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Abstract:  The scru t inizat ion of  the current  work deals  blood f low in the  

lops ided wavy channel  with chemical  react ion in  the porous m aterial .  The 

hypothes is  of  the work  can be  unsteady,  incompress ible,  mixed convect ion  

f low on MHD. Also induced heat  t ransfer  surmised due to  radiat ion and  

analyzed temperature di f ference f rom the channel .  Thus,  impact  of  parameter  

for  hal l  and ion s l ip ,  B io t  number for  heat  and mass t ransfer  are taken into  

account .  A magnet ic ef fect  is  funct ioned uni formly through the channel  in  

the perpendicular  direct ion .  The d imensionless  govern ing equat ions are 

answered logical ly in  per turbat ion technique.  The cri t ica l  out  comes have 

been  presented graphical ly.    

Keywords:  Casson  f lu id,  MHD, Biot  number ,  Hal l  and Ion s l ip  ef fec t .  

1.  Introduction  

Blood f low plays  vi tal  role in  human body wi th di s t inct  s i tuat ions .  Flow 

direct ion may be occurred according to  the s t ructure  of  the  part s  of  body.  It  

car r ies  out  numerous types of  funct ions  as  t ransport ing nut r ients  and ox ygen  

for  thei r  diges t ion,  negat ive carbon d ioxide  emissions ,  keeping d igest ive  

system normal .  The elements  of  micro -ci rculat ion  composed of  ar ter io les ,  

capi l la r ies  and  venules .  Varies  f ie ld researches shows thei r  interest  in  doing 

research on blood as  non -Newtonian f luid dur ing the pas t  few years .  The 

progress  of  peri s tal t ic  drives  biofluid forward by manner of  s inusoidal  waves  

which  proceed axia l ly besides  the length of  the  channel .  It  resembles  the 

funct ioning mode of  our body which pumps blood,  nut r i t ion  and ox ygen.   
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John R.  Kel tner  [1] s tudied blood f low on MHD in 1990.  Human vascula ture 

with the pressure of  hydrostat ic  and elect r ical  ef fec t  reacted high on 10  tes la 

and less  as  0 .2 percent .   Norzieha Mustapha[2]  found blood f low in the 

ar ter ies  i rregular  s ize mul t i  –  s tenoses  on MHD treat ing blood as  v iscous  

f lu id.  The author  out l ined 3D and the f low di rec t ion considered as  

ax isymmetr ic .  D.S.Sankar[3]created a method that  t reat s  blood as  a Casson 

f lu id when the effec t  of  a  magnet ic f ield is  present  in  blood f low and narrow 

arter ies .  Considering uni form di rec t ion as  ax ial ly symmetric i s  clearly 

shown.  S.Asghar[4]  examined the t ransportat ion of  per is tal t ic  on MHD fluid  

through symmetric  and asymmetric channels  using the hal l  and ion s l ip  

effects .  Also heat  t ransportat ion can be inspected by examining ef fec t  of  

viscous and ohmic  diss ipat ion.  S .Asghar[5]deal t  that  certain anatomical  

f lu ids  as  honey,  blood,  syrups and  oi l s  are  not  t rue  for  viscosi ty f luid as  

constant  also object ive of  the paper  be s i tuated to  pass  the  f luid through 

peris ta l t i c  movement  in  a symmetric channel .   M.M.Bhat t i [6]examined the 

blood f low in a expi red arter ies  s l ip  effect  proceeding MHD treat in g b lood as  

Jef frey f luid model  also assuming 2D non –  uni form channel  is  s tudied .  

M.M.Bhat t i [7]surveyed due to  the ef fec ts  of  MHD and part ial  s l ip ,  the  

peris ta l t i c  b lood f low of Ree -Eyr ing f lu id in  the porous channel  i s  not  

uni form..  Farhad Ali  [8]obtained  the b lood f low in place of  a  Casson f luid  

model  wi th the ef fect  of  magnetohydrodynamics in  a hor izontal  cyl inder.  The 

magnet ic par t icles  d is t r ibuted uniformly in  the blood.  Q.Hussain[9]developed 

col lect ive ef fect s  on hal l  and ion s l ip ,  ohmic diss ipat ion  a nd proceeding 

peris ta l t i c  passage of  viscous f luid .  Mohammad M.Rashid i[10]analysed the  

