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The negligibly sma l l  influence of tangent ia l  s t r e s s e s  in an optical ly sens i t ive  m a t e r i a l  as c o m -  
p a r e d  to the influence of the no rma l  s t r e s s e s  on the d i sp lacemen t  of in te r fe rence  f r inges  is 
shown fo r  the use  of a definite scheme.  

The e f fec t s  of no rma l  s t r e s s e s  in fluids a re  invest igated in [1] by using the in te r fe rence  of l a rge  path 
d i f fe rences  and the p r o p e r t y  of epoxy r e s in  to change the index of re f rac t ion  under  a load. The shift  of the 
in t e r fe rence  f r inges  was  an indicator  of the change in no rma l  s t r e s s e s .  The d i ag ram to obtain the m e a s u r i n g  
s y s t e m  for  the f r inges  is r e p r e s e n t e d  in Fig.  1. 

Resu l t s  of invest igat ing the influence of the t e m p e r a t u r e  f ac to r ,  which is a lways substant ia l  for  i n t e r -  
f e rence  m e a s u r e m e n t ,  a r e  e lucidated in [2]. 

To  ver i fy  the c o r r e c t n e s s  of the no rm a l  s t r e s s  m e a s u r e m e n t s ,  the influence of the tangential  s t r e s s e s  
act ing on the epoxy r e s in  l a y e r  f r o m  the fluid being subjected to a shea r  fo rce  and a lso  the changing r e f r a c -  
t ive index of the r e s in  mus t  be  taken into account.  And althongh the contr ibution to the shift  of the i n t e r -  
f e rence  f r inges  f r o m  the tangent ia l  s t r e s s e s  should not be substant ia l  since the d i rec t  optical  coeff icient  of the 
s t r e s s  exceeds  the t r a n s v e r s e  f ac to r  by an o r d e r  of magnitude for  amorphous  glassy m a t e r i a l s  [3], a theo-  
re t i ca l  e s t ima te  and an expe r imen ta l  conf i rmat ion  a r e  n e c e s s a r y .  

The role  of the tangent ia l  s t r e s s e s  can be e s t ima ted  by s t a r t ing  f r o m  the genera l  theory of a r t i f ic ia l  

2 = si" The  anisot ropy.  Here  the r e f r ac t i ve  index of the m a t e r i a l  is re la ted  to the d ie lec t r i c  pe rmi t t iv i ty  [4] n i 
whole theory  of photoelas t ic i ty  is cons t ruc ted  under  the assumpt ion  of coincidence of the pr inc ipa l  axes of the 
s t r e s s  t ensor  and the p r inc ipa l  d ie lec t r i c  axes .  As is known f r o m  e las t ic i ty  theory  [5], the coordinate  axes  
can always be se lec ted  so that  the t enso r  would have diagonal fo rm.  The p r e sence  of tangential  s t r e s s e s  
means  that  the t en s o r  is not diagonal ,  and t h e r e f o r e ,  the p rob lem of the influence of the tangential  s t r e s s e s  
can be reduced to de te rmin ing  the influence of rota t ion of the d ie lec t r i c  e l l ipsoid  on the change in the d ie l ec -  
t r i c  p r o p e r t i e s  along a definite di rect ion.  

Accord ing  to the theory  of a r t i f i c ia l  an iso t ropy  for  i so t rop ic  pre loading  of the m a t e r i a l ,  the el l ipsoid 
of the wave n o r m a l s  has  spher ica l  f o rm .  The anisot ropy occu r r ing  under  a load t r a n s f o r m s  the sphere  into 
an el l ipsoid.  The d i f fe rences  between the new and old coeff icients  of the equation for  the e l l ipsoid  (sphere) 
a r e  l inea r  functions of the s t r e s s  t enso r  components .  Taking account  of r equ i r emen t s  on the propor t iona l i ty  
f a c to r s  [6], we obtain e x p r e s s i o n s  fo r  these  d i f fe rences  

1 
a ~  - -  - -  = cr + ~Pyv + ~P==, 

1 
a u u -  - -  = ~P~= + =Pvv + ~P~:, 

(1) 
1 
E 

ayz = "~py..; azx = YPzx; axy ---- ~Pxv, 

where  a,/3, T a r e  the propor t iona l i ty  f a c t o r s ,  and e is the d ie lec t r i c  constant  in the unloaded s tate .  

