperature and concentration by using implicit finite difference method of Crank–Nicolson 
having speedy convergence and stability. Sohail et al.5 reported the chemical reaction with entropy generation 
and variable properties of magnetic field, thermal conductivity, diffusion coefficient for the Couple stress model. 
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They compared their results in limiting case which provides an excellent agreement. Some other studies related 
to chemical reactions are in the references6–11.

Magnetohydrodynamics analyzes the dynamical behavior of electrically conducting fluids such as plasma, 
liquid metals and electrolytes or salt water. Its applications can be seen in hyperthermia, magnetic cell separation, 
treatment of some arterial diseases, drug delivery. Lund et al.12 used the similarity variables of transformations 
to study the steady, two-dimensional, stagnation point and magnetohydrodynamic flow on an exponentially 
vertical stretching/shrinking surface with convective boundary conditions.They obtained two ranges of solutions 
in the specific ranges of the physical parameters where three solutions corrospond to the opposing flow. Sid-
diqui et al.13 presented the numerical solution of magnetohydrodynamic mixed convection within a lid steered 
square geometry having micropolar fluid. They used the finite element method in addition to Galerkin weighted 
residual to get the outcomes. Islam et al.14 analyzed the micropolar ferrofluid past a stretching sheet with the 
effect of manetohydrodynamics using the convective and slip conditions employing homotopy analysis method. 
Beg et al.15 worked on the steady, incompressible, laminar Newtonian magnetohydrodynamic slip flow with heat 
transfer in spinning porous disk with strong injection, thermal radiation and fluid thermophysical properties. 
Agrawal et al.16 examined the applied magnetic field effect on incompressible, free convective boundary layer 
flow past a stretching porous space with temperature dependent viscosity and heat source/sink. They used Lie 
group similarity transformation to achieve the symmetric graphs of the problem. El-Kabeir17 applied the group 
theoretic method for computing the problem of magnetohydrodynamic heat and mass transfer non-Darcy flow in 
an impermeable horizontal cylinder. The other magnetohydrodynamics studies can be seen in the references18–22.

Hall current effect which is generated due to the applied magnetic field of high intensity has an important role 
in engineering such as geophysics, cosmological fluid dynamics, Hall accelerator, etc. while in medical sciences, it 
has applications like cardiac MRI, ECG, etc. Khan et al.23 analyzed the Hall current effect on the hybrid nanofluid 
flow past an unsteady rotating disk. Singh et al.24 presented the exact solution in closed form for the Hall effect on 
steady hydromagnetic mixed convective generalised Couette flow between two infinite parallel plates of arbitrary 
electrical conductivities and finite thickness filled with porous medium in the presence of a uniform transverse 
magnetic field in a rotating system. Abdel-Wahed and Akl25 investigated the Hall current effect on the MHD 
flow of nanofluid with variable properties due to a rotating disk with viscous dissipation and nonlinear thermal 
radiation using the solution of optimal homotopy asymptotic metod (OHAM). Gosh et al.26 derived the closed 
form solution for the steady magnetohydrodynamic viscous flow in a parallel plate channel system with perfectly 
conducting walls in a rotating frame of reference with Hall current, heat transfer and a transverse magnetic field. 
They found that boundary layers increase close to the channel walls for the high values of rotation parameter and 
for slowly rotating system, Hall current parameter decreases primary mass flow rate. By using Saffman’s proposed 
model for the suspension of fine dust particles, Bilal and Ramzan27 discussed the unsteady two-dimensional flow 
of mixed convection and nonlinear thermal radiation in water based carbon nanotubes for Hall current effect. 
Ahmad et al.28 investigated Hall current effect, Brownian motion, thermophoresis, entropy generation, thermal 
radiation, Joule heating and heat source/sink for the second-grade nanofluid flow with Cattaneo–Christov heat 
flux model. Explanation about Hall current effect can be read in the references29–31.

