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ABSTRACT 

The goal of this research was to apply the characteristics of a second-order chemical reaction to a constant flow of 

MHD Jeffrey fluid through an electrically conducting stratified porous media across an exponentially stretched sheet. The 

BVP4c approach and the sequential application of the associated similarity variables yield the PDE numerical solution that 

controls flow. The charts show exhaustively the results of impartial effects on energy, temperature, and liquid fixation. The 

coefficient of rubbing, pace of hotness move, and mass exchange coefficients are totally portrayed and measured. A 

benchmark comparison benchmark is used to assess the veracity of the generated findings. 

 
Keywords: chemical reaction; MHD; stretching sheet; jeffrey flow; porous medium. 

 

1. INTRODUCTION 

Extrusion processes rely heavily on fluid 

dynamics induced by stretching sheets. Non-Newtonian 

fluids have significantly improved, according to recent 

research. This expansion may be tracked using a specific 

type of liquid used in a variety of technical and industrial 

applications such as compound sheet industries, glass 

blasting, paper making, and mechanics extrusion of plastic 

sheets. The vehicle of liquid over an extending surface is 

being contemplated by various scholastics [1-5]. Hotness 

move across a dramatically expanding ceaseless surface 

with pull was given another aspect by Elbashbeshy [6]. Ali 

[7] investigated the thermal boundary layer in the law of 

force by absorbing or injecting into a continuous stretch. 

Vajravelu and Cannon [9], as well as Vajravelu and 

Vajravelu [8], studied the flow across an indirect elastic 

sheet. Khan [10], Sanjayan and Khan [11], as well as 

others, have looked into the flow of viscous-elastic 

physical phenomena and, as a result, the heat transfer 

generated by the elastic sheet. The impact of heat radiation 

on physical phenomena as a result of the expandable sheet 

was later investigated by Sajid and Hayat [12] using the 

homotopy analysis technique.  

An incredible number of mathematicians are keen 

on temperamental MHD stream across an upward 

permeable plate with second-request substance response. 

There has been a great deal of investigation into the effect 

of mass exchange in Newtonian and Non-Newtonian 

liquids lately. Nadeem et al. explored the impacts of warm 

radiation on nano-liquid to an adaptable sheet with 

convective limit conditions [13]. Chemical engineering, 

electrochemistry, and polymer manufacturing all benefit 

from the flow of MHD across a large area [14]. A portion 

of the jobs in the MHD stream have been recognized in the 

writing [15-17]. Kharabela et al. [18] concentrated on 

MHD nanofluid stream with smooth limit conditions and 

extraordinary compound collaborations. The impact of 

compound response request and convective stream with 

heat radiation and limit conditions on micropolar liquid 

across an extending sheet was explored by Matta and 

Gajjela [19]. Usman et al. [20] investigated MHD free 

convective synthetic response impacts within the sight of 

fluctuating pull. 

The absorption/spraying process has 

ramifications for a variety of technical activities, including 

thrust bearing and radial diffuser design, as well as 

thermal oil recovery [21]. Chemical reactions use 

absorption to eliminate reactants [22]. Mukhopadhyay [23] 

explored the impacts of slip, attractions, and blowing on a 

precarious blended convection stream past an extending 

sheet. 

Temperature differences, concentrations, or fluids 

with differing densities cause stratification in the flow 

phase. Because of its relevance in modifying transport 

conditions, the impacts of stratification are significant in 

investigating the flow of the boundary layer. [24] The 

movement of the MHD boundary layer to the thermal 

stratified area was investigated. Sekhar [25] explored limit 

layer occasions and hotness transmission in a thermally 

defined climate and found that warm partition speeds up 

heat move at the top. In MHD free convection in 

micropolar liquid, Singh and Kumar [26] investigated the 

event of twofold delineation, synthetic responses, heat 

creation, and ohmic warming. 

In different specialized and modern applications, 

open media stream is utilized in MHD stream meters, 

MHD siphons, and MHD power generators [27, 28]. 