elect r ica l  conduct ion in  the magnet ic f ield through the effect  of  heat  and 

mass t ransfer .  It  p roceeded blood f low instead  of  Casson f lu id model  using 

peris ta l t i c  movemen t .  S .  Mait i [11]considered blood f low on MHD model led  

by Caputo –  Fabriz io fract ional  order  t ransfer r ing heat  and  mass  in  the  

unid irect ional  through porous material  have an ef fect  on  thermal  radiat ion  

t reat ing b lood as  Casson f luid .  Asma Khal id [12]s tudied the  blood f low in  

the  carbon nano tubes t reated as  base material  done an osci l lat ing 

perpendicular  plate  in  the porous medium two types of  carbon nano tubes 

ut i l i sed on MHD.  Madhusudan Senapat i  [13]analysed blood f low in on the 

narrow arter ies  on s l ip  f low  with chemical  radiat ion MHD over permeable 

s t retch ing sheet  in  porous material  impact  of  s l ip  condi t ion.  

S .Das[14] invest igated b lood f low along with copper (cu)  and gold nano 

part icles  (AuNps) combined ef fec t  of  e lect romagnet ic force and hal l  currents  

passes  through not  –  uni form endoscopic annulus  by wal l  s l ip .   

H.Vaidya[15]exposed blood f low through narrow ar ter ies  during surgeries  

impact  of  MHD with impact  of  chemical  react ion.  Non –  uni form geomet ry 

with part ia l  s l ip  is  considered .  M.Anusha Bai  [16] inv es t igated under the  

assumption of  long wave length in  a planner channel  the peris tal t i c  f luid of  a  

hyperbol ic angle was inserted through the ef fect  of  hal l  and ion s l ip .  

RudraRaviKumar Palegari [17]  described the model  by using lubricat ion  
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approach al so dea l t  peris tat ic  s t ream of a Newtonian f luid  by means of  the  

effect  of  heat  t ransmission through porous medium in the upr ight  channel  

asymmetrical ly.  

As for  as  this  paper tel ls ,  the  movement  of  peris tal t ic  b lood f low through 

lops ided hor izontal  wavy channel  a nd  the magnet ic ef fect   i s  t ransported  

perpendicular  to  the channel  with chemical  react ion i s  analysed .  Mass 

Grashof number,  heat  t ransfer  Biot  number,  thermal  Grashof number ,  Prandt l  

number,  and mass t ransfer  Biot  number,  Schmidt  and Nussel t  numbers  are  

assumed to invent  exact  solut ion of  the  model .  Hence the core mot to of  this  

learning to  f ind col lect ive effect  of  chemical  react ion in  addi t ion radiat ion in  

a lopsided wavy channel  with porous material .  The momentum, temperature  

and concentrat ion equat ions of  the blood f low are examined methodical ly 

also explained graphical ly.   

2.  Mathematical  formation  of  the model  

Consider  the  fol lowing assumption  to  bui ld  our  present  model .  

  Electr ical ly passing on ,  opt ical ly thin ,  radiat ing,  Casson f lu id s t ream 

in a channel  is  envisaged.   

  The s t ream is  intended to pass  through wavy channel  with the unsteady 

motion and the f low is  supposed to  be incompress ible .   

  The ordering of  the two -dimensional  co -ordinate sys tem is  directed  

that  x  –  ax is  is  hor izontal ly s t raight  by the s ide of  the channel  wal ls  

together  with the y –  ax is  is  vert ica l ly upward in  which s t ream is  

conducted over porous medium through chemical  react ion.   

  Peris tal t i c  wave d isseminates  throughout  the  length  of  the wal ls .   

  The t ransportat ion  of  heat  and  mass thr oughout  the  channel  wal l  sa t is fy 

convect ive  condi t ions.   

  Fluid f low into the magnet ic f ie ldfunct ioned uniformly in  the 

crosswise di rect ion.  The physical  setup can be drawn for  the  

invest igat ion in  the Figure 1 .  
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Figure 1 .The model ' s  phys ical  setup  

Wavy channel  in tends to  permit  cross  channel  co l laborat ing vert ical  to  the  

direct ion  of  the f low as  described  by P.V.Satya  Narayana[18]  and  

T.Hayat[19] .  

