
cf = 2 Tw/PV 2 

r 

is the f r ic t ional  d rag  coefficient;  
is the f r ic t ional  d rag  coefficient  of Newtonian fluid in stabil ized flow region. 
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T H E R M O C O N V E C T I O N  W A V E S  IN A S Y M M E T R I C A L  F L U I D S  

S. M.  A l e i n i k o v  a n d  A .  A.  M t r z o e v  UDC 536.25:534.21 

The propagat ion of thermoconvect ion  waves in a symmet r i ca l  fluids is investigated.  The resu l t s  
lead to a number  of conclusions about the influence of mic ro ine r t i a  and couple s t r e s s e s  on the 
wave propagation veloci ty  and damping. 

Lykov and Berkovski i  [1, 2] have investigated the propagation of thermoconvect ion waves in viscous and 
v iscoe las t ic  fluids. L i s t rov  and Shurinov [3] have studied the propagation of small  shear  dis turbances in c e r -  
tain a symmet r i ca l  media.  Here  we consider  the propagation of thermoconvect ion waves in a symmet r i ca l  
f luids,  using the equations of motion with r ega rd  for  compress ib i l i ty  in the fo rm [4, 5] 

0__pp _~ div (pv) = 0, (1) 
Ot 

dv p - -  grad p ~ k rot ~) - -  (~t ~- k) rot rot v -t- (s 2c 2~ ~- k) grad div v -~ pg, (2) 
dt 

d~ 
pl dt -- 2to) ~ k rot v - -  7 rot rot ~) ~- (a ~- ~ -~ 7) grad div co. (3) 

The ~ensile s t r e s s e s  tij and couple s t r e s s e s  mij a re  de te rmined  f rom the rheological  equations 

t  =(--p+Xdivv)6 j+ (4) 

mii = a (div o)) 6~j ~- [} a~ 4- ao)j (5) 

We wri te  the hea t - t r an s f e r  equation in the fo rm [6] 

v O T ~  OAT + R, (6) 

.Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal  ~, VoL 35, No. 10; pp. 688-691, October ,  1978. Original 
a r t i c le  submit ted October  19, 1977. 
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where  R is the d iss ipa t ion  function 

Oco i R = Ov___~ t~j + - -  m~ i + e~j~tj~(o~. 
Ox~ Oxj 

Equations (1)-(3), (6) f o r m  a closed s y s t e m  ff we complement  it with the equation of s tate  

[(P,O,  T ) = O .  

(7) 

(8) 

Suppose now that  a constant  t e m p e r a t u r e  gradient  x >- O, an t ipara l le l  to the gravi ta t ional  f ield,  ex is t s  in 
a fluid occupying the ha l f space  x - 0 and having a plane f ree  boundary x = O. Let  us a s sume  that  the absolute 
value of the gradient  is l e s s  than the c r i t i ca l  value at  which convection sets  in. We wish to analyze the p r o p a -  
gation of smal l  t e m p e r a t u r e ,  ve loc i ty ,  p r e s s u r e ,  and densi ty per tu rba t ions  in such a sys tem.  

We seek  a solution of the s y s t e m  (1)-(3), (6), (8) in the f o r m  

T = T  o + T ' ( x , t ) ,  v ~ = 0 + v  x(x,t) ,  

~ = o + v~ (x, t), ~o~ = 0 + % (~, t), (9) 

p = p o + p ' ( x , t ) ,  p = p o + p ' ( x , t ) .  

Here  To, P0, P0 a re  the equi l ibr ium t e m p e r a t u r e ,  p r e s s u r e ,  and densi ty d is t r ibut ions ,  and T ' ,  p ' ,  p ' ,  vJ~, v~, 
r a re  smal l  pe r tu rba t ions .  Substituting exp res s ions  (9) into (1)-(3), (6), (8) and neglect ing higher  than f i r s t -  
o rde r  smal l  quant i t ies ,  we obtain the l inear  s y s t e m  

0~)_~' + ~)o Ov'~ = O, 
Ot 

( O r '  + qv,u) : 0 O2T' Ov'~ 
poCp \ Ot _ Ox 2 - -  P~ -O-x ' 

�9 09 

or; Op' o2v; 
Oo-~ = - -  ~ + ( ~ + k )  -Jk-~- ' 

Po - - ~  = (~ + k) Ox 2 Ox - -  g _ - -0T r=r. 

