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The ef fec t  of f r ee  convect ion on the tangential  s t r e s s  of a ve r t i c a l  heated plate  when the pla te  
is suddenly in t roduced into the mot ion and i ts  t e m p e r a t u r e  is  changed is considered.  

In [1-4] the nonsteady f ree  convect ion around an infinite ve r t i ca l  mot ion less  heated plate was inves t i -  
gated,  for  d i f ferent  ini t ial  and boundary  conditions. In [1, 2] the p rob l em was solved on the bas i s  of s i m i l a r i t y  
t r an s fo rma t ions ,  and in [3, 4] a Laplace  t r a n s f o r m a t i o n  was used. In [5] the p rob l em of f r ee -convec t ion  os -  
c i l l a to ry  motion about a ve r t i c a l  un i fo rmly  moving plate  was considered.  

Below, the f r ee  convect ion about a ve r t i ca l  heated pla te  is invest igated in the case  when the pla te  ve loc-  
i ty and t e m p e r a t u r e  change. 

Cons ider  the motion of a v iscous  i ncom pres s ib l e  liquid in the semi- in f in i te  reg ion  y > 0 bounded by a 
r ig id  ve r t i ca l  wall  (at  y = 0), which begins  to move in i ts  plane at a veloci ty  u0F(T ) at t ime  t = 0. The plate  
t e m p e r a t u r e  changes suddenly f r o m  T O to T O + TwG(T) .  Since the fluid motion is due to the pa ra l l e l  d is -  
p l acemen t  of the plate ,  the init ial  s y s t e m  of equations is wr i t ten  in the f o r m  
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Introducing the d imens ion les s  va r i ab l e s  

~1 = yUo/~, u~ = u/uo, -c = u2ot/~, 

Eqs.  (1) and (2) m a y  be r ewr i t t en  in the f o r m  

Ou, = G r O +  a2u-----L 
oz  o~ z 

O0 1 030 

Oz ~ O~ 2 " 

The init ial  and boundary  conditions a r e  taken t o b e  

u ~ = O = O  for x~<O, 

(i) 

(2) 

O = ( T - - T o ) I T o  (3) 

(4) 

(5) 

u t = F ( ' O ,  O=(3(x) for n = O ,  x > O ,  

Ui-+O, 0---+0 for 1]-+oo, ~ ' > 0 .  

Applying a Laplace  t r a n s f o r m a t i o n  to Eqs. (4) and (5) and using Eq. (6), the r e su l t  obtained is  

(6) 

(7) 

d2u~ pu~ = - -  O r 0 * ,  
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(9) 

where  
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u~ = .t u, 0l, ~) exp ( - -  p~) dr and 0* = J" 0 01, r) exp ( - -  p~) dr (p > 0L 

The  b o u n d a r y  condi t ions  in Eq. (7) fo r  the funct ion in Eq. (10) a r e  t r a n s f o r m e d  as  fol lows 

* 0* 6" = 0, ut : F * ,  : for ~] 

u~---~0, 0 " - + 0  for ~1-+oo. 

The  so lu t ion  of  Eqs .  (9) and (8) with the b o u n d a r y  condi t ions  in Eq. (11) t akes  the f o r m  

0" = G* exp ( - -  V'p-'~ rt), 

u~ = F * e x p ( - - V p r l )  + GrG______~* [exp ( - V p r l ) - e x p ( - V - ~ l ) l  (a:r 1), 
p ((~--1) 

(~0) 

(11) 

(12) 

(13) 

~l Gr G* (14) 
ui = F* exp ( - -  Vp~l) 2 V p  exp ( - -  V'pn) (~=  1). 

Apply ing  the i n v e r s e  t r a n s f o r m a t i o n  to Eqs .  (12) - (14)  g ive s  

0 = ] / a  ~1 [ G ( r -  ~))~-a/2exp ( - -  eq~/4~) d)~, (15) 

2 V ~ _  a - -  1_ (16) 

X [eric (~1/2/-~) - -  eric (V-~TI/2 V~)I dX (a:r 1), 

~1 ~ Gr~l i. ut _ 2 ~  ! F(r_~)~-3/2exp(--~12/4~)d~,, ~ - ~  ~ G(~--~,)~-~/~exp(--~/4~,)d)~ (c~= 1), (17) 

The expressions for 0 and u I obtained may be used to analyze various eases of initial conditions. 

Example 1 

The plate velocity and temperature change in a steplike manner. In this ease, F (r) = G(r) = H(r), where 

//(~)= { 0, r < 0 ,  (18) 
1, r~0. 

