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A fo rmula  is der ived  for calcula t ing the yield shea r ing  s t r e s s  in a thick emuls ion.  

When two immisc ib l e  liquids flow through a pipe,  they fo rm an emuls ion as a r e su l t  of turbulent  
mixing. An example  is the emuls i f ica t ion  of pe t ro l eum in wells  during inundation with water .  

P e t r o l e u m  emuls ions  in wa te r  a r e  usual ly  s tabi l ized by a s u r f a c e - a c t i v e  subs tance  dissolved in 
one of the l iquids.  Emuls ions  va ry  in s tabi l i ty ,  depending on the s t rength  of the adsorpt ion f i lms on the 
su r f ace  of globules .  It has been es tab l i shed  in a s tudy dealing with the rheological  p r o p e r t i e s  of s table  
emuls ions  [1] that  they obey the S h v e d o v - B i n g h a m  law of viscous  f r ic t ion,  which in the s imp le s t  case  of 
plane l a m i n a r  r ec t i l i nea r  flow along the 0x axis can be wri t ten as 

+ du 
~: ---- "Co ~ when "r T0; (i) 

when T < To, the fluidity vanishes  (du/dn = 0). 

When the s t reng th  of adsorpt ion f i lms on the globule su r faces  is low, which can occur ,  for example ,  
dur ing in t ra tubular  deemuls i f ica t ion  following the r emova l  of a s p h a l t i c - t a r r y  subs tances  f r o m  the globule 
su r f ace s  by a deemuls i f i e r ,  then the emuls ion loses  much of its s tabi l i ty  and becomes  s t ra t i f i ed  so  that  it 
is imposs ib le  to study its rheological  p r o p e r t i e s  under s ta t ic  conditions.  

Depending on the concentrat ion of the d i spe r sed  phase ,  emuls ions  a r e  c lass i f ied  into thin and thick 
ones.  In thick emuls ions  the globules a r e  in t ight contact  with one another  and, when such an emuls ion is 
under shea r ,  the globules a r e  de fo rmed  and this r equ i r e s  an ex t ra  s t r e s s  T 0, 

In o rde r  to de t e rmine  the yield shea r ing  s t r e s s  To, we will use the following model of a th ick e m u l -  
sion. A thick emuls ion will be defined a s o n e  where  the d i spe r sed  phase  cons is t s  of sphe re s  equal in d i a m -  
e t e r  and packed  so that  the cen te r s  of eve ry  eight in a c lus te r  fo rm a rhombohedron .  The var ious  poss ib le  
configurat ions of the sphe re s  f luctuate between two e x t r e m e  ones: the most  c lose ly  packed and the mos t  
loose ly  packed (without disrupt ion of the contact) .  The acute angle | of the rhombi  fo rmed  by the rho mb o -  
hedron edges va r i e s  f rom 3 / 2  to v / 3 .  The volume f rac t ion  of the d i spe r sed  phase  fi in such a thick e m u l -  
sion can be calculated as follows [2]: 

= (2) 
6(I ~ cosO)l,' 1 --  2cos(O 

As | va r i e s  f r o m  3 / 2  to ~ / 3 ,  accord ing  to (2), the volume f rac t ion  of the d i spe r sed  phase  ha a thick 
emuls ion va r i e s  f rom 0.524 to 0.741. When its concentrat ion falls  below that,  the globules will not be in 
t ight  contact  with one another  but can, instead,  move f r ee ly  re la t ive  to one another .  As the concentrat ion 
of the d i spe r sed  phase  i n c r e a s e s ,  we will cons ider  that  a phase  r e v e r s a l  occurs  and the d i spers ing  phase  
becomes  the d i spe r sed  one, with the concentra t ion of the l a t t e r  dropping below 0.259. Thus,  according  to 
our  model ,  an emuls ion  is th ick only as long as the concentrat ion of its d i spe r sed  phase  r ema ins  within 
0.524-0.741. 

