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F O R M A T I O N  O F  S T A G N A N T  Z O N E S  I N  V I S C O P L A S T I C  

M A T E R I A L S  O N  T H E  C O N V E X  A N D  C O N C A V E  P A R T S  

O F  R I G I D  B O U N D A R I E S  

E .  M.  E m e l ' y a n o v  a n d  A .  D .  C h e r u y s h o v  UDC 539.374 

The flow of v i scoplas t ic  med ia  [1] in channels  with pe r tu rbed  boundar ies  has been cons idered  p rev ious ly  
in [2, 3], using the s m a l l - p a r a m e t e r  method,  and the flow in channels of el l ipt ical  c r o s s  s ec t i on  has been 
studied and solved in [4]. 

1. The rheological  r e la t ion  for  a Bingham viscoplas t ic  medium has the fo rm 

(Y~t = ( V 2 k / V e q t e q t  "-]- 2~eU + P~u, 3P = ~ ,  (1.1) 

w h e r e  aij a r e  the components  of the s t r e s s  t ensor ,  eij a r e  the components  of the deformat ion  ra te  t enso r ,  k is 
the yield point, and vl is the v iscos i ty .  

The deformat ion  ra t e  t en s o r  is r e la ted  to the components  of the flow veloci ty vec to r  of  the medium vi 
by Cauchy ' s  equation 

ets = ( t /2)(v~, i  + Vs, w 

In both p r o b l e m s ,  cons idered  in this pape r ,  only the component  of the veloci ty  vec to r  Vz will differ  f rom 
zero ,  and mus t  be sought in  a cyl indr ica l  s y s t e m  of coordina tes  in the fo rm of a s e r i e s  in powers  of the smal l  
p a r a m e t e r  6 

vz(r, ~)!= v~ + ~v'(r, (p) + . . .  

To fo rmula te  the p r o b l e m  in d imens ion less  f o r m  we will r e f e r  the s t r e s s e s  to the yield point k, the 
va r i ab le  lengths to the radius  of the tube R, and the veloci ty to the quantity kR/~?. Then, Eq. (1.1) in t e r m s  
of the d imens ion less  va r i ab l e s  will take the f o r m  

o t j -  (1 + I-1/~)2eu + P~u, 3P = ~l ,  (1.2) 

where  I = 2eijeij .  

We will a s s u m e  that  the med ium adheres  to the su r f ace  at  the r igid boundar ies  of the channels .  In the 
flow regions the components  of the de fo rmat ion  ra te  t e n s o r  

i o i 8 ! v : ~ . ~ _  (1.3) 
~rZ = ~ (V,r -~  ~Vlr ) -[- . . . .  8r : ~ r " ' "  

will d i f fer  f r o m  ze ro .  

Substituting (1.3) into (1.2), we obtain 

Voronezh.  Trans la t ed  f r o m  Zhurnal  Prikladnoi  Mekhaniki i Tekhnicheskoi  Fizik[, No. 5, pp. 158-165, 
Sep tember -Oc tobe r ,  1978. Original  a r t i c l e  submit ted July 28, 1977. 
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%T = ~ = ~z~ = P ,  o,~ = 0, %,  = ( t  + I - " 2 )  6 •  + . . .  (1 .4)  r 

%, = ( l  + z-':~)(~?~ + 6~,',) + z = ~o~ + 2 6 0 .  + 
, " 7  , , " ' "  

Of the  t h r e e  e q u i l i b r i u m  equa t i ons  only  one r e m a i n s ,  v iz . ,  

~%z ~ , I ~%z_u aazz (1.5) 
~r -}- r ' r ~--~ ' "~z ==0" 

2. Suppose  a t  t he  b o u n d a r y  of t h e  tube  t h e r e  i s  a s m a l l  p e r t u r b a t i o n  r =R(1 +6 c o s  mop), 6<< 1. The  
m e d i u m  f lows  u n d e r  the  a c t i o n  of a c o n s t a n t  p r e s s u r e  d rop  p and in e x p r e s s i o n s  (1.4) we wi l l  have  

P : -  pz .  (2.1) 