Substituting these expressions for F(T) and G(~-) into Eqs. (15)-(17) gives [6] 

0 = H (~) i ~ (V'o~), (19) 

ut = g( ' r )  ~i~ 4 G r ~  [ i2erfc(~ ) _  i~erfc ([Z~g) (ave  1), (20) 
o - - 1  t 

ui = H (r) [i0 erfc(~) + 2~Gr ~ieric(~)l'(a = 1), (21) 

w h e r e  

= ~1/2 V~-, i ~ (z) --- eric (z), 
(22) 

i~erfc(z) = t i~-lerfc(t)dt (n = 1, 2, 3 . . . .  ). 
z 

The t angen t i a l  s t r e s s  a t  the p la te  is  d e t e r m i n e d  by  the e x p r e s s i o n  

( 0., - i +  (23) 
\0n ],=0 V~ V~+i  

fo r  al l  a .  Hence  it  i s  ev iden t  tha t  the  t angen t i a l  s t r e s s  at  the p la te  i n c r e a s e s  with r i s e  in ~- o r  Gr ,  and fa l l s  
with i n c r e a s e  in the P r a n d t l  n u m b e r  a .  It i s  i n t e r e s t i n g  to note tha t  the  t angen t ia l  s t r e s s  a t  the wal l  van i shes  
a t  ~- - f i t  whe re  

�9 t = l / ~  + 1/2 Or ( 2 4 )  

f o r  a l l  a .  It  i s  c l e a r  f r o m  Eq. (24) tha t  the t i m e  of  flux b r e a k a w a y  a f t e r  the beginning  of  the mot ion  d e c r e a s e s  
wi th  r i s e  in G r  and i n c r e a s e s  with r i s e  in the  P r a n d t l  n u m b e r  a .  
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E x a m p l e  2 

The  p l a t e  beg in s  to m o v e  in a s t ep l i ke  m a n n e r ,  and i ts  t e m p e r a t u r e  i n c r e a s e s  i n s t an taneous ly .  H e r e  
F ( T )  = H ( T )  and G ( T )  = v H ( T ) .  F o r  t he se  va lue s  of  F ( ~ )  and G ( T ) ,  Eqs .  (15) - (17)  g ive  

0 = H (T) [i0 eric ( V ~ ) _  2~ V-~ i  eric (V'~)] ,  (25) 

u'=H('~)[ i~ 16Grz2 { i * e r f c { ~ ) a - 1  " - -  i 'erfc(]/ 'o~)}].  ( a ~  1), (26) 

ui = H (T) [i0 eric (~) ~- 8Gr ~2~i3 eric (~)1 (~ = 1). (27) 

The  t angen t i a l  s t r e s s  a t  the p l a t e  i s  d e t e r m i n e d  b y  the e x p r e s s i o n  

Out I = H ( ~ )  4 ~ G r  
&l ]~=0 ~ - ~ - I - - 1 + 3 ( ] / o - ~  1)1 (28) 

f o r  a l l  a .  In this  c a s e ,  the t i m e  r 2 a t  which the t angen t i a l  s t r e s s  v a n i s h e s  a t  the p la te  is  def ined  by the r e l a -  
t ion  

�9 ~ = Ti } (29) 

fo r  al l  a ,  w h e r e  T l is  found f r o m  Eq. (25) .  

E x a m p l e  3 

The  p l a t e  beg in s  to m o v e  with  i n s t an t aneous  a c c e l e r a t i o n ,  whi le  i ts  t e m p e r a t u r e  changes  in a s t ep l ike  
m a n n e r .  H e r e  F ( 7 )  =TH(T) ,  G(T)  = H(T) .  In th is  e a s e ,  0 and u 1 a r e  d e t e r m i n e d  as  

0 = H (x) i ~ eric (gb~), (30) 

ui = ~H ('~) [io eric (~) - -  2~i eric (~) -t- 4Gr  {i S eric (~) - -  i S eric (Vo~) }1 (o =y= 1), (31) 
(y - -1  

u~ = "oH (z) [io eric (g) § 2 (Gr - -  1) ~i eric (D] (o = 1). (32) 

The  t angen t i a l  s t r e s s  a t  the  p l a t e  i s  d e t e r m i n e d  in th is  c a s e  a s  

I/2 Gr l l  J (33) ) [ 
on 

f o r  aU a .  I t  i s  i n t e r e s t i n g  to note  tha t  the t angen t i a l  s t r e s s  a t  the  p la te  v a n i s h e s  when 

Gr = ~ / ~ +  1. (34) 

In th is  c a s e  the  flux b r e a k s  away  i m m e d i a t e l y  a f t e r  the p la te  beg in s  to move .  