Furthermore, the polymer area will offer a wide scope of 

utilizations for explicit stream in extending sheets. Anwar 

et al. what's more, Cortell et al. explored the gooey 

leading liquid streaming around the expandable sheet with 

a consistent level of extending following [29, 30]. Sharma 

et al. [31] scrutinized the impact of compound cycles and 

ohmic scattering in a positive climate, and Pattnaik et al. 

[32] investigated MHD flow by regular sucking / injection 

into the pore area. Kim and Vafai [33] and Liao and Pop 
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[34] provide detailed descriptions of the horizontal layers 

flowing across the vertical plate immersed in the hollow. 

Tripathy et al. [35] utilized a permeable medium to 

research the impact of synthetic cycles on the free 

convective MHD surface over a straight flight way. Nagur 

Meeraiah et al. [36] investigated unsteady MHD boundary 

layer flow and heat transfer of a casson fluid past a 

stretching sheet. 

The objective of this review is to analyze a 

numerical model for constant MHD limit layer stream of a 

Jeffrey liquid through a dramatically porous extending 

sheet with second-request compound response and twofold 

separation, which was motivated by past research. The 

overseeing conditions (PDEs) are changed over into ODEs 

and afterward settled utilizing MATLAB bvp4c. The 

effects of different predominant stream speed, 

temperature, and focus profile factors have been portrayed 

in charts and tables. 

 

2. FLOW MODEL CONFIGURATION 

The flow of the electromagnetic boundary layer 

with both sides of the viscous liquid in an explicit area in 

the middle of the perforated area is considered in this 

study. Accept the surface region is stretched out with 

energy U  through y - the normal axis and the x - axis on 

it. A flexible magnet field 2
0

x

LB B e  is implemented 

normal to the surface and 
0B is constant. Temperature 

difference is developed by maintaining surface at 

temperature  w
T x , which is superior to the T (constant 

temperature) of the surrounding fluid and concentration 

 w
C x is more prominent than the C (constant 

concentration). Taken   2
0

x

L
w

T x T be  ,   2
0

x

LT x T ce  

,   2
0

x

L
w

C x C me   and   2
0

x

LC x C ne    where 

reference temperature 
0T ,  reference concentration 

0C  and 

, , ,b c m n are greater than zero. 

The equations that regulate fluid flow are as 

ensues: 
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where u  and v are the components of velocity in the x

and y directions respectively, T  is the fluid temperature, 

*

x

LK k e


   is the permeability ( *
k is constant), the 

variable rate of chemical conversion of the second- order 

irreversible reaction is the form of  0 2
1

2

x

L
r

k
k e

m

   
 

 where 

0k  is a constant. 

Within the confines of the boundary conditions: 

 

 0 0, ,
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at  0y                                                                             (5) 

 

   2 2
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x x
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y                                                                               (6) 

 

here 
0U  is reference velocity,   0V x   is velocity of 

suction and   0V x   is velocity of blowing.  
0 0V   is 

the initial strength of suction and 
0 0V   is the initial 

strength of blowing. 
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The governing equations change when (7) is 

substituted into equations (2), (3), and (4). 
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             (9) 

 

  2

1 0Sc f f St f Cr                                 (10) 

 

The transformed boundary conditions take the 

following form: 

11, , 1 , 1f f S St St         at  0                 (11) 

 

0, 0, 0f        as                                  (12) 
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where 
0

2

*

L
K

k U


 -Porosity parameter, 

2

0

0

2 B L
M

U




 - 

Magnetic parameter, Pr



 - Prandtl number, 

0

0

2
H

p

LQ
Q

U c
 - Heat source parameter, 

c
St

b
 - Thermal 

stratified parameter, Sc
D


 - Schmidt number, 

1

n
St

m
 - 

Chemically stratified parameter, 0

0

k L
Cr

U
 - Rate of 

reaction parameter, 0

0

2

V
S

U

L


 - Suction parameter, 

respectively. 0S  is blowing and 0S  is suction 

parameters.   

