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S Y N O P S I S

The importance o f  the e f f e c t s  o f  ro ta t io r j ,  suct ion, s l i p  

and magnetic f  1 el a on the f l u i d  f low  ana heat t r a n s fe r  problems 

i s  well_kno»vn.

Rota t ion  pia; s a s i g n i f i c a n t  r o le  in  severa l  important 

phenomenon in  cos.r-ical f l u i d  dynamics. Simili. r l y ,  a g rea t  deal 

o f  meteorology ue.-cr.os upon the dynamics o f  a r e vo lv in g  f lu id .

The l a r g e  sca le  : net moderate motions o f  the atmosphere are g r e a t ly  

a f f e c t e d  by the v o r t i c i t y  o f  ea r th ’ s r o ta t io n .  In  the case o f  an 

i n f i n i t e  f l u i d  r o ta t in g  as a r i g i d  body about an a * i£ ,  the amount 

o f  energy possessed by the l i q u id  is  i n f i n i t e  and i t  i s  o f  g rea t  

in t e r e s t  to see ooT" small disturbances propagate in  such a l i q u id .

The e f f e c t s  o f  suct ion are important in  c o n t r o l l in g  the 

boundary l_.yer anJ thus avoid ing separat ion which further  r e su l t s  

in  the reduction  o f  skin f r i c t i o n  on the hedy. I t  a lso causes delay 

in  t r a n s i t i o n  fron  the .laminar to the turbulent f low .

The develo.uent o f  rockets whether f o r  b a l l i s t i c  m is s i le s  

or  designed to pro.be in to  the outer space, has g iven  t. new impetus 

to the study o f  r a r e f i e d  gas dynamics. I t  has been seen that fo r  

la r^e  Knudsen number, the gas is  considered to be in  r a r e f i e d  s ta te  

and k in e t ic  theory approach i s  more appropr ia te .  But f o r  small 

Xnudsen number, the f low  o f  gas is  in  the s o - c a l l e d  ’ s l i p '  reg ion  

and the use o f  continuum theory with modif ied  boundary cond it ions .



a l low ing  fo r  a s l i p  at the surface g iv e s  good aooroximt'te r e su l t s .

Recently ,  i t  hr s been recognised that the e lectromagnetic  

in t e r a c t i o n  on the f l u i d  f lo w  lesds  to & much more valued phenomenon. 

Thus i t  has been the usual p ra c t ic e  to extend the problems o f  

hydrodynamics to hvciromagnetics, a new but f a s t  deve lop ing sc ience 

as w e l l  as t e c h n o l o g y .  This l a t t e r  d i s c ip l in e  has made i t s e l f  f e l t  

because o f  i t s  ovn merits  and has more than proved i t s  worth in  the 

problems o f  m iss i le  and apace dynamics, propulsions and communication

The purpose o f  th is  thes is  i s  to in v e s t i g a t e  some problems 

in  hydromagnetij s und hydrodynamics regarding f low  patterns,  v iscous 

r es is tan ce  at  the w a l ls  and heat propagation in  the reg ion  under 

cons idera t ion .  In  a l l ,  i t  comprises e igh t  chapters. Chapter I  

i s  in t roduct ion  to the th es is ,  fo l lowed  by remaining seven chapters 

which are the r e su l t  o f  th e o r e t i c a l  in v e s t ig a t io n s  m  the ’ s l i p ’ 

as w e l l  as n o -s l ip  reg ions .  An exact so lu t ion  o f  a r o ta t in g  f low  

i s  obtained in  chapter I I .  The resu l ts  o f  e lectromagnetic  m te r a c t i o  

on the f l u i d  f low  are reported in  the remaining chapters I I I  to V I I I .  

Suction e f f e c t s  are studied in  chapters I I I  to V I I .

In  chapter I  which is  o f  in troductory  nature, a c r i t i c a l  

survey o f  the re le van t  l i t e r a t u r e  i s  presented. The fundamental 

equations governing the f l u i d  f lov; und heat t ra n s fe r  phenomenon 

are a lso  included.

In  chapter I I ,  a study i s  made o f  unsteadyflow engendered in  a 

v iscous,  in ' 'comoresc ib le ,  r o ta t in g  f l u i d  by an i n f i n i t e  f l a t  p la te  

se t  suddenly in  .action in  i t s  own plane. The exact so lu t ion  o f  the 

problem i s  obtained by the method o f  Laplace Transforms. I t  i s  shown



that  the r o ta t i o n  induces l a t e r a l  motion and i t  a lso  generates  v o r t i c  

I t  is  fu r ther  fo^rci that i t  tends to oppose the penetra t ion  o f  

lon g i tu d in a l  f low . The e f f e c t  o f  r o t a t i o n  on drag is  obta ined and 

severa l  l im i t i n g  cases are deduced from the so lu t ion .

