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The current paper is aimed at investigating the impact of Arrhenius energy and thermal radiation on a Jeffrey nanoliquid 
using the Tiwari-Das model within a rotating porous system. The study includes Au, (Gold) as a nanoparticle, and ethylene 
glycol (EG) as a base fluid. The leading partial differential equations describing the flow are formulated based on the 
general laws of momentum, energy and species concentrations. The applicable dimensionless configuration reduces the 
complexity of the flow model, allowing it to be solved numerically. The Runge-Kutte Fehlberg scheme, in concert with 
MATLAB, is used to solve the transformed equations. Multiple graphs and tables are used to examine the new results 
comprehensively regarding fundamental flow, magnetic, and thermal properties for various implanted parameters. It is 
observed that the concentration profile seems higher for progressive values of Arrhenius energy, whereas the opposite 
behaviour has been observed for greater values of the Schmidt number and chemical reaction parameter. The findings from 
this research can be applied to the development of many technologies such as solar power plants, nanofluidic devices, micro 
pumps, etc. 

Keywords: Activation energy, Chemical reaction, Jeffrey fluid, Rotating system, Thermal radiation, Tiwari-Das nanofluid 
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Introduction 
Recent advances in technology have been greatly 

influenced by nanoparticles, particularly in their 
capacity to facilitate the transport of mass and heat. In 
view of this, nanoliquids are considered. However, 
nanofluids are a subclass of liquid composed of 
particles measuring between 1 and 100 nm. The 
colloidal particles of nanomaterial (Au) are suspended 
in the base fluid Ethylene Glycol (EG). Several 
academics have expressed an interest in learning the 
flow of these nanoliquids across varied geometries 
under the impact of a variety of variables. It has 
already been demonstrated that including 
nanoparticles in the fluids used in solar processes can 
significantly increase the efficiency of those 
processes, which in turn makes them the most 
effective. In cooling and heating applications, 
nanofluids frequently play a crucial role. Poply and 
Vinita1 conducted research to determine how the 
results of thermal flux and heat production affect the 

heat transmission rate of a nanoliquid over a stretched 
cylinder. Sheikholeslami and Ganji2 studied the effect 
of thermal conduction using a two-phase nanoliquid 
model in a rotating system. They reported that the 
temperature boundary layer becomes thicker as the 
Brownian motion and thermophoresis parameters 
increase. Rashidi et al.3 looked at how the second law 
of thermodynamics applies to the motion of a 
nanoliquid that is both electrically conductive and 
incompressible over a porous, spinning disc. They 
concluded that magnetic spinning disc drives could 
have major consequences for improving heat transfer 
in renewable energy systems. Non-Newtonian 
nanofluids flowing through a conduit are addressed by 
Ellahi4. They considered two thermal viscosity 
models. Even with a wide range of viscosities, he 
found that fluid motion is slowed by the MHD 
parameter. Ali et al.5 discussed the heat and mass 
transfer of a nanoliquid inside deformed parallel 
walls. Santhosh and Sivaraj6 analysed the impact of 



INDIAN J. CHEM. TECHNOL., JULY 2024 
 
 

594

thermal radiation on the mixed convective heat 
transfer of a viscous nanofluid in a porous cavity. 
Vijayalakshmi and Sivaraj7 studied the heat transfer 
analysis of micropolar nanofluid in an inclined  
square cavity with magnetic and radiation effects. 
Sharma et al.8 studied the motion of viscous nanofluid 
over a rotating disk with viscous dissipation moving 
upward/downward. Kumar et al.9 studied the impact 
of entropy generation in water conveying 
nanoparticles flow over a vertically rotating surface. 
Numerous studies10–13 analyzed the impact of mass 
and heat movement on nanoliquids with different 
geometries. 

The activation energy of a substance is the minimum 
quantity of energy it needs to possess in order to 
undergo a chemical reaction or transformation. Several 
issues related to geothermal and gasoline distribution 
technologies were identified as critical, including 
species compound changes with limited Arrhenius 
inception. To analyse the impact of enactment 
essentiality on streams, it is essential to produce 
speculative outcomes as opposed to using test methods. 
Sometimes, geothermal production, oil reserves, 
engineering technologies and agricultural production 
can benefit from activation energy. The activation 
energy behavior of binary processes in a convective 
flow within a porous media was explored in detail by 
Bestman14. The rheology of non-Newtonian fluids on 
rotating surfaces was studied by Khan et al.15, who 
focused on the effects of electromagnetic and 
Arrhenius energy. Muhammad et al.16 assessed the 
numerical modelling of Eyring-Powell nanoliquid and 
nonlinear thermal radiation in three-dimensional flow. 
Radiation and activation energy's impact on the 
accelerated flow of a secondary fluid were investigated 
by Khan et al.17 using nanomaterials. An increase in the 
Lewis parameter reduces the Casson nanoliquid 
concentration distribution, as shown by Gireesha et al.18. 
Other pertinent studies are presented in other 
literatures19-22. 

