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ABSTRACT  

 In t he present  paper ,  heat  and mass t ransfer  effect s on the unst eady flow 

o f an incompressible,  homogeneous,  elect r ically conduct ing,  viscous flu id  

t hrough a t ime dependent  porous medium past  an infinit e  po rous vert ical p lat e 

with t ime dependent  suct ion velocity under  t he influence o f unifo rm magnet ic  

fie ld is  studied.  It  is  cons idered that  t he permeabilit y o f t he porous mediu m 

decreases exponent ia l with t ime.  Us ing  perturbat ion t echnique suggested by 

Lighthill (1954),  t he so lut ions for  primar y ve loc ity,  secondary ve locity,  

temperature fie ld and concentrat ion fie ld  are obtained.  In addit ion,  expressions 

fo r  skin- fr ict ion,  rate o f heat  t ransfer,  rat e o f mass t ransfer  are also  der ived.  

The effect s o f import ant  parameters on pr imar y ve locity and secondary 

ve locity are observed with the he lp o f figure.  The effect s o f var ious parameters 

on skin- fr ict ion due to  pr imar y ve locity and secondary ve locity are discussed 

with the help o f t ables.  

Keywords: MHD, Uniform Magnetic Field, Porous Vertical Plate, Unsteady Flow, Skin Friction 

 

1. Introduction: - 

 I n  nature  and i n  industries ,  many  transport  proce sses  exi sts ,  where  the 

transfer of heat and mass  takes pl ace  as a resul t of combi ned buoyancy  e ffects  of 

thermal  di ffus ion and d if fusi on of  chemi cal  species.  The  phenomenon of  heat  and 

mass  transfer  al so  takes  p lace  i n  chemica l  processi ng  i ndustry  such as  food 

processi ng  and polym er  producti on.  Due  to  appl i cation in  engi neeri ng  and 

technol og y ,  heat  and mass  transfer  e ffects  i n  f low of  f lui ds  have  been i nvestigated 

by  so  may  authors.  

 A  comprehensive  s tudy  on the  theory  of  rotati ng  f lu ids  has  been presented 

by  Greensapan (1968).  Sev eral  authors incl uding Sh ivprasad et.  al .  (1986) ,  

H atzi konstanti nou (1990) ,  Jha  (1991) ,  Si ng h & Kul shreshta  (1993) ,  Si ng h (1994) 

Sattar  and Sl am (1995)  Seth  & Bener j i  (1996) ,  Si ng h et  al .  (1999).  Recentl y  Sing h et.  
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a l .  (2001)  have  presented an anal ysi s  on  free  connecti on  ef fects  in  the  unsteady 

f low of  an  i ncompressi ble ,  electri cal ly  conducti ng ,  v i scous ,  rotating  l i qui d  i n  a 

homogeneous  porous  medi um, past  an  isothermal  verti cal  porous  pl ate  wi th 

constant suction vel oci ty  normal  to  the p late under  the i nflu ence of uniform 

mag neti c  f iel d  appl ied  perpendi cul ar  to  the f low.  More  recently ,  Si ng h et  al .  (2002) 

have  s tudi ed unsteady osci l la tory  f l ow of  an  i ncompre ssibl e ,  electri ca l ly  conducti ng  

and vi scous  l i quid  throug h a  porous medium past an i nfini te  verti cal  p orous  p late  

wi th  constant  sucti on and transverse uniform mag net ic  f iel d.  In  thi s s tudy the 

sucti on vel oci ty  and the  permeabi l i ty of the  medi um is  assumed constant.  Mi shra 

(2003)  was  di scussed a  joint  e ffects  of mag neti c  f i eld  and el ectri c  f i eld  an 

g eneral i zed coutte  f l ow wi th  heat  transfer.  