In the two-d imens iona l  case  of i n t e re s t  to us ,  if the light p roceeds  along the z ax i s ,  the boundary condi-  
t ions take the f o r m  Pzzl~ =0 = Pzx~z =0; Pxxtz=0 = 0 and s y s t e m  (1) r educes  to 
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Fig .  1. D i a g r a m  to obtain the m e a s u r i n g  s y s t e m  of the i n t e r -  
f e r e n c e  f r i n g e s ;  1, 2) i n t eg ra t ing  l ight  b e a m s ;  3) w e d g e - s h a p e d  
g lass  p r even t ing  the def lec t ion  of  the r e s i n  l a y e r ;  4) s e m i t r a n s -  
p a r e n t  coat ing;  5) op t ica l ly  sens i t ive  epoxy r e s i n  l a y e r ;  6) m i r -  
r o r  coa t ing;  7) p r e s s u r e  d i s t r ibu t ion  on the  r e s i n  under  i nves t i -  
gation. 

Fig.  2. Inf luence of  tangent ia l  s t r e s s e s  on the shif t  in the i n t e r -  
f e r e n c e  f r i n g e s ,  zal, ~m. 

a== ~ - -  + ~pzz; a.~ = - -  + r azx P~x, 
e " e 2 (2) 

w h e r e  ~ and/~ a r e  the d i r e c t  and t r a n s v e r s e  opt ica l  s t r e s s  f a c t o r s .  

The  ini t ial  d i e l e c t r i c  c i r c l e  of  an i s o t r o p i c  unloaded m a t e r i a l  

0 2 a 0 Z2 a~x + ~ - - 1  = 0 ,  (3) 

w h e r e  a~x--a~ = l / e ,  goes o v e r  into an e l l ipse  unde r  load 

a~,:x 2 -.',- a~xzx + a;~z 2 - -  1 = Oj (4) 

and when (2) is taken into accoun t ,  b e c o m e s  

This  is the equa t ion  of an e l l ip se  ro ta t ed  th rough  a c e r t a i n  angle ~b re l a t ive  to the coord ina te  axes .  This  angle 
of ro ta t ion  gove rns  the inf luence of  the tangent ia l  s t r e s s e s  on the d i e l e c t r i c  p r o p e r t i e s  of  the m a t e r i a l  a long 
the z axis .  

If we use  the nota t ion 1/e + apzz  = a~ and 1/e +f lPzz  = a22, then (5) b e c o m e s  

x ~ z 2 2 (~z - -  8) p ~ z x  1 a~ ~ a~ + ~ , 2 . ~  ~ o = 0 ,  (6) 
"- '1 --2 a t  Q'2 

which may  a l so  be e x p r e s s e d  in t e r m s  of  the v ib ra t ion  equat ions  

x = a~ cos (t + 6~), z = a2 cos (t + 62), 

if we use  the notat ion (c~-~r)/4aiazpz x = c o s 5  and 1/a~a~ = sinZS. Here  5 denotes  the d i f f e rence  in the init ial  
p h a s e s  (51-52).  

