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A n u m e r i c a l  solution is  obtained for  the s e l f - s i m i l a r  p r o b l e m  of a p lane  noniso thermal  bound- 
a ry  l a y e r  of dilute suspens ions  of  r igid el t ipsoidal  pa r t i c l e s .  

Let  us cons ider  the p lane  s teady l a m i n a r  flow of a dilute equal -dens i ty  suspension of r igid e l l ipsoidal  
p a r t i c l e s  n e a r  a hot o r  cold solid wall.  Let us hence a s sume  that  the heat  being l ibe ra ted  because  of v iscous  
d iss ipa t ion  is  negl igible  (the Prandt l  n u m b e r  of  the suspens ion is  P r  = 5.8); the coefficient  of  t h e r m a l  con-  
ductivity of  the suspens ion k i s  a phys ica l  constant  [1]. 

At Mgh Reynolds n u m b e r s  it i s  na tura l  to cons ider  the flow in the b o u n d a r y - l a y e r  approximation.  The  
equations of an i s o t h e r m a l  boundary  l a y e r  have been  obtained in [2] and a re  

( Ou ~-r -fffftjOu) =pUdU~-r -~y [(~-~-Pl  <n~ay> @ ~ 2 < n x n u > @ t t ~ < n x + n y  ~ o 2 ) 0_~] P u . + v  o.. + Ou ' (1) 
Oy 

O_~_u + Ov = o. (2) 
Ox Oy 

In the non i so thermal  flow case ,  the s y s t e m  (1), (2) should be  supplemented  by the energy  equation 
which i s  wr i t t en  in the approximat ion  taken as follows: 

OT OT 02T 
u - -  + v - - - -  = a - -  (3) 

Ox Og Og 2 

Neglect ing s ingula r i t i es  of  the in te rac t ion  be tween the suspended p a r t i c l e s  and the wal ls ,  let us take the 
boundary  conditions of the boundary-va lue  p r o b l e m  (1)-(3) as 

�9 u = v = 0 ,  T = T ~ ( x )  for g = 0 ,  
(4) 

u-+U(x), T--~T| for g-~co.  

Let  us use  the dis t r ibut ion functions of  the  e levat ions  of the pa r t i c l e  axis of s y m m e t r y ,  obtained for  
s imple  shea r  flow u = Ky, v = w = 0, K = const [3, 4, 5] by rep lac ing  K by 0u/by [2, 6], in taking the average  
in (1). 

The  non iso thermy of the flow is  r e f l ec t ed  in the t e m p e r a t u r e  dependence of the  dynamic coefficient  of 
v i scos i ty  of  the  solvent ~0 [7] and the coefficient  of  rota t ional  pa r t i c l e  diffusion D r [8], which a re  in the r h e -  
ological  constants  ~, ~1,/z2 and ~3: 

N0 = tt* exp [ - -  c (T - -  T| 

D r  kT �9 p [(2pZ - -1)  ln(p + ] / ~  l) - -  p V'p~-- l ].. (5) 
V~t o 4 (p4 __ 1) V p  s - -  1 

As in the case  of a Newtonian fluid, let  us  seek  s e l f - s i m i l a r  solutions of  the p r o b l e m  (1)-(4) by giving 
the ex te rna l  flow veloci ty  and the wall  t e m p e r a t u r e  d is t r ibut ion  as 
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U = CX m, T w ( x ) = T . .  + Txx" (6) 

(c, m, T, and n are constants). 

Int roducing the  s t r e a m  function ~ and going o v e r  to the new v a r i a b l e s  ~, ~, 0, connected with e, x, y, 
~, T by the relationships 

= ~/~ (m + l) cp ~-----~ 1// 2~t. cxrn+i ~ (~), 
2~,  gx  ~ , " r  (m + l )p  (7) 

T = T= + T~x n 0 (~), 

it can be  shown that  (1)-(3) have  a unique s e l f - s i m i l a r  solution for  m = 1 / 3 ,  n = 0. The  s e l f - s i m i l a r  p ro b l em 
is  formtt la ted as follows: 

"' o 
~,  ~t, OK 

where  

o ( 

0" § Pr q)O' = O; 

d ) = q ) ' = O ,  0 = I  for ~ = 0 ,  

(JD'--~I, O--+O for ~-+er 

(s) 

(9) 

l~ef f = [a @ Pl 
< n x n u >  n 2 2 n2-. . .a  ,, J n  2 + nt]>~ 

@ 
(lO) 

The  p r i m e  denotes  the de r iva t ive  with r e s pec t  to the s e l f - s i m i l a r  va r i ab l e  ~. 