Heat transfer is the principal target for researchers due to its applications in evaporators, condensers, air 
conditioning systems, power generations. Adding one or more types of nanoparticles to the base fluid is one of 
the methods to promote the rate of heat transfer. Ali et al.32 generated the closed form solution of the laminar 
and unsteady Couple stress nanofluid flow with based fluid and nanoparticles as engin oil and Molybdenum 
disulphide nanoparticles respectively. They noticed that rate of heat transfer of engin oil is enhanced up to 12.38% 
by the inclusion of Molybdenum disulphide nanoparticles in the base fluid. Imtiaz et al.33 investigated the blood 
flow with gold nanomaterials in a cylidrical tube under the oscillating pressure gradient and magnetic field using 
Caputo Fabrizio and Atangana–Baleanue derivatives approaches. Kotnurkar34 presented the bioconvective peri-
staltic flow of a third-grade nanofluid flow with Cu-blood nanoparticles and gyrotactic microorganisms. They 
proved that the thermophoresis and Brownian motion parameters increase the heat transfer and Prandtl number 
has decreasing effect. Hayat et al.35 addressed the Darcy–Forchheimer flow of viscous nanofluid saturating the 
porous medium. Their results show that the local Nusselt and Sherwood numbers are diminished due to high 
values of local porosity parameter. Influencial studies about nanofluids can be reffered to the references36–42.

Maraj et al.43 carried out a study about a comprehensive shape factor investigations of MoS2-SiO2 water based 
hybrid nanofluid in a semi vertical inverted porous cone. They used the shooting algorithm to find that motion 
decreases more for SiO2/H2O nanofluid as compared to hybrid nanofluid and heat transfer is maximum achieved 
with increasing Eckert number, volumetric fractions. Salehi et al.44 reported the water and glycol based hybrid 
nanoparticles problem solved through Akbari–Ganji’ method. They showed that velocity is decreasd and tem-
perature is increased by increasing the squeez number. Shah et al.45 used control volume finite element method 
to solve numerically the problem of non-Darcy MHD hybrid nanofluid in a porous tank with entropy generation. 
Khan et al.46 investigated the entropy optimization in MHD propylene glycol based hybrid nanofluid via Newton 
built-in shooting method by finding that molybdenum disulfide has better efficiency compared to silicon dioxide. 
Wahid et al.47 discussed the hybrid nanofluid slip flow of water based alumina and copper nanoparticles in the 
presence of heat generation past an exponenetially stretching/shrinking porous sheet. Their obtained solution 
through bvp4c in Matlab software shows that the rise in volume fraction of copper nanoparticles increases the 
skin friction coefficient and Nusselt number. Muhammad et al.48 analyzed the flow of gasoline based hybrid 
nanofluid containing single walled carbon nanotubes and multi walled carbon nanotubes on a curved stretched 
surface. Using shooting method, they presented the relative analysis of base fluid, single walled carbon nanotubes 
and hybrid nanofluid. Similar studies on hybrid nanofluids are exist in the references49,51.

The present paper reflects on the Hall current effect, Arrhenius activation energy and binary chemical reac-
tions on three dimensional flow of hybrid nanofluid. Optimal homotopy analysis method52,53 is used to generate 
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the solution of the non-dimensional equations. Graphically interpretations are made with the help of different 
embedded parameters.

Methods
Basic equations.  The axisymmetric motion of magnetohydrodynamic three dimensional, time independ-
ent and an incompressible nanofluid between two parallel infinite disks is considered. The lower disk is supposed 
to lie at z = 0 . The distance between upper and lower disks is H. The lower and upper disks have the angular 
velocities �1 and �2 respectively in the rotation of axial direction. The stretching rates, temperatures and con-
centrations on the lower and upper disks are ( a1 , T1 , C1 ) and ( a2 , T2 , C2 ) respectively. An intensified magnetic 
field of strength B0 is applied in the z-direction (see Fig. 1). The base fluid is water in which silicon dioxide and 
molybedenum disulfide nanoparticles are added.