We wi l l  w r i t e  t he  b o u n d a r y  c o n d i t i o n s  in  d i m e n s i o n l e s s  v a r i a b l e s ,  On the  s u r f a c e  of t h e  tube  we  w i l l  
a s s u m e  a d h e s i o n  of t he  m e d i u m  

v~(t + 6 cos m% q~) = 0. (2.2) 

On the  b o u n d a r y  of  t he  r i g i d  c o r e  t he  fo l lowing  c o n d i t i o n s  m u s t  b e  s a t i s f i e d :  

v~(r, r = v ,  -= const, ~v~(r, r = 0 for r = ]((p), (2.3) 

w h e r e  f(cp) i s  t h e  c o n t o u r  of the  r i g i d  c o r e  of the  f low.  

The  c o n d i t i o n  f o r  t he  f o r c e s  on the  r i g i d  c o r e  to b e  in e q u i l i b r i u m  g i v e s  the  fo l lowing  e x p r e s s i o n :  

l =- p S ,  (2.4) 

w h e r e  l and S a r e  t he  c o n t o u r  l eng th  and the  c r o s s - s e c t i o n a l  a r e a  of t he  r i g i d  c o r e .  

Subs t i t u t i ng  (1.4) into (1.5) and t ak ing  (2.1) in to  a c c oun t  and expanding  (1.5) in  p o w e r s  of t he  s m a l l  p a -  
r a m e t e r  6, we  o b t a i n  f o r  t he  z e r o  and f i r s t  a p p r o x i m a t i o n s  of the  s y s t e m  of equa t ions  

d"-vo I dvo 1 (2.5) 
d r  2 ~ -  1" d r  r + p = O; 

v i ~ , + - ~ - v , ~ - - - ~  ~-ff---I v , , ~ = O .  (2.6) 
\ , r  

The  b o u n d a r y  c o n d i t i o n s  a r e  ob t a ined  by  expand ing  (2.2)-(2.4)  in  s e r i e s  in p o w e r s  of t h e  s m a l l p a r a m e t e r  

z; ~ (r) - -  v~ dv~  = 0 with r = b, b =-" 2 /p ,  v ~ (t) = O, (2.7) 

w h e r e  b i s  the  r a d i u s  of t he  r i g i d  c o r e  of f low in t he  c i r c u l a r  t ube  

0 (t) cosm% v ' ( 2 / p ,  ~) O, ~,' (1, q~) = - -  v,. = (2.8) 
2 ~ / m  

j" [~ + ~ (~)] d~ = 0, t~ (r = (2/p) v:~ (2/p, (p), 
0 

w h e r e  we have  r e p r e s e n t e d  the  b o u n d a r y  of t he  r i g i d  c o r e  in the  f o r m  

f(t~) = 2 /p  + 8 [~, + ~(q~)] + . . .  

The  c o n d i t i o n  f o r  f low to e x i s t  in  t h e  tube  b < 1 (the r a d i u s  of the  r i g i d  c o r e  i s  l e s s  than  the  r a d i u s  of 
t he  tube)  i m p o s e s  a l i m i t a t i o n  on the  p r e s s u r e  d r o p :  p > 2. 

Solv ing  (2.5) t a k i n g  the  b o u n d a r y  c o n d i t i o n s  (2.7) into accoun t ,  we ob ta in  the  z e r o  a p p r o x i m a t i o n  f o r  the  
v e l o c i t y  

v~ = (t - -  r)[(p/4)(l 4- r) - -  t ]. (2.9) 

Subs t i t u t i ng  in to  (2.9) t he  v a l u e  of  t he  r a d i u s  on the  r i g i d  c o r e  r = 2 / p ,  we ob t a in  t he  v e l o c i t y  of t h e  r i g i d  
,core in  a c i r c u l a r  t ube  

' 0 v~ = (p - -  2)~/4p. 