To  go o v e r  to the i n t r i n s i c  coo rd ina t e s  (~, ~), where  the e l l ipse  is d e s c r i b e d  by the equa t ions  

~ = a c o s ( T + 6 o ) ,  ~ l = b c o s ( ' r + S 0 + - - ~ , ~ )  

(a and b a r e  the p r inc ipa l  s e m i a x e s  of the e l l ipse ) ,  the coord ina te  axes  m u s t  be r o t a t e d  th rough  the angle  
r defined in t e r m s  of  5,  a l , and  a 2 by m e a n s  of  the f o r m u l a  [6] 

2a~a2 cos 8 
taft 2~ = ,, .~ ai - -  a} 
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TABLE 1. Changes in the Location of the Interference Fr inges  As a 
Function of the Applied Moment of the Forces  (in f ract ions of the 
"cr i t ica l"  moment) 

ht 

N 
0 0 , 6  I ,3 2 ,5  6 ,5  13 25 

20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
350 

1,657 
3,338 
5,039 
6,721 
8,385 
[0,095 
[I,791 
13,474 
[5,169 
[6,865 
18,571 
.)0,263 
t1,973 
~3,683 

,398 
.>7,098 
.)8,811 
~,666 

1,655 
3,335 
5,035 
6,719 
8,379 
10,090 
[1,783 
13,475 
15,160 
[6,867 
[8,569 
~), 265 
~I ,g69 
23,685' 
t5,395 
~7,098 
.~8,805 
-)9~ 

1,656 
3,338 
5,041 
6,719 
8,383 
I0,094 
l I, 789 
13,478 
15,164 
16,870 
18,572 
20,264 
21,966 
23,681 
25,396 
27,102 
28,812 
29,669 

1,662 
3,340 
5,044 
6,716 
8,381 

10,089 
11,787 
13,484 
15,166 
16,873 
18,573 
20,262 
21,970 
28,680 
25,395 
27.096 
28,802 
29,660 

1,663 
3,338 
5,036 
6,720 
8,381 

10,090 
11,792 
13,480 
15,164 
16,874 
18,574 
20,251 
21,971 
28,675 
25.398 
27,098 
28,808 
29.667 

1,655 
3,339 
5,040 
6,715 
8,378 

I0,086 
11,790 
13,479 
15,170 
16,874 
18,574 
20,271 
21,977 
23,687 
25,403 
27,105 
28,814 
29,672 

1,657 
3,331 
5,033 
6,718 
8,380 

10,084 
I 1,792 
13,478 
15,163 
16,873 
18,578 
20,271 
21,979 
23,684 
25. 404 
27, I09 
28,815 
29,68O 

If the values of cos6, a~ and a 2 are substituted into this formula, we obtain the equality tan2~ = (i/2)Pzx/ 
Pzz from which there follows that for equal tangential and normal stresses, the contribution of the tangential 
stresses to a change in the dielectric permittivity is about 3% of the contribution from the normal stress since 
the projection of the ellipse semiaxis changes so much for a rotation of :~13 ~ 

The computation performed was experimentally verified. For this the resin layer sensitive to the 
stresses was subjected for an invariant normal load to a tangential force analogous to that which the moment 
of the viscous forces from the fluid in a torsion flow in [1] exerts on this layer. 

The total moment of the viscous forces acting when the tangential stresses reach the magnitude of the 
normal stresses (~ critical" moment) was determined by the formula 

R 2g 

Me =: Tc~r. rdrd(p = 2h ' 

0 0 

where  R is the radius of a disk; h, a gap; 7, v iscos i ty ;  and w, angnlar velocity. Substitution of the numerical  
values f rom exper iment  [1] yields M 0 = 3.104 dyne.  era. 

The location of the in ter ference  f r inges  (in ram) on the length of the measur ing  disk radius is r e p r e -  
sented in the table for  different torques.  Here N is the fringe number and M is the moment  of the applied 
fo rces  in f ract ions  of the "cr i t ica l"  moment  of the viscous forces  M 0. 

The resul ts  of p rocess ing  the exper imenta l  resul ts  a re  represented in Fig. 2. The moment  of the forces  
M is plotted along the absc i s sa  axis he re ,  and the maximum fixed mutual shift in the interference fr inges Al 
along the ordinate axis. 

