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ABSTRACT 

The current paper's goal is to investigate the incompressible casson naofluid's unsteady 

boundary levelstream, heat and mass transferal properties across a uniformly accelerated salver in the 

occurrence of a chemical response. The fundamental governing equivalences are transformed into non-

linear differential equivalences by expending similarity conversions. These equations have a solution. 

With the use of a graph, the influence of the fluid's numerous physical characteristics is examined, and 

conclusions are drawn as a result.  
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Introduction: 

The most significant function in fluid mechanics theory is played by non-Newtonian fluids. 

Non-Newtonian fluids are defined as those whose shear tension besides shear proportion are non-

linear. The Non-Newtonian fluids include blood, food grease, toothpaste, and others. Because the basic 

parts of nanomaterials are smaller than or equal to the size of de Broglie wave, these materials are 

recognised as novel energy sources [23]. Utilising nanoparticles is currently the subject of numerous 

investigations. The Brownian motion and associated thermophoresis characteristics are to blame. 

Nanofluids are a newly recognised class of heat transfer fluids. The pedestal fluids' portrayal of heat 

transmission is enhanced by the introduction of nanoparticles [6]. Most non-Newtonian liquid forms 

in the works study were examined using basic representations similar the power rulebesidesrating2 or 

3 [1,12,13,20,21, 22,24]. These unpretentious fluid representations require flaws that lead to findings 

that are uncertainly at odds with fluid movements.  

Alternative liquid representation aimed at non-Newtonian liquid is the Casson fluid. For a 

number of materials, it is intermittently verified the Casson fluid representation convulsions 

rheological statistics recovering than universal visco-plastic models [4,8,18]. Tomato pulp, jelly, soup, 

honey besides precise fruit let extracts are a few examples of Casson fluids. Another substance that 

can be regarded as Casson fluid is human blood. Humanoid red lifeblood cells are recognized as 

aggregation or rouleaux because of the existence of several constituents asprotein, fibrinogen and 

globulin fashionable aqueous disreputable plasma. A succumb strain is identifiable with the steady 

revenuetension in Casson's liquid exists if the rouleaux behaves like a malleablehard [8,9,15].  

In order to create nanofluids, nanoparticles such as nitrides, metallic carbides and carbon 

nanotubes are suspended trendy heat-trading liquids (such as oil, aquatic, ethylene glycol polymer 

proposal and biofluids); the sincere conductivity of the liquids depends significantly 

onluminosityprofessionmeasurementamongst the luminosityoccupation surface and the glow trade 

medium. Particles narrower than 100 nm are called nanoparticles. By demonstrating how an approach 

to extending the glow conversion standard is the employment of denseelements as extra 

materialadjournedhooked on the improperliquids. In light of this, nanofluid is a very compelling 

method for improving heat exchange. A review of the restrict stratumtributary of nano-fluids in excess 

of a affectingseeming in a spilled liquid was conducted by Bachok et al. [2]. Their findings show that 

when both the platter andunrestrictedtorrent travel in opposite course, there are double game options.  

Nanofluid has several applications such as surface covering, biomedical, transportation, 

equipment cooling, and more. The study of the formation of electrically coordinated fluids governed 

by related attractive properties is known as magnetohydrodynamics, or MHD. Bondareva: [3]. The 

problem of transitory assorted convective laminar point of confinement stratumtorrent 



48                                                      Vol.19, No.02(II), July-December :  2024 

ofdissipative,thick, incompressible, electrically synchronizing nano-fluid commencing a dependable 

augmentation susceptible superficialexclusive observing attractive meadow and earnestcontamination 

flow was introduced by Ferdows et al. [9]. As stated by Hail and Shankar [10], heat besides mass flow 

in  extremeargument layer torrent of unhinged sticky nano-fluid alongside a 

perpendicularaugmentationexpanseclassified observing attractive warm contamination, meadow, 

warm period and artificial rejoinder. Hady et al. [11] analyse a statistical analysis of a characteristic 

convection approximately theperpendicular cone inserted in non Darcian nano-fluid comprising gyro-

tactic bacteria flooding penetrable media. Beginning late, Jashim Uddin et al. [14] examined the 

computational analysis of Stefan blustering the various slide consequences ofaelegancedetermined 

bioconvection nano-fluid tributary including microbes.  

A numerical investigation is conducted into the problem of a nanofluid's breaking point layer 

stream passing beyond a growing sheet. Khan [16]. In order to investigate magneto laminar 

infringementargumentstratumtributarythrough warmth and mass exchange of an electrically 

synchronizing water-based nano-fluid including gyrotactic microbesbeside a convectively get along 

with enhancing area, Khan and Makinde [17] employed Oberbeck-Boussinesq character and 

resemblancedeviations. 

