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S O M E  M O D E L  C A L C U L A T I O N S  O F  F R I C T I O N A L  

R E S I S T A N C E  I N  T H E  M O T I O N  O F  B O D I E S  W I T H  

B O U N D A R Y  L A Y E R S  O F  V A R I A B L E  V I S C O S I T Y  

A .  S.  V a s i l ' e v  UDC532.526 

Flows when a va r i ab l e  v i s cos i t y  is p r e sen t  in the boundary  layer  a r e  of g r ea t  i n t e re s t  f rom the applied 
aspec t .  In the opinion of a number  of authors  [1, 2], the mot ions  of m a r i n e  an ima l s ,  for  which mucus  e m e r g e s  
as a subs tance  reduc ing  the v i s cos i t y  of aqueous solut ions,  can a l so  s e r v e  as  analogs of such motions.  Some 
invest igat ions  devoted to these  quest ions have been published in [3]. 

In the p r e s e n t  r e p o r t  we give the r e s u l t s  of a theore t i ca l  invest igat ion of the poss ib le  d e c r e a s e  in f r i c -  
t ional  r e s i s t a n c e  during flow of the Couette type and dur ing s teady and nonsteady flow over  a f iat  plate when 
a t  its su r face  one a s s igns  a concent ra t ion  of some  subs tance  capable  of reducing  the v i scos i ty  of the solution 
which fo rms .  

1. Le t  the v i s cos i t y  v a r y  by the law (Fig. 1) 

1 for 0 ~ < l y l ~ - ~ ,  
k 

"r176 ch -1 -~ (y --  i -4- r for t - -  ct <~ [ y I ~< 1,. 

where  ~ is the th ickness  of the diffusional  boundary  layer ;  k is some  number  for which the re la t ive  v i scos i ty  
nea r  the su r face  is m i n i m a l  and equal  to V/Vo l y=  1 = 1 / c o s h  k. 

F i r s t  of al l ,  l e t  us cons ider  flow of the Couette type. In this case  

d / au'~ ~k,~)  = o, ~(I)--- I, ~(o)..~__y =o. 

The solut ion has  the fo rm 

k 
4. - -  ~ -k -~-. sh --ff (y - -  I A- ~) 

C(. 
l - - a §  

Hence, 

=m. 

August ,  1979. 

~ / T 0 = ( i - - ~ - k k s h k )  -~, 

where  r0 is the f r ic t iona l  s t r e s s  when v = v0. One can  a s c e r t a i n  that r / T 0  < 1 when ~, k > 0. HOwever, when 
= 0.1 and k = 1.7, which c o r r e s p o n d s  to v / v o l y =  1 = 0.35, the re la t ive  f r ic t ion is ~/r0 = 0.95. When c~ = 

0.1 and k = 3 ( V / V o l y =  I = 0.1), T/ r0  = 0.83; when c~ = 0.1 and k = 3.7 (V/Voly= 1 ---0.05), T/T 0 = 0.69. 

Thus ,  an  app rox ima te ly  th reefo ld  d e c r e a s e  in the v i scos i ty  near  the su r face  is n e c e s s a r y  for  a s igni f i -  
cant  d e c r e a s e  in r e s i s t a n c e  which could be  noticed expe r imen ta l ly  (by 5%). 

A s i m i l a r  r e s u l t  is obtained in an  ana lys i s  of Poiseui l le  flow. 

2. Le t  us cons ider  the ca se  of nonsteady motion.  Imagine  an infinite plate  suddenly s e t  into motion. 

The equat ion of mot ion and the equat ion for the diffusion in the boundary  l aye r  have  the f o r m  
i 
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Fig. 1 

Y 

TABLE 1 

0,3 0,85 
0,9 0,325 

I 0,88 
0,36 

d [ 0~] O~ o2c Oc (2.1) 
d% " ( ~ ) ~  : ~ '  z ~ = ~  ' 

where  • is the coeff ic ient  of diffusion; c 
sume that  the fo rm of the dependence v(c) 

The  boundary  conditions a r e  

is the concent ra t ion  of the subs tance  in the boundary  laye:c. We a s -  
of the v i scos i ty  on the concentra t ion  in Eq. (2.1) is given. 

u ~ c ~ - - 0  for t ~ O , O < y < - ~ c o ,  
u = 0, c = co for t ~ 0, y = 0, 

u =  U0, c =c0  for y : = 0 , 0 < t ~ o o .  

We seek  the solut ion in the fo rm 

u = V o u ( ~ ) ,  c = c~c01) ,  ~ = y / 2 V 7  

We obtain the s y s t e m  of equations 

[v(c)u'l' + 2~lU' = 0, c'" + 2 Prdqc" = O, 

where  v(c)  is the v i s cos i t y  no rmal i zed  to v0; P r d  = v 0 / •  is the diffusional  Prandt l  number .  