,oco; a~ 0% 
p0u-~- = - -  2kco~ + k ~ + 7 Ox z 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

In the der iva t ion  of (10)-(15) we have neglected the va r ia t ion  of the densi ty  with the p r e s s u r e  and cons idered  P0 
to be constant.  It follows d i rec t ly  f r o m  (10)-(15) that 

poCp \ Ot + qv'u = 0 
o2v, po ( O~ ) or' 
Ox 2 + -  , 0--6) 

Or" u 02v'y k Oco~_ ( 0~) ) T' ,  

9oJ ~ t  = - -  2kco'~ + k--O- f f  + V ~ z "  

We seek  T ' ,  v~, w~. in the f o r m  of plane waves :  

T' = N exp Ii (cot --- Kx)l ,  v" u = V exp [i (cot - -  Kx)l ,  

co~ = ~  exp [i (o)t - -  Kx)l ,  

(17) 

(is) 

(19) 
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F ig .  1. Wave  p r o p a g a t i o n  v e l o c i t y  (a) and d a m p i n g  (b) 
v e r s u s  f r e q u e n c y  f o r  an a s y m m e t r i c a l  f lu id  ( so l id  
curves) and a viscous fluid (dashed  c u r v e s ) .  

wh ich  b r i n g s  us  to a l i n e a r  h o m o g e n e o u s  a l g e b r a i c  s y s t e m  in the  p e r t u r b a t i o n  a m p l i t u d e s :  

(iar + bK z) N + qV ~ 0, 

d N +  (ice + [ K  z) V + iKhf2 = O, 

i K s V  + ( io~ + 2s + r K  2) Q = O, 

w h e r e  

- - - -  ; b = 0/p0cp; d = - -  

f =  0t+k,)/p0;  h = k / p 6 ;  s =  k/PoJ; r = y / p o  J. 

The  s y s t e m  (20) i s  e q u i v a l e n t  to  the  d i s p e r s i o n  r e l a t i o n  

in  wh ich  

A (o) K 6 + B (o) K 4 +  C(co) K z + D (o) -- 0, 

(2 o) 

(21) 

A (o~) -- brr, 

B(o~) = 2sfb + io~ (br + afr + bf) + hsb, 

C (co) = 2io~s (a[ + b) - -  co z (b + ar + a[) - -  qhs - -  rqd, 

D (co) ~ - -  2sqd - -  qdcoi - -  2sac3 z - -  iaco 3 

E q u a t i o n  (21), wh ich  d e s c r i b e s  the  r e l a t i o n s h i p  be tw e e n  the wave  n u m b e r  K = w / c  + i~ and  the c y c l i c  f r e q u e n c y  
c0, h a s  been  s o l v e d  n u m e r i c a l l y  on a c o m p u t e r .  The  fo l lowing  v a l u e s  w e r e  a s s i g n e d  to the  c o e f f i c i e n t s  in SI 
u n i t s :  J = 5" 10-2; P0 = 1; g = 9.8; P0 = 1; b = 19; f = 40; h = 15; s = 3" 102; r = 2 .  102~ q = 1; d = 10-2; a = 106, 
which  w a s  c h o s e n  so  a s  to  c o m p l y  wi th  the t h e r m o d y n a m i c  c o n s t r a i n t s  on the  t r a n s p o r t  c o e f f i c i e n t s  of  the m e -  
d i u m  [4, 5]. C u r v e s  of  the  wave  p r o p a g a t i o n  v e l o c i t i e s  c(w) and d a m p i n g  f a c t o r s  ,(w) a r e  g iven  in F ig .  1 f o r  
s y m m e t r i c a l  and v i s c o u s  (h = s = r = 0) f l u i d s ,  showing  tha t  the  a l l o w a n c e  f o r  m i c r o i n e r t i a  and  couple  s t r e s s e s  
y i e l d s  a new w a v e ,  d i m i n i s h e s  the  w a v e  p r o p a g a t i o n  v e l o c i t y ,  and i n c r e a s e s  the  d a m p i n g  f a c t o r s .  

The  c o n c l u s i o n s  d r a w n  f r o m  the g iven  c a l c u l a t i o n s  a r e  q u a l i t a t i v e l y  c o n s i s t e n t  wi th  the  e x i s t i n g  da ta  on 
p r o p a g a t i o n  of  t h e r m o c o n v e c t i o n  w a v e s  in the c a s e  of  a v i s c o u s  h e a t - c o n d u c t i n g  f lu id  [7]. 

F o r  a v i s c o u s  f lu id  we can  w r i t e  (21) in  the  f o r m  

(ioJa + bKZ)(io~ -[- f K  ~) - - d q  = O, 

and a s  w ~ 0 we  ob t a in  K = K r  + iKi  = ~]~f f ]b-~ .  