U s i n g  the  z e r o  a p p r o x i m a t i o n  v~ f r o m  (2.9), we r e d u c e  the  equa t ion  of the  f i r s t  a p p r o x i m a t i o n  (1.6) to 
~he f o r m  

r (t - -  p r / 2 )  vi~, + (1 - -  p r / 2 )  vi~ - -  p /2v . r  = 0. (2.10) 

We wi l l  m a k e  t h e  c h a n g e  of v a r i a b l e s  p r / 2  = p .  The  f i r s t  a p p r o x i m a t i o n ,  t a k i n g  into a c c o u n t  the  bound-  
a r y  c o n d i t i o n s  (2.8), w i l l  be  sought  in t he  f o r m  
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v'(p, ~) = r(p) cos m~. (2.11) 

F o r  func t ion  T(p) a f t e r  subs t i tu t ing  (2.11) into (2.10), we obta in  the  h y p e r g e o m e t r i c  equa t ion  

o(e - -  t ) T "  -}- (p - -  t ) T '  - -  m~T = 0 :  ( 2 . 1 2 )  

The b o u n d a r y  condi t ions  f o r  Eq. (2.12) a r e  obta ined f r o m  (2.8) 

r(t) = 0, r(p/2) = p/2 - t,  ~. = 0(8), ~p(cp) = (2/p)T'(t) cos m~. (2.13) 

The g e n e r a l  so lu t ion  of  Eq. (2.12) will  be  a l i n e a r  combina t ion  of two l i n e a r l y  independent  hypergeometric 
funct ions  

TI(p) = p-'~F(m, m, I -4- 2m, t/p), 
T~(p) = p , , - l ( p _  t)F(t  - -  m, t - -  m, t - -  2m, t/p). 

Since 1 -  ~ p ~ p / 2 ,  the  h y p e r g e o m e t r i c  s e r i e s  f o r  T 160) c o n v e r g e s  un i fo rmly ,  whi le  T26o) is a po lynomia l  
of  d e g r e e  m .  Hence ,  the  g e n e r a l  so lu t ion  of Eq. (2.12) has  the  f o r m  

r(p) = c~rl(p) + c~r~(p). 

F r o m  the b o u n d a r y  condi t ions  (2.13), we obta in  the  in t eg ra t ion  cons t an t s  

cl = 0, c~ ~ (p/2)l-mF-l(l m, I m, t - -  2ra, 2/p). 

Changing to  the  v a r i a b l e  r ,  we obtain  

T (r) = rvn l (_~_r__ t ) F (t --m, t - -  m. t -- 2m. 2/pr) 
F( l - -m.  t - -m,  l--2m, 2/p)" 

F r o m  the l a s t  condi t ion  of (2.13), we find the ef fec t  of p e r t u r b a t i o n s  of the  boundary  on the f o r m  of the  
r ig id  c o r e  of  the  f low 

, ( q ) ) = ( ~ _ ) r a  F ( l - - m , l _ m , l _ 2 m ,  t) c 
F-Ti----~, i -----~i "---~, 27~)" osra~ + 0 @). 

C o n s i d e r  the  b e h a v i o r  of the  r ig id  c o r e  of  f low when the  p r e s s u r e  drop changes  f r o m  the  l eas t  value 
{p = 2) to  the  h ighes t  va lues  (p - -~ )  

2 (+) 'a  F ( t - - m ' t - - m ' t - - 2 m ,  t) cosraq~_4_O(62). (2.14) 
f (q)) = --~--~- 6 F ( t - - m , l - - m , t - - 2 m .  2/p) 

As p--*2 the b o u n d a r y  of  the  r ig id  c o r e  a p p r o a c h e s  the boundary  of  the  p e r t u r b e d  s u r f a c e  of the  tube f @ ) ~  1 + 
5 cos  mop. Since F ( a , b ,  c,  0 )=1 ,  it fo l lows f r o m  (2.14) that  lira f @ ) = 0 ,  i .e . ,  as  the  p r e s s u r e  drop  i n c r e a s e s  p~oO 

the d i m e n s i o n s  of the  r ig id  c o r e  d e c r e a s e  f @ ) - - 0 .  