Chapter I I I  deals with the e f f e c t s  o f  C o r i o l i s  fo rc es  on 

P„ayleigh problem in  hydromagnetics. As in  chapter I I ,  i t  i s  seen 

that the r o ta t i o n  induces l a t e r a l  motion. For small r o t a t io n ,  i t  

i s  found that the lon g i tu d in a l  components o f  v e l o c i t y ,  induced 

magnetic f i e l d  and she;, r stress remain the same as in  the non­

r o t a t in g  case. The l a t e r a l  s t r ess ,  however, is  seen to develop 

l i n e a r l y  with time which g ives  an erroneous impression about the 

non-existence o f  steady so lu t ion .  But th is  i s  m is lead ing  and 

can be explained from the fa c t  that the expression obta ined fo r  

l a t e r a l  shear s t res s  i s  merely the lead ing  term o f  the l im i t in g  

so lu t ion  obtained by consider ing  the angular v e l o c i t y  n e g l i g ib ly  

small in  the so lu t ion  fo r  general r o ta t io n .  Another e f f e c t  o f  ro ta t :  

is  the generat ion  o f  v o r t i c i t y  as in  the non-magnetic case.

The e f f e c t s  o f  uniform suct ion on Rayleigh problem in  hydro- 

magnetics are studied in  chapter IV. The problem is  so lved  by 

the method o f  Laplace Transforms. For a f i n i t e l y  conducting 

p la te ,  s o lu t io n s v a l id  f o r  small as w e l l  as l a r g e  time are  obtained 

fo r  magnetic P r .nd t l  number unity  or  c lo s e  to un ity .  I t  i s  found 

that the shearing s tress  on the p la te  decreases from i n f i n i t y  and 

tends asym pto t ica l ly  to a f i n i t e  va lue f o r  la r g e  time. Thie 

l im i t i n g  va lue  co:.cs out to be g r ea te r  than the corresponding 

l im i t in g  va lue  o.-.-t; ined f o r  a p e r f e c t l y  conducting p la t e  in  the 

absence o f  suction. Further, an exact so lu t ion  is  obta ined f o r  a



non-conducting >late in  case o f  magnetic prandtl number unity  

and c lo s e  to unity. Results  fo r  the shear s t ress  are a lso 

analyzed.

In  chapter V, a study is  made o f  the hy dromagnetic f lu c tu a t in g  

f low  past a f l a t  p la te  with v a r i a b l e  suction. I t  i s  assumed that 

the suct ion  v e l o c i t y  normal to the p la te  as w e l l  as the f r e e  stream 

v e l o c i t y  f lu c tu a te  about a mean constant in  magnitude (but not in  

d i r e c t i o n )  and that the A l f v e n  v e l o c i t y  i s  l e s s  than the mean 

suct ion  v e l o c i t y .  M l  the qu an t i t ie s  o f  aerodynamical i n t e r e s t  

such as v e l o c i t y  d is t r ib u t io n ,  s k in - f r i c t i o n ,  temperature f i e l d  and 

heat f lu x  upto two harmonic f lu c tu a t ions  are evaluated. I t  turns 

out that the amplitude o f  f i r s t  harmonic f lu c tu a t ion s  m  the 

s k in - f r i c t i o n  increases with the increase in  the frequency o f  

f lu c tu a t ion s ,  wh i le  that o f  second harmonic f lu c tu a t ion s  tends 

to a f i n i t e  l i m i t .  Further, fo r  sna i l  f requencies and l a r g e  va lues 

o f  suct ion  parameter, the phase o f  the f i r s t  harmonic f lu c tu a t ion s  

may be negat ive  but i t  u l t im a te ly  tends to vr/4 at ve ry  high 

f requenc ies .  ,\lso, the phase o f  the second h .nvonic f lu c tu a t ion s  

drops to zero v/..or frequency is  l a r g e .  I t  i s  also seen that f o r  

the case o f  no heat t ra n s fe r ,  there i s  no e f f e c t  on the wal l  

temperature a t  h i g h  f requenc ies ,  i . e . ,  i t  remains the same as in  

the non-magnetic case or  m  the absence o f  v a r ia b le  suct ion. But 

i n  case o f  heat t ra n s fe r ,  the amplitude o f  the f i r s t  harmonic 

f lu c tu a t ions  in  heat f lu x  tends to a f i n i t e  l i m i t  and the phtse dror> 

to zero .  The amplitude o f  second harmonic f lu c tu a t ion s  r is e s  with 

frequency and f o r  ve ry  high frequenc ies ,  the phtse lead  tends to



I n  chapterVI, using the continuum theory approach, the 

e f f e c t s  o f  ’ s l i p ’ tire considered on the hydro:nagnetic f lu c tu a t in g  

f low  past a porous f l a t  p la te  with o s c i l l a t o r y  suction. As in  the 

e a r l i e r  in v e s t i g a t i o n  in  chapter V, d is t r ib u t io n s  fo r  v e l o c i t y ,  