The  ene rgy  equation (9) has  the follov~ing solution: 

t e x p ( "  Pr j * ( ~ ) ~ )  dg 
0 = 1 6 0 (11) 

0 0 

The boundary-va lue  p r o b l e m  for  the in tegrodi f ferent ia l  equation obtained a f te r  substi tut ing (11) into (8) 
was  solved by numer i ca l  i terat ion.  Taken as 0'(0) in each i t e ra t ion  is the value of this  function computed by 
means  of the  d is t r ibut ion ~ (}) obtained in the  p rev ious  i tera t ion.  Then the value of {b"(0) was  se lec ted  by a 
"ranging" method so that  the  boundary  condition for  @' would be  sa t i s f i ed  as } - -  ~ .  The  Cauchy p r o b l e m  
for  known 0'(0) and @ "(0) was solved by a modif ied  R u n g e - K u t t a  method with va r i ab le  spacing [9]. 

The r e su l t s  of computing @'(~) and ~ eff(~) for  aqueous suspens ions  of r ig id  el l ipsoidal  p a r t i c l e s  a re  
r e p r e s e n t e d  in Fig. 1A, B for  the following values  of  the p a r a m e t e r s  r =3/ab 2 = 10-6 m;  a /b  = 10, 25; iv = 
0.01; P r  = 5.8; T:r = 300~ solid l ines - T w = 2 8 0 ~  , dashed l i n e s - T w = 3 2 0 ~  

The  c h a r a c t e r i s t i c s  of i s o t h e r m a l  and non i so the rmal  boundary  l a y e r  of  a solvent  and suspens ion a re  
c o m p a r e d  in Tab le  1, where  

A = j ' [ l - - ( I ) ' ( ~ ) l d ~ ,  B=y( I ) ' (~ ) [ l - -~ ) ' (~ ) ]d~ ,  C = y ~ ' ( ~ ) 0 d ~ ,  F =  ,~eff_~,,(~) . 
0 o 0 ~ ,  j ~=0 

/ A 

a 

/ /  

o / 2 j t., 

o z 2 3 

Fig. 1. Dependence of ~' on ~ [a:p=10, b: 25] 
(A) and dependence of peff/P0 on ~ [dashed- 
dot line is for a Newtonian fluid] (B). 
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TABLE 1. Comparison between Isothermal and Nonisothermal 
Boundary-Layer  Characterist ics of a Solvent and Suspension for 
P r  = 5.8; /~, = 8.595" 10 -4 N" sec/m2; Too = 300~ 

r 
o'(o) 

~6 d 
~8 r 

pef~O) 
~ef/~* (o) 
A 
B 
G 
F 

Suspension p=10 

Tw=320 *K 

1,i76 
~I,074 

2,761 

1,543 

6,457.10-3 
7,511.10 -1 
7,372.10-1 
3,421.10-1 
1,854.10 -1 
8,837.10 -1 

a,% 

--4,60 
--1,41 

6,28 

1,32 

11,23 
11,23 
5,87 
6,25 

--1,35 
6,12 

TWo's300 vg I A, % 

8,857.10 -I  --4,53 

2,914 6,09 

9,517.10 -4 10,71 
1,107 1.0,71 

8,485.10 -1 5,49 
3,706.10 -1 5,85 

9,818.10 -1 5,83 

Tw-=280 ~ K 

5,941.10-' 
--9,268.10-I 

3,084 

1,720 

1,583.10-3 
1,841 

9,923.10~1 
3,980.10-i 
1,598.10-I 

1,094 

a.% 

--4,45 
--1,44 

5,60 

1,36 

10,17 
10,17 
4,97 
5,31 

--1,44 
5,27 

q~- (o) 
e' (o) 

~6 d 

pefi< o) 
Peff/P,(0) 
,4 
B 
G 
F 

Suspension ~=25 

Tw=320 ~ 

1,112 
--1,062 

3,087 

1,561 

7,255.10 -a 
8,441.10 -1 
7,885.10 -1 
3,720.10 -1 
1,829.10 -1 
9,394.10-1 

A.% 

--9,74 
--2,54 

18,84 

2,53 

24,99 
24,99 
13,24 
15,54 

--2,65 
12,82 

Tm--~300 *K 

8,522.10-I 

3,233 

1,060.I0-3 
1,233 

9,008.10-I 
3,997.10 -I  

1,051 

A% 

--8,14 

I7,68 

23,33 
23,33 
iI,99 
14,16 

13,30 

Two280 *K 

5,726.10-1 
--9,157.10-1 

3,408 

1,741 

1,749.10-s 
2,035 
1,047 

4,273.10-I 
!,578.10-1 

1,165 

a.% 

--7,91 
--2,62 

16,68 

2,56 

21,74 
21,74 
10,78 
13,05 

--2,62 
12,11 

The relative deviations of the boundary-layer  paramete rs  of the suspension from the corresponding Newton- 
ian fluid (solvent) pa ramete rs  are denoted by A, %. 