 

        (1)  

where   and  sat i sfy y the  condi t ion  
2  

In  which -  upper and lower wal l  shape a ,  b  –  magni tude of  the waves,   –  

wavelength ,  d  –  wid th and t  –  t ime.   

The aspect  of  di f fersup on range  and  corelate with unevenly shaped channel  

but  waves  are  outs ide  the channel  where as  that  are  inside the  segment .   

The complete phys ical  model  can be consi dered cont inual  of  the momentum 

equat ion.  The per is tal t i c  wave i s  ex tended to  f ini te  dis tance .  Hence 

according to  the  f igure ,  y i s  funct ion of  i t .  The temperature and 

concent ra t ion are taken as  which the  f luid i s  constant .  Assuming the above 

condi t ions,  the  governing equat ions f ramed.    

  (2)  

      (3)  

      (4)  

        (5)  

where  u and v be  the  components  of  veloci t ies  along x  and y di rec t ions.   –  

suct ion veloci ty,   –  densi ty of  the f luid,  g –  accelerat ion due to  gravi tat ion ,    

and  –  thermal  and concentrat ion  expansion coeff icien t ,  -  coeff ic ient  of  

kinematic vi scosi ty,   –  speci f ic  heat  capaci ty,  -  thermal  dif fus ivi ty of  a  
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f lu id,   –  heat  generat ion/absorp t ion,    –  radioact ive  heat  f lux ,  T –  

temperature ,  C  –  concent ra t ion,   –  chemical  molecular  di f fus ivi ty,   –  

Chemical  react ion .   

The dimensional  form of boundary condi t ions  

 

, ,  ,     at   

 ,  ,  ,     at    (6)  

Here  –  veloci ty s l ip  parameter ,   –  permeabi l i t y of  the porous material ,   –  

s l ip  veloci ty,  -  concent rat ion  s l ip  parameter ,   –  thermal  s l ip  parameter .  Here 

f lu id veloci ty i s  considered as  s l ip  veloci ty.   

The reduct ion  of  the  exp ansion  can  be assumed ei ther  opt ical ly thin or  

opt ical ly thick gas .  If  i t  i s  op t ica l ly thick gas  assumption,  then i t  intends  

s t rong thermal  radiat ion absorpt ion .  Such radiat ion is  most ly re leased f rom 

the  outward  layer .  It  can  be predic ted  to  pass  through  the boundary layer .  

Therefore,  aforement ioned supposi t ion has  not  been used.  Hence J .R.  

Pat tnaik[20]  and  W.G. England [21]  are  expressed  as ,  

         (7)  

The assumption  of  the  temperature  var iance  wi thin the f low are adequatel y 

miniature.  The temperature  might  be  indicated as  a  l inear  funct ion.  To 

expand  Tayler  series  formula  can be  used ,  so we get ,  

          (8)  

Using equat ions  (7)  and (8)  in  (4) ,  we get   

    (9)  

Cons ider  the Casson f lu id is  sucked cont inuously the channel  wal l s  through 

the t ime depending on veloci ty .  That  can be in  the form refer red from I.M.I.  

Eldesoky[22] .  

          (10)  

Where  is  uni form t ranspi ra t ion veloci ty and  extension of  suct ion  veloci ty.  It  

i s  not  zero product ive constant .  i s  cons tant  and smal l  value  which sa t is fy the 

const ra in t  1 .   

The assumpt ion of  e lect ron –  a tom col l i s ion is  much.  So,Currents  of  hal l  and 

ion s l ip  are considerable .  Since the  s t rong point  of  magnet ic become 

huge,Ohm’s law can be made adjustments  toward insert ion  the ef fect  of  hal l  

and ion  s l ip  [23] .   
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     (11)  

In  addi t ion,  This  can be es t imated hal l  parameter  and ion s l ip  parameter   in  

Equat ion   By the assumptions elect r ic  f ield (E = 0)[24][25] .  

Therefore,  the  equat ion(11)  becomes as   

 

         (12)  

Solving the above equat ions ,  (11)  and  (12) We get ,   

=  

= -            (13)  

Where  

Subst i tut ing the  above Equ (13) in  (2)  and (3)  we acqui re as  

(14)     

     (15)  

Combining equat ions (14) and  (15) Let  ,   we acqui re the below equat ion .   