Under the application of cylindrical coordinates (r, ϑ , z), the governing equations of the hybrid nanofluid 
are as in23–28,52

The boundary conditions are used as

(1)
∂u
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+
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+
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(7)u = ra1, v = r�1, w = 0, T = T1, C = C1, at z = 0,

Figure 1.   Geometry of the problem.
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where the components of velocity are u(r, ϑ , z), v(r, ϑ , z) and w(r, ϑ , z), P manifests the pressure, the magnetic 
induction is B = (0, 0,B0) , m is the Hall parameter23–28,52, k1 is mean absorption coefficient, σ1 = 8.61× 10−5eV/K 
is the Stefan–Boltzmann constant and T is the fluid temperature, m1 is the fitted rate constant such that 
( −1 < m1 < 1 ), Ea is the activation energy in which a is the positive dimensional constant and 
k2r (C− C2)

[

T
T2

]m1

exp
[

Ea
σ1T

]

 is the modified Arrhenius term. For the hybrid nanofluid, the important quantities 
are ρhnf  (density), µhnf  (dynamic viscosity), σhnf  (electrical conductivity), (cp)hnf  (heat capacity) and khnf  (thermal 
conductivity). The subscript “hnf ” shows the hybrid nanofluid. The subscript “nf” is used for the nanofluid. The 
subscript “f ” is used for the base fluid. φ1 is the first nanoparticle volumetric fraction while φ2 is the second nano-
particle volume fraction which are expressed as

where mf  , m2 and m3 are respectively the mass of the base fluid, masses of the initial and second nanoparticles. 
φ stands for total nanoparticles concentration of silicon dioxide and molybedenum disulfide nanoparticles.

The thermophysical properties of H2O and nanoparticles are given in Table 146. The important and relevant 
information is given in Table 250 in which φs is used for the solid particle concentration.

Following transformations are used

where νf =
µf

ρf
 is the kinematic viscosity and ǫ is the pressure parameter.

Using the quantities from Eq. (14) and the data of Tables 1 and 2, Eqs. (2–8) provide the following seven 
Eqs. (15–21).

(8)u = ra2, v = r�2, w = 0, T = T2, C = C2, at z = H,

(9)ρs =
(m2 × ρ1)+ (m3 × ρ2)

m2 +m3
,

(10)(cP)s =
(m2 × (cP)1)+ (m3 × (cP)2)

m2 +m3
,
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m2
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,
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ρ2
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+
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ρ2

,

(13)φ = φ1 + φ2,

(14)
u = r�1f

′(ζ ), v = r�1g(ζ ), w = −2H�1f(ζ ), θ(ζ ) =
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2H2
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H
,

(15)B1f
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+ Re
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2f f ′′ − f ′2 + g2 + B2
M(f ′ −mg)

1+m2

]

− ǫ = 0,

(16)B1g
′′
+ Re

[

2f g ′ − B2
M(mf ′ + g)

1+m2

]

= 0,

(17)P′ = −4Ref f ′ − f ′′,

Table 1.   Thermophysical properties of water and nanoparticles46.

Properties Water ( H2O) Silicon dioxide ( SiO2) Molybedenum disulfide ( MoS2)

ρ(kg/m3) ρf = 997.1 ρs1 = 2650 ρs2 = 5060

cP(J/kg K) (cP)f = 4179 (cP)s1 = 730.0 (cP)s2 = 397.746

k(W/m K) kf = 0.613 ks1 = 1.5 ks2 = 34.5

σ(�m)−1 σf = 0.05 σs1 = 1.0× 10−18 σs2 = 2.09× 104

β(1/K) βf = 21.0 βs1 = 42.7 βs2 = 2.8424× 10−5
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where the notation ( ′  ) is used for differentiation with respect to ζ  . B1 =
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 . The other non-dimensional parameters are � =
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σf B

2
0
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3
1
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DB
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�1
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 which are known as rotation, magnet field and 
thermal radiation parameters, including Reynolds, Prandtl, Eckert and Schmidt numbers and in addition to 
stretching parameters at lower and upper disk respectively. γ1 =

k2r H
2

νf
 , γ2 = T1−T2

T2
 and E =

Ea
σ1T2

 are the chemical 
reaction, temperature difference and non-dimensional activation energy parameters respectively.

