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It is shown that the R e i n e r - R i v l i n  rheologieal relation is unsuitable for describing the effect 
of normal s t r e s ses .  

Within the f ramework of the principle of the maximum rate of entropy production, the nonequilibrium 
par t  of the s t r e s ses  in a Re ine r -R iv l i n  fluid ([1], pp. 60-62, 780-782) 

r = -- ~ + 21xe~ + 4,1e~e~ (1) 

can also be expressed as follows ([2], pp. 97-105): 
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where a=i i / I2 ; /3  = 2 3 e~, 12 ~efl~; = C~ 7 I~/I2; I1 = = e 13 efle~yec~; and G(~, /3) is an a rb i t ra ry  function. 

We will investigate the case of an incompressible fluid, but we will f i r s t  write the spur and the deviator 
of the tensor (2): 
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We will consider an incompressible fluid as the l imiting case of a compressible fluid. In this case,  by 
virtue of (3), the l imit  lira I 1 81n G/an = lim ~-~(a laG/ao~ = a is  finite, and consequently, lira ot (ala ~/Sot) = 0; 

l t~O ~ 0  ~ 0  

Eqs. (3) and (4) take the form 

p(I) [3a + Is 
= T Is 
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where g@) = G(0, /~. 

We Will compare these expressions with the spur and the deviator of the tensor {1): 

tr~ = -- 3Z, + 4~1I~, 

"c~ = 2~te~ + 4q (e~e~-- +12~ ). 

Comparison of (1") and (4') leads to the equations 

(i') 

(1") 
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2i t=  2~-2 ( l - - 3 l i  d l n g ~ ,  (5) 

PCIs d In g (6) 
4 n = - T F .  dp ' 

and f rom (1'), (3'), and (6) we obtain 

F o r  an incompress ib le  fluid, k = 0 and, consequently,  a = 0. 

We wi.ll now make the l imit ing t ransi t ion f rom an a r b i t r a r y  flow to a flow with ze ro  third invariant  of 
the tensor  e~ and we will r equ i r e  that in this case the effect  of normal  s t r e s s e s  should be p rese rved .  The 
t r a n s v e r s e  v iscos i ty  then does not vanish,  and by vir tue of (6) the l imit  l i m ~  (dlng/d3) =c is f inite.  Conse-  nt0 
quenfly, for small ~ the asymptotic g(~) ~ g(0)exp (2ovr~) holds, and for/3 = 0, Eqs. (5) and (6) take the form 

2tt = t~/2h,  4n = r  I~. 

Simple calculations show that in this case  for  pure shear  flow the ra te  of the dif ference between the no r -  
mal  s t r e s s e s  to the tangential s t r e s s  is independent of the shear  velocity ( a ~ - ~ / ~  = cr which does not agree  
with exper imenta l  data, If both v iscos i t ies  a r e  constant ,  re la t ion (1) does not agree  with the principle  of the 
maximum ra te  of entropy production. Indeed, in view of (1) 

�9 = ~ cr~ ~ = ,  1 (2~Iz -4- 4r113), 
P P 

while f rom the equation ([2], p. 88) 
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we have 

~t12 ~ 2~113 
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which contradicts (I"). 

Hence, Eq. (1) is unsuitable for describing the effect of normal stresses. 
when 7/ = 0. In this case the viscosity # is the independent of 13 ([3], p. 121). 

It can obviously only be used 

eL 
k, tt,~/ 

N O T A T I O N  

is the nonequil ibrium pa r t  of the s t r e s s  tensor ;  

is the deformat ion ra te  tensor ;  

a re  the bulk, shear ,  and t r an sve r se  v iscos i t ies ;  
is the Kronecker  delta.  

1. 
2. 

3. 

L I T E R A T U R E  C I T E D  

Rheology (Theory and Applications) [Russian t ransla t ion] ,  IL,  Moscow (1962). 
H. Z ieg le r ,  Ex t remal  Pr inc ip les  of the Thermodynamics  of I r r ev e r s ib l e  P r o c e s s e s  and the Mechanics 
of Continuous Media [Russian t ransla t ion] ,  Mir ,  Moscow (1966). 
B. E. Pobedrya ,  Lec tu re s  on Tenso r  Analysis  [in Russian] ,  Izd. MGU, Moscow (1974). 

1122 


