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The authors examine a means of describing uansport processes in a 
gas suspension, based on determination of the rate of change of trans- 
port potential fields. 

Much ex i s t i ng  and newly des igned  power  and t ech-  
no log ica l  equ ipment  is  c h a r a c t e r i z e d  by p r o c e s s e s  
involving i n t e r p h a s e  t r a n s f e r  of energy  and m a s s  in 
c o a r s e l y  d i s p e r s e d  gas  suspens ion  f lows.  

The d e v e l o p m e n t  of me thods  fo r  eng inee r ing  c a l -  
cu la t ions  of the s i z e  of such equipment  p r e s u p p o s e s  
the f o r m u l a t i o n  of laws  of space  and t ime  v a r i a t i o n  
of t r a n s p o r t  po ten t ia l  f i e lds  ( t e m p e r a t u r e ,  c h e m i c a l  
po ten t ia l ,  f lux ene rgy) .  

The c o n s i d e r a b l e  c o m p l i c a t i o n s  s t e m m i n g  f rom 
the mu l t i p l i c i t y  of v a r i a t i o n s  and the inadequate  s tudy 
of the componen t  p r o c e s s e s  a r e  ev idenced  in the given 
c a s e  by  the v a r i e t y  of me thodo log ica l  s y s t e m s  [1 -4 ] .  
We may  a l so  r e m a r k  Upon the b a s i c  d i f f icu l ty  of m a i n -  
ta in ing  the i n v a r i a n c e  du r ing  mode l ing  [4]. 

We wil l  c o n s i d e r  a gas  su spens ion  s t r e a m  to be a 
q u a s i - h o m o g e n e o u s  m e d i u m  with d i s t r i b u t e d  s o u r c e s  
o r  s inks .  R e c o n s t r u c t i o n  of the  f i e ld s  of po t en t i a l s  
O i in the s t r e a m  of f lu id  is  a consequence  of i n t e r -  
ac t ion  with the d i s p e r s e  phase  f r o m  t ime  T = 0. The 
in i t i a l  condi t ions  a r e  t h e r e f o r e  c h a r a c t e r i z e d  by a 
def in i te  d i s t r i b u t i o n  of t r a n s p o r t  po t en t i a l s ,  depending  
on the flow p r e h i s t o r y  and on the condi t ions  of t h e r m a l  
and t e chn i ca l  coupl ing:  

O~-. f (x,  .~, z, % (1) 

A s p e c i a l  c a s e  of in i t i a l  condi t ions  may  be  | = cons t ,  
i .  e . ,  an e q u i l i b r i u m  condi t ion  of the s t r e a m .  

When a d i s p e r s e  phase  is  in t roduced  into the s t r e a m  
(l iquid d r o p s  o r  so l id  p a r t i c l e s ) ,  a r e c o n s t r u c t i o n  of 
the po ten t ia l  f i e l d s  beg ins ,  th is  be ing  a r e l a x a t i o n  p r o -  
c e s s .  

The r a t e  of r e c o n s t r u c t i o n  ( r e l a x a t i o n  ra t e )  is  de -  
t e r m i n e d  by  the in t ens i ty  of t r a n s f e r  in the s t r e a m ,  
which is a s y s t e m  tending  t o w a r d s  a new e q u i l i b r i u m  
condi t ion .  

The t ime  r e q u i r e d  to c r e a t e  the new e q u i l i b r i u m  
s t a t e  depends  on the t r a n s f e r  coe f f i c i en t s  in the s t r e a m ,  
a s  wel l  a s  on the d e g r e e  of the o r i g i n a l  (at  T = 0) d e -  
v ia t ion  of va lue s  of | f r o m  the e q u i l i b r i u m  va lue  when 
the d i s p e r s e  phase  was in t roduced .  This  dev ia t ion  is  
d e t e r m i n e d  by  the p o w e r  of the s o u r c e s  o r  s inks ,  i . e . ,  
by  the s i z e s  (and the s i z e  d i s t r i bu t ion )  of p a r t i c l e s  of 
the d i s p e r s e  phase ,  the mo t ive  f o r c e  of i n t e r p h a s e  

t r a n s f e r ,  and the r a t e  of i n t e rna l  r e c o n s t r u c t i o n  of 
the po ten t i a l  f i e l d s  in the p a r t i c l e  vo lume .  This  l a s t  is  
d e s c r i b e d  by the Blot  n u m b e r  Biq(m) = C~q(m) d/Xq(m).  