 In the direction ofrecognising the non-Newtonian liquid performance, one uses Casson 

liquidprototypical. The Casson liquid is characterised as a shear-thinning liquescent with theendless 

gluiness of zero trimlevel, a returntensionbeneath which no currenttranspires, and the zero viscidness 

ofimmeasurable shear proportion [7, 19]. The aforementioned has been determined the nonlinear 

Casson's constitutive equation accurately characterises the currentbends of pigment postponements in 

the lithographic processes recycled to prepare silicon suspensions [25] and printing inks [26]. 

Completed the broad assortment of trimproportions, the characteristics of several polymers are 

satisfactorily designatedthrough the trim stress-shear amountrelative provided by the Casson [5].  

The rheological equivalence of theceremonial aimed at the isotropic and incompressible current 

of the Casson liquid is by way oftracks [5] 

𝜏𝑖𝑗 = 

{
 
 

 
 2(𝜇𝐵 +

𝑃𝑦

√2𝜋
) 𝑒𝑖𝑗 ,     𝜋 >  𝜋𝑐

2(𝜇𝐵 +
𝑃𝑦

√2𝜋𝑐
) 𝑒𝑖𝑗,     𝜋 < 𝜋𝑐

 

where  𝜋 = 𝑒𝑖𝑗𝑒𝑖𝑗 and 𝑒𝑖𝑗 are the (𝑖, 𝑗)𝑡ℎ constituent ofdistortionproportion, 𝜋 isartifact of the 

constituent of distortiondegreethroughthemself, 𝜋𝑐 is theprecariousassessment of this item for 

consumptionconstructed in non-Newtonian prototypical, 𝜇𝐵 is the hardenergetic viscosity of non-

Newtonian liquid and 𝑃𝑦 is produceanxiety of liquid.   

 In order to create dependable, affordable besidescomprehensiblestrategies that stand tailored 

towards the necessary solicitation, the industrial sector has a huge demand for various ways or 

strategies for enhancing the mass and heattransferencethrough chemical response in numerous fields. 

The effects of mass, heat,  chemicalresponse, Soret quantitybesides Schmidt quantitythrough Hall 

result in a homogeneouslyaugmentedplatter for the casson nano fluid have not yet been specifically 

studied. Therefore, the current analysis's goal is to investigate how mass, heat, chemical response, 

Soret numeral, Schmidt numeralbesides Hall outcome all work together to affect an MHD problem for 

a casson nonofluid in a plate that is evenly accelerated. 

 

Mathematical model: 

Incompressible electrically accompanying the Casson Nano-liquidpreceding an infinite vertical 

smooth plate conquering the plane y = 0 is considered.  The gesture of the platter is taken in  𝑥-axis 

and 𝑧 – axis lying onplatter normal to both 𝑥 and y – axis. Primarily it is presumedasplates remain at 

the similar temperature  𝑇besides concentration  𝐶universally in the liquid.  By the side of time 𝑡 > 0, 
the platterjerksaffectingimprudentlythrough the unvarying velocity in thespecific plane alongside the 

𝑥-axis. Similarly the temperature besides concentration of the plate is raised/lowered.  Theunvarying 

magnetic ground,equivalent to  𝑦 - axis is executed.  
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The governing equations are 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0(1) 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= (1 +

1

𝛽
)
𝜕2𝑢

𝜕𝑦2
+ 𝑔[𝛽𝑡(𝑇 − 𝑇∞) − 𝛽𝑐(𝐶 − 𝐶∞)] 𝑐𝑜𝑠 𝜔 − [

𝜎

𝜌
(𝐸𝑜𝐵𝑜 − 𝐵𝑜

2𝑢)] − 𝐹𝑢2(2) 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝜈

𝜕𝑇

𝜕𝑦
= 𝛼

𝜕2𝑇

𝜕𝑦2
−

1

(𝜌𝑐̅)𝑓

𝜕𝑞𝑟

𝜕𝑦
+ 𝜏 [𝐷𝐵

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝑇∞
(
𝜕𝑇

𝜕𝑦
)
2

] +
𝑄𝑜

𝜌𝑐𝑝
(𝑇 − 𝑇∞) +

𝜎

𝜌𝑐𝜌
(𝑢𝐵𝑜 − 𝐸𝑜)

2(3) 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= (𝐷𝐵

𝜕2𝐶

𝜕𝑦2
) + (

𝐷𝑇𝐾𝑇

𝑇∞
)
𝜕2𝑇

𝜕𝑦2
− 𝑅∗(𝐶 − 𝐶∞)(4) 