 I n  the  present  paper ,  heat  and mass  transfer  ef fects  on the  unsteady  f l ow of 

an  incompressi ble ,  homogeneous ,  el ectri cal l y  conducting ,  v i scous  f lui d  throug h a 

porous medium wi th  time dependent  permeabi l i ty  past  an  infi ni te  porous verti cal  

p late wi th  time dependent suct ion vel oci ty  under  the i nfluence of uniform mag net i c 

f iel d  is  studied.  I t  is  consi dered that the  permeabi l i ty  of  the  porous medium 

decreases  exponenti al  wi th  t ime.  U sing perturbati on techni que  suggested by 

L ig hthi l l  (1954) ,  the solut ions  for  pri mary  vel oci ty , secondary  vel oci ty ,  temperature 

f iel d and concentrati on f iel d  are  obta ined.  In  addi ti on, expressions for  skin -f ri cti on, 

rate  of  heat  transfer ,  rate  of  mass  transfer  are  also  derived.  The  ef fects  of 

impor tant  parameters  on primary  veloci ty and secondary  velocity  parameters  on 

ski n- fr ict ion  due to  pri mary  velocity  and secondary  vel oci ty  are  di scussed wi th  the  

hel p  of  tabl es.  

2. Formulation of the Problem :- 

 C onsi der  an  unsteady  osci l l a tory  f ree  and forced convective  f l ow of  an 

el ectri cal ly  conducti ng ,  homeog eneous ,  i ncompressibl e ,  v i scous  l i quid  throug h a 

porous  medi um past  an  infi ni te  porous vert i cal  plate  i n  the presence of uniform 

mag neti c  f iel d.  U nder  C artesi an  coordi nate system (x ,  y ,  z ) ,  the  p late  is  consi dered 

i n  z -plane .  Ini ti al ly ,  when t  <  0 the  pl ate  and the  f l ui d  are  assumed to  be  at  the 

same temperature  T and the  foreig n  mass  is  assumed to be  uni forml y i n  the f l ow 

regi on such that  i t  is  every  where  C .  When,  t>0,  the  temperature  of  the  plate  is  

i nstantaneously  raised to  T w  and the  species  concentrati on is  al so  rai sed to  C w  and 

thereafter mai nta ined constant.  In  addi ti on,  the  analys is ,  the analysi s i s  bas ed on 

the  fol l owing  assumpti ons : 
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( i )  The  l iqui d  and the  p late  both  are  i n a  st ate of r ig i d  body  rotat ion wi th 

uni form angular  vel oci ty    about  z -axi s.  
( i i )  The  x -axis  and y -axi s are i n  the plane of  two di mensi onal  i nfi ni te  verti cal  

porous  p lates  and z -axi s is  normal  to  these  axes  at  the  point  of  intersecti on.  
( i i i )  The  components  of  vel oci ty  i n  these  direct ions  are  u ,v ,  w respectively.  
( iv)  The  sucti on vel oci ty  at the  porous  p late  is  time dependent  i .e .  

 int
0 1 eww   where  n  i s  real  and w0  real  and posi tive.  

(v)  The  porous  medi um is  ti me dependent  i . e .     i n t
0 1 ektk   where  n  i s  real  

and posi tive.  

(v i )  A  uni form mag neti c  f i eld  HB e


0  so  that [  0,0,0 HH 


i s  the  appl i ed 

mag neti c  f iel d  vector ]  acts  i n  the  z -direct ion i .e.  normal  to  the  f l ow of  f l ui d.  
(vi i )  The  magneti c  Reynol ds  n umber  is  very  smal l  so  that  i nduced mag neti c  f iel d  i s  

negl i g ibl e  in  compari son to  appl ied  magnetic  f iel d.  
(vi i i )  N o externa l  electri c f iel d  is  appl ied  i n the f l ow regi on so that  the  e ffect  of  

polarizati on of  ioni zed f lui d  is  negl ig i ble.  
( ix)  The  H al l  Ef fect  and vi scou s  di ssi pation e f fect  have  been ig nored.  
(x)  Only  el ectromag neti c  body  force  (Lorentz  force)  i s  consi dered.  

( xi )  The  heat  source  parameter  is  absorpti on type    TTQQ 0 .  