The results  presented show that the boundary-layer  thicknesses 5d, ST, 5*, 5**, 6 and the friction 
s t ress  Tw in the suspension are grea ter  than in the solvent, where this difference increases  with the growth 
in the elongation p = a/b of the suspended particle.  

N O T A T I O N  

U, velocity on outer limit of boundary layer; Pr = ~ . /p  a ,  Prandtl number of the suspension; p, density of the 
suspension; u, v, velocity components of the suspension in an orthogonal x0y coordinate system ordinarily 
used in boundary-layer  theory; #, #l, #2,/z3, theological constants, known functions [2] of parameters  char-  
acterizing the suspension; n x ;ny, components of the unit orientation vector  directed along the axis of sym- 
metry  of the suspended part icle;  < >, symbol of the averaging performed by using the distribution function of 
the elevations of the axis of rotation of the suspended part icle;  a, coefficient of thermal diffusivity of the 
suspension; T, absolute tempera ture  of the suspensmn; Tw, temperature  of the solid boundary; T~o, temper-  
ature of the suspension in the outer  flow; k, Boltzmann constant; V, volume of the ellipsoidal particle;  
p = a / b ;  a,  b, the major  and minor semiaxes of the ellipsoidal part icle;  p . ,  coefficient of dynamic viscosity 
of the solvent for T = Too ; ~, dimensionless independent variable; @, dimensionless s tream function; 0, 
dimensionless temperature;  ~ elf, effective viscosity of the suspension; 6d, dynamic boundary-layer  thick- 
ness; 6T, thickness of a temperature  boundary-layer;  5", displacement thickness; 5 '* ,  loss of momentum 
thickness; 6~*, "mixed thickness"; l-w, friction s t ress  on the wall. 
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VISCOELASTIC BEHAVIOR 

HIGH PRESSURE 

B. P. D~yachenko, A. 
and A~ I. Moiseev 

OF MINERAL OILS AT 

P .  S t a r o s t i n a ,  UDC532.135 

Resul ts  of an exper imenta l  study of shear  v iscoelas t ic i ty  of mine ra l  oils and a method for  ap- 
proximat ing  liquid re laxat ion spec t ra  by a genera l ized  Maxwell model a re  presented .  

The s t r e s s e d  state of an oil l aye r  in a heavily loaded rapidly moving e las tohydrodynamic f r i c t ion -pa i r  
contact can be desc r ibed  by the assumption of delay in es tabl ishment  of equi l ibr ium viscos i ty  upon a sharp 
change in p r e s s u r e  in the contact zone [1, 2, 3]. 

The  represen ta t ion  of liquid s t ruc tura l  equi l ibr ium-delay  p r o c e s s e s  by the  F r e n k e l ' - O b r a z t s o v  model 
for  gradual  p r e s s u r e  change [2] leads to the express ions  for  v iscos i ty  at the contact: 

= ~0 exp aP~ exp (-- ~uP1) (D 

and delay t ime:  
tret ---- ~10 expaPz. 

G| (2) 

The  p a r a m e t e r  p is defined in [2] f rom the equation 

G~t 
---- Ei (~cr - -  Ei (~1cr (3) 

'10 exp aP 1 

Here  Ei ( f i l~Pl)  is an exponential integral ,  which cons iders  the loading p reh i s to ry .  

In Eqs. (2) and (3) t he re  appears  the value of the instantaneous shea r  modulus of e las t ic i ty  Gin, which 
can be obtained f rom study of liquid re laxat ion spectra .  

It i s  known [4] that mine ra l  oils have continuous relaxat ion spec t ra  encompassing not less  than 5-8 
f requency decade. A phenomenological  r ep resen ta t ion  of this  behavior  in minera l  oi ls  is poss ible  within 
the f ramework  of the genera l ized  Maxwell model.  For  this model  the most  general  form of the complex 
modulus of e las t ic i ty  expanded into the re laxat ion t ime  spec t rum was emEloyed: 

n 2 2 n 

I + ~ ) ~  " (4) 

The components  of the complex modulus of e las t ic i ty  Gw and GN w ere  m e a s u r e d  at p r e s s u r e s  to 
6 .10  a N / m  2 at t e m p e r a t u r e s  of 17-100~ by quartz  tors ional  osci l la t ion re sona to r s  at f requencies  of 23, 43, 
80, and 126 kHz by  the method descr ibed  in [5]. Since this  f requency in te rva l  does not include the range 
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