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Abstract: 

 

We've got mentioned unsteady MHD rotating glide of an electrically engaging in, viscous, 

incompressible and optically thick radiating Jeffrey’s fluid beyond a rapidly vertical shifting porous 

plate while temperature of the plate has a quickly ramped profile. Analytical answers of the governing 

equations are received by way of Laplace remodel method. The ideal solution is likewise received in 

case of unit Schmidt range. The analytical terms for pores and skin friction and Nusselt number are 

derived for each ramped temperature and isothermal plates. Sherwood variety is likewise obtained. 

The speed, temperature and awareness are displayed graphically whereas pores and skin friction, 

Nusselt variety and Sherwood number are supplied in tabular shape. 

 

Keywords: MHD Flows, Porous Medium, Convection Flows, Vertical Plate, Ramped Temperature, 

Isothermal Plate. 

 

 
1Department of Mathematics, Siddharth Institute of Engineering &Technology (Autonomous), Puttur-

517 583, A.P., India.  

Email: 1lakshmi.rathiraju@gmail.com 
2Department of Mathematic, Sri Venkateswarara College of Engineering (Autonomous), 

Karakambodi Road, Tirupati-517507, India, 

Email:2venky.sakku@gmail.com 
3Departments of Mathematics, Government Degree College, Vempalli - 516 329, A.P., India.  

Email: 3drsudhakar12@gmail.com 
4Department of Mathematics, Siddharth Institute of Engineering &Technology (Autonomous), Puttur-

517 583, A.P., India.  

Email: 4mopuriobulesu1982@gmail.com 
5Department of Mathematics, Siddharth Institute of Engineering &Technology (Autonomous), Puttur-

517 583, A.P., India.  

Email: 5jayachetu85@gmail.com 
6*Department of Mathematics, Annamacharya Institute of Technology & Sciences, Rajampet, A.P., 

India-516126. 

Email: 6*umasvu8@gmail.com 

 

*Corresponding Author  

M. Umamaheswar6* 

6*Department of Mathematics, Annamacharya Institute of Technology & Sciences, Rajampet, A.P., 

India-516126. 

Email: 6*umasvu8@gmail.com 

  

DOI: 10.31838/ecb/2023.12.6.213 
 

 

mailto:lakshmi.rathiraju@gmail.com
mailto:drsudhakar12@gmail.com
mailto:mopuriobulesu1982@gmail.com
mailto:jayachetu85@gmail.com
mailto:umasvu8@gmail.com
mailto:umasvu8@gmail.com


SectionA-Researchpaper 
Effect of Radiation on Magneto Hydrodynamics Flow  

of  Jeffrey fluid over an infinite vertical plate  

 

 
Eur. Chem. Bull. 2023, 12 (6), 2340 – 2357                                                                                  2341 

Nomenclature 

 

 
 

 
 

Greek symbols: 

 
 



SectionA-Researchpaper 
Effect of Radiation on Magneto Hydrodynamics Flow  

of  Jeffrey fluid over an infinite vertical plate  

 

 
Eur. Chem. Bull. 2023, 12 (6), 2340 – 2357                                                                                  2342 

1. Introduction 
 

Natural convection flow, propelled by thermal 

and solutal buoyant forces through items with 

unique geometries in a fluid-saturated porous 

medium, is used in a wide variety of natural 

occurrences and commercial applications. 

Industrial emissions can contaminate 

atmospheric flows, making it impossible to 

attain truly pure air or water. Thermal and 

solute buoyancy forces are becoming more 

sophisticated due to temperature or 

concentration or an amalgamation of those two 

factors [1]. This configuration is used in a 

wide variety of applications, including but not 

limited to heat exchange mechanism devices, 

to regulate the temperature of molten alloys 

with other elements, sealing structures, 

significant oil reservoirs, the filtration process, 

chemically produced catalytic reactors and 

procedures, nuclear waste recovery and so on. 

