
Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 44 No. 4 (2023) 

__________________________________________________________________________________ 

2900 

Heat and Mass Transfer on 3D MHD Flow of 

Casson Nanofluid in Presence of Arrhenius 

Activation Energy 

Motamari Madhu
1*

,
 2* 3

 Maddileti Pasupula 

1*
Department of Mathematics, University College, Palamuru University, Mahabubnagar-509001, Telangana, 

India 

2*, 3
Departement of Mathematics, University College of Science and Informatics, Mahatma Gandhi Universitu, 

Nalgonda-508254, Telangana, India 

 

Abstract: -This work studied the influence of heat and mass transfer on the convective nanofluid motion of 

Casson nanofluid via linear stretched sheet. The main aim to analyse the characteristics of heat and mass 

transfer in Casson liquid under convective condition with effects of thermal radiation, heat generation and 

Arrhenius activation energy. We utilize some suitable similarity transformations to translate the governing PDEs 

and the initial boundary conditions of present model into a couple of nonlinear ODEs. We applied shooting 

procedure to solve the set of highly nonlinear ODEs numerically and calculate numerical results are related with 

those gained by the help of MATLAB bvp4c solver. The effect of prominent parameters of interest such as 

activation parameter, Lewis number, Thermophoresis parameter, Brownian motion parameter, thermal radiation, 

magnetic parameter, on velocity, temperature and heat and mass transfer is also encompassed. the numerical 

values obtained for defined through graphs and tables. The validation of present numerical work compared to 

previous work.  

Keywords: Non-Linear Thermal Radiation, Casson Fluid, Arrhenius Activation energy. 

1. Introduction 

Casson fluids are characterized by their non-linear relationship between shear stress and shear rate. It behaves 

like a solid at low shear rates and require a certain critical stress (yield stress) to start flowing. As the shear rate 

increases beyond this critical point, they behave as shear-thinning liquids, with decreasing viscosity. Casson 

fluid behavior can be observed in a variety of everyday liquids, including tomato sauce, honey, soup, orange 

juice, and even human blood. These fluids exhibit a combination of solid-like and liquid-like behavior, which 

makes them suitable for various culinary, medical, and industrial applications. Casson fluids, particularly when 

modified with nanoparticles (Casson nanofluids), have gained significant attention in the field of medicine. This 

modeling helps in understanding circulatory phenomena in various parts of the human body, including the brain. 

Casson-type nanofluids are also used in other areas of biological and engineering sciences. Researchers use 

these models to analyze various physical and biological characteristics, such as flow behavior in microfluidic 

devices, drug delivery systems, and the behavior of biological fluids under different conditions. Suresh Kumar 

et al. [1] have studied the behavior of Casson nanofluid motion via exponentially stretching surface. Taj and 
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Salahuddin [2] examined the effect of viscous dissipation and nonlinear radiation in a three-dimensional 

Williamson fluid flow over an exponentially stretching surface. Mohamed Ibrahim and Fawzy [3] investigated 

Arrhenius activation energy in a rotating flow of Casson nanofluid. Wang et al. [4] studied the impact of 

activation energy on 3D nanofluid motion over a stretching surface. Ahmad Lone et al.[5] encountered the non-

Newtonian Casson fluid's magnetohydrodynamic flow over a stratified extending sheet. Jana Reddy et al. [6] 

investigated the Casson nanofluid flow characteristics over a permeable stretched sheet. Wang et al. [7] 

examined the effects of activation energy and chemical reactions in non-Newtonian liquid flow over a stretching 

sheet. Suresh Kumar et al. [8] presented Brownian and thermophoresis effects with activation energy and 

nonlinear thermal radiation. Shah et al. [9] have examined the radiative electrically conducting Casson nanofluid 

flow over a nonlinearly stretching sheet in this study. Mahanta et al. [10] investigate irreversibility in a 3D 

MHD Casson nanofluid motion between two horizontal stretching surface. Tarakaramu et al. [11] examined the 

three-dimensional couple stress Casson fluid flow over a porous stretching sheet. Waqas et al. [12] examined the 

Falkner-Skan bioconvection flow of a cross nanofluid. Khan et al. [13] studied the movement of heat and mass 

in Oldroyd-B fluid flow over a rotating disk. Shankar Goud et al. [14] developed the magnetohydrodynamic 

Casson liquid motion via non-linear stretching surface. Riaz Khan et al. [15] explored radiated stagnation point 

motion of a time-dependent Casson fluid via permeable stretching/shrinking surface. 