The important physical quantities of interest are 

the skin fiction coefficient 
f

C , local Nusselt number Nu

and local Sherwood number Sh defined as: 

 

2 2

w
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w
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  (13) 

 

where 
w

 , 
w

J  and  
w

q are the shear stress, mass flux and 

heat flux at the surface, respectively and are determined as 
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The dimensionless skin friction coefficient, mass 

transfer rate and wall heats are calculated using equation 

(7): 
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                                                        (15) 

 

where the local Reynolds number Re
U x


  . 

 

3. NUMERICAL METHOD 

Adding more variables to convert higher order 

differential equations to linear differential equations. 

1 2 3 4 5 6 7, , , , , ,f f f f f f f f f f            

 
Equations (8)–(10) are transformed into the 

following the first order ODE. 

 

   
 

2

2 3 3 1 1 3 1 2 2

1 2

, 1 2 1

1

f f f f f f K f

M f

 



       

 
 

 

  

4 5 5 1 5 2 4 2 4

2

3

1

3Pr
,

3 (4 )

3Pr

1 3 (4

H
f f f f f f f St f Q f

R

Ec
f

R

        
 

     

 

    2
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To show the physical relevance of non-

dimensional parameters, the approximate solutions are 

numerically derived using MATLAB bvp4c programming. 

 

4. RESULTS AND DISCUSSIONS 

Mathematical reproductions for different stream 

boundaries in pressure, warm limit layers, fixation and 

friction factor coefficient, Nusselt region number, and 

Sherwood region number were performed utilizing the 

methodology laid out in the first segment to look at the 

discoveries. Graphs and tables are used. Non-dimensional 

parameter values are chosen in arithmetic as 

1 0.5, 1.5, 0.1, 0.2, 0.1, Pr 1.0,M S R St        

10.2, 0.1, 1.0, 0.2, 0.4, 0.5
H

Ec St K Q Sc Cr       

which remain unchanged throughout the current 

simulation. 

The impacts of Jeffrey boundary 
1  on force, 

hotness, and fixation profiles are portrayed in Figures 1, 2, 

and 3. Obviously, when 
1  builds, the speed profile 

deteriorates, and the slimness of the limit layer decays 

(Figure-1). It is obvious from Figures 2 and 3 that as the 

worth of 
1  increments, so does the temperature and focus 

profile. Figures 4, 5, and 6 show the impact of the porosity 

boundary K  on speed, temperature, and fixation field. 

Clearly expanding the worth of K  diminishes the energy 

stream rate (Figure-4). The existence of a porous media 

imposes extra constraints on fluid flow, lowering flow 

and, as a result, lowering momentum. Figures 5 and 6 

show how increasing K  values enhances heat and 

concentration curves. The reason for Figures 7, 8, and 9 is 

to explore the effect of attractive boundary M  on energy, 

temperature, and fixation bends. It has been found that as 

energy builds, the relating limit layer thickness diminishes 

because of an expansion in the M . (Figure-7). The 

presence of Lorentz energy causes transport opposition, 

and the stream rate diminishes as the temperature rises. 

Liquid stream is slow, and energy is lost underneath the 

limit layer. The thickness of both the warm and fixation 

limit layers increments when the attractive boundary 

increments, as displayed in Figures 8 and 9. Figure-10 

portrays temperature profiles in the limit layer for pull and 

blowing for different upsides of the warm radiation 

boundary R . It may be deduced from this that increasing 

thermal radiation improves heat transmission. The thermal 

boundary layer thickness decreases as the Prandtl number 

Pr  grows, as shown in Figure-11. Thermal conductivity is 
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lowered in high Pr  fluids, and thermal boundary layer 

structures are thinner. As Pr  grows, the temperature of the 

fluid lowers as the rate of heat transmission increases. The 

temperature drops as the thermal stratification parameter 

St  is increased, as shown in Figure-12. The rising 

temperature profiles with increasing heat source parameter 

H
Q  are depicted in Figure-13. The influence of Eckert 

number Ec  on the temperature profile is shown in Figure 

14. It has been observed that as Ec  rises, so does 

temperature. The fixation limit layer diminishes as the 

Schmidt number Sc  ascends, as displayed in Figure-15. 