The solution has the fo rm 

[ i  ] / i  [ i  1} u = l - - ~ ( c )  exp - - 2  v -l(c)[~d~ dt v -l(c) exp - - 2  v -l(c)[~d[~ dt ~ (2.25 
0 0 . 

c =  i--V---2~d S exp(--t~)dt '  
0 

f r o m  which the r a t io  of shear  s t r e s s e s  is e x p r e s s e d  in the f o r m  

�9 /T o = ~ (c) exp 

If v ( c )  is a s s igned  in the fo rm 

v(c) -~ t~2ec  + 8c ~* 

(in this  case  the m i n i m um  v i scos i ty  is obtained for  e = 1, i .e . ,  at  the boundary,  and equals (1 - e)) ,  then a 
ca lcula t ion leads to the values  of */z0 given in Tab le  1. In the calcula t ion we did not use Eq. (2.35 but  n u m e r -  
ical ly  in tegra ted  (2.2) and found the quantity v 0 u /0y  I y= 0. 

Thus ,  in this  case  a l so  a d e c r e a s e  in v i scos i ty  by at l eas t  3O% is n e c e s s a r y  for a d e c r e a s e  in fr ic t ion by 
1 0-1 5%. 

�9 *We  note that  additions usual ly inc rease  the v i s cos i t y  of solutions.  T h e r e  a r e  subs tances ,  however ,  whose 
aqueous solut ions have a lower v i scos i ty  than that  of water .  An example  of such subs tances  is the mucus  a t  
the su r f ace s  of f ish  [3, 4]. The influence of mucus  has  a s ignif icant  place amo~lg the exis t ing hypotheses  about  
the m e c h a n i s m  of a poss ib le  d e c r e a s e  in the r e s i s t a n c e  to the mot ion of aquatic an imals .  
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3. L e t  us  c o n s i d e r  a n  a n a l o g  of  the  B l a s i u s  p r o b l e m  of  f low o v e r  a s e m i i n f i n i t e  p l a t e  for  the  c a s e  when  
a c o n c e n t r a t i o n  of  s o m e  s u b s t a n c e  c a p a b l e  of  d e c r e a s i n g  the  v i s c o s i t y  of  the  s o l u t i o n  which  f o r m s  i s  a s s i g n e d  
a t  the  s u r f a c e  of  the  p l a t e .  A s s u m i n g  t h a t  the  d e c r e a s e  in  v i s c o s i t y  is  p r o p o r t i o n a l  to the  change  in c o n c e n -  
t r a t t o n  and to the  v e l o c i t y ,  we  f ind t h a t  the  v i s c o s i t y  v a r i e s  b y  the  e x p o n e n t i a l  l aw  

v = v0e -ec, (3.1) 

w h e r e  c i s  t he  c o n c e n t r a t i o n  of  the  s u b s t a n c e ;  v0 i s  the  v i s c o s i t y  of  t he  u n d i s t u r b e d  s t r e a m .  

I n t r o d u c i n g  the  B l a s i n s  v a r i a b l e  ~ = y ~ / U ~ / v  o x and the  d i m e n s i o n l e s s  v e l o c i t y  c o m p o n e n t s  

f ~  , 
=x , .y _ t V - - ; -  (~/  - / ) '  

we reduce the equations of  mot ion and d i f fus ion to the system of o rd inary  d i f fe ren t ia l  equations 

I //,, = 0, c" + - - t 2P r Jc '  = 0 (3.2) {v (c)/~}' + ~ 

wi th  the  b o u n d a r y  c o n d i t i o n s  

f = f ' = O , c = t  for ~ = 0 ;  
f ' = i , c = O  for ! 1=oo .  (3.3) 

T h e  s y s t e m  of  e q u a t i o n s  (3.2) w i th  t he  b o u n d a r y  c o n d i t i o n s  (3.3) and  the  r e l a t i o n  (3.1) w a s  i n t e g r a t e d  
n u m e r i c a l l y  on  a c o m p u t e r  fo r  d i f f e r e n t  v a l u e s  o f  the  P r a n d t l  n u m b e r  P r d  and  the  c o n s t a n t  s .  

S o m e  c h a r a c t e r i s t i c  v e l o c i t y  p r o f i l e s  a r e  shown in F ig .  2: a) P r  d = 10: 1) q = 0.327,  s = 0.1;  2) a = 
0 .307,  ~ = 0.5;  3) ~ =  0.277,  s = 1.0;  4) ~ =  0.206;  s = 2 .0 ;  b) P r  d = 0 . f :  1) ~ = 0.31,  E = 0.1;  2) ~ = 
0 .262,  E = 0.5;  3) ~ =  0 .21,  s = 1.0;  4) ~ = 0 .13,  s = 2 .0 .  

T h e  v a r i a t i o n  in  t he  c o n c e n t r a t i o n  i s  shown in F ig .  3: a) s = 0.1;  1) P r  d = 10, a = 0.327; 2) P r  d = 1 .0 ,  
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= 0.323; 3) P r  d = 0.1, ~ =  0.31; b) e = 2.0: 1) P r  d = 10, ~ =  0.206; 2) P r  d =  1.0, a =  0.157; 3) P r  d = 
0.1, c~ = 0.126. 