Although most industrial and organic liquids are 
non-Newtonian and Newton's equation of viscosity 
cannot completely capture their intricate rheological 
features, little research has been done on how they 
flow through porous-walled channels. Non-
Newtonian fluid models are often used in the study of 
physiological liquids, and the Jeffrey liquid model is 
one of them. The Jeffrey liquid model, as opposed to 
the viscous liquid model, might be a representation of 
fluid stress relaxation that is not Newtonian. In order 
to show how free convection impacts the peristaltic 

movement of Jeffrey liquid in a constrained vertical 
porous layer studied by Vajravelu et al.23. In a 
composite horizontal channel made of a deformable 
porous material, Naidu and Sreenadh24 investigated 
the Poiseuille flow of a non-Newtonian Jeffrey liquid. 
Numerous researchers25-27 studied the impact of 
various physical parameters on fluid flow by 
considering the single Jeffrey fluid parameter. A 
nonlinear stretching surface that causes the flow of 
Jeffrey nanoliquid under both zero and nonzero 
normal mass flux conditions was examined by Hayat 
et al.28. Shahzad et al.29 studied the computational 
characterization of thermal and electrically 
conducting flows of a Jeffrey nanoliquid across a 
stretching surface with Joule heating and viscous 
dissipation using single phase nanoliquid model. 
Harish and Satyanarayana30 looked into the MHD 
heat transfer of an incompressible Jeffrey liquid 
through an expanding porous sheet subjected to a 
power law heat flux and joule heating. They 
demonstrated that the Deborah number has a major 
impact on the thickness of the momentum and thermal 
boundary layers. Zeeshan and Majid31 studied heat 
transfer analysis of non-Newtonian Jeffrey fluid over 
an elongated sheet with magnetic dipole impact. 
Many researchers32-35 looked at the impact of various 
physical pertinent parameters on Jeffrey fluid flow 
(two Parameters)in a variety of geometries.  

According to our review of the pertinent literature, 
the current problem of evaluating the mass and heat 
transmit effects of Jeffrey nanoliquid using the Tiwari 
Das model36 in a revolving system with activation 
energy has not yet been addressed. Hence the 
magnetohydrodynamic Jeffrey nanofluid flow in a 
channel with thermal radiation and activation energy is 
studied in the present analysis. The flow equations are 
reduced to dimensionless form, and numerical results 
are obtained using the MATLAB-implemented Runge-
Kutta Fehlberg method. Lastly, a graphical depiction of 
the impact of various physical factors on the momentum 
and temperature profiles is displayed. The present study 
has various applications like chemical processing, 
biomedical engineering applications, electronic cooling 
systems, solar energy systems, heat exchangers and 
nanotechnology. To assess the accuracy of the present 
data, we compared them to previously published results, 
which supported our study. 
 

Modelling 
The three-dimensional steady flow of electrical 
conducting single-phase nanoliquid among two 
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horizontal parallel plates y=0 to y=h is considered 
when the plate and liquid rotate together around the 
axis perpendicular to the plate and rotates at a 
constant angular velocity, and it is represented in  
Fig. 1. In the coordinate system, the x -axis is parallel 
to the plate and the flow is in equilibrium; the y -axis 
is orthogonal and the z-axis is normal to the xy-plane. 
Finally, we consider the subsequent assumptions:  
1. The induced magnetic field is neglected due to 

low Reynolds number. 
2. Gold (Au) nanoparticle is considered as a 

nanofluid and Ethylene Glycol (EG) as base fluid. 
3. The upper plate is constantly being injected or 

sucked by the wall at a constant velocity 0 0v   or 

0 0v  . Constant cold (T0) and hot (Th) 

temperatures are maintained on the upper and 
lower plates, respectively. 