It follows f rom a compar ison between these data and the resul ts  of a shift in the in terference fringes 
under the influence of normal  s t r e s s e s  [1] that normal  s t r e s s e s  20-30 t imes less than the tangential are  r e -  
quired to achieve the same shifts. 

The re fo re ,  the experiment  confirms the computation and demonst ra tes  the negligible contribution of 
tangential  s t r e s s e s  in the shift of the in ter ference  fr inges as compared to the normal  s t r e ss  under conditions 
of their  equality. 
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N O N S T E A D Y  F L O W S  O F  V I S C O P L A S T I C  F L U I D S  A T  

T H E  I N I T I A L  S E C T I O N S  O F  P L A N E  C H A N N E L S  

Z .  P .  S h u l ' m a n  a n d  E .  A .  Z a l ' t s g e n d l e r  UDC 532.135 

The p rob l e m  is fo rmula ted  and the method of solving in ternal  p rob l ems  of rheodynamics  of 
nonsteady flows of v i scop las t i c  fluids is proposed.  

Nonsteady motions of v i scop las t i c  media  a re  of cons iderab le  in t e re s t  in connection with invest igat ions 
of technological  p r o c e s s e s  occu r r ing  under  dynamic  loading. A number  of a r t i c l e s  a r e  devoted to an analysis  
of the rheodynamics  of nonsteady fl~)ws on spat ia l ly  s teady sec t ions ,  a review of which is given in [1]. The 
initial  sect ions  fo r  s teady flow of v i scop las t i c  fluids w e r e  cons idered  in [2-5]. Invest igat ions of nonsteady 
flows at  initial  sec t ions  of channels have so f a r  not been c a r r i e d  out. 

We cons ider  the flow of a fluid in a plane channel (Fig. 1). The veloci ty  of the fluid at  the inlet  is con- 
s tant  over  the c r o s s  sect ion and equal to V. F r o m  phys ica l  cons idera t ions  the en t i re  flow region can be divided 
into two regions :  a zone of shear ing  flow, adjoining the wall  of the channel (5 < y ~ h), and a "quasisol id"  core ,  
where  the veloci ty  is constant  (0 -<y -< 5). We should note that  the veloci ty  of the quasisol id  core U(x) v a r i e s  
along the channel  axis .  Under such conditions we can use  the modif ied model  of a v i scop las t i c  fluid, which 
for  r -< r 0 exhibi ts  c reep ,  i .e . ,  slow flow with high v iscos i ty .  Then,  the nonuniqueness of the veloci ty  field 
in the t r a n s v e r s e  d i rec t ion can be neglected;  in this case ,  however ,  the model  admits  the dependence of U on 
the longitudinal coordinate .  

The equations of motion in the bounda ry - l aye r  approximat ion  a r e  

p - + u  ....... + v  - 02u 

Ox Ox Og z ' 

ao (~ < y <<. h) Ou - -  = O, 
+ o,j 

(i) 

(2) 

OU | (0 y~O OU \ Op To p - ~ - ~ + u  . . . . . . . .  / 
ax Ox 5 (3) 

(an invest igat ion was c a r r i e d  out for  the l inear  model  of a v i seop las t i c  Shvedov -B ingham medium).  

Equation (3) fo r  a quas isol id  core  con t r ibu tes  the t e r m  ~-0/5. I t  indica tes  that  the s t r e s s e s  on the  boundary  
of the quas isol id  co re  a re  equal to r 0. In [2] fo r  the s t e ady - s t a t e  p rob lem in the zone of quas isol id  mot ion,  
the ShiUer approximat ion  was a s s um ed  to be val id:  

U OU 1 dp 
d--x- = p dx (4) 

In our  opinion, neglect ing the t e r m  r0/5 can lead to s izab le  e r r o r s  in the solution. 

Let  the medium be at  r e s t  for  t =~ 0, and for  t > 0 let  there  be a flow with a constant  flow ra te .  The ini-  
t ial  and boundary conditions of the p r o b l e m  a re  the following: 
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