On account of simplification, diffrentiating Eq. (15) with respect to ζ presents

Similarly integration of Eq. (17) with respect to ζ by using the limit 0 to ζ provides

Analytical solution
OHAM52 is used to solve the non-dimensional Eqs. (16, 18–22). The procedure is followed as choosing the initial 
guesses and required linear operators for velocities, temperature and concentration profiles as

(18)B3
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1
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(20)f = 0, f ′ = k2, g = 1, θ = 1, ϕ = 1, P = 0 at ζ = 0,
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.

Table 2.   Mathematical expression of thermophysical properties50.

Properties SiO2/H2O

Density ( ρ) ρnf = (1− φ1)ρf + φ1ρs

Heat capacity ( ρcP) (ρcP)nf = (1− φ1)(ρcP)f + φ1(ρcP)s

Dynamic viscosity ( µ) µnf

µf
=

1
(1−φ1)2.5

Thermal conductivity (k) knf
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 , where σ =
σs
σf

Properties Hybrid nanofluid ( MoS2–SiO2/H2O)

Density ( ρ) ρhnf = (1− (φ1 + φ2))ρf + φ1ρs1 + φ2ρs2

Heat capacity ( ρcP) (ρcP)nf = (1− (φ1 + φ2))(ρcP)f + φ1(ρcP)s1 + φ2(ρcP)s2

Dynamic viscosity ( µ)
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−

[

σ1φ1+σ2φ2
σf

− (φ1 + φ2)
]



7

Vol.:(0123456789)

Scientific Reports |        (2021) 11:11277  | https://doi.org/10.1038/s41598-021-90519-6

www.nature.com/scientificreports/

characterizing

where Ei(i = 1− 10 ) are the arbitrary constants.

Validation of the current work.  Solution accuracy is validated by comparing the solution with the pub-
lished work. Order of approximation of the present work in Table 3 shows the nice agreement with the published 
literature11.

Results and discussion
Results and discussion provide the analysis of the system through the impacts of all relevant representatives. The 
non-dimensional Eqs. (16, 18–22) are analytically computed through OHAM. The effects of different parameters 
on the flow profiles, heat and mass transfer with chemical reaction are shown in the relevant graphs. The physical 
engineering of the problem is shown through Fig. 1.

Radial and tangential velocity profiles.  Hall current effect is generated due to the spiraling of suspen-
sion particles about the magnetic lines of force and its direction is mutually perpendicular to the direction of the 
suspension flow and magnetic field. That’s why, the motion of the suspension decreases due to the Hall param-
eter m upto ζ = 0.50 and then increases as shown in Fig. 2. The resistive type forces are related to magnetic field 
hence as the magnetic field parameter M increases on the values 1.00, 2.00, 3.00 and 4.00, the radial velocity f′
(ζ ) increases for a moment and then decreases from ζ = 0.60 which is evident from Fig. 3. The present system is 
strongly dependent on rotation so if the rotation parameter � is increased for different positive values, then the 
radial velocity is reduced at the beginning and then enhanced as shown in Fig. 4. Figure 5 shows that at lower 
disk, the flow is decreased while at upper disk the motion is enhanced due to Reynolds number Re. Figure 6 
shows that the radial velocity increaes till ζ = 0.40 and then opposite effect is shown as the stretching parameter 
k2 increases. Figure 7 reveals that as the stretching parameter k3 due to upper disk is increased, the radial veocity 
f′(ζ ) is decreased upto ζ = 0.70 and then increases.