4. Jeffrey fluid is incorporated due to its simplicity 
amongst non-Newtonian fluids.  

5. The radiation and Heat sources are mainly 
focused on a Temperature gradient. 

6. Activation energy is regarded in Mass fraction. 
The governing equations for a rotating frame based 

on these postulations and the nanoliquid model 
presented by the literatures36, 37, 38 are as follows. 
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By plugging Eq. (9) into Eqs (1)-(4) and dropping 
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are derived. 
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Also, by substituting (9) into (5)-(6) then we get 

the following equations  
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Fig. 1 — Flow Diagram 
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The Wall shear stress, Nusselt and Sherwood 
number are defined as follows 

 1

2

1 (0)fx
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3( ) (0)xNu A Rd      
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Numerical methodology 

The solutions of a nonlinear coupled system of 
equations Eqs (11)-(14) with (15) and (16) are very 
tedious by applying the analytical method. The 
shooting technique and the Runge-Kutta method were 
utilized to address this obstacle. MATLAB software 
is used to program this procedure, and the results are 
explained using graphs in the following sections. 
Additionally, previously published results are used to 
validate our findings. We chose 0.01 for the step 
length and 610 for the convergence tolerance for all 
of the numerical processes, We set  values such that 

the boundary criteria (i.e., conditions 0   and 1  ) 
are satisfied.  

A detailed description of the numerical procedure 
of the shooting method along the R-K-F scheme is 
given below. First to set up the initial variables for 
transforming non-linear ODE into the first-order 
system of differential equations: (1) ;x f  
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with boundary conditions: 
(1) 0; (2) 1; (5) 0; (7) 1; (9) 1x x x x x      at 0 

and (1) ; (2) 0; (5) 0; (7) 0; (9) 0x Sp x x x x      

at 1   
 

Results and Discussion 
The study focuses on examining the heat and mass 

transfer phenomena of a Jeffrey nanofluid utilizing 
the Tiwari-Das model within a rotating channel 
incorporating activation energy. Graphical 
representations illustrating the effects of various 
physical parameters on the velocity field, fluid 
temperature and concentrations, skin friction 
coefficient, Nusselt & Sherwood Numbers and 
streamlines are presented in Figs 2-22. 
 
Velocity Profiles 

The effect of the magnetic field and injection 
parameter on velocity profiles for x-, and y-directions 
is represented in Figs. 2 and 3. In Fig. 2, velocity falls 

 
 

Fig. 2 — Impact of M on  f   
 

 
 

Fig. 3 — Impact of Sp on  f  
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in 0 0.5   and the opposite trend is found in the 

remaining M values such as 0.5 1  . The low 
velocity is due to the Lorentz drag force, which is 
generated by the magnetic parameter and restricts 
particle motion. Consequently, this increases the 
thickness of the boundary. Moreover, as demonstrated 
in Fig. 3, the velocity profiles rise as the injection 
parameter increases.  

Figs 4-7 illustrate the outcomes of Jeffrey, rotation, 
permeability parameter, and Reynolds number on 
transverse velocity profiles. As the value of the Jeffrey 
fluid in Fig. 4 increases, the velocity distribution 
improves. The increase in the Jeffrey fluid parameter 
promotes more efficient fluid flow by enhancing the 
elasticity of the fluid, reducing energy dissipation, and 
consequently increasing fluid velocity. For greater 
values of the spinning parameter Rp, the fluid's 
momentum increases which is represented in Fig. 5. 
The velocity profiles rise as the rotation parameter is 
raised due to an increase in the Coriolis force. Fig. 6 
illustrates that as permeability rises, the velocity field 
decreases. The decrease in fluid velocity with an 
increase in permeability is due to the combined effects 

of reduced flow resistance and increased fluid retention 
within the porous medium. Fig. 7, It observed that 
transverse velocity declines when for Reynolds number 
goes up. It demonstrates the relative importance of 
gravitational forces to viscous forces in the fluid flow, 
which makes velocity boundary layer thicknesses 
decrease as the Reynolds number goes up. 
 