Activation energy is a fundamental concept in chemistry that affects various aspects of chemical reactions and 

processes across multiple industries. It helps scientists and engineers design and optimize reactions and systems 

for practical applications. Some applications are manufacturing of food items, geothermal repository, design of 

chemical production, oil emulsion formation, etc. Tarakaramu et al. [16] explored non-Newtonian nanofluid 

flow in three dimensions over a porous stretching sheet. Zeeshan et al. [17] evaluated various flow scenarios in 

applied sciences, particularly in areas like nuclear reactor cooling, geothermal reservoirs, chemical engineering, 

and thermal oil recovery. Khan et al. [18] examined the generation of entropy during the radiative spinning 

motion of a Casson nanofluid with Brownian and thermophoretic forces. Alrehili et al. [19] contributed many 

engineering applications by investigating the behavior of dissipative Carreau nanofluids flowing over 

nonlinearly stretching sheets, considering the influence of thermal radiation. Abideen and Saif [20] investigated 

heat transfer in a radiative nanofluid flowing over a curved surface. Ahmed et al. [21] developed bioconvective 

motion of hybrid nanoliquid via spinning disk with Arrhenius activation energy.Jawad et al. [22] explored 

Arrhenius activation energy on Darcy-Forchheimer motion of Maxwell nanofluid motion via porous stretching 

sheet. Puneeth et al. [22] presented bioconvection Jet motion of Williamson nanofluid in porous medium with 

effect of Arrhenius activation energy. 

The motivation of present work, jet flow is indeed an effective method for enhancing heat and mass transfer in 

various industrial applications. Due to the higher coefficients of heat and mass transfer associated with jet flows 

compared to other methods of fluid flow. Further, the existence of magnetic field uses to controlling the velocity 

of Casson nanoliquid motion. 
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2. Mathematical Analysis 

Consider 3D magnetohydrodynamic flow of a non-Newtonian nanofluid over a stretching sheet 0z   along 

x y -plane while fluid is located along with z -direction. The fluid flow region is taken as 0z  . The velocity 

components 1u a x and 2u by  along ,x y - directions respectively as shown in Fig. 1. Moreover, it has 

taken that the constant Magnetic field is applied normal to the fluid flow direction and it is assumed that induced 

magnetic field is negligible. We considered that the rheological equation [ref. 23] of extra stress tensor  for an 

isotropic and incompressible flow of a Casson fluid can be written as [ref. 24]: 
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Based on above construction we have to formulate the governing equations in the present flow analysis as (ref. 

23-27): 
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The relevant boundary conditions of the present model as 
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The radiative heat flux rq which is given by Quinn Brewster [28] is given by 
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Differentiate above heat flux equation, we get 
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Substituting Eq. (8) in Eq. (4), we get below Expression 
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The similarity transformations as below 
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Using above Eq. (10), we are converting Eq. (2)-(4) and Eq. (9) into below format 
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Corresponding boundary conditions as below 
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Moreover, the skin-friction coefficient and Nusselt number are below  
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3. Results and Discussion 

The characteristics of M (Magnetic Parameter),   (Casson Parameter) on 1'( )g  (Transverse Direction) 

represented in Figs. 2(a)-2(b),respectively. It is found that, the velocity of Casson liquid motion declined with 

higher enhanced values of magnetic parameter, Casson parameter respectively. Physically, the Lorenze force 

applied into opposite direction to the liquid motion then liquid velocity should go slowly in transverse surface. 

The physical impact of Pr (Prandtl number) on 1( )  (Temperature Profile) predicted in Figs. 3. It is has seen 

that, the temperature declined with large numerical values of Pr . Physically, the Prandtl number is interrelated 

between thermal viscosity and thermal diffusivity. Due to high efficiency of thermal viscosity reduces to 

temperature of Casson nanoliquid motion on stretching surface.   

The physical impact of tBi  (Temperature Biot number) on 1( )   (Temperature Profile) predicted in Figs. 4. It 

is has seen that, the temperature enhanced with large numerical values of tBi . Physically, the temperature Biot 

number is reciprocal of thermal conductivity, due to high efficiency of thermal conductivity produced more 

temperature of Casson nanoliquid motion on stretching surface.   

The physical impact of H  (Temperature Biot number), dR (Thermal Radiation) on 1( )   (Temperature 

Profile) predicted in Figs. 5(a)-5(b). It perceived that, the temperature declined with enlarge numerical values of 

H while reverse trend behaviour of dR  (Thermal Radiation), respectively. Physically, the high efficiency of 

thermal conductivity produced more temperature of Casson nanoliquid motion on stretching surface.   

The physical impact of bN (Brownian Motion Parameter), tN  (Thermophoresis Parameter) on 1( )   display in 

Figs. 6(a)-6(b). It perceived that, the temperature enhanced more in Casson liquid for higher numerical values 

of bN , tN . Physically, the high efficiency of thermal diffusivity applied to liquid particles of Casson 

nanoliquid clashes between each particle in liquid motion produced more temperature in Casson nanoliquid at 

stretching surface area.   

Fig. 7 shows E  (Arrhenius Activation Energy) on 1( )  . It perceived that, the Concentration has high in 

Casson nanoliquid for higher numerical values of E , but the boundary layer moves very low convergence. 

Physically, the high efficiency of thermal conductivity applied in Casson nanoliquid motion produced more 

concentration at stretching surface.   

Fig. 8 shows Le  (Lewis Number) on 1( )  . It perceived that, the Concentration has high and reverse behaviour 

of mass transfer rate in Casson nanoliquid for higher numerical values of Le  as shown in Fig.9, but the 
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boundary layer moves very high efficiency. Physically, the high efficiency of thermal diffusivity of Casson 

nanoliquid motion produced more concentration at stretching surface.   