F o r  the ve loc i ty  funct ion,  we obta in  two a p p r o x i m a t i o n s  

vz(r , t~)-~ ( l -  r ) [ ~ - ( : 1 - ~ - r ) - - t ] - ~ - S r m - t ( + r  t~ F ( l - - m , i - - m ,  t -- 2m, ~ eosrat9._~_ 0(~i2)" 
- ] - f - ~ = ~ ,  i = m ,  t - -2.~,  Ip J 

According to the analysis  c a r r i ed  out in [2], the flow of a viscoplast ic  medium is charac te r ized  by the 
fact that  for  a ce r ta in  rat io of the flow p a r a m e t e r s ,  at the peaks of the per turbat ions  (cos m e  = 1, r =  1 +6) there  
will be stagnant zones.  At these  points the condition on the stagnant zone [31 must  be satisfied, viz., 

Ovz(r, q))/On = 0 for r = t + ~l, r = 2nn/m. 

When th is  condi t ion  is sa t i s f i ed ,  we obtain  the  c r i t e r i o n  fo r  s tagnant  zones  to  a p p e a r  on the  r igid  bound-  
a ry  of the tube 

[ l . t  ~m--t 2 F(2--m, 2- -m,  2--2m, 2/p)]__._t. (2.15) 
~ . ( / r t - - l ) [  __ ~ P F ( t - - m , i - - ' ~ , , t - - 2 m ,  2/p) 

The c r i t e r ion  holds for  m > 1. and when m = 1 at the peaks of the depress ions  the condition on the rigid 
zone is sat isf ied identically. To find the cr i t ica l  re la t ion in this case  one mus t  obtain a second approximation 
for  the velocity function. 

It should be noted tha t  in th is  p r o b l e m  the  c r i t i c a l  p a r a m e t e r  6 .  is independent  of  the v i s c o s i t y  ~/. 

When the  p r e s s u r e  drop p changes  f r o m  the  l ea s t  value (p =2) to the  g r e a t e s t  va lues  p(p ~oo) the  c r i t i c a l  
va lue  of 5.  v a r i e s  in the  l imi t s  
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([ ( r a - - i  F ( 2 - - m ,  2 - - m ,  2 - - 2 m ,  l ) ) ] - - i  ( m - - t )  -1) 

F o r  s m a l l  va lues  of m ( m = 2 - 6 )  the c r i t i c a l  value of 6. f r o m  (2.15) i n c r e a s e s  mono ton ica l ly  within these  
l imi t s .  

3. Suppose the ex te rna l  c y l i n d e r  with a gene ra t i ng  s u r f a c e  r = R [ b  +6k2cos(m2~P +~P0)] m o v e s  with a con -  
s tant  ve loc i ty  v .  a long its axis ,  whi le  the in te rna l  c y l i n d e r  with a gene ra t i ng  s u r f a c e  r =R[1 +6kl cos  mlga ] r e -  
m a i n s  at r e s t .  We wil l  a s s u m e  that  in th is  e a s e  8 << i ,  ~ ,  ~2 N t, b >  i + 6(~1% ~.~). In a p r o b l e m  of p u r e  
s h e a r  be tween  two c y l i n d e r s  with s m a l l  longi tudinal  p e r t u r b a t i o n s  of the  bounda r i e s  in d i m e n s i o n l e s s  va r i ab le s  
the b o u n d a r y  condi t ions  have the f o r m  

vz(l 4-, 6~  cos tulip, tp) = 0, v~(b + 6~ ,  cos (m2tp + q~0), (P) = a-e, (3.1) 

w h e r e  a 2 =kR/~/v . .  

In th is  p r o b l e m  P =c ons t ,  so  tha t  a f t e r  expanding (1.7) in s e r i e s  in t e r m s  of the s m a l l  p a r a m e t e r  6 we 
obta in  a s y s t e m  of equat ions  fo r  the  z e r o t h  and f i r s t  app rox ima t ions  

d~.0 t dt~ t (3.2) 
dr z + V "~'r "~- "7 = 0; 

jr 

The bounda ry  condi t ions  a f te r  expanding (3.1) in s e r i e s  have the f o r m  

v ~ (1) = 0, v" (b) = a-2; ~" {1, r = - -  v~ (l) Xx cos mlq~, (3.3) 

v' (b, q~) ----- --  v ~ (b) ~ cos (m2r ~- (P0)" 

The  so lu t ion  of Eqs .  (3.2) with bounda ry  condi t ions  (3.3) have the f o r m  

v~ = q In r - -  r q- t,  q = (b - -  t + a-~)/ln b. (3.4) 

F r o m  the condi t ion  that  the r a t e  of d e f o r m a t i o n  should be pos i t ive  we obtain  the  fol lowing l imi ta t ion  on 
the  p a r a m e t e r s  of the p r o b l e m :  

/30 , r ~ 0 ,  i.e., r l n b ~ b - - l + a - ~ .  