s k in - f r i c t i o n  and temperature f i e l d s  are ca lcu la ted .  The case o f  f lo v  

past a f l a t  p l i t e  in  the n o -s l ip  reg ion  is  deduced as a p a r t i c u la r  

case and the re su l t s  in  the two regions compared. I t  turns uut that 

in  both ’ s l i p '  as w e l l  as n o -s l ip  reg ions , the pe r iod ic  suct ion 

v e l o c i t y  induces more than one harmonic f luctuat ions  in  the f low  

and temperature f i e l d s .  Also f o r  both the reg ions ,  the amplitude 

o f  f i r s t  harmonic f lu c tu a t io n  in  s k in - f r i c  t i o n  increases with the 

increase  in  the v^ lue  o f  e i th e r  o f  the magnetic or suct ion  para­

meters, though i t  cannot exceed a f i n i t e  l i m i t  in  the ' s l i p '  f low  

regime. Further, i t  i s  seen that the amplitude o f  second harmonic 

f lu c tu a t ion s  in  s k in - f r i c  t i o n  decreases with increase  in  the 

magnetic pararaeter in  the ' s l i p '  f low  reg ion  wh i le  i t  increases in  

the n o -s l ip  reg ion . For very  la r g e  va lues  o f  frequency in  the 

’ s l i p '  f low  reg ion  the phase o f  f i r s t  harmonic f lu c tu a t ion s  in  

s k in - f r i c t i o n  drops to zero — a r e s u l t  contrary to the one f o r  the 

no -s l ip  reg ion .  Further f o r  both reg ions ,  second harmonic f lu c tu a t io  

in  the s k in - f  r ic  t i c  n always have a phase la g  whatever be the 

frequency. I t  a lso turns out that  because o f  the f lu c tu a t in g  

suct ion even f o r  la r g e  va lues o f  the r a r e fa c t i o n  parameter, the 

f lu c tu a t ions  in  the temperature f i e l d  p e r s i s t  which r e s u l t  is  

qu i te  contrary to the one f o r  the case o f  uniform suct ion.

Chapter V I I  concefls with a more genear l  problem o f  hydro- 

magnetic f lo w  past a porous f l a t  p la t e  when a time dependent suct ion



is  app l ied  at  the w a l l .  Two cases o f  th is  time dependence are 

cons idered  : ( i )  the suct ion  may vary p e r i o d i c a l l y ,  ( i i )  the 

suct ion  as w e l l  as the f re e  stream v e l o c i t y  may vary s low ly  but 

are  o therw ise a rb i t r a ry  functions o f  time. I t  turns uut that  the 

suct ion, in  genera l ,  induces an unsteady f low  p a r a l l e l  to che w a l l .  

Further, the per iod ic  suct ion changes the shape o f  the mean p r o f i l e .  

The e f f e c t  magnetic f i e l d  i s  that the mean v^lue o f  the shear s t ress  

on . the  p la t e  i s  a l t e r e d  -  a r e s u l t  contrary to the one obta ined fo r  

the non-magnetic case. But when the f r e e  stream v e l o c i t y  a lso  lias a 

p e r io d ic  component which o s c i l l a t e s  with the suct ion  frequency the 

mean f lo w  i s  fu r ther  d is to r t ed .  For s low ly  vary ing  but otherwise 

a rb i t r a r y  suction and f r e e  stream v e l o c i t y ,  a so lu t ion  is  obtained 

in  terms o f  the d e r iv a t i v e s  o f  the suct ion and f r e e  stream v e l o c i t i e s .

The thes is  ends with chapter V I I I  wnieh <?eals with hydro- 

mag.netic, f luctuat ing ' ,  axis-symmetric f l o w  near the s tagnat ion  point 

reg ion .  I t  i s  assumed that the main-stream outs ide the boundary 

la ye r  r e g io n  f lu c tu a tes  in  magnitude (but not in  d i r e c t i o n )  about 

a steady mean. Using Runge-Kutta method, a numerically exact so lu t ion  

f o r  the mean f low  as w e l l  as f o r  the f lu c tu a t in g  part  o f  the f lo w  at 

small f requenc ies  is  obta ined. For l a r g e  frequenc ies ,  an approximate 

sdbition is  developed f o r  the o s c i l l a t o r y  par t .  The ’ c r i t i c a l  frequenc 

a t  which the two so lu t ions  over lap  is  a lso  ca lcu la ted  f o r  d i f f e r e n t  

values o f  the magnetic parameter. I t  i s  seen that the presence o f  

magnetic f i e l d  a f f e c t s  the t r a n s i t i o n  from one type to the other 

type o f  f low . Further, the mean va lue o f  the  s k in - f r i c  t i o n  decreases 

as the magnetic parameter increases .  I t  i s  a lso  found that an 

increase  in  the magnetic parameter r esu l ts  in  a decrease m  the va lue  

o f  the 'mean displacement th ick n ess ' .
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