Because of the expansion in Sc , the mass 

diffusivity diminishes, bringing about a reduction in the 

thickness of the fixation limit layer. Figure 16 portrays the 

impact of substance definition boundary 
1St  on the focus 

limit layer. It's significant that when 
1St  ascents, the 

boundary layer of the fixation profile lessens. Figure-17 

portrays the conduct of the substance response boundary 

Cr  on focus profiles. The thickness of the fixation limit 

layer reduces as Cr  grows. Figures 18, 19, and 20 show 

the effect of the pull boundary S on the speed, 

temperature, and fixation in the limit layer. The stream 

speed, temperature, and focus dissemination are seen to 

diminish as S increments 

With various values of Jeffrey parameter 
1 , 

porosity parameter K , chemical stratification parameter 

1St , Prandtl number Pr , magnetic parameter M , thermal 

stratification parameter St , Schmidt number Sc , heat 

source parameter 
H

Q , thermal radiation parameter R , 

Eckert number Ec , chemical reaction parameter Cr , and 

suction parameter S , Table 1 shows the deviation in skin 

friction coefficient, local Nusselt number, and local 

Sherwood number. The friction factor coefficient, the rate 

of heat and mass transfer coefficients all decrease as the 

values of 
1 , K , and M  increase. We noted that as R , 

St , 
H

Q , and Ec  increase, the heat transfer coefficient 

decreases, whereas Pr  shows the opposite tendency. The 

Sherwood number is thought to increase with an increase 

in Sc  and Cr , but decrease with an increase in 
1St . The 

friction factor coefficient depreciates with an increase in 

S , although the rate of heat and mass transfer coefficients 

shows a contradicting tendency. 

To approve the technique utilized in this review 

and to pass judgment on the exactness of the current 

investigation, correlation with accessible outcomes 

relating to the skin-friction coefficient  0  for

1 0.0, 0.0, 0.0, 0.0,M S R      

10.0, 0.0,  0.0, 0.0, 0.0,
H

Ec St K Q Sc       

0.0Cr  are compared with the available results 

of N. L. Nazari et al. [37] and Nur Suhaida Aznidar ismail 

et al. [38] in Table-2 and they are found to be in good 

agreement. 

 

 
 

Figure-1. Velocity profiles for various upsides of 
1 . 

 

 
 

Figure-2. Temperature profiles for various upsides of 1 . 
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Figure-3. Concentration profiles for various upsides 

of 
1 . 

 

 
 

Figure-4. Velocity profiles for various upsides of K . 

 

 
 

Figure 5. Temperature  profiles for various upsides of K . 

 

 
 

Figure-6. Concentration profiles for various upsides  

of K . 
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Figure-7. Velocity profiles for various upsides of M . 

 

 
 

Figure-8. Temperature profiles for various upsides of M . 

 

 
 

Figure-9. Concentration profiles for various upsides  

of M . 

 

 
 

Figure-10. Temperature profiles for various upsides of R . 
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Figure-11. Temperature profiles for various upsides 

of Pr . 

 

 
 

Figure-12. Temperature profiles for various upsides 

of St . 

 

 

 
 

Figure-13. Temperature profiles for various upsides 

of 
H

Q
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Figure-14. Temperature profiles for various upsides 

of Ec . 
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Figure-15. Concentration profiles for various upsides 

of Sc . 

 

 
 

Figure-16. Concentration profiles for various upsides 

of
1St
. 

 

 

 
 

Figure-17. Concentration profiles for various upsides 

of Cr . 