( x i i )  The  usual  Boussi nesq's  approxi mati on is  taken i nto  account.  
( xi i i )  The  fore ign  mass  is  pre sent  at  low l evel  and uniformly  di stri buti on i n  the 

f low regi on.  

U nder  the  above  s tated assumptions ,  the  equati ons  of  continui ty  i s  0.  q


 

Where     int
0 1,, ewwandwvuq 


 

Hence, t he governing equat ions fo r t he present  configurat ion are : 

 

 

      

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                                                                                           …. . (2)  
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 where    i s  the  ki nemati c  coef fi cient  of  viscosi ty ,  *  i s  the  vol umetri c 

coeffi ci ent  of  thermal  expans ion,   i s  the  vol umetri c coef fi cient  of  thermal  

expansi on wi th  concentrati on,    i s  the  electr i cal  conductivi ty  of  the  l i quid ,    i s  

the  densi ty  of  the l i quid ,    i s  the densi ty  of  the l iqui d , µ e  i s  the  magneti c 

permeabi l i ty ,  H 0  i n the  uni form mag neti c  f iel d  k 0  i s  the constant  permeabi l i ty of the  

porous  medi um, K  is  the  thermal  conductivi ty ,  C p  i s  the  speci f i c  heat  at  constant 

pressure ,  T  is  the  temperature  T w  i s  the  p late  temperature ,  Cw  i s  the  concentrati on 

at  the  pl ate ,  C  i s  the  concentrati on of species  far aw ay  f rom the  pl ate ,  T  i s  the 

temperature  far  away  from the  pl ate ,  D i s  the  thermal  di f fusivi ty  and other  symbols 

have  their  usual  meaning .  

 The boundary condit ions for t he present  problem are : 

     01,1,0,0 intint  zateCCeTTvu ww      ….  (4)  

  zasCCTTvu ,,00                 …. . ( 5)  

We introduce  the  fol lo wi ng  non-dimensi onal  quant i ties : 
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Using  these  non-dimensi onal  quanti ties ,  the  equat ion (1) ,  (2) ,  ( 3)  and (4) 

         reduce  to  :  
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where  
K
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and 
2
0

0
2

0
Kw

Q
   (Heat  source  parameter)  

 C ombini ng  (6)  and ( 7) and us ing  u  +  i v  =  W, we obtain  

  
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 The  boundary  condi ti on  (5)  reduced to 

0110 int
2

int
1  zateLCeLTW  

 zasCTW ,0,0,0                   …. . ( 11) 
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T
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w
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w

w
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3. Solution of the Problem:- 

 Fo llowing Lighthill (1954),  we assume the velocity and temperature o f 

t he liquid in t he neighbourhood o f t he plat e as:  

       int
21, ezWzWtzW                                                       ………(12) 

      int
21, ezTzTtzT                                                           ……. .(13)  

      int
21, ezCzCtzC                                                        ………(14) 

 Us ing  (12) ,  (13)  and (14)  in  (8) ,  (9)  and ( 10) , we  obta in : 

            zCGzTGzWiEMzWzW mr 111111 2                  … . .  (15) 
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          zTGzWnEMzWzW r 22122 2      1
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12

1
W

k
zWzCGm
              … . .  (16          

      01011  zTzTPzT r                      … . .  (17) 

         zTPzTinPzTPzT rrr 12022
                    … . .  (18) 

    011  zCSzC C                              …. .  (19) 

     zCSCinSzCSzC CCC 1222
                    … . .  (20) 

         where  

0

2
1

1

k
MM   

Us ing  (12) ,  (13)  and (14 )  in  ( 11)  the  boundary  condi ti ons  become : 

0,1,,1,0,0 22112121  zatLCCLTTWW  

 zasCCTTWW ,0,0,0,0,0,0 212121          …. .  (21) 

