
A Particular Unsteady Viscometric Flow 

In a recent article Johns ( 1 )  treats the unsteady tor- 
sional solenoidal flow of the form 

or = o 08 = o 06 = w ( ~ ,  e, t )  

By introducing a coordinate transformation Johns shows 
that this flow can be treated as a curvilinear flow, and he 
then solves for the components of the extra stress tensor 
in terms of the three viscometric functionals of the mate- 
rial. The coordinate transformation method could also be 
used for different coordinate systems. 

These same results can be obtained for a general cv- 
ordinate system by an alternate method. By an analysis 
very similar to that of Truesdell and No11 (2) it will be 
shown that any flow of the form: 

with 

and 

01 = 0, 0 2  = w ( x 1 , x 3 ,  t )  03 = 0 (1)  

hi = hi(d, ~ 3 )  i = 1 ,2 ,3  ( 2 )  

(3)  

is a viscometric flow. The analysis will show that Equation 
( 3 )  is a necessary condition for the flow to be viscometric. 

The solutions for the pathlines of motion are: 

51 = XI, 5' = x2 + &(xl, x3, a)&, '$3 = x3 (4) 

The relative deformation gradient calculated from Equa- 
tion (4)  is 

Ilek(t) ' F t ( 7 )  em(x) 1 1  - 

Application of Equation (3) ,  Leibnitz's rule, and trans- 
formation to an orthonormal basis system reduces Equa- 
tion ( 5 )  at t = 0 to 

where 

and 

(9) 

Since e<k> ( 5 )  and e<k> (x)  are both orthonormal bases, 
they can be related by an orthogonal transformation, 
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e < k > [ g ( ~ ) I  = Q(7)e<k>(x) ( 10) 

QT(7) F(o)(T) = 1 + A(7)N (11) 

m 

Then Equation (6) becomes 

- - - -  
where N with respect to the e<k> basis system,is 

N 

0 0 0  
l lNl l= l lu - 

0 0 0  O /* 1 1  

- ( l o  0 011 

The relative deformation gradient has the viscometric 
form, 

where 

F ( o , ( ~ )  = Q(7) [ I -  A ( 7 )  No1 (12) - - - - 
0 0 0  

p o l l  = 1 0 0 

when N is expressed in the orthonormal basis system, - 
b<1> = ve<l> + p3<3> 

b<2> = e<2> (13) 
b<3> = -pe<l> + ve<8> 

This proves that the flow given by Equations (1); (2) ,  
and (3)  is viscometric. Both v and p are independent of 
time because of Equation (3) .  Thus the Wi> coordinate 
system is also independent of time. 

Since the flow is viscometric, the extra stress tensor can 
be expressed in terms of the three viscometric functionals. 
In the e<Q coordinate system the components of S are, - 

[A(s)l s<=> == y 

s = - m  

s=- m 

s = - m  

s=- m s = - m  

If the flow is steady Equations (14) are still valid with, 

A(S) = K S  

& [A(s)l = T ( K )  
s = - m  

s=- m 

e,' [X(s)l = V 2 ( K )  
s=- ca 

The steady flow satisfies the criteria for a viscometric flow 
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given by Coleman, Markovitz, and No11 ( 3 ) .  Oldroyd 
( 4 )  obtained essentially the same results for S<ij> for the 
steady flow case by a different method. 

For the particular flow studied by Johns, 

0‘ = 0 d = W ( r ,  8, t )  08 = 0 (16) 
h l = h , =  1 hz=hg=rs in6  h S = h e = r  (17) 

Then 

&(r,  8, t )  l2 + [ a W ( r ,  8, t )  1’ ( +)2 

(19) 
a0 

K = r sin 0 

A(S) = I” K d t  (20) 

Substituting Equations (18) ,  (19) ,  and (20) into Equa- 
tion (14) ,  we obtain Johns’ equations for the extra stress 
tensor [his equations immediately preceding (15) 1. Thus 
this flow pattern is curvilinear in the spherical coordinate 
system. 
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NOTATION 

b<i> = orthonormal basis system 
ei = orthogonal basis system 
e<i> = orthonormal basis system 
F < t ,  ( 7 )  = relative deformation gradient 

f,g, q = separable functions of velocity gradient 
gij 

hi 
N,N, = matrices defined in Equations (11) and (12) 

Q(7) = orthogonal matrix 

r, t9,4 = spherical coordinates 
S<”>= physical components of S 
S = extra stress tensor 

s 
t =time 
vi 
x i  = orthogonal coordinates 

Greek Letters 
K = function defined in Equation (8) 
A (  s) = function defined in Equation ( 9 )  
p,, v = function defined in Equation (7 )  

= mateiral coordinates 
7 =past  time %,el, ez = viscometric functionals 
7 ( K ) ,  q( K )  , WZ ( K )  = viscometric functions 
w 
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- -  
- 

- 
= t - 7 = time difference 
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Rectification in Continuous Contacting Equipment: On the Use of 

Correlations Obtained from Vaporization Experiments 

Continuous contacting equipment has frequently been 
employed in studies concerned with the mechanism of 
mass transfer in rectification. Experimental results have 
usually been interpreted on the assumption that the cor- 
relations for the vapor and liquid phase resistances to 
diffusional mass transfer in rectification are the same as, or 
at least similar in form to, those obtained from gas absorp- 
tion or liquid vaporization experiments in the same equip- 
ment. For example, in much of the work with the popular 
wetted-wall column ( 1  to 10) , the Chilton-Colburn (15)  
or Gilliland-Sheiwood ( 1 4 )  correlations have been used as 
a basis in calculating the vapor film resistance. 

Confining attention to rectification and liquid vaporiza- 
tion, a comparison of the two processes reveals several dif- 
ferences. Some of these, possible thermal effects ( 1 1  to 
13) and the generally larger variation of physical proper- 
ties in a rectification experiment (7, 8, l o ) ,  have been 
recognized. One effect which has not been taken into ac- 
count by past experimentalists, however, is that due to 
the characteristic variation of the interfacial composition 
along the contacting equipment in rectification. In a vapor- 
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ization experiment the interfacial composition may also 
change (due to a temperature drop resulting from evapora- 
tion of the liquid), but this change will normally be small 
compared to that encountered in the rectification of a mix- 
ture of high relative volatility, for example, one of the 
commonly used alcohol-water systems (1 to 3, 6, 7, 8, 16 ) .  

In view of this differing behavior at the interface, the 
question arises: is it permissible to use correlations ob- 
tained from vaporization work in distillation studies, even 
if all other differences between the two processes can be 
assumed to be negligible, or somehow taken into account? 
What kind of discrepancy may one expect between the 
mass transfer coefficients for rectification and vaporization 
as a result of this composition effect, under experimental 
conditions relevant to past work? 

In attempting an answer, attention was focused on vapor 
phase mass transfer in a wetted-wall column. By using 
theoretical solutions of the differential equations describing 
the steady state mass transfer process, the Stanton group 
for a system in which the interfacial composition is con- 
stant was compared to this group for certain systems of 
varying interfacial composition. Thus, the rectification of 
two binary systems of constant physical properties (vapor 
phase Schmidt number = 0.718), with the column oper- 
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