The following boundary conditions are applied to the governing equations mentioned above: 

when 𝑦 = 0 

𝑢 = 𝑈𝑤(𝑥) = 𝑐𝑥, 𝑣 = 𝑉𝑤  ,𝑇 = 𝑇𝑤, 𝑁 = −𝑚0
𝜕𝑢

𝜕𝑦
, 𝐶 = 𝐶𝑤 

And when  𝑦 = ∞ 

𝑢 → 0, 𝑣 → 0, 𝑇 → 𝑇∞, 𝑁 → 0, 𝐶 → 𝐶∞ 

 

The similarity transformation which are used in the governing equations to obtain transformed 

equations are, 

𝑢 = 𝑐𝑥𝑓′(𝜂), 𝑣 = −√𝑐𝑣𝑓(𝜂), 𝜂 = 𝑦√
𝑐

𝑣
 , 𝜃(𝜂) =

𝑇−𝑇∞

𝑇𝑤−𝑇∞
 , 𝜙(𝜂) =

𝐶−𝐶∞

𝐶𝑤−𝐶∞
 

 

Transformed equations using similarity transformation, 

(1 +
1

𝛽
) 𝑓′′′ + 𝑓𝑓′′ − 𝑓′

2
+ (𝐺𝑟𝑥𝜃 + 𝐺𝑐𝑥𝜙) cos𝜔 −𝑀[𝐸1 − 𝑓

′] − 𝐹𝑟𝑓
′2 = 0(5) 

𝑃𝑟𝑁𝜃
′′ + 𝑓𝜃′ +𝑁𝑏𝜙

′𝜃′ + 𝑁𝑡𝜃
′2 + 𝐸𝑐(𝑓

′′)2 +𝑀𝐸𝑐(𝑓
′ − 𝐸1)

2 = 0(6) 

𝜙′′ + 𝐿𝑒𝑓𝜙′ + 𝑆𝑟𝐿𝑒𝜃′′ − 𝐿𝑒𝑅𝜙 = 0(7) 

 

Boundary conditions of the transformed equations are, 

 

If  𝜂 = 0 

𝑓(𝜂) = 𝑆, 𝑓′(𝜂) = 1,ℎ(𝜂) = 0,𝜃(𝜂) = 1,𝜙(𝜂) = 1.      

     (8) 

And if  𝜂 = ∞ 

𝑓′(𝜂) → 0, ℎ(𝜂) → 0, 𝜃(𝜂) → 0, 𝜙(𝜂) ⟶ 0.       

     (9) 

 

Results and Discussion: 

In addition to the boundary conditions (8) and (9), the nonlinear equations (5) through (7) are 

unravelled arithmetically exhausting the MATLAB bvp4c technique. The belongings of innumerable 

physical restrictions arranged the flow field are visually examined by us. These profiles are displayed: 

the concentration, temperature, and velocity profiles. The following outcomes are derived from the 

graph.  

To provide a clear understanding of the problem, the figures show how the velocity, 

temperature, and concentration components are affected by the following factors: magnetic 

consideration, casson factor, Grashoff numeral, modified Grashoff numeral, electric factor, chemical 

responsefactor, Prandtl number, Brownian motion factor, Lewis numeral, Soret numberbesides Eckert 

numeral. 

Figures 1 and 2 illustrate how a rise in the casson parameter raises the velocity profile while a 

fall in the Hartmann number decreases it. A Lorentz force's general propensity to resist the 

gesticulation of the electrically accompanyingliquid is seen by primary velocity decreasing  the 

magnetic factor in the boundary layer escalations. Nonetheless, in the thin boundary layer adjacentto 

platter boundary, velocity rises in size as the magnetic number increases, and inincidence of the 

magnetic arena, the reversing current acts like a primary velocity.  
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In proportion to the Grashoff number, the velocity profile falls, and in proportion to the 

modified Grashoff number, it increases. Three and four figures illustrate this outcome. The 

swiftnesscirculation in normal convection is analysed using the Grashof number. The buoyant force 

resulting from the longitudinaldissimilarity in liquidcompactness divided by the viscidpower is known 

as the Grashof number. In a positive meaning, the Grashof number denotes the cooling effect in 

proximity to the plate.  

 The graphic indicates that the secondary velocity is greatly impacted and flows at an 

accelerated pace, whereas the main velocity is slowed in its velocity. Figure 5 demonstrates the 

influence of the electric field parameter on the rapidityoutline. The rapiditycontour drops as the electric 

field strength rises, as seen by the graph. A chemical reaction's impact on fluid movement is seen in 

Figure 6. The evidence indicates that as chemical reactions intensify, so does fluid velocity.  