We note that  when e = 0.1 and P r  d = 10 and 0.1 the co r respond ing  ve loc i ty  prof i les  differ  f r o m  B i a s -  
ins p ro f i l e s  by  no m o r e  than 2%. The  m o s t  in te res t ing  is the re la t ive  f r ic t ion  ~ / ~0 a t  the plate  su r f ace ,  
whe re  ~'o is the f r ic t ion  for  o rd ina ry  Blas ius  flow. The quantity ~-/r o is shown in Fig. 4 (curves  1-3 c o r r e -  
spond to P r  d = 0.1, 1.0, and 10), f r o m  which it  is s een  that  an o r d e r - o f - m a g n i t u d e  d e c r e a s e  in v i scos i ty  is 
r equ i r ed  for  an app rec i ab l e  d e c r e a s e  in r e s i s t a n c e ,  such as  by  50%. 

1. 

2. 

3. 

4. 
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D I A G N O S I S  O F  T H E  F U N D A M E N T A L  T U R B U L E N T  

C H A R A C T E R I S T I C S  O F  T W O - P H A S E  F L O W S  

A .  P .  B u r d u k o v ,  O.  N. K a s h i n s k i i  
V .  A .  M a l k o v ,  a n d  V .  P .  O d n o r a l  

UDC 532.529.5:532.574.8 

In the e x p e r i m e n t a l  invest igat ion of two-phase  gas  - l i qu id  flows the re  is today a not iceable shif t  f rom 
the m e a s u r e m e n t  of ave r aged  c h a r a c t e r i s t i c s  ( p r e s s u r e  drop,  ave r age  gas content,  and a v e r a g e  h e a t - t r a n s f e r  
coeff ic ient )  to the deta i led  study of the turbulen t  s t r u c t u r e  of the flow. What is of In te res t  is to de t e rmine  the 
loca l  va lues  of  gas  content ,  the phase  ve loc i t i es ,  the f r ic t ional  s t r e s s e s  a t  the wall ,  and pulsat ion and s p e c t r a l  
c h a r a c t e r i s t i c s .  

Among the m o s t  detai led inves t iga t ions  in this field we should include [1-3]. published dur ing the pas t  
few y e a r s ,  which give the r e s u l t s  of m e a s u r e m e n t s  of local  gas content and liquid and gas  ve loc i t i es ,  as  well  
as  the in tensi ty  of the ve loc i ty  pulsat ions .  The  work  is be ing  done main ly  by means  of a t h e r m o a n e m o m e t e r ,  
by  the e l ec t r i ca l - conduc t iv i ty  method and pa r t ly  by means  of opt ical  p robes .  

For  a number  of y e a r s  the T h e r m o p h y s i c s  Inst i tute  of the Siber ian  Branch  of the Academy of Sciences  
of  the USSR has  been  conducting detai led invest igat ions of the turbulent  c h a r a c t e r i s t i c s  of g a s - l i q u i d  flows. 
The  methods  used a r e  ba sed  on e l e c t r o c h e m i c a l  d iagnosis ,  which m a k e s  it poss ib le  to c a r r y  out m e a s u r e -  
merits of the a v e r a g e  values  and pulsat ions  of the tangent ia l  s t r e s s  a t  the wall  and a lso  to i nc rea se  the r e -  
solving power in the m e a s u r e m e n t  of phase ve loc i t ies .  In this way it is poss ib le  to supplement  to a c o n s i d e r -  
able  deg ree  the in format ion  obtained by  the methods ment ioned above and to obtain a m o r e  deta i led p ic ture  of 
the flow. 

In the p r e s e n t  study we desc r ibe  a method for  de te rmin ing  the ma in  c h a r a c t e r i s t i c s  of a g a s - l i q u i d  
flow. 

1. Tangent ia l  S t r e s s  at  the Wall.  The  e l e c t r o c h e m i c a l  method of de te rminIng  the tangent ia l  s t r e s s  at  
the wal l  [4-6] cons i s t s  in the following. Two e l ec t rodes  - a s m a l l  cathode and an anode - a r e  placed in a 
s t r e a m  of e l ec t ro ly t e  of a spec ia l  composi t ion.  The  cathode s e r v e s  as  a s enso r  for  de te rmin ing  the tangential  
s t r e s s  and cons i s t s  of a sma l l  s egmen t  of p la t inum or nickel  wi re  or  plate embedded f lush with the wall  of the 
channel.  The  appl ica t ion  of vol tage to the e l ec t rodes  s t a r t s  a rapid  e l e c t r o c h e m i c a l  reac t ion ,  which r e su l t s  in 
po la r i za t ion  of the cathode. For  the case  of the m o s t  widely used e l ec t ro ly te  composi t ion,  which cons is t s  of a 
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