(16)  

 

 

In t roducing the non –  d imensional  quant i t ies  in  the  above equat ions  

described as:  

,= ,  ,   

Under dimensionless  quant i t i es ,  governing equat ions diminish to  the next  

procedures  

     (17)  

       (18)  

        (19)  

where ,    –  Reynolds  number,   –  Thermal  Grashof number,   –  Mass Grashof  

number,   –  Squared Hartmann number,   –  Porous  Parameter ,   –  Prandt l  

number,  –Radiat ion  parameter ,   –  Heat  generat ion  parameter ,   –  Schmidt  

number,   –  Chemical  react ion parameter .   
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The non -  d imens ional  form of  boundary condi t ions  

 

,     at   

    at       (20)  

Where  –  Heat  t ransfer  biot  number ,   –  Mass t ransfer  bio t  number  

3 .  Method of  Solut ion  

Using perturbat ion method,  the veloci ty,  t emperature  and  concent ra t ion are  

considered  to  receive exact  so lut ion .   

        (21)  
        (22)  
        (23)  

For  the sake of  solving the  equat ions (17) ,  (18)  and  (19)  fol lowing pressure  

gradient  assumed to  solve veloci ty,  temperature and concentrat ion.   

     (24)  

where is  th e  and  i s  the  and i s  the an d  

Zeroth order  equat ions  

  (25)  

          (26)  

          (27)  

Fi rs t  o rder  equat ions  

-+  -           (28)  

        (29)  

         (30)  
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Answering f i rs t  o rder  equat ions are derived via per turbat ion series .  The 

equat ions  (25) –  (30)  in  equat ion  (21)  –  (23)with  corresponding boundar y 

condi t ions are subst i tuted .  

-+  -            (31)  

 ( )   (32)  

  (33)  

Subject  to  the boundary cond i t ions  

 

 

      (34)  

 

 

       (35)  

Wall  shear s tress  
The d imens ionless  s t ructure  of  wal l  shear  s t ress  at   on porous channel  can be 

specif ied through:   

 

 

Nussel t  Number  

The non-dimensional  f requency of  heat  t ransfer  in  term of Nu at   i s  s tated 

through:  

 

Sherwood Number  

The non-dimensional  s t ructure of  mass  t ransfer  in  term of Sh a t   i s  s tated  

through:  

 

 

4 .  Resul ts  and Discussions:  

In  the process  of  graphical  depic t ion veloci ty,  t emperature,  concent rat ion,  

Sherwood number,  Nussel t  number Nu and Wall  shear  s t ress  be computed  
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then graphical ly presented the consequences of  various f low parameters .  

Veloci ty profi les  are represented in  the Figures  2.1 –  2 .8 .  Temperature 

profi les  are demonstrated in  the Figure  from 3 .1 –  3 .4whereas  concent ra t ion 

profi les  are  show n in the Figure f rom 4.1 –  4 .3 .  Wall  shear  s t ress  ,  Nussel t  

number Nu and Sherwood number Sh  profi les  are  di splayed  in  the Figures  

from 5.1 –  5 .4 ,  6 .1  –  6 .4  and  7.1 –  7 .2 .   

For  the purpose of  computat ion,  we f ix  the  sys tem parameters  values  as   

4.1  The graphical  explanation of  Veloci ty:  

The veloci ty U along with veloci ty V demonst rate the outcome of  Har tmann 

number M in Figure 2.1.  Here U and V lead to  a increment  in  the veloci ty 

s ince the Har tman number M rises  through region.  Due to increase in  

Hartman number veloci ty increase up to  the cer ta in number.  Since  mount ing  

M tending the drag force  to  r i se  and that  causes  the  f luid  movements  to  delay 

in  which the resul t  augmented drag force which is  equal  the drag force by the  

effect  of  magnet ic on an elect r ical l y passing f luid yie ld  resi s t ive force.    

Figures  2.2,  2 .3 and 2 .4  port rayed  the displacement  of  veloci ty U and V 

through hal l  ef fect ,  radiat ion and heat  generat ion parameters .  This  i s  not i f ied  

that  as  supplementat ion in  hal l  ef fec t ,  rad ia t ion and heat  gene rat ion the  

veloci ty U decreases  through the area though i t  i s  observed the veloci ty V 

augments  by means of  the r is ing in  hal l  e ffect ,  radiat ion and heat  generat ion .  