The physical parameter of thermal radiation over thermophoresis parameter on heat transfer rate as predicted in 

Fig.10.It is clear that, the heat transfer rate is high for enlarge values of thermal radiation. 

4. Conclusion  

The main out comes of present work as follows  

 The heat transfer rate is high with large numerical values of nonlinear thermal radiation. 

 The mass transfer rate is declined with enhanced numerical values of Lewis number. 

 The temperature is high efficiency for large number of values of E  and Le . 

 

 

Fig. 1 Physical geometry of the problem 

 

      Fig. 2(a) Impact of M on 1'( )g  Fig. 2(b) Impact of  on 1'( )g   
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Fig. 3 Impact of Pr  on 1( )  Fig. 4 Impact of tBi  on 1( )   

 

Fig. 5(a) Impact of H  on 1( )  Fig. 5(b) Impact of dR  on 1( )   

 

Fig. 6(a) Impact of bN  on 1( )  Fig. 6(b) Impact of tN  on 1( )   
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Fig. 7 Impact of E  on 1( )  Fig. 8 Impact of Le  on 1( )   

 

Fig. 9 Impact of Le  on 
0.5

x fxSh C
Fig. 10 Impact of dR  on 

0.5
x fxNu C

 

Table. 1 Evaluation of Skin friction coefficient  11 ''(0)f   ,  11 g''(0)  for various values  . 

  Wang [29] 

 '' 0f  

Present 

study 

 '' 0f  

Wang [29] 

 '' 0g  

Present 

study 

 '' 0g  

0.00 1.0000 1.00000 0.0000 0.00000 

0.20  1.03949  0.14873 

0.25 1.0488 1.04881 0.1945 0.19456 

0.40  1.07578  0.34921 
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0.50 1.0930 1.09309 0.4652 0.46520 

0.60  1.10994  0.59053 

0.75 1.1344 1.13448 0.7946 0.79462 

0.80  1.14248  0.86668 

1.00 1.1737 1.17372 1.1737 1.17372 

Table. 2 Comparison of Skin friction coefficient for    and various values of   

  Wang [29] 

 f   

Present study 

 f   

Wang [29] 

 g   

Present study 

 g   

0.00 1.0000 1.00000 0.0000 0.00000 

0.20  0.92265  0.23236 

0.25 0.9070 0.90707 0.2579 0.25798 

0.40  0.86603  0.37922 

0.50 0.8423 0.84236 0.4516 0.45167 

0.60  0.82096  0.51896 

0.75 0.7923 0.79230 0.6120 0.61212 

0.80  0.78350  0.64143 

1.00 0.7515 0.75152 0.7515 0.75148 
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Nomenclature 

* * *( , , )x y z   Cartesian coordinate’s 
Sc      Schmidt number 

*

f

BD


  

1 2 3, ,u u u velocity components along * * *( , , )x y z axis 
*

wT    Convection fluid temperature at wall 

*C volume fraction of nanoparticle   
*T    Temperature of the fluid  K  

*

fC      Skin friction coefficient  
*T    fluid temperature far away from the surface 

*

pc      Specific heat  /kJ kg K  
wV        Stretching velocity at y-direction         

*C     Uniform ambient concentration  

 3kgm
 

wU        Stretching velocity at x-direction 

*

wC     Convective fluid concentration  

 3kgm
 

Greek symbols 

BD     Brownian diffusion m      Thermal diffusivity ( )p fk c  

 2 1m s  

TD     Thermophoresis diffusion  2 1.m s           Dynamic viscosity  1.Pa s  

f        Dimensionless stream function            Dimensionless concentration 

'f       Dimensionless velocity  
*        Boltzmann Stefan constant 

 2 1 4wm s K 
 

1h      Convection heat transfer coefficient         Electrical conductivity 

2h      Convection mass transfer coefficient       Casson fluid parameter 

H Heat absorption parameter
 
 

* *

0

* *

f

Q T T

C


 

*     Kinematic viscosity  

 2 1m s  
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*k       Mean absorption coefficient         Dimensionless temperature 

k       Thermal conductivity        Stretching parameter b
a

 

 
f        Fluid density  1.Kg s  

M     Magnetic field parameter
* 2

0

*

f

B

a




  

       Ratio of the nanoparticle heat capacity and 

base fluid heat capacity 

 
 

* *

* *
p

f

C

C




 

bN     Brownian motion coefficient  

* *

*

D (C C )B w

f






  

tBi    Temperature Biot number 
*1 /

h
a

k
  

tN     Thermophoresis parameter 

* *

* *

D
(T T )

T

T

w

f








   

cBi    Concentration Biot number 
*1 /

h
a

k
  

Pr      Prandtl number

*

f

m





 
  
 
 

 

* *( ) pC    Heat capacity of the nanoparticle to the 

fluid  3Jm K  

Rex    Reynolds number  
* *( ) fC    Heat capacity of the fluid  1kJ kg

 

rq      Radiative heat flux  2Wm
 

Subscripts 

dR      Radiation parameter
* *3

*

16

3 m

T

kk




   

         condition at free stream       