 

 
 

Figure-18. Velocity profiles for various upsides of S . 
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Figure-19. Temperature profiles for various upsides of S . 
 

 
 

Figure-20. Concentration profiles for various upsides 

of S . 
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Table-1.  Skin friction coefficient, Nusselt, Sherwood numbers for different values 
1, , , ,Pr, ,K M R St              

1, , , , ,
H

Q Ec Sc St Cr S . 
 

1  K  M  R  Pr  St  H
Q  Ec  Sc  1St  Cr  S   0f    0    0  

0.5            -2.469381 0.462363 0.596126 

1.0            -2.803657 0.444494 0.582314 

1.5            -3.106088 0.428463 0.571537 

 0.5           -2.362210 0.481716 0.601566 

 1.0           -2.469381 0.462363 0.596126 

 1.5           -2.571905 0.444559 0.591223 

  1.0          -2.306671 0.492060 0.604521 

  1.5          -2.469381 0.462363 0.596126 

  2.0          -2.621604 0.436165 0.588945 

   0.5         -2.017797 0.487024 0.621569 

   1.0         -2.017797 0.431678 0.621569 

   1.5         -2.017797 0.401534 0.621569 

    1.2        -2.017797 0.602580 0.621569 

    1.4        -2.017797 0.656152 0.621569 

    1.6        -2.017797 0.710087 0.621569 

     0.2       -2.017797 0.516510 0.621569 

     0.4       -2.017797 0.450373 0.621569 

     0.6       -2.017797 0.384240 0.621569 

      0.1      -2.017797 0.609111 0.621569 

      0.2      -2.017797 0.549579 0.621569 

      0.3      -2.017797 0.484471 0.621569 

       0.7     -2.017797 0.321695 0.621569 

       1.0     -2.017797 0.184964 0.621569 

       1.3     -2.017797 0.048233 0.621569 

        0.2    -2.017797 0.549579 0.468894 

        0.4    -2.017797 0.549579 0.621569 

        0.6    -2.017797 0.549579 0.762369 

         0.1   -2.017797 0.549579 0.621569 

         0.3   -2.017797 0.549579 0.504957 

         0.5   -2.017797 0.549579 0.397235 

          0.3  -2.017797 0.549579 0.587878 

          0.5  -2.017797 0.549579 0.621569 

          0.7  -2.017797 0.549579 0.653584 

           0.1 -2.017797 0.549579 0.621569 

           0.2 -2.093875 0.581038 0.636695 

           0.3 -2.172961 0.614440 0.652317 
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Table-2. Estimates of  0  with various upsides of Pr for 
1 0.0, 0.0, 0.0, 0.0,M S R      

10.0, 0.0, 0.0,  0.0,  0.0,
H

St Ec St K Q     0.0,  0.0Sc Cr  . 
 

Pr  N. L. Nazari et al. [37] Nur Suhaida et al. [38] Current study 

1.0 0.9547 0.9548 0.954854 

2.0 1.4714 1.4715 1.471447 

3.0 1.8691 1.8691 1.869064 

 

5. CONCLUSIONS 

The current review is a decent endeavor to check 

out the impacts of a second request substance response and 

twofold separation on MHD free convection Jeffrey course 

through a permeable medium over a dramatically 

broadening sheet. The MATLAB bvp4c programming was 

utilized to tackle the changed over conventional 

differential conditions mathematically. Our mathematical 

discoveries lead to the accompanying ends: 

 

a) When the Jeffrey, magnetic, porosity, and suction 

parameters are increased, the dimensionless    

momentum decreases. 

b) Raising the values of thermal stratification, Prandtl 

number and suction parameters the dimensionless 

temperature diminishes. 

c) A rise in rate of reaction, Schmidt number, suction 

parameters and chemical stratification parameters 

diminishes the dimensionless concentration.  

d) The friction factor coefficient, rate of heat 

transmission, and mass transfer coefficients decline as 

the levels of Jeffrey, porosity, and magnetic properties 

increase. 
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