 The temperature profile is shown against the Hall, Brownian motion, and Prandtl 

numbers in Figures 9–11. In proportion to prandtl numeral, the infectionsketch rises, whereas in 

proportion to the Nb and, it decreases. Given that the momentum equation's Boussinesq's 

approximation assumes a linear relationship between the fluid's density and temperature, the extent of 

currentborderlinedeposit grows through the Prandtl numeral drops. For the reason that temperature and 

velocity are linked. Both velocity and temperature will exhibit similar kinds of behaviour.  

 The figures numbered 10 through 14 show the concentration profile versus different 

fluid parameters. The concentration profile diminishes as the Lewis number, chemical reaction 

parameter, Soret number, Eckert number, and Prandtl number rise. For higher levels of Lewis number 

and Soret number, the concentration profile diminishes since these numbers rely on mass diffusivity 

and thermal diffusivity. An important factor affecting the concentration profile is the Prandtl numeral, 

which ispercentage of momentum diffusivity to current diffusivity. For rising Prandtl number 

standards, the concentration profile thus decreases.  

 
Figure 1 Velocity profile for diverse values of 𝑀Figure 2 : Velocity profile for diverse values of 𝛽 

 
Figure 3 :Velocity profile for diverse values of 𝐺𝑟Figure 4 :  Velocity profile for diverse values of 

𝐺𝑐 
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Figure 5 :Velocity profile for diverse values of 𝐸1Figure 6 : Velocity profile for diverse values of 𝑅 

 

 
Figure 7 :Temperature profile for diverse values of 𝑃𝑟Figure 8 : Temperature profile for diverse 

values of 𝑁𝑏 

 

 
Figure 9 :Temperature profile for diverse values of 𝛽Figure 10 : Concentration profile for diverse 

values of 𝐿𝑒 
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Figure 11: Concentration profile for diverse values of 𝑅       Figure 12:Concentration profile for 

diverse values of 𝑆𝑟 

 

 
Figure 13: Concentration profile for diverse values of 𝐸𝑐Figure 14 :Concentration profile for diverse 

values of 𝑃𝑟 

 

Conclusion: 

 This paper discusses magneto casson nanofluid free convection in occurrence of an 

accelerating plate besides chemical response. To resolve the ODEs, MATLAB Bvp4c is utilised. An 

illustrated representation shows how planted factors affect the velocity, heat, and mass functions. The 

main conclusions are stated. While the casson parameter, modified grashoff number, and chemical 

reaction parameter accelerate fluid velocity, the magnetic, electric, and grashoff number have a 

retarding effect. As prandtl numeral rises, temperature sketch decreases, and as the Brownian motion 

besides casson parameter rise, the temperature profile grows. Increases in Lewis number, chemical 

responserestriction, Soret numeral, Eckert numberbesides Prandtl numeral cause a drop in the 

concentration profile. 

 

REFERENCES: 

1. Andersson HI, Dandapat BS. Flow of a powerlaw fluid over a stretching sheet. Appl Anal 

Continuous Media 1992; 1:339.  

2. Bachok, N., Ishak, A. and Pop, I. (2010) Boundary Layer Flow of Nanofluids over a Moving 

Surface in a Flowing Fluid. International Journal of Thermal Sciences, 49, 1663-1668. 

3. Bondareva, N.S., Sheremet, M.A. and Pop, I. (2015) Magnetic Field Effect on the Unsteady 

Natural Convection in a Right-Angle Trapezoidal Cavity Filled with a Nanofluid. International Journal 

of Numerical Methods for Heat & Fluid Flow, 25, 1924-1946. 

4. Bhattacharyya K, Hayat T, Alsaedi A. Analytic solution for magnetohydrodynamic boundary 

layer flow of Casson fluid over a stretching/shrinking sheet with wall mass transfer. Chin Phys B 2013; 

22(2): 024702.  

5. Casson, N. (1959) A Flow Equation for Pigment-Oil Suspensions of the Printing Ink Type. In: 

Mill, C.C., Ed., Rheology of Disperse Systems, Pergamon Press, Oxford, 84-104.  

6. Choi, S.U.S., Eastman, J.A. Enhancing thermal conductivity of fluids with nanoparticles, ASME 

International Mechanical Engineering Congress & Exposition, San Francisco, 1995;66: 99-105. 

7. Dash, R.K., Mehta, K.N. and Jayaraman, G. (1996) Casson Fluid Flow in a Pipe Filled with a 

Homogeneous Porous Medium. International Journal of Engineering Science, 34, 1145-1156.  