Temperature Profiles 

The effects of Jeffrey parameter  , Rd, M, Q,  
and Re on temperature profiles are illustrated in  
Figs 8 -12. As illustrated in Fig. 8, it has been 

 
 

Fig. 4 — Impact of   on  g  

 

 
 

Fig. 5 — Impact of Rp on  g  

 
 

Fig. 6 — Impact of K on  g  
 

 
 

Fig. 7 — Impact of Re on  g  
 

 
 

Fig. 8 — Impact of   on    
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determined that the temperature distribution increases 
as the amount of Jeffrey fluid increases. The increase 
in fluid temperature with an increase in the Jeffrey 
fluid parameter is a result of the altered heat transfer 
properties of the fluid due to its increased elasticity, 
which affects both heat dissipation and thermal 
energy storage within the fluid. From Fig. 9 it can be 
seen that when Rd increases, the temperature field 
improves. The increase in the radiation parameter 

leads to a higher influx of radiant energy into the 
fluid, which increases the kinetic energy of its 
molecules and results in a corresponding increase in 
fluid temperature. The impact of M on dimensionless 
temperature is shown in Fig. 10. As the magnetic 
parameter is increased, the fluid's temperature rises. 
Fig. 11 shows how Q affects the temperature profile. 
The fluid temperature is shown to rise as the heat-
generating parameter rises and falls as the heat-sink 
parameter rises. The increase in the heat source 
parameter leads to a higher rate of heat input into the 
fluid, which results in an increase in its temperature 
due to the additional thermal energy supplied to the 
system. As shown in Fig. 12, the temperature profile 
decreases as the Reynolds number increases. 
 
Concentration Profiles 

It is obvious from Fig. 13 that the diffusivity drops 
as the Sc increases. When Sc increases, the fluid's 
mass diffusivity decreases, resulting in a lower 
particle concentration. A similar trend has been noted 
in Fig. 14 with the chemical parameter rising. Due to 
its consumption in the reaction, chemical molecule 

 
 

Fig. 9 — Impact of Rd on    
 

 
 

Fig. 10 — Impact of M on    

 

 
 

Fig. 11 — Impact of Q on    
 

 
 

Fig. 12 — Impact of Re on    

 

 
 

Fig. 13 — Impact of Sc on    
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diffusivity decreases with increasing Kr. 
Consequently, fluid concentration decreases. It is 
noticed that the species concentration increases as 
Arrhenius energy increases from Fig. 15. As the 
activation energy value increases, the Arrhenius 
function decreases, thereby facilitating generative 
chemical processes that enhance concentration. 
 
Skin-friction coefficient, Nusselt & Sherwood number profiles 

Figs 16 and 17 depict the friction coefficient and 
Sherwood number in relation to the Re against  . 

The friction factor and Sherwood numbers were 
observed to decrease as the volume fraction parameter 
value increased. From Fig. 18, it is shown that the 
wall shear stress decreases with rising values of the 
Jeffrey parameter. 

Fig. 19 portrays the characteristics of Nusselt 
number for various nanoparticles such as Cu, Au, 
Al2O3 and CuO. It is noticed that the heat transmission 
rate is high in Cu-EG nanofluid compared with Au-

 
 

Fig. 14 — Impact of Kr on    
 

 
 

Fig. 15 — Impact of E on    
 

 
 

Fig. 16 — Impact of   on 
fxC  against Re 

 
 

Fig. 17 — Impact of   on 
hxS  against Re 

 

 
 

Fig. 18 — Impact of   on fxC  against M 

 

 
 
Fig. 19 — Impact of different nanoparticles (

2 3, , ,Cu Au Al O CuO

/EG) on 
xNu  against Pr 
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EG, Al2O3-EG and CuO-EG in order. The heat 
transfer rate for CuO-EG seems low. Further, it is 
monitored that the heat transfer rate declines sharply 
for growing values of volume fraction of the 
nanoparticles and the Prandtl number. 
 
Validation 

In order to authenticate the precision of the 
outcomes, the computational values of ( )f   and 

( )   are figured (Figs. 20-21) for various values of 
Re and Pr and compared with previously published 
results by Sheikholeslami et al.37, Vajravelu et al.38, 
and Mehbood et al.39 exceptional agreement between 
the results is seen in the Figures. From this, it follows 
that the comparison validates the accuracy of the 
numerical method and the final results. Table 1 
demonstrates the Nanofluid's thermophysical 
characteristics and Table 2 demonstrates the 
Thermophysical characteristics of EG as base liquid 
and Gold, copper, Aluminium oxide and Copper 
oxide ( Au, Cu, Al2O3, and CuO) as nanoparticles. 

Streamline analysis 
Fig. 22((a) &(b)) depicts the stream function 

defined by Eq. (9) for various values of injection 
parameter (Sp). It is found that the behaviour of the 
streamlines for Sp=0.3 is substantially more robust 
than Sp=0.5. 