The so lut ion o f t he coupled equat ions (15)  –  (20)  under t he boundary   

         condit ions (21) are :  
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and   zMzMzM
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From (30) ,  the  s teady  part  of  the  pri mary  vel oci ty  u 1 ( z)  and the  s teady 

         part  of  the  secondary  vel oci ty  v 1 ( z )  are  :  
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From (30) ,  the  unsteady  part  i .e.  ti me dependent  part  of  the  primary 

         vel oci ty  u 2 ( z)  and the  unsteady  that  i .e.  t ime dependent  part  of  the 

         secondary  ve loci ty  v 2 (z )  are  :  
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Therefore ,  for  these  va lues  of  u 1  (z) ,  v 1  (z ) ,  u 2 (z )  and v 2 (z) ,  the  pr imary    

         vel oci ty  u  (z ,t )  and secondary  velocity v  (z ,t)  can be  wr itten as  :  

 

     ntvntuzutzu sincos, 221                       …. . (35) 

     ntuntvzvtzv sincos, 221                       …. . (36) 
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4. Skin-Friction,  Rate of Heat Transfer and Mass Transfer :-  

 The  non -di mensi onal  ski n- f ri ction     a t  the  plate  at  z  =  0  i s :  
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 H ence , primary  ski n -f ri cti on   p  due  to  primary velocity  is :  

  ntBntAAp sincos 111110                      …. . (38) 

 H ence , secondary  skin - fri cti on   s  due  to  secondary  vel oci ty is :  

  ntAntBBs sincos 111110                      …. . (39) 
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Al so,  the  rate  of  heat  transfer  at  the  pl ate  at  z=0 i n  terms  of  N ussel t     

         number  (N u )  is :  

0

2int

0

1

0 









































zzz

u
z

T
e

z

T

z

T
N                     …. . (40) 

H ence , consi deri ng  that  the  real  part  on ly  is  of  s ig nif i cance ,  we  get:  

 ntBntAMNu sincos 12122                      …. . (41) 
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Al so,  the  rate  of  mass  transfer  at  the  pl ate  at  z  =  0  in  terms  of  Sherwood      

         number   nS  i s :  
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H ence , consi deri ng  real  part  only ,  we  get : 

 ntBntASS ch sincos 1213                        …. . (43) 
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( t  =  10,  L1  =  1. 0 ,  L 2  =  1. 0  and   =  0. 002)  
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0. 71 0. 22 1. 0 10. 0 5 . 0 1 . 0 6 . 00 12. 0 1 . 0 9 . 97997 
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0. 71 0. 60 1. 0 10. 0 5 . 0 1 . 0 6 . 00 12. 0 1 . 0 8 . 92422 
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0. 71 0. 22 1. 0 40. 0 5 . 0 1 . 0 6 . 00 12. 0 1 . 0 9 . 97137 

0. 71 0. 22 1. 0 10. 0 10. 0 1 . 0 6 . 00 12. 0 1 . 0 9 . 98468 

0. 71 0. 22 1. 0 10. 0 5 . 0 2 . 0 6 . 00 12. 0 1 . 0 9 . 68307 

0. 71 0. 22 1. 0 10. 0 5 . 0 1 . 0 12. 0 12. 0 1 . 0 12. 3661 

0. 71 0. 22 1. 0 10. 0 5 . 0 1 . 0 6 . 00 18. 0 1 . 0 13. 7757 

0. 71 0. 22 1. 0 10. 0 5 . 0 1 . 0 6 . 00 12. 0 2 . 0 6 . 86091 

 

Ta ble  –  5 

Sk in  f r ict ion  ( s )  du e to  p r ima ry  veloc ity  

( t  =  10,  L1  =  1. 0 ,  L 2  =  1. 0  and   =  0. 002)  

