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Resul ts  a r e  p resen ted  of a study of the v i scos i ty  and l imit ing shear  s t r e s s  of a d i spe r se  s y s t e m  
simulat ing the rheological  dynamics  of a mol ten fi lm in a heating chamber .  

The mel t ing of finely divided m a t e r i a l  under modern  p rac t i ce  is  in some ins tances  c h a r a c t e r i z e d  by the 
p re sence  of a moving f i lm on the walls  of the mel t ing  chamber .  The f i lm is  a rheological  d i spe r se  sys t em.  
The mel t  const i tutes  the d ispers ion  med ium and sepa ra t ed  solid pa r t i c l e s  make up the d i spe r se  phase .  

Improvemen t  of the re l iab i l i ty  and eff ic iency of mel t ing  units r e q u i r e s  study of the rheological  c h a r a c t e r -  
i s t ics  of v i scoplas t ic  m e l t - s o l i d - p a r t i c l e  s y s t e m s .  For  a s y s t e m  desc r ibab le  by the Shvedov-B ingham model ,  
such c h a r a c t e r i s t i c s  a re  the l imit ing shear  s t r e s s  T 0 and the r e l a t ive  v i scos i ty  #/P0 (the r a t io  of the p las t ic  
v i scos i ty  to the v i scos i ty  of the d i spers ion  medium).  

Analysis  of the rheology of this s y s t e m  sugges ts  that  T 0 and p/tto are  functions of tt 0, the volume fract ion 
of solid phase  V, pa r t i c l e  s ize d, and seve ra l  other f ac to r s .  The la t ter  f ac to r s  may  be cons idered  negligible 
in the f i r s t  approximat ion .  

Quest ions r e l a t ed  to modeling the phase  t r ans fo rma t ion  of pa r t i c l e s  in conducting Theological inves t iga -  
tions of a m e l t - p a r t i c l e  s y s t em  a re  e x t r e m e l y  compl ica ted  and have yet  to be addressed .  Thus, the Theology 
of the film may  be s imulated,  if not modeled.  We chose a me l t  of sodium s i l ica te  (53% SiO2, 47% Na20) with 
an addition of corundum par t i c les  to s imula te  the d i s p e r s e  s y s t e m .  The dependence of the v i scos i ty  of the me l t  
on the t e m p e r a t u r e  T is known: 

/~o = 23.37 exp (--8.69.10 -3 ( T - -  1173)). (1) 

We chose pa r t i c l e s  s izes  of 0.315-0.500 m m  for the expe r imen t s .  Fixing d r educes  the empi r i ca l  p r o -  
b lem to de termining the two-fac tor  r e la t ions  T0(V , P0) and p/#0(V, P0). 

Under the conditions of the expe r imen t s  (t ime no longer  than 4 h, t e m p e r a t u r e  below 1470~ the corund-  
um hardly dissolved in the sodium s i l ica te .  This  is  the r e a s o n  we se lec ted  it as the so l id-phase  m a t e r i a l .  
Study of the sys t em allows us, in a f i r s t  approximat ion ,  to evaluate  the rheological  cha r ac t e r i s t i c s  of the f i lm 
in the mel t ing chamber .  

T h e f a c t o r V h a d v a l u e s o f 0 . 2 4 ,  0.31, and 0.38 in the t e s t s .  P r e l i m i n a r y  select ion of values  for  #0 was 
difficult. As a resu l t ,  we made m e a s u r e m e n t s  for s eve ra l  va lues  for #0 at each level  of V, here  having had to 
ensure  that the individual s e r i e s  of #0 values  over lapped.  Assuming  that this r e q u i r e m e n t  is met ,  the method 
of fac tor ia l  exper iment  planning can be used in s ta t i s t i ca l ly  analyzing the t e s t  data. 

The expe r imen t s  we re  conducted on a VTI h i g h - t e m p e r a t u r e  v i s c o m e t e r  [1]. It became  c lea r  during the 
exper imen t s  that, during prolonged deformat ion  of the d i spe r se  sys t em,  its r e l a t ive  v i scos i ty  and m a x i m u m  
shear  s t r e s s  r e m a i n e d  constant for the f i r s t  10 min and then dec reased ,  despite  the constancy of 
#0 and V. If the s y s t e m  were  kept stil l  for 20 rain, then #//z 0 and r 0 would r e tu rn  to thei r  or iginal  va lues .  Thus,  
the s imulat ing sy s t em  has  a r e v e r s i b l e  s e l f -de s t ruc t i ve  s t ruc tu re .  The per iod  of deformat ion  of the film as a 
d i spe r se  sy s t em is equal to the t ime  of mel t ing of the pa r t i c l e s  of the d i spe r s e  phase,  so that  it is significantly 
l e s s  than the t ime  requ i red  for the beginning of breakdown of the s t ruc tu re .  Due to this,  the m e a s u r e m e n t  
cycle for de termining the flow curve was no longer  than 10 rain, and the s y s t e m  was lef t  standing at  l eas t  20 
rain before  each cycle .  