As a consequence of the significance of fluid 

float issues, an extensive number of 

researchers [2-10] have committed a great 

agreement of time and energy to studying 

them. Various investigators have been 

dedicating an immense amount of time and 

energy to the investigation of natural 

convection boundary layer flow across a 

variety of geometrical entities with heat and 

mass transfer in porous and non-porous 

materials [11-15]. 

 

Muhammad [17] examined the behavioural 

patterns of the flow near the hydrodynamic 

stagnation point with a non uniform internal 

heat source/sink. Heat transfer was discussed 

by Azeem et al. [18] in the context of an 

axisymmetric flow that is unstable on a 

radially stretchable sheet.Turkyilmazoglu[19] 

described the micropolar fluid's MHD float 

over a porous substrate.Baag et al.[20] have 

demonstrated a brief concept of MHD flow by 

employing the second law of thermodynamics 

and utilising dissipation in the forms of Darcy, 

viscous, and Joule energy. MHD axisymmetric 

flow of energy-regulating fluid over a 

stretching sheet was analysed under 

convective surface conditions in a study by 

Ahmed et al.[21]. Using the slip effect, Fauzi 

et al.[22] discussed the effect of heat 

transmission on the stagnation factor 

consideration as it moves past a nonlinearly 

contracting sheet. Hakeem et al.[23] studied 

the motion of a Nano fluid via a porous floor 

using 2nd order MHD slip. Using viscous 

dissipation, Ruchika et al.[24] described how a 

few MHD nanofluid solutions can float 

through a porous surface. The fantastic idea of 

the flow was put to the test by Bhattacharya 

[25-27] on a shrinking surface. When a sheet 

is stretched or compressed, the stagnation 

factor can cause the sheet to change shape, 

which Gangadhar et al. [28] studied. In their 

study, Maria and her colleagues [29] delved 

into the fascinating world of MHD glide in 

Jeffrey Fluid. They explored the effects of a 

curved stretching floor and homogeneous-

heterogeneous reactions, adding a new layer of 

complexity to this intriguing phenomenon.In a 

daring scientific pursuit, Sandeep and 

Sulochana delved into the intricacies of non-

Newtonian nanofluids' heat transfer dynamics. 

Their study focused on the behaviour of these 

fluids over a stretching exterior, where heat 

supply or sink was non-uniform. The flow of a 

Jeffrey fluid past an exponentially stretching 

sheet was investigated by Ahmad et al. [31] 

under mixed convective MHD conditions. 

Hayat et al. [32] delved into the intriguing 

topic of MHD stagnation point float of Jeffrey 

fluid, taking into account the effects of viscous 

dissipation and Joule heating. In their study, 

Das et al. [33] delved into the captivating 

phenomenon of Jeffrey fluid drift over a 

stretching sheet, taking into account the 

intriguing factors of melting heat switch and 

floor slip. In this study, the abruptly vertically 

moving porous plate and its rapidly ramping 

temperature profile are considered in the 

context of the unsteady MHD rotating flow of 

an electrically conductive, viscous, 

incompressible, and optically thick radiating 

Jeffrey's fluid. Raju et.al.[35-37] examined the 

different effects of radiation effects in MHD. 

 

Formulation and Solution of the Problem 

We explored the exciting possibilities of 

studying the unsteady hydromagnetic flow of a 

fluid that is electrically functioning, viscous, 

incompressible, and optically thick, over an 

infinite vertical plate that has been embedded 

in a uniform porous medium in a rotating 

system.  Behold, the very embodiment of the 

problem's physical configuration, as depicted 

in the illustrious Fig. 1. 
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Fig 1. The physical presentation of the problem 

 

Co-ordinate mechanism is chosen, the x-axis is 

taken to run parallel and upward from the 

plate, whereas the y-axis is taken to run 

perpendicular to the plane of the plate in the 

fluid.  Along a path that is parallel to the y-

axis, a transversely directed magnetic field B0 

that is constant in intensity is generated.As if 

in a synchronised movement the fluid and 

surface rotate together with an uniform angular 

velocity around the y-axis.At the outset, the 

fluid and plate are in a state of steady and are 

being upheld at an even temperature. 