Since 1 ~ r -<b ,  the  condi t ion  fo r  a flow of a v i s cop l a s t i c  m e d i u m  to  exis t  o v e r  the  whole  r eg ion  is 

b(ln b - -  t) q- t - -  a -~ ~ 0. (3.5) 

ff inequal i ty  (3.5) is v io la ted ,  a s tagnant  zone is f o r m e d  on the s u r f a c e  of the  ex te rna l  cy l inde r .  In this  
c a s e  the p r o b l e m  r e d u c e s  to  the  p r o b l e m  of ex t r ac t ing  a p e r t u r b e d  c y l i n d e r  f r o m  v i s cop l a s t i c  space ,  c o n s i d e r e d  
in [2]. In the  bounda ry  condi t ions  (3.1) it is n e c e s s a r y  to supp lemen t  the condi t ions  on the  s u r f a c e  of the  s t a g -  
rmnt zone [3], to  put ml  =m2, go0=0 , and a s s u m e  X 2 and b to be unknown, and to find t h e m  when solving the bound-  
a ry  value  p r o b l e m .  

We wil l  h e n c e f o r t h  a s s u m e  that  inequal i ty  (3.5) is s t r i c t l y  sa t i s f i ed .  The equa t ion  and boundary  cond i -  
t ions  fo r  the f i r s t  a p p r o x i m a t i o n  (taking into accoun t  (3.4), have the f o r m  

t 1 , O; ( 3 . 6 )  
V:rr -~- r / ) i r  -~ r 2 (1 -- r,q) 1)'+PEP = 

v'(t, q() = (t - -  q)~l cos mlq), v'(b, q~) = (1 --  q/b)~  2 cos (m~q) + %). (3.7) 

Separat ing the var iables  in (3.6) v' (r, r we obtain the following sys tem of equations: 

d 2 X / d q F  ~ p~X = 0, (3.8) 

T" ' t ~,, ~L~ T =  0. 
-T -7" * r ~ (1 - -  r,q) 

Hence  it  fo l lows that  

X,((p) = an cos PT~fP -- b.  sin ~t,,tp. 

In the  second  equat ion of (3.8) we will  m a k e  the  change  of va r i ab l e  r = q t ,  and we then  obtain for  T(r(t)) 
the  fol lowing h y p e r g e o m e t r i e  equat ion fo r  each e igenvalue/~n:  

t 2 (t - 1) T" + t (t - -  i )  T' § ~ r  = 0. 
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,2 

5 5 ~ T � 9  

F ig .  1 

The  g e n e r a l  s o l u t i o n  of  t h i s  equa t ion  i s  

T.  (t) = ci.$tt~ Ein ( ~ ,  ~ ,  i -~ 2it ~, t) ~ c2~ t-tt~ F2~ (-- ~ ,  --~t~, i --  2~.,  t). 

F r o m  the  b o u n d a r y  c o n d i t i o n s  (3.7) we  o b t a i n  

Ih --  ml, tt~ = m~, ~s = ~ = �9 - �9 = 0, a~ = t ,  a~ = cos %, 

a s = a 4  = . . .  = 0 ,  b, = 0 ,  b2 -= - - s in  %, b s = b , =  . . . = 0 .  

The  e i g e n f u n c t l o n s  w i l l  t h e n  b e  

a b l e s  

(3.9) 

X~(~) = cos mx% X~((p) = cos % cos m~(p - -  sin % sin m2q~ = 

= cos(m~(p + %). 