We place  a thick emuls ion between two p l ane -pa r a l l e l  p la tes ,  one s t a t ionary  and the other  moving 
a t a  constant  veloci ty .  We r e f e r  the Car t e s i an  coordinates  to the s t a t iona ry  plate  so  that the l a t t e r  l ies  in 
the x0y plane while the other  plate moves  along the 0x axis .  We single out a volume e lemen t  xyz of the 
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Fig.  1. Relation be -  
tween ~0~/d and the 
concentra t ion of the 
d i s p e r s e d  phase .  

where  

emuls  ion, in the shape of a r ec tangu la r  para l le lep iped  bounded by planes 
pa ra l l e l  to the Car t e s i an  planes  a t  d is tances  x and y, r e spec t ive ly ,  f rom them.  
The n u m b e r  of globules in this volume is 

6~xuz 
r ~ _ . ~ _ . . - - - - . r - . . -  ~ 

z d  ~ 

We will cons ider  all  globules to de fo rm under shea r ,  changing their  
shape f rom spher ica l  to el l ipsoidal .  The degree  of globule deformat ion  de -  
pends on the magnitude of the acute rhombus  angle and, conforming to the 
g e o m e t r i c a l  concepts  introduced he re ,  the minor  s emiax i s  of the el l ipsoid 
will be  

(3) 

b = _ _  
dsin cc 

2 sin 0 ' 
(4) 

cos 0 
c~ = arc cos ----. 

e 
COS T 

(5) 

The ma jo r  semiax i s  can be de te rmined  f rom the condition that  the globule volume r e m a i n s  invariant:  

a :=  dsin ~ 0 (6) 
2 s in~ " 

F u r t h e r m o r e ,  using the well-known fo rmu la s  for  the su r f ace  a r e a  of a sphe re  and an el l ipsoid [31, 
we find the amount of su r f ace  var ia t ion  pe r  globule as the d i f ference  between the su r face  a r e a  of a sphe re  
and that  of an ell ipsoid:  

V/'l sin e cz ] 
sin ~r sin eO --2 . h f = :~d2 arc sin _ _ _  

k s i ~  V 1 sin ~ 0 

(7) 

The  work  expended on deforming  al l  globules contained in the sa id  volume e lement  of emulsion is 

.4 = Africa. (8) 

The ex t r a  s t r e s s  n e c e s s a r y  for  the init ial  s h e a r  is 

Afn~ 
T o = (9) 

xyz ctg O' 

where  xy  denotes the a r e a  e lement  on the moving plate to which an ex t r a  force  is applied n e c e s s a r y  for 
de forming  the globules within the volume e lement ,  and where  z cot |  denotes the d i sp lacement  of the moving 
pla te  which will r e su l t  in a comple te  deformat ion  of these  globules.  

Inse r t ing  (3) and (7) into (9), and taking into account  fo rmula  (2), we obtain 

%=20-c e)Vl +2coso tsin'o sin . I  sine  
~ t - ~in~---~ 

(io) 

The coeff ic ient  a / d  in (10) is a f rac t ion  of the concentra t ion of the d i spe r sed  phase ,  as shown in 
Fig.  1. This  cu rve  can be approx imated ,  within a 3% accu racy ,  by a s t r a igh t  l ine 

�9 d _ 0,195~ ~0102.  
a 

We thus have an equation for calculat ing the yield shear ing  s t r e s s  in a thick emuls  ion 

(il) 

~o~- 0,524 < ~ < o.v4t.  �9 o = i0 .195~  ~ 0.102) ~ -  
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N O T A T I O N  

are the distances between planes bounding a volume element of emuls ion; 
is the distance between plane-parallel planes; 
is the shearing stress;  
is the yield shearing stress;  
is the dynamic viscosity; 
is the shear rate gradient; 
is the acute angle of the rhombohedron sides formed by globule centers; 
is the number of globules contained in the volume element; 
are the ellipsoid semiaxes; 
is the diameter of a globulel 
is the change of globule surface due to deformation; 
is the work expended on deforming all globules within the volume element of emulsion; 
is the interphase s t ress ;  
is the volume fraction of the dispersed phase. 
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