Concentration is held constant at both the 

plate's surface and on each component of the 

fluid underneath.   At time t ,  plate  starts 

moving  in  x-path with  uniform  pace  in  its  

own plane.  The  temperature  of  plate  is  

raised  or  decreased while t, and  it  is  

maintained   at   uniform  temperature when     

( being  characteristic   time).   Also,  at  time t  

,  species  concentration  at  the  surface  of  

the  plate  is  raised  to  uniform  species  

awareness  and  is  maintained  thereafter. 

Since plate is of infinite volume in x and z 

guidelines, all bodily portions besides pressure 

depend on y and t only. 

 

The governingequationsforflow through 

porousmediuminarotatingframearegivenby 

 

 
 

Initialandboundaryconditionsare 
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Foranopticallythickfluid,emissionandself-

absorptionweadoptedtheRosselandapproximationforradiativefluxvector rq . 

44 *
,

3 *
rq

k y

 
 


                                 (11) 

 

Assumesmalltemperaturedifferencebetweenfluidtemperatureθandfreestreamtemperature 
, 4

isexpandedinTaylorseriesaboutfreestreamtemperature 

tolinearizeequation(11),afterneglectingsecondandhigherordertermsin  , 

4 3 44 3     
         

(12) 

 

Eq.(3)withhelpofEqs.(11)and(12)reducesto 
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Where 
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Combining Eqs.(14)and(15) let q= u+iw ,  

 

 
The non-dimensional initial and boundary conditionsare 

 

 
 

Eqs.(16),(17)and(18),aftertakingLaplacetransformandusinginitialconditions(19),reduceto 

 

 
 

Boundaryconditions(20)-(24) in terms of transformed variables, 
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SolutionsofEqs.(25)-(27)subjecttotheboundaryconditions(28)and(29)aregivenby 

 

 
 

TakinginverseLaplacetransform to the Eqs. (30)–(32), we found the 

exactsolutionforthetemperature,concentrationandvelocity are 

 
 

The fluid problemwith Sc =1
correspondstowhichbothviscousandconcentrationboundarylayerthicknessesareofsimilarord

erin itsmagnitude.SubstitutingSc =1inEq. (34), thenconcentrationandvelocity are 

 

 
The solutionforthetemperatureandvelocityfortheflowpastanimpulsivelymoving thermal 

verticalplateisattained. 
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The skin friction components  
x and 

z andNusselt number are evaluated for both 

rampedtemperatureplate and isothermal plate; theSherwoodnumberin 

termsofrateofmasstransferattheplate are given by 

Fortherampedtemperatureplate: 
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2. Results and Discussion 

 

We have explored an intriguing subject of 

unsteady MHD rotating waft of a fluid that is 

electrically performing, viscous, 

incompressible, and optically thick radiating 

Jeffrey's fluid. Our study focuses on the flow 

beyond an abruptly moving vertical plate that 

is embedded in a fluid inundated porous 

medium. We have also considered the 

temperature of the plate, which has a 

temporarily ramped profile. Behold, within the 

confines of this document lie felt a new 

depictions of scientific data. Observe with awe 

the figures numbered 2 through 10, as well as 

the illustrious 11 and 12. These visual aids 

unveil the secrets of velocity and temperature, 

both on ramped temperature and isothermal 

plates. And lo, the awareness profiles are also 

revealed in stunning detail.As the fluid flows 

over the plate, the primary velocity u and the 

secondary velocity w work in tandem to reach 

their peak performance close to of the plate's 

surface. From there, they gradually taper off, 

dutifully following the mounting boundary 

layer coordinate y as they make their way 

towards the space of free circulation 

evaluation.Furthermore, it can be perceived 

that the velocities of the primary and 

secondary fluids are comparatively lower in 

the ramped temperature plate configuration as 

compared to the isothermal plate 

configuration. 