The effect of Hall parameter m on tangential velocity g(ζ ) is shown through Fig. 8. It is observed that the 
velocity is increased as the Hall parameter m assumes the values 1.00, 2.00, 3.00 and 4.00. Similarly increasing 
behavior is shown in Fig. 9 for tangential velocity as the rotation parameter have positive values. The reason 

(24)
f0(ζ ) = ζ 3(k2 + k3)− ζ 2(2k2 + k3)+ ζk2, g0(ζ ) = ζ�+ 1− ζ , θ0(ζ ) = −ζ + 1,

ϕ0(ζ ) = −ζ + 1,

(25)ϕ′′
= Lϕ , f ′′′′ = Lf , g ′′ = Lg , θ ′′ = Lθ ,

(26)
Lf

[

E1 + E2ζ + E3ζ
2
+ E4ζ

3
]

= 0, Lg

[

E5 + E6ζ
]

= 0, Lθ

[

E7 + E8ζ
]

= 0, Lϕ

[

E9 + E10ζ
]

= 0,

Table 3.   Comparison of the current work.

Order of approximation f′′(0)11 f′′(0) (Present) g′(0)11 g′(0) (Present)

1 1.59936137 1.59936125 0.20487518 0.20487515

2 1.599360685 1.599360681 0.204875662 0.204875661

3 1.59936095 1.59936095 0.204875662 0.204875662

15 1.59936095 1.59936095 0.204875662 0.204875662

Figure 2.   Analysis through Hall parameter m and radial velocity f ′(ζ).
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is that increasing rotation parameter results in intensifying the centrifugal force which creates pressure on the 
suspension to enhance the motion sharply. Reynolds number is related to the thickness of the fluid so if this 
parameter is increased on the positive values, the tangential velocity g(ζ ) is automatically reduced as depicted 
in Fig. 10. Figures 11 and 12 are related with stretching parameters k2 and k3 respectively. In both figures, the 
motion is reduced at lower and upper disks.

Temperature profile.  Figure 13 projects that temperature falls down due to the increase in magnetic field 
parameter M. The rotation parameter � influence is represented in Fig. 14 where the temperature is enhanced 

Figure 3.   Analysis through magnetic field parameter M and radial velocity f ′(ζ).

Figure 4.   Analysis through rotation parameter � and radial velocity f ′(ζ).

Figure 5.   Analysis through Reynolds number Re and radial velocity f ′(ζ).
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by the dynamics of lower and upper disks. Cooling phenomena is obtained through the effect of Prandtl number 
Pr on temperature θ(ζ ). The larger values of Pr decrease the temperature as shown in Fig. 15. Similarly, Fig. 16 
represents that temperature is dereased at lower disk and increased at upper disk when the Reynolds number is 
enlarged through the values 1.00, 2.00, 3.00 and 4.00. It has been observed in Figs. 17 and 18 that as the stretch-
ing parameters k2 , k3 increase, the temperature is decreased at lower disk and increased at upper disk.

Nanoparticles concentration profile.  Figure 19 considers the nanoparticles concentration profile ϕ(ζ ) 
and magnetic field parameter M. It is observed that the nanoparticle concentration is boost up with the high esti-

Figure 6.   Analysis through lower disk stretching parameter k2 and radial velocity f ′(ζ).

Figure 7.   Analysis through upper disk stretching parameter k3 and radial velocity f ′(ζ).

Figure 8.   Analysis through Hall parameter m and tangential velocity g(ζ).
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mation of magnetic field strength. Lorentz forces due to magnetic field expedite the nanoparticle concentration. 
The influence of Schmidt number Sc is depicted in Fig. 20. Due to Schmidt number Sc, the nanofluids shrink 
and so decrease the concentration. Physically, it shows that nanoparticles addition declines the viscosity of a 
conventional regular fluid, i.e. water in the present case. Figure 21 explains that Reynolds number Re decreases 
the nanoparticles concentration ϕ(ζ ). Physically, the Reynolds number is related to the motion of the fluid. Since 
nanoparticles are involved in the present system so Reynolds number has decreasing effect on nanoparticles con-
centration. Figure 22 demonstrates that as the rotation parameter � increases, the nanoparticles concentration is 
enhanced. Physically, hybrid nanofluid suspension increases the thermal energy which consequently enhances 

Figure 9.   Analysis through rotation parameter � and tangential velocity g(ζ).

Figure 10.   Analysis through Reynolds number Re and tangential velocity g(ζ).