 
 
Fig. 20 — Comparison of  f   between present work and
published literature  
 

 
 
Fig. 21 — Comparison of    against Pr between present work
and Sheikholeslami et al.37 & Mehbood et al.38 

Table 1 — Thermophysical characteristics of the nanofluid 

Properties Nanofluid 

Density (1- )Nf s f      

Viscosity 
2.5(1- )

f
Nf


 


 

Thermal 
conductivity 

2 2 ( ) 2 ( )
Nf f

s f f s s f f s

k k

k k k k k k k k


      
 

Heat capacity ( ) ( ) (1- )( )p Nf p s p fC C C       
 

Table 2 — Thermophysical characteristics of EG as base liquid 
and gold (Au), copper (Cu), aluminium oxide (Al2O3), and copper 

oxide (CuO) nanoparticle 

Physical properties Au Al2O3 CuO Cu EG 

( / )k W mK  318 40.0 18 401 0.252 

( / )pC J kg K  129 765 540 385 2415 

3( / )kg m  19300 3970 6510 8933 1114.0 

 

 

 
 

Fig. 22 — Variation of streamlines for different values of Sp 
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Conclusion 
This problem examines the study of the heat and 

mass transfer effects of Jeffrey nanofluid using the 
Tiwari Das model in a revolving channel containing 
activation energy. Graphical representations of the 
consequences of different physical parameters on the 
velocity field and fluid temperature are provided. Key 
findings from this investigation include: 
 The fluid velocity declines sharply for increasing 

values of the magnetic parameter (M) and 
Reynolds number (Re). 

 For larger values of the Rotation and the Jeffrey 
fluid parameters, the velocity field exhibits a 
sharp rise. 

 The dimensionless temperature rises with an 
increase in the Radiation parameter, Magnetic 
parameter, and Jeffrey parameter and a reverse 
tendency has been observed on increasing 
Reynolds number. 

 The concentration profile demonstrates an 
apparent increase with escalating Arrhenius 
energy; however, a contrasting trend emerges 
with a higher Schmidt number and chemical 
reaction parameter. 

 The skin friction coefficient and mass transfer 
rate decline sharply with an increase in the 
volume fraction of the nanoparticles. 

 The rate of heat transfer diminishes as the Prandtl 
number and volume fraction of the nanoparticles 
increase. 

 Nusselt number is high for Cu-EG nanoparticles 
due to high specific heat. 

These findings showcase their potential to improve 
heat transfer efficiency across diverse applications 
including thermal management, materials processing 
industries, biomedical fields, energy conversion 
systems, and industrial sectors. The future scope of 
this research work aims to further enhance the study 
of ternary nanofluids, potentially leading to 
significant contributions in research, industry, and 
society. 

 
Nomenclature 
 

a, A dimensionless constants 

0B  magnetic field strength 

c concentration distribution 

pC  specific heat at constant Pressure 

Cfx skinfriction coefficient 

D  diffusion coefficient 
a

h

E
E

kT
  

activation energy 

,f g  similarity functions of velocity in x-
,y- directions respectively 

h distance between the plates 

0

fK
ak


  permeability parameter 

2 2h kr
Kr


  chemical reaction parameter 

2
0f

f

B
M

a




  magnetic field parameter 

xNu  Nusselt number 

Pr p f

f

C

k


  Prandtl number 

( )
o

p f

hQ
Q

c
  heat source/sink parameter 

2

Re
f

ah


   Reynolds number 

3 *

*

4

3
h

f

T
Rd

k k


  radiation parameter 

2

f

h
Rp




  spinning parameter 

Sc
D


  Schmidt number 

Shx Sherwood number 

0v
Sp

ha
  

dimensionless suction/ injection
parameter 

T  temperatures distribution 

T0, Th 
temperatures at the lower and upper 
plates 

u , v , w  
velocity components along x,y,z axes, 
respectively 

Greek symbols:  
  thermal diffusivity  
Ω  Constant rotation velocity 

0 h

h

T T

T


   temperature difference parameter 

  Density 
  Jeffrey parameter 
  Dimensionless Concentration 
  Kinematic velocity 
  Electrical Conductivity 
  Dimensionless temperature 
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  Nanoparticle volume fraction 
Subscripts 
f  base fluid 

o cold 
h hot 
Nf  Nanofluid 
s Nano-solid-particles 
Superscript 

'  
primes denote differentiation with
respect to   
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