 

The frictional force, the Nusseltrange for 

bothramping temperatures and isothermal 

plates, and the Sherwood range have all been 

analysed and summarised within tables 1-

3.Our observations indicate that Fig. 2 portrays 

the impact of a magnetic field on the primary 

pace (u) and secondary pace (w) under varying 

ramped temperatures and isothermal plate.The 

empirical evidence gleaned from Figs 2 and 3 

indicates that, under both ramped temperature 

and isothermal conditions, the velocity 

components u and w exhibit a discernible 

decline as the Hartmann range M increases in 

proximity to the plate. This trend is observed 

to hold true across the spatial domain, both in 

the immediate vicinity of the plate and in the 

surrounding regions.The graphical 

representation in Fig 3 illustrates that the 

variables u and w exhibit a positive correlation 

with the permeability parameter k0 across the 

fluid domain. A decrease in permeability 

slows the flow of fluid everywhere. Fig 4 

depicted the impacts of rotation at the number 

one and secondary fluid velocities for plates 
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subjected to either ramping temperature or 

isothermal conditions.It is believed that the 

value of u will drop as R increases in 

proximity to the plate in the case of both 

ramping temperature plates and isothermal 

plates, whereas the value of w will increase as 

R increases in proximity to the plate. Rotation 

has an ability to keep the fluid moving at the 

returning number one velocity over the whole 

fluid location, and this holds true for both 

ramping temperature plates and isothermal 

plates.Despite the fact that in the field of flow, 

rotation is believed to have an effect on 

secondary fluid velocity by inhibiting the 

primary fluid velocity, this is not the case. 