Figure 11.   Analysis through lower disk stretching parameter k2 and tangential velocity g(ζ).
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the nanofluid concentration. Figure 23 is sketched for the role of stretching parameter k2 due to lower disk and 
nanoparticles concentration profile ϕ(ζ ). Fluid and nanoparticles converge to the lower portion of the system 
i.e. lower disk hence the nanoparticles concentration is high. The reason is that stretching and tendency of fluid 
result in upserging the concentration. Figure 24 suggests that nanoparticles concentration profile ϕ(ζ ) tends to 
decreasing on increasing the stretching parameter k3 due to upper disk. Physically at high place, the fluid is found 
less in amount compared to the lower portion in the current dynamical systems so nanoparticles concentration 
profile ϕ(ζ ) is weak. Figure 25 is used to portray the efficiency of Arrhenius activation energy. It depicts that nan-
oparticles concentration is developed with the high values of Arrhenius activation energy E. Figure 26 presents 

Figure 12.   Analysis through upper disk stretching parameter k3 and tangential velocity g(ζ).

Figure 13.   Analysis through magnetic field parameter M and temperature θ(ζ).

Figure 14.   Analysis through rotation parameter � and temperature θ(ζ).
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that on account of increasing the binary chemical reaction γ1 , nanoparticles concentration profile ϕ(ζ ) is fall 
down. Chemical reaction consumes the nanoparticles concentration on this occasion. Figure 27 focuses on the 
temperature difference parameter γ2 and nanoparticles concentration profile ϕ(ζ ). It discloses that nanoparticles 
concentration goes to maximum on the increasing values of temperature difference parameter γ2.

Figure 15.   Analysis through Prandtl number Pr and temperature θ(ζ).

Figure 16.   Analysis through Reynolds number Re and temperature θ(ζ).

Figure 17.   Analysis through stretching parameter k2 at lower disk and temperature θ(ζ).
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Conclusions
The rotating system with hybrid nanofluid flow is investigated for Hall current effect, Arrhenius activation energy 
with binary chemical reaction using the solution of optimal homotopy analysis method (OHAM). The base fluid 
is taken as water and the two types of nanoparticles are silicon dioxide and molybedenum disulfide. OHAM 
solution is used to show the investigations through the effects of all embedded parameters on different profiles 
in the sketched graphs. The conclusion is given as: 

Figure 18.   Analysis through stretching parameter k3 at upper disk and temperature θ(ζ).

Figure 19.   Analysis through magnetic field parameter M and nanoparticles concentration ϕ(ζ).

Figure 20.   Analysis through Schmidt number Sc and nanoparticles concentration ϕ(ζ).
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1.	 Both increasing and decreasing behaviors are shown by the radial velocity f ′(ζ ) for the Hall, magnetic field, 
rotation, stretching parameters and Reynolds number.

2.	 Tangential velocity g(ζ ) increases with Hall and rotation parameters while it decreases with Reynolds number 
and stretching parameters.

3.	 Heat transfer increases with rotation parameter and decreases with magnetic field parameter, Prandtl number 
while it has both increasing and decreasing behaviors for the Reynolds number and stretching parameters.

Figure 21.   Analysis through Reynods number Re and nanoparticles concentration ϕ(ζ).

Figure 22.   Analysis through rotation parameter � and nanoparticles concentration ϕ(ζ).

Figure 23.   Analysis through stretching parameter k2 at lower disk and nanoparticles concentration ϕ(ζ).
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4.	 Nanoparticles concentration ϕ(ζ ) increases with magnetic field, rotation and stretching due to lower disk, 
Arrhenius activation energy and temperature difference parameters while it decreases with Schmidt and 
Reynolds numbers, stretching due to upper disk and chemical reaction parameters.

5.	 The solution validation presents a nice agreement between the current and published work.

Figure 24.   Analysis through stretching parameter k3 at upper disk and nanoparticles concentration ϕ(ζ).

Figure 25.   Analysis through Arrhenius activation energy parameter E and nanoparticles concentration ϕ(ζ).

Figure 26.   Analysis through chemical reaction parameter γ1 and nanoparticles concentration ϕ(ζ).
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