The expe r imen t s  showed that the d i spers ion  medium is  a Newtonian fluid and that the rheology of the 
d i spe r se  sy s t em is  adequately desc r ibed  by the Shvedov -B ingham model  (Fig. 1). The r e s u l t s  of ana lys i s  of 
the empi r i ca l  data a r e  shown in Table 1. 
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Fig. i. Flow curves of the disperse system at V = 0.38 for different 

#0: i) P0 = 4.88; 2) 4.10; 3) 3.46; 4) 2.91; 5) 2.44. ~-, Pa; y, sec -i, #0, 

P a  �9 s e c .  

F ig .  2. The  r e l a t i o n  V0(#0). The po in t s  c o r r e s p o n d  to the  p a r a m e t e r s  
of  the  e x p e r i m e n t s .  

T A B L E  1. V a l u e s  of  R e l a t i v e  V i s c o s i t y  and M a x i m u m  S h e a r  S t r e s s  

T 1333 I 1353 1373 1393 1413 1433 

~o 5,82 t 4,88 4,10 3,46 2,91 2,44 

V ] ~/~o % P/~o % P/Po to 
m 

I 

0,38 

0,31 

0, 24 

~/Po to 

26,0 65,0 
27,9 57,3 

18,6 23,7 
19,3 25,3 

41,5 

24,0 
24,7 

12,3 
13,8 

100,0 41,3 
40,0 

38,9 ] 17,7 
31,4 [ 17,0 

20,3 
10,12 8,08 
9,62 

51,0 ] 39,7 
60,5 I 41,5 
14,2 I 
23,1 / 
14,2 
3,65 

29,0 
41,3 

plpo ~o 

31,3 21,6 
34,8 26,5 

p/p0 vo 

24,9 15,6 
24,9 17,7 

Approximation of #/I~ o as a function of two variables by a second-degree polynomial, done on a Mir-2 

computer for the entire set of empirical data, did not adequately describe the test results. Use of the condi- 

tion P/#0 (V = 0) = i, giving six additional points, also failed to produce the desired result, as did an attempt 

to approximate the data in the form of In (#/#o). 

Qualitative analysis of the test data shows that, for V = 0.38, the value of #/#0 increases significantly 

in the region P0 < 3.46 Pa. sec but remains constant with a further increase in P0- This sharp change in the 

character of the function #/#0 = if#0) is one of the main obstacles to satisfactory analytical description of the 

entire volume of empirical data. 

With V = 0.38 and #0 > 3.46 Pa. sec, the experimental points #/#0 lie almost on a horizontal straight line 

P/#0 = 40.8. If this relation is extrapolated to P0 = 5.82 Pa. sec, i.e., if we suppose that P/#0 = 40.8 at V = 0.38 

and #0 = 5.82 Pa- see, then an orthogonal central factorial plan (OCFP) can be used in the range P0 -- 4.10-5.82 

Pa �9 see to analyze the data. An OCFP can be used here because the temperature levels at which the tests were 

conducted were separated by a constant interval of 20~ this interval performing the role of the interval of 

variation. 

Judging from preliminary estimates, it would be most expedient to seek a regression equation for In (p/ 

P0) as a function of the arguments X i = (T - 1353)/20 and X 2 = (V - 0.31)/0.07. A check by the t-criterion shows 

that the coefficients in the quadratic terms are insignificant. In sum, by expressing T from (I) and substitut- 
ing into the formula for Xi, we have 

V/Fo : exp (3.134 + 0.208X~ + 0 ,590X~-  0,210X~X~), (2) 

Xi = - -  9 - -  5,75 In (po/23.37), Xz : (V - -  0,31)/0,07. 