Since producing the ef fect s  which resul ts  increase the resul tan t  speed and  

enlargement  in  t he momentum layer  th ickness  throughout  the  f luid area .    

Ion  s l ip  ef fect ,  chemical  react ion and mass Grashof number Gm can be 

graphical ly exposed  in  the Figures  2.5 ,2 .6 and 2.7 .  The veloci ty U progresses  

and veloci ty V diminishes  with mount ing in  ion s l ip  ef fec t ,  chemical  react ion  

and mass Grashof number Gm al l  over  the region .  The mass Grashof number 

Gm ion s l ips  ef fec t ,  chemical  react ion  and mass  Grashof number Gm boost  

by the advantage of  s t rengthening of  the ef fects .  The dis t r ibut ion of  veloci t y 

expands  swif t l y go  to  next  level  of  porous medium later  reduces for  the 

s t ream quant i t y.  Hence increase in  ion s l ip  ef fect ,  chemical  react ion and 

mass Grashof  number Gm the boundary layer  th inness  augment .    

Thermal  Grashof  number  Gr be displayed in  the Figure 2.8.  Though thermal  

grashof number Gr increases ,  i t  indicates  the propor t ion of  current  force to  

the hydromagnet ic over the borderl ine  layer  the veloci ty U decreases  and  

veloci ty V maintained  same length in  the region .  
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Figure 2.1                                                                  

 Figure  2 .2  
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Figure 2.3  

Figure 2.4  
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Figure  2.5                                                                                       

Figure 2.6  
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Figure 2 .7                                                                                   

Figure2 .8  

Effect  of   

4 .2  The graphical  explanation of  Temperature :  
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The diss imilar  values  

of  t emperature l ike Prandt l  number Pr ,  heat  t ransfer  Biot  number ,  parameter  

for  Radiat ion R and Heat  generat ion Q showed in the Figures  3.1,  3 .2,  3 .3  

and 3.4 .  Temperature dis t r ibut ions r ise in  the posi t ive area where as  

lessening in  the negat ive area with increas ing values  of  heat  t ransfer  Biot  

number,  radiat ion parameter  and heat  generat ion parameter  only the  Prandt l  

number values  have given randomly.  This  can be due to  thermal  conduct ivi ty 

of  f luid resul t ing the boundary layer  thickness .   

 

Figure  3.1                                                                                             

Figure 3.2  
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Figure 3.3                                                                                Figure  

3.4   

 

 

 

4 .3  The graphical  explanation of  Concentration  :  

Figure 4.1 i l lust rate Schmidt  number as  concentrat ion profi le .  The 

dimens ionless  number of  Schmidt  number Sc can be s ta ted in  place of  the 

proport ion  of  momentum di f fus ivi ty and mass  di f fusivi ty af ter  that  these  are  

appl ied to  dis t inguish f lu id f lows  with i n there would be momentum,  mass  

dif fusion and concentrat ion boundary layers .  Hence there is  a  growth in  the  

rate of  Schmidt  number brought  about  the absorp t ion of  f lu id elements  be 

s ides  as  a  consequence the concent rat ion boundary layer  thinness  to  reduce 

considerably.      
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Figures  4.2 and 4.3  displayed  parameter  for  Chemical  react ion  Kc and Bio t  

number form ass  t ransfer  Bm as  concentrat ion profi le .  Biot  number for  mass  

t ransfer  Bm is  a  dimensionless  number  used to  calcu la te  the heat  t ransfer  and  

Chemical  react ion parameter  Kc reduce the heat  t ransfer  but  then again  

increase the mass  t ransfer  rate.  Hence f luid concentrat ion increases  in  

parameter  values  of  Kc and Bm with  the  with the boundary layer  thickness .    
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Figure 4.1                       Figure 4 .2   

  

 

 

 

 

 

 

 

 

Figure 4.3  

 
 

4 .4  The graphical  explanation of  wal l  shear s tress  :  

Wall  shear  s t ress  demonstrated in  the graphical  Figures  5 .1 ,  5 .2,  5 .3 and 5.4 

aimed at  some values  of  parameter  for  hal l  and ion s l ip  on wavy channel .  