Although it is generally accepted that rotation 

has a dampening effect on primary fluid 

velocity, which in turn affects secondary fluid 

velocity, in the flow discipline, only near the 

plate does it have a significant accelerating 

effect; farther away, its effect on the secondary 

fluid velocity is counteracting.This is owing to 

the fact that the pressure caused by Coriolis is 

more prominent within the region that is 

located close to the axis of rotation.It is 

obvious from the Figs.5 that both velocity 

components u and w increase with rising 

Jeffrey's fluid parameter for both ramping 

temperature and isothermal plates. This is 

something that stands out.Figs 6 and 7 show 

how thermal and mass diffusions affect the 

primary and secondary fluid velocity for 

ramped temperature and isothermal plates, 

respectively.In each of the situations, we found 

that u and w had a negative impact on the 

growth of Pr and Sc. So basically, thermal and 

mass diffusions cause the fluid velocities to 

speed up in the boundary layer region for both 

cases. This happens because thermal and mass 

diffusions push the thermal and awareness 

buoyancy forces forward.The figs eight and 

nine, which will illustrate the impact of 

thermal and concentration buoyancy forces 

upon the primary and secondary fluid 

velocities.It seems like u and w both increase 

as Gr and Gc increase, so basically, Gr is a 

measure of how much thermal buoyancy force 

there is compared to viscous pressure, and Gc 

is a measure of how much awareness 

buoyancy force there is compared to viscous 

pressure.As a consequence of this, the 

strengths of the thermal and attention 

buoyancy forces, respectively, continue to 

expand as Gr and Gc continue to 

flourish.Because of the influence of thermal 

and concentration buoyancy forces, natural 

convection float is encouraged in this case, and 

as a result, primary and secondary fluid 

velocities tend to increase near the boundary 

layer's immediate proximity.Figs. 10 showed 

the effects of thermal radiation on the primary 

and secondary fluid velocities for plates 

subjected to ramping temperature changes as 

well as isothermal conditions.In both cases, as 

N grows, so does u and w. In either scenario, it 

is possible that thermal radiation will speed up 

the number primary and secondary fluid 

velocities at some point in the boundary layer 

area.According to Figure Eleven, there is a 

positive correlation between the temperature 

and the size of N for both ramped temperature 

and isothermal plates.Therefore, in both 

circumstances, thermal radiation will be able 

to increase the fluid temperature in the 

boundary layer's immediate proximity. Hence 

thermal radiation offers diffuse energy, on 

account that an growth in N implies a decrease 

in Rosseland imply absorption coefficient k* 

for fixed values of   and ok. Additionally it is 

reveal that fluid temperature   decreases with 

increasing Pr. Therefore, in each cases, 

thermal diffusion tends to reinforce fluid 

temperature at some point of the boundary 

layer place. It's miles obvious from Figs.12 

that species concentration   diminishes with 

growing Sc whereas it complements on 

increasing t. Therefore mass diffusion has a 

tendency to increase attention and there's an 

improvement in concentration with boom of 

time in complete fluid vicinity. 

 

The pores and skin friction increases and 

decreases with growing Hartmann quantity M 

for the ramped temperature, the reversal 

behaviour is found for isothermal plate. For 

the ramped temperature and isothermal plates   

reduces and   will increase with increasing Gr, 

Gc, N and t, while   increases and   decreases 

with increasing Pr or Sc. Consequently, for 

ramped temperature and isothermal plates, 

thermal and awareness buoyancy forces, 

thermal and mass diffusions and thermal 

radiation have tendency to lessen   whereas 

these bodily quantities have reverse effect on  . 

For the ramped temperature and isothermal 

plates   and   increases with growing rotation 

parameter R or Jeffre’y fluid parameter. 

Rotation has a tendency to beautify both   and   

for both ramped temperature and isothermal 

plates. Each and   are growth for the ramped 
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temperature and decrease for isothermal plate 

on increasing permeability parameter okay 

(desk 1). The price of heat transfer reduces 

with increasing N and is augmented on 

increasing time for each cases, whereas it is 

dwindled to start with after which will increase 

with the boom of Pr (table 2). The Schmidt 

number to decorate price of mass switch on the 

plate and there is refuse in fee of mass transfer 

at the plate on increasing time (table three).

 The outcomes are exact settlement 

with the consequences of Seth et al. [16] (desk 

4). 

 

 
Fig. 2 The velocity profiles for uandwagainstM with 

1, 0.5, 1,Pr 0.71, 2,Sc 0.22,Gr 3,Gc 5, 0.2R K N t          

 

 

 
Fig. 3The velocity profiles for uand wagainst K with 

0.5, 1, 1,Pr 0.71, 2,Sc 0.22,Gr 3,Gc 5, 0.2M R N t          

 

 

 
Fig. 4The velocity profiles for uand w against R with 

0.5, 0.5, 1,Pr 0.71, 2,Sc 0.22,Gr 3,Gc 5, 0.2M K N t          

 

 



SectionA-Researchpaper 
Effect of Radiation on Magneto Hydrodynamics Flow  

of  Jeffrey fluid over an infinite vertical plate  

 

 
Eur. Chem. Bull. 2023, 12 (6), 2340 – 2357                                                                                  2351 

 
Fig. 5The velocity profiles for u and w against  with 

0.5, 1, 0.5,Pr 0.71, 2,Sc 0.22,Gr 3,Gc 5, 0.2M R K N t          

 

 
Fig. 6The velocity profiles for uand wagainst Pr with 

0.5, 1, 0.5, 1, 2,Sc 0.22,Gr 3,Gc 5, 0.2M R K N t          

 

 
Fig. 7The velocity profiles for uand wagainst Sc with 

0.5, 1, 0.5, 1,Pr 0.71, 2,Gr 3,Gc 5, 0.2M R K N t          

 

 
Fig. 8The velocity profiles for u and w against Gr with 

0.5, 1, 0.5, 1,Pr 0.71, 2,Sc 0.22,Gc 5, 0.2M R K N t          
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Fig. 9The velocity profiles for uand wagainst Gc with 