E x a m p l e  4 

The p l a t e  beg in s  to m o v e  wi th  i n s t an t aneous  a c c e l e r a t i o n ,  whi le  i t s  t e m p e r a t u r e  r i s e s  i n s t an taneous ly .  
H e r e  F ( T )  = T H ( T ) ,  G ( T )  = T t I ( ' r ) ,  and Eqs,  (15) - (17)  g ive  the r e s u l t  

0 = ~H (~) [i0 eric (]/ro~) - -  2 g~o~i eric (1/~o~)1, (35) 

. , =  2e;eric(e) 16Gr------~ {i~ eric ( ~ ) -  i 'erfc  ( ~  ,), 
�9 L G - - 1  J 

ui = "oH (~) [io eric (~) - -  2~i eric (~) -}- 8Gr ~ i  a eric (~)] (o = 1). (37) 

The  t angen t i a l  s t r e s s  a t  the p l a t e  i s  

on /n=0  3 (V~ + 

f o r  a l l  a .  In th is  c a s e ,  the t angen t i a l  s t r e s s  a t  the p la te  v a n i s h e s  fo r  a t i m e  T a g iven  by  

4 (39) 

fo r  al l  a ,  wi th  ~1 a s  in Eq.  (24). 
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It is evident f r o m  Eqs. (23), (29), (33}, and (38) that  the tangential  s t r e s s  at the plate  i n c r e a s e s  with 
r i s e  in r and Gr and d e c r e a s e s  with r i s e  in a.  It  is a lso  seen  that in the f i r s t ,  second,  and fourth ca se s  the 
flux b r e a k s  away ~fter  a ce r t a in  t ime  which depends on the Prandt l  and Grashof  numbers .  

NOTATION 

Gr, Grashof  number  gflTwv/u~; g, acce le ra t ion  due to gravi ty ;  T, fluid t empe ra tu r e ;  To, plate t e m p e r a -  
tu re  for  t < 0; Tw, change in plate  t e m p e r a t u r e  for  t = 0; t, t ime;  u, fluid veloci ty  in the x direct ion;  u 0, 
change in pla te  ve loci ty  fo r  t = 0; u 1, d imens ion less  veloci ty  (u/u0); y, no rma l  coordinate;  ~,  t he rma l  con-  
ductivity; /3, t he rm a l  expansion coefficient;  7, d imens ion less  coordinate  (YU0/U); 0, d imens ion less  t e m p e r a -  
tu re  (T - T 0 ) / T w ;  v, k inemat ic  v iscos i ty ;  a ,  Prandt l  number  (v/c~); T, d imens ion less  t ime (u~t/v). 

I, 

2. 

3. 

4. 

5. 
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CALCULATION OF THE HEATING OF 

POLYDISPERSE PARTICLES IN A GAS 

Y u .  A.  P o p o v  UDC 536.24'~4 

The p r o b l e m  of the heating of po lyd i spe r se  pa r t i c l e s  in a gas  is solved with al lowance for  the 
t e m p e r a t u r e  field inside a pa r t i c l e  and the var ia t ion  of the gas t empera tu re .  

At the t ime  t = 0 le t  an adiabat ica l ly  c losed volume of gas  with a t e m p e r a t u r e  T(0) be uni formly  filled 
with homogeneous ,  po lyd i spe r se ,  sphe r i ca l  p a r t i c l e s  having a t e m p e r a t u r e  T 0. The p rob l em cons is t s  in de -  
t e rmin ing  the a v e r a g e  t e m p e r a t u r e s  of the p a r t i c l e s  and the gas  at any t ime.  The energy  equation is wri t ten 
in the f o r m  

dT i ~' OTp dr] dr, O. (1) cp~ -+- 4~cpppn o f (r,)[.f r2 --- = 
o o Ot 

The t e m p e r a t u r e  of the pa r t i c l e s  is de te rmined  f rom the heat-conduct ion equation 

OTp = av~Tp. (2) 
Ot 

We choose the init ial  t e m p e r a t u r e  of the pa r t i c l e s  as the or igin of the t e m p e r a t u r e  f r ame ,  and then the initial 
and boundary conditions take the f o r m  

OTp r -- 0; 
T~(t = o ) =  O, ~ ]~=o- 
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