8. Fung YC. Biodynamics circulation. New York Inc: SpringerVerlag; 1984.  

9. Ferdows, M., Khan, M.S., Alam, M.M. and Sun, S. (2012) MHD Mixed Convective Boundary 

Layer Flow of a Nanofluid through a Porous Medium Due to an Exponentially Stretching Sheet. 

Mathematical Problems in Engineering, Article ID: 408528. 

10. Haile, E. and Shankar, B. (2014) Heat and Mass Transfer in the Boundary Layer of Unsteady 

Viscous Nanofluid along a Vertical Stretching Sheet. Journal of Computational Engineering, Article 

ID: 345153.  

2 4 6 8

y

-1

-0.75

-0.5

-0.25

0.25

0.5

0.75

1

T r

2 4 6 8

y

-1

-0.75

-0.5

-0.25

0.25

0.5

0.75

1

T r

𝑃𝑟 = 0.71 

𝑃𝑟 = 1.75    
𝑃𝑟 = 2.3 

 

𝐸𝑐 = 1 

𝐸𝑐 = 2 

𝐸𝑐 = 3  
 

 

  

 

 

 

 

 

() 

 

 

() 

 

 



53                                                      Vol.19, No.02(II), July-December :  2024 

11. Hady, F.M., Mohamed, R.A., Mahdy, A. and Abo Zaid, O.A. (2016) Non-Darcy Natural 

Convection Boundary Layer Flow over a Vertical Cone in Porous Media Saturated with a Nanofluid 

Containing Gyrotactic Microorganisms with a Convective Boundary Condition. Journal of Nanofluids 

, 5, 765-773.  

12. Hassanien IA. Flow and heat transfer on a continuous flat surface moving in a parallel free stream 

of power-law fluid. Appl Model 1996; 20: 779–84.  

13. Haroun MH. Effect of Deborah number and phase difference on peristaltic transport of a third-

order fluid in an asymmetric channel. Commun Nonlinear Sci Numer Simul 2007; 12: 1464–80.  

14. Jashim Uddin, M., Kabir, M.N. and Anwar Bégd, O. (2016)Computational Investigation of Stefan 

Blowing and Multiple-Slip Effects on Buoyancy-Driven Bioconvection Nanofluid  

15. Kandasamy A, Pai RG. Entrance region flow of casson fluid in a circular tube. Appl Mech Mater 

2012; 110–116: 698–706.  

16. Khan, W.A. and Pop, I. (2010) Boundary-Layer Flow of a Nanofluid past a Stretching 

Sheet.International Journal of Heat and Mass Transfer, 53, 2477-2483. 

17. Khan, W.A. and Makindem, O.D. (2014) MHD Nanofluid Bioconvection Due to Gyrotactic 

Microorganisms over a Convectively Heat Stretching Sheet. International Journal of Thermal 

Sciences, 81, 118-124. 

18. Mustafa M, Hayat T, Pop I, Aziz A. Unsteady boundary layer flow of a Casson fluid due to an 

impulsively started moving flat plate. Heat Transfer – Asian Res 2011; 40(6): 563–76.  

19. Nadeem S, Ul Haq R, Lee C. MHD flow of a Casson fluid over an exponentially shrinking sheet. 

Sci Iran 2012;19(6):1550–3.  

20. Sadeghy K, Sharifi M. Local similarity solution for the flow of a ‘second-grade’ viscoelastic fluid 

above a moving plate. Int J Nonlinear Mech 2004; 39: 1265–73.  

21. Sajid M, Ahmad I, Hayat T, Ayub M. Unsteady flow and heat transfer of a second grade fluid 

over a stretching sheet. Commun Nonlinear Sci Numer Simul 2009; 14: 96–108.  

22. Serdar B, Salih Dokuz M. Three-dimensional stagnation point flow of a second grade fluid 

towards a moving plate. Int J Eng Sci 2006; 44: 49–58.  

23. Sharma, A., Tyagi, V.V., Chen, C.R., Buddhi, D. Rewiew on thermal energy storage with phase 

change materials and applications, Renewable and sustainable energy review, 2009; 13: 318-345. 

24. Siddiqui AM, Zeb A, Ghori QK, Benharbit AM. Homotopy perturbation method for heat transfer 

flow of a third grade fluid between parallel plates. Chaos Solitons Fractals 2008; 36: 182–92.  

25. Walwander, W.P., Chen, T.Y. and Cala, D.F. (1975) An Approximate Casson Fluid Model for 

Tube Flow of Blood. Biorheology, 12, 111-119.  

26. Vinogradov, G.V. and Malkin, A.Y. (1979) Rheology of Polymers. Mir Publisher, Moscow 