Pr 

SC 

M 

k0 n 0 

Gr 

Gm 

E 

p 

0.71 0.22 1.0 10.0 5.0 1.0 6.00 12.0 1.0 -5.84201 

7.00 0.22 1.0 10.0 5.0 1.0 6.00 12.0 1.0 -5.13736 

0.71 0.60 1.0 10.0 5.0 1.0 6.00 12.0 1.0 -4.00917 

0.71 0.22 2.0 10.0 5.0 1.0 6.00 12.0 1.0 -1.83152 

0.71 0.22 1.0 40.0 5.0 1.0 6.00 12.0 1.0 -6.03315 

0.71 0.22 1.0 10.0 10.0 1.0 6.00 12.0 1.0 -5.83082 

0.71 0.22 1.0 10.0 5.0 2.0 6.00 12.0 1.0 -5.64763 

0.71 0.22 1.0 10.0 5.0 1.0 12.0 12.0 1.0 -6.58272 

0.71 0.22 1.0 10.0 5.0 1.0 6.00 18.0 1.0 -8.39266 

0.71 0.22 1.0 10.0 5.0 1.0 6.00 12.0 2.0 -5.16182 
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5. Discussion and Conclusions:-   

           The  ef fects  of  Schmidt  number  (S c ) ,  mag neti c  parameter  (M) ,  Grashof 

number  (G r) ,  modifi ed  Grashof  number  (G m)  and rotati on parameter  (E)  on  primary 

vel oci ty  (u)  and secondary  veloci ty  (v) at  P r  =0.71m, k o  =  10. 0,  n=10. 0 ,  o  =1. 0,  L 1  

+1. 0,  L 2  =1. 0  ,  t  =  1. 0  and   =  0. 002 are  numeri cal ly  observed and are  shown in  Fig - 

1  and Fi g-  2 .  The  e ffects  of  Prandtl  number  (P r) ,  Schmi dt  number  (S c ) ,  mag neti c 

parameter  (M) ,  permeabi l i ty  parameter  (k o) ,  f requency  pa rameter  (n) ,  heat  source 

parameter (o ) , Grashof  number  (G r ) , modi fied Grashof  number  (G m)  androtati on 

parameter  (E)  on  ski n- fr i ct ion  ( p )  due  to  pr imary  vel oci ty  and ski n - fri cti on  ( s )  due 

to  secondary  ve loci ty  at  the  plate  at  L 1  =  1 . 0 ,  L2   =1.0,  t  =  1 . 0  and   =  0. 002 are  

observed numer i cal l y  and are represented in  Table -1  and Tabl e-2  respecti vely .  The  

concl usions  of  the  s tudy  are  as  fo l lows:   

1 .  A n increase i n  G r  or  Gm i ncreases  primary vel oci ty whi le  an  increase in  Sc, M 
or  E  decreases  the  primary  ve loci ty.   

2 .  A n increase  in  G r  and M both,  the  pri mary  vel oci ty decreases .   
3 .  A n increase  in  G m  and E both,  the  primary  vel oci ty decreases .  
4 .  The  pri mary  velocity  i ncreases  near  the  pl ate  and af ter  attai ni ng  a  maximum 

val ue  i t  decreases  as  z  i ncreases.   
5 .  A n increase  is  S c ,  M  or  E  increase  secondary  vel oci ty  whi le  an increase i n  G r  

or  Gm  decreases  the  secondary  vel oci ty.  
6 .  A n increase  in  G r  and M  both,  the  secondary velocity  increases.  
7 .  A n increase  in  G m  and E both,  the  secondary velocity  increase.  
8 .  The  secondary  vel oci ty  decre ases  near  the  plate  and af ter  atta ini ng  a 

mi nimum val ue  i t  i ncrease  as  z  increases.  

9 .  A n i ncrease  i n  P r ,  S c ,  M,  n ,  0  or  E  decreases  the  skin - fri cti on  due  to  primary  
vel oci ty whi le  an  increase i n  k 0 ,  G r  or  G m  increases  the  skin - fri cti on due  to 
pri mary  veloci ty ,  

I ncreases  i n  k0 ,  G r  or  G m  i ncrease  the  skin -f ri cti on  due  to  secondary  veloci ty  whi l e 

an  increase  i n  P r ,  S c ,  M,  n , 0 o r  E  decreases  the  ski n  fr i cti on  due  to  secondary 

vel oci ty.  
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