0.5, 1, 0.5, 1,Pr 0.71, 1,Sc 0.22,Gr 3, 0.2M R K N t          

 
Fig. 10The velocity profiles for uand wagainst N with 

0.5, 1, 0.5, 1,Pr 0.71,Sc 0.22,Gr 3,Gc 5, 0.2M R K t          

 

 
Fig. 11The temperature profiles against Pr and N with t = 0.5 

 

 
Fig. 12The concentration profiles against Sc and t 
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Table 1: Skin friction 

M K R  
 

Pr G

r 

G

c 

N Sc t Ramped 

x  

temperatur

e
z  

Isotherm

al
x  

plate 

z  

0.

5 

0.

5 

1  1 0.7

1 

3 5 2 0.2

2 

0.2 2.86522 1.99985 2.16589 2.42544 

1           3.15225 1.55244 1.87785 2.67025 

1.

5 

          3.42011 1.36522 1.71445 2.88547 

 1          3.26558 2.33566 1.71662 1.86485 

 1.

5 

         3.65774 2.67588 1.25524 1.42415 

  2         3.26658 2.15447 2.49969 2.86550 

  3         3.66322 2.59855 2.88858 3.23324 

    2       3.12100 2.30142 2.49996 2.89965 

    3       3.53214 2.63552 2.96638 3.15526 

     3      3.33255 1.83526 2.34255 2.23255 

     7      3.67455 1.71145 2.62855 2.02256 

      4     2.57885 2.34625 2.06658 2.67588 

      5     2.02544 2.51774 1.89965 2.82145 

       6    2.46988 2.16522 1.89899 2.86635 

       7    2.15547 2.37996 1.53365 3.22214 

        3   2.72011 2.00115 2.02144 2.46585 

        4   2.61477 2.01552 1.90225 2.48854 

         0.3  3.00144 1.81145 2.36556 2.23232 

         0.6  3.15244 1.66636 2.53985 2.02565 

          0.5 2.72104 2.14225 2.02114 2.96558 

          0.8 2.52145 2.42885 1.96699 3.21044 

 

Table 2: Nusselt number 

 
Table 3: Sherwood number 
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Table 4: Results comparison for the Primary velocity component (u) 

( Gc 5,Pr 0.71,Sc 0.22, 0.5, 0.2z t     ) 

M K R N Previous results 

Seth et al.[16] 

Present Results 

0   

0.5 0.5 1 2 0.223458 0.223469 

1    0.214452 0.214463 

1.5    0.203145 0.203156 

 1.0   0.241152 0.241164 

 1.5   0.259478 0.259489 

  2  0.250214 0.250225 

  3  0.289960 0.289974 

   3 0.240155 0.240169 

   4 0.261044 0.261058 

 

3. Conclusions 

 

We have discussed unsteady MHD rotating go 

with the flow of an electrically engaging in, 

viscous, incompressible and optically thick 

radiating Jeffrey’s fluid beyond an impulsively 

vertical transferring porous plate. The 

conclusions are made for each ramped 

temperature and isothermal plates, 

consequences of rotation has a tendency to 

accelerate w and slow down u for the duration 

of the boundary layer area. Thermal and 

attention buoyancy forces, thermal and mass 

diffusions and thermal radiation tend to 

accelerate both speed components. Thermal 

radiation and thermal diffusion has a tendency 

to enhance fluid temperature in the course of 

the boundary layer area. Mass diffusion has a 

tendency to beautify concentration at some 

point of the boundary layer area. Thermal and 

concentration buoyancy forces, thermal 

diffusions and thermal radiation have tendency 

to reduce primary pressure issue while these 

physical portions have reverse effect on 

secondary stress issue. Rotation and Jeffrey’s 

fluid parameters generally tend to enhance 

each pressure additives. Price of heat transfer 

reduces with increasing N and is augmented 

on increasing time. The Schmidt number is to 

decorate mass transfer on the plate and refuses 

on increasing time. 
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