The  b o u n d a r y  c o n d i t i o n s  f o r  t h e  func t ions  (3.9) a r e  ob t a ined  f r o m  c o n d i t i o n s  (3.7) by s e p a r a t i n g  the  v a r i -  

Tl(t/q) = ~1(1 q), T~(b/q) = O, 
To(l/q) = O, r2(b/q) = ~,~(t --  q/b). 

S a t i s f y i n g  c o n d i t i o n s  (3.10) and d e t e r m i n i n g  the  i n t e g r a t i o n  c o n s t a n t s  we ob t a in  

Tk(r)=ct~, (q)m~'Fia(mh, mk, i + 2mh, r/q)-4-c2~, rl-"aF2h/ --mh, --ma, ( ~ ( t --  2ma, r/q), 

1 - - k  h - - 2  m h 2 - - k  - - t  cia----- (=- l )h+~a (t  - -  qb ) (qb ) F2~ (b /q) Dh , 
c2k = ( - -  t)k~h ( t  - -  qb '-~) (qb~-2) - ' ~  F~k (b2-a/q) D~', 

Da -= b-m~F~a (t/q) Fza (b/q) - -  b~"~F~a(b/q)F2~ (l/q), 

( 3 . 1 0  

in  wh ich  k =  1,2 i s  not  s u m m e d ,  and we  have  d e n o t e d  t h e  c o r r e s p o n d i n g  h y p e r g e o m e t r i c  func t ions  by  F i j ( r ) .  

Hence ,  w e  h a v e  o b t a i n e d  two a p p r o x i m a t i o n s  fo r  t h e  v e l o c i t y  func t ion  

vz(r, ~) = q in r - -  r ~ I -~- 5 [Tl(r) cos ml~ -}- r2(r) cos (m2~ + %)1 + 0({}2). 

If w e  c o n s i d e r  the  l i ne  v = c o n s t ,  0 -< v -<a  -2, t h e n  a p a r t  f r o m  s m a l l  t e r m s  of  the  s e c o n d  o r d e r  O (6 2) t h e y  
r e p e a t  the  c o n f i g u r a t i o n  of  t he  i n t e r n a l  c y l i n d e r  when  v = 0, and g r a d u a l l y  c h a n g e  to  the  c o n f i g u r a t i o n  of the  e x -  
t e r n a l  c y l i n d e r  a s  v i n c r e a s e s  to  a -2 .  ' 

We wi l l  o b t a i n  t he  c r i t e r i o n  f o r  s t a g n a n t  z o n e s  to f o r m  in the  d e p r e s s i o n s  of t h e  i n t e r n a l  c y l i n d e r  (cos m l ~  = 
- -1 ,  r = l - 6 X l ) ,  and on the  c o n v e x  p a r t s  of the  e x t e r n a l  c y l i n d e r  (cos (m2~ +~Po)=1, r = l  +5~2). A c c o r d i n g  to  [3], 
a t  t h e s e  p o i n t s  a t  t h e  i n s t a n t  when  a s t a g n a n t  zone  i s  f o r m e d  t h e  c o n d i t i o n a v z / ~ } r  =0 .  

On the  i n n e r  c y l i n d e r  s t a g n a n t  z o n e s  a r e  f o r m e d  when  the  fo l lowing  equa t ion  i s  s a t i s f i e d .  

�9 m,  ( 3 . 1 1 )  

On the  o u t e r  c y l i n d e r  s t a g n a n t  z o n e s  w i l l  f o r m  when  t h e  fo l lowing  c r i t i c a l  r e l a t i o n  b e t w e e n  the  f low p a -  
r a m e t e r s  h o l d s :  

0.~ [T~ (b) cos m, T'2 (b) -- q~/b ~] i (3.12) ( 2 ~ n - - % ) A -  = - - q / b ,  

c2~mk l ( r /q)_ ,~_  l [ F2k (r/q) 2~h-- , T'h(r)=clam, t(r/q)'~h-l[Ft~(r/q)~ 44- (r/q) ~ m t t  F~(r/q)] [ (r/q) n t- 1 - -  F2a :(r/q) j ,  

i f  F i k ( r / q )  = F ik (a ,  b,  c,  r / q ) ,  t h e n  F ' i k ( r / q )  = F i k ( a  +1,  b +1,  c +1, r / q ) .  
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The case  when only one of the cyl inders  is per turbed is obtained if in the solution we always put ~1 or  ~2 
equal to zero .  