F o r  a t h e r m o c o n v e c t i o n  wave  (dq > 0) we  have  fou r  r o o t s ,  two of wh ich  c o r r e s p o n d  to d a m p i n g  a s  x -* co 
(K i < 0): K 1 = 4r K z = - i 4 r  T h u s ,  f o r  ~(w) in F ig .  1, a s  w ~ 0 the  c u r v e  ~1 - "  0, wh i l e  ~2 --* d~/~q/fb. 
A c c o r d i n g l y ,  ct "-* 0, and c 2 --* cons t .  

T h e s e  r e s u l t s  can  be u s e d  to d e s c r i b e  t h e r m o c o n v e c t i o n  p h e n o m e n a  in s u s p e n s i o n s ,  e m u l s i o n s ,  and p o l y -  
m e r  s o l u t i o n s ,  a s  we l l  a s  to d e t e r m i n e  the v i s c o u s ,  t h e r m a l ,  and  i n e r t i a l  p r o p e r t i e s  of f l u id s .  
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NOTATION 

ts the veloci ty  of fluid; 
is the in t r ins ic  angular  ve loci ty  of fluid; 
is the density;  
ts the p r e s s u r e ;  
is the t ime;  
xs the t e m p e r a t u r e ;  
~s the gravi ta t ional  acce le ra t ion ;  
is the i so t ropic  specif ic  heat;  
is the t he rm a l  conductivity; 
is the s c a l a r  constant  with d imensions  of m o m e n t  of iner t ia  pe r  unit m a s s ;  
is the cycl ic  f requency;  
ts the wave number ;  
a r e  the v i scos i ty  coeff ic ients ;  
is the Kronecker  delta symbol ;  
is the Lev i -Civ i t a  t enso r  densi ty .  
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O S C I L L A T I O N S  O F  A V I S C O E L A S T I C  R O D  T A K I N G  

T H E R M O M E C H A N I C A L  C O U P L I N G  

I N T O  A C C O U N T  

V.  G.  K a r n a u k h o v  a n d  B .  P .  G u m e n y u k  UDC 539.376 

The effect  of t he rm om echan i ca l  coupling on the forced  longitudinal osci l la t ions of a v i s coe l a s t i c  
rod is invest igated.  

The wide use  of v i scoe la s t i c  m a t e r i a l s  in many  a r e a s  of modern  technology makes  it  impor tan t  to in-  
ves t iga te  thei r  behavior  under  d i f ferent  conditions. In this connection, it is of pa r t i cu l a r  i n t e re s t  to study the 
in terac t ion  between the deformat ion  and t e m p e r a t u r e  f ie lds ,  s ince v i scoe las t i c  m a t e r i a l s  have the abil i ty to 
d i ss ipa te  mechan ica l  energy ,  and exhibit  a cons iderable  t e m p e r a t u r e  dependence of the i r  phys icomechanica l  
p r o p e r t i e s .  Considera t ion  of the t he rmomechan t ca l  coupling leads to nonl inear i ty  in the ma thema t i ca l  f o r m u l a -  
tion of the p r o b l e m ,  and enables  a number  of e x t r e m e l y  in te res t ing  nonlinear  ef fec ts  to be explained. These  
f ea tu res  of v i scoe la s t i c  m a t e r i a l s  man i fes t  t hemse lves  m o s t  c lea r ly  during cycl ica l  deformat ion .  I t  is shown 
in [1], us ingthe  example  of the osci l la t ions  of a s y s t e m  with one degree  of f r e edom (a l a rge  load on a v i s c o -  
e las t ic  spring) that over  a ce r ta in  range of va r ia t ion  of the exci tat ion p a r a m e t e r  the a m p l i t u d e - f r e q u e n c y  and 
t e m p e r a t u r e - f r e q u e n c y  dependences a re  nonunique. These  resu l t s  w e r e  conf i rmed exper imenta l ly  in [2]. A 
s i m i l a r  p rob l em was cons idered  in [3] where  it was  es tab l i shed  that  for  per iodic  deformat ions  two s table  s t a -  
t ionary  s ta tes  with d i f ferent  t e m p e r a t u r e s  a re  poss ib le .  In this pape r  we inves t igate  the effect  of t h e r m o m e -  
c h a n i c a l c o u p l i n g o n t h e d y n a m l c b e h a v i o r o f  a v i scoe la s t i c  rod for  fo rced  longitudinal osc i l la t ions .  Subcri t ical  
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