wal l  shear  s t ress  coeff icient   through hal l  and ion s l ip  parameter   for  some 

values  of  M at  It  i s  not iced that  wal l  shear  s t ress   at  bo th  decreases  due to  

r ise in  the hal l  and ion s l ip  parameter   
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Figure  5.1                                                                              

Figure 5.2  
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Figure  5.3                                                                                  

Figure 5.4  

 

                                                              Effect  of   

 

 

4 .5  The graphical  explanation of  Nussel t  number Nu:  

Nussel t  number displayed in  the graphical  Figures  6.1,  6 .2,  6 .3 and 6 .4 for  

some values  of  radiat ion parameter  R a lso heat  generat ion  parameter  Q.  As 

the resul t  of  the graphs in  which radiat ion and heat  generat ion notably 

partake an ef fect  on  the temperatu re f ie lds  and hence i t  dis turbs  the Nussel t  
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number.  So that thi s  can be indisputable from graph that  Nussel t  number  

increases  in  value  of  R  and Q at  both  Influences  

 

 

 

 

 

 

 

Figure  6.1                                                                                 

Figure 6.2  
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Figure  6.3                                                                                

Figure 6.4  

 

                                                            Effect  of   

 

4 .6  The graphical  explanation of  Sherwood number Sh:  

Sherwood number  depicted in  the  graphical  Figures  7 .1 and  7.2 for  the value 

of  Schmidt  number .  Sherwood number exposes  by means of  the variat ion of  

mass  t ransfer  Sherwood number for  di ss imilar  quant i t i es  of  Schmidt  number  

Sc at  the wal l   It  i s  understandable  f rom the f igure that  Sherwood number  Sh  

at  both  
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Figure  7.1                                                                          

Figure 7.2  

                                            Effect  of   

 

5.  Conclusions  

This  discussion shows a mathematical  ideal  for  two -dimens ional  

magnetohydrodynamics current  of  Casson f luid peri s tal t ic  t ransport  an 

unsteady surface through a porous mater ialwith chemical  react ion.   

From th is  invest igat ion,  we summarise the  conclusion  fol lowing:  

DHANVANTH
Stamp

DHANVANTH
Stamp

DHANVANTH
Stamp

DHANVANTH
Stamp



A Mathematical study of Hall and Ion slip impacts on Peristaltic transport of hydromagnetic flow through 

a porous medium with chemical reaction 

 

Section: Research Paper 

 

 

1760 
Eur. Chem. Bull. 2023, 12(Special Issue 1), 1738-1765 

  There  ex is ts  intersect ion by maximum di rect ion over the  channel  

cent rel ine and minimum di rect ion on the wal l s  are in  the f luid veloci ty 

profi le .   

  The problem is  very interest ing that  the veloci ty profi le  augments  

through mount ing in  Hartman number in  both the region .   

  Hall  ef fect ,  radiat ion and heat  genera t ion parameter  induce a r i se in  

secondary veloci ty and lessen in  the pr imary veloci ty whereas  ion s l ip  

effect ,  chemical  react ion and  mass  Grashof number are just  oppos i te  to  

i t .  But  thermal  Grashof  number main tain the same length with  the 

mount  values .   

  In  due with chemical  react ion the concent rat ion prof i le  s tudied as  the  

f lu id motion retardedness .  Hence the concentrat ion which in  turn 

lessens as  wel l  as  augments  ef fects  of  Schmidt  number,  chemical  

react ion  and  mass t ransfer  Biot  number.   

  The heat  is  t ranspor ted  to  the sys tem by a  few orders  of  magni tude so  

the osci l la tory f low var ies  due to  varies  quant i t i es  of  d if ferent  

parameters  of  conduct ion .  Radia t ion and heat  generat ion parameter  are  

s imilar  express ion whereas  Prandt l  number and thermal  t ransfer  Biot  

number di ffer  f rom the  above.   

  For  increasing Prandt l  numbers  and chemical  react ion parameter  values  

at  both wal l s ,  the Nussel t  and  Sherwood numbers  can be  mounted.  

  Consequence of  the wal l  shear  s t ress  reduct ions took place while  

parameter  for  hal l  and ion s l ip  is  increased at  l ength of  the wal l  y =   

when hal l  and ion s l ip  released the face ef fect  on the wal l  shear  s t ress  

at  the wal l .   
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