The m a x i m u m  s h e a r  s t r e s s  i s  s een  in d i s p e r s e  s y s t e m s  with  a s o l i d - p h a s e  con ten t  above  a c e r t a i n  l i m i t -  
ing l e v e l  V o. Thus ,  to  e n s u r e  good a g r e e m e n t  be tw e e n  the  c o r r e l a t i v e  r e l a t i o n s  p h y s i c a l l y  d e s c r i b i n g  the t e s t  
da ta ,  we need  to  add po in t s  s a t i s f y i n g  the  cond i t ion  
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~0 (~0, V0) = 0 (3) 

The values of V 0 for tt 0 = 5.82, 4.88, and 4.10 Pa �9 see are determined from the test results by the least- 
squares method and are 0.20, 0.21, and 0.22, respectively. 

The test data on To, together with the three points satisfying condition (3), are described by the following 
regression equation: 

To ~ 439 - -  99~t o + 5.4~ ~ 2062V -b 2414V 2 -}- 237poV. (4) 

A check by F -  and t - c r i t e r i a  shows the s ta t i s t ica l  adequacy of this equation and the signif icance of all 
of i ts  coefficients .  

The exper imenta l  r e s u l t s  lead us to conclude that  the v i scos i ty  of a d i s p e r s e  s y s t e m  depends nonl inear ly  
on the v iscos i ty  of the d ispers ion  medium,  so that  the ra t io  lz//~ 0 is  a function of two a rgument s ,  IZ 0 and V, 
r a the r  than one - V - as has  been suggested by seve ra l  works .  

Let  us turn our attention to the cha rac t e r  of this function: the dependence of #/IZ 0 on lZ 0 d e c r e a s e s  with 
an inc rease  in V, and even becomes  degenera te  when V and/z 0 i nc rea se  s imultaneously:  at  V = 0.38, the re  is  no 
change in #/#0 for #0 > 3.46 Pa  �9  The cha rac t e r  of the t e s t  data shows that  the degenera t ion  of/~/#0 (V,/z 0) 
into a function of a single a rgument  tz/IZ 0 (V) may  also occur  at V < 0.38, when the value of/z 0 is higher than 
5.82 P a .  sec,  i .e . ,  there  is a region of (V,/z 0) in which the two- fac to r  re la t ion  #/IZ 0 (V, #0) degenera tes  into a one 
factor  relat ion/~/#0 (V). The tes t  r e s u l t s  in this reg ion  qual i tat ively co r respond  to the exp res s ions  for/z//z 0 
cited in the other works .  

Thus, on the whole the r e s u l t s  obtained do not contradict ,  but r a t h e r  add to and expand the avai lable  
information on the hydrodynamics  of d i spe r se  s y s t e m s .  The r e a s o n s  for  the substant ia l  quanti tat ive di f ference 
of #/#0 f r o m  lmownes t ima tes  a re ,  f i r s t ,  a range  of values  which exceeds  the r a n g e s  invest igated in [2, 3, etc.] 
and, second, a different  m e c h a n i s m  governing the appearance  of the solid phase  in the me l t  compared  to [4, 5]. 
This difference in m e c h a n i s m s  affects  the cha rac t e r  of in terac t ion  of the pa r t i c l e s .  

I t  follows f rom the tes t  that the m a x i m u m  shear  s t r e s s  is  also a function of two a rgument s ,  the v i scos i ty  
of the d i spers ion  medium and the volume f rac t ion  of solid phase .  This  is  cons is tent  with the conclusion r eached  
in [5]. The fo rmula  obtained he re  (4) makes  it poss ib le  to es tab l i sh  the re la t ion  V0(go). F igure  2 shows the 
curve of V0(~0). The invest igated d i spe r se  s y s t e m  mani fes t s  p las t ic  p r o p e r t i e s  in the reg ion  above this  curve .  

No rheological  s y s t em  s imi l a r  to the one studied he re  has  prev ious ly  been inves t igated.  The value of ~'0 
differs  sharp ly  f r o m  the values  for other types  of d i spe r s e  s y s t e m s ,  which p rec ludes  the applicat ion of pub-  
l ished r e s u l t s  of  s tudies of other theologica l  media  to evaluating the m a x i m u m  shear  s t r e s s  for conditions 
in a mel t ing chamber .  

Thus,  the r e s u l t s  obtained in the p re sen t  expe r imen ta l  study cu r ren t ly  m o s t  c lose ly  approx imate  the 
rheological  dynamics  of f i lm in mel t ing  c h a m b e r s .  
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