By analyzing conditions (3.11) and (3.12) we see that the f i r s t  stagnant zone is formed at those peaks of 
the depres  sions of the inner cyl inder  fo rwhich  cos [(m2/ml)lr(2N + 1) +~P0) ] takes its g rea tes t  value, and for the 
outer  cylinder,  converse ly ,  when cos [(ml/m2)(2vn-~P0)] takes its least  value.  

Figure  1 shows the case  then m I =4, m 2 =8, and ~a0=0. On the surface  of the inner cyl inder  the stagnant 
zones are  formed in all depress ions  simultaneously,  since cos 2~(2n +1)= 1 for  any n. On the outer cyl inder  
stagnant zones a re  formed f i rs t  at points 1, 3, 5, and 7, since at these points cos n~r = -  1, and c r i te r ion  (3.12) 
is sat isfied for  the leas t  values of 5, .  

If m 1 and m 2 do not have a common divider, a stagnant zone is f i rs t  formed at one point. If m 1 =m2, s tag-  
nnnt zones a re  formed simultaneously at all peaks of the per turbat ions of the inner or  outer cylinder.  If for  
assigned p a r a m e t e r s  it turns  out that 5,1 < 6, 2, stagnant zones will f i rs t  be formed on the inner cylinder,  and 
if 5.1 > (5,2 stagnant zones will f i r s t  be formed on the outer  cylinder.  If 6,1 = 5 , 2  , stagnant zones wi l lbe fo rmed  
on the inner and outer  cyl inders  s imultaneously.  Eliminating 6 f rom (3.11) and (3.12) we obtain a relat ion be-  
tween the p a r a m e t e r s  for  the simultaneous format ion of stagnant zones on the rigid boundaries of both cyl inders .  
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R E L A T I O N S H I P S  B E T W E E N  T H E  C R E E P  S T R A I N  

I N C R E M E N T S  AND T H E  S T R E S S E S  

F O R  N O N S T A T I O N A R Y  L O A D I N G  M O D E S  

A.  F .  N i k i t e n k o  a n d  O. V.  S o s n i n  UDC 539.374 

It is known that the s imi la r i ty  of devia tors  of any t ensors  is a neces sa ry  and sufficient condition for a 
quas i l inear  isotropic relat ionship between them [1]. Experimental  investigations per formed in both domestic 
and foreign labora tor ies  on the c reep  in isotropic  mate r ia l s  in s tat ionary loading modes (under simple load- 
ing conditions for  plast ici ty) confirmed sufficiently well the s imi lar i ty  hypothesis between the deviators of the 
s t r e s s  t enso r  and the s t ra in  increment  t enso r  [2]. This just if ies extensive propagat ion of the theor ies  of p las -  
t ici ty and creep which a re  based on a quas i l inear  relationship between these t ensors .  The s imi lar i ty  between 
the deviators  of the above-mentioned tensors  is spoiled for nonstat ionary loading modes and its absence is 
apparently associa ted  with the nonlinear nature of the relation. The purpose of the experimental  investigation 
pe r fo rmed  is to set  up the regular i ty  of the deviation of the rat io between the creep s t ra in  increments  f rom 
the s imi la r i ty  condition and the s t r e s s  deviator  for  a step change in the s t r e ss  state with different combina-  
tions of the axial tension ~ and shear  T. 

The exper iments  were  pe r fo rmed  at room tempera tu re  on tubular  specimens (17- and 15-ram outer and 
inner  d iameters ,  respect ively ,  and 50-ram length of the working section). The initial blanks for the speci-  
mens  were  cut f rom 20-ram-th ick  slabs of one of the titanium alloys.  After fabrication, the specimens were 
not subjected to any heat t rea tment .  Some data on the elastoplastic p roper t i es  and the creep proper t ies  of 
this mate r ia l  a re  presented  in [3]. Despite a cer ta in  anisotropy in the creep proper t ies  of this mater ia l ,  the 
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