To a c c e l e r a t e  the r e c o n s t r u c t i o n  of the potent ia l  
f i e lds  we m u s t  t ry  to r educe  Biq(m),  and a l so  to c r e a t e  
condi t ions  fo r  m o r e  in tense  t r a n s f e r  in the d i s p e r s e  
me d ium.  Cons ide r ing  the gas  su spe ns ion  to be  q u a s i -  
homogeneous ,  the f lux of the c o r r e s p o n d i n g  subs t ance  
may  be  wr i t t en  as  

I J~176 Qq(,,,~ = ~ Cq(,,,)pdVd-r, (2) 

0 V  

where  

D 0,. 1 div (;~ grad O) ~ r (3) 
d "~ Cq I~ 9 Cq I~ P 

In cases whe re  the re  is a notab le  i n t e r a c t i o n  of t r a n s -  
p o r t  p r o c e s s e s ,  we i n s e r t  ahead of the d iv i s ion  s ign  
a l i n e a r  r e l a t i o n  conta in ing  t e r m s  tak ing  i n t e r a c t i o n  
into account  [5]. 

In o r d e r  to ana lyze  a s y s t e m  of t r a n s f e r  equa t ions  
of type  (3) t o g e t h e r  with the bounda ry  cond i t ions ,  wi th-  
out  knowledge of the k ine t ic  coe f f i c i en t s ,  we r e q u i r e  
to know the spec i f i c  r e l a t i o n s  

co ~ o~ (x,  y ,  z ,  ~). (4 )  

Of c o u r s e ,  the d e t e r m i n a t i o n  of the g e n e r a l  o r  p a r -  
t i c u l a r  so lu t ions  of the s y s t e m  is  a p p r e c i a b l y  s i m p l i -  
f ied  fo r  o n e - d i m e n s i o n a l  c a s e s ,  and even m o r e  so fo r  
s t a t i o n a r y  (or  q u a s i - s t a t i o n a r y )  c a s e s .  This  o c c u r s ,  
f o r  e x a m p l e ,  in the i nves t iga t ion  of the s t e a d y - s t a t e  
r e g i m e s  of idea l  expuls ion  equ ipment  [6]. 

In some  c a s e s  a t h e o r e t i c a l  d e t e r m i n a t i o n  of the 
f o r m  of r e l a t i o n  (4) is  p o s s i b l e .  This  m a y  be  done 
c o m p a r a t i v e l y  s i m p l y  fo r  c a s e s  of " d r y "  hea t  t r a n s f e r ,  
if Biq < 0.1 and we ne g l e c t  i n t e r a c t i o n  and mix ing  of 
the p a r t i c l e s .  

However ,  e x p e r i m e n t a l  d e t e r m i n a t i o n  of (4) i s  
m o r e  l i ke ly  to be  r e q u i r e d .  This  a pp l i e s  e s p e c i a l l y  
to c a s e s  of t r a n s f e r  in gas  s u s p e n s i o n s ,  c o m p l i c a t e d  
by p h y s i c a l  and c h e m i c a l  and by  s t r u c t u r a l  and m e -  
chan ica l  t r a n s f o r m a t i o n s .  We have in mind,  fo r  ex-  
a m p l e ,  the c a s e  of s p r a y  d ry ing ,  a c c o m p a n i e d  by  
f o r m a t i o n  of d r y  p a r t i c l e s ,  by  the complex  k ine t i c s  
of e v a p o r a t i o n  and hea t ing  of d r o p s .  F o r  the e x p e r i -  
men ta l  d e t e r m i n a t i o n  of t r a n s p o r t  po ten t i a l  f i e l d s  in 
gas  su spe ns ion  s t r e a m s ,  the me thods  deve loped  at  
the Moscow P o w e r  E n g i n e e r i n g  Ins t i tu te  [9 -11]  m a y  
p r o v e  usefu l ,  a s  well  as  the we l l -known  methods  [7 ,8] .  

The p r o p o s e d  method  of d e t e r m i n i n g  the mean  t e m -  

p e r a t u r e s  of p a r t i c l e s  o r  d r o p s  is  b a s e d  on s e a l i z a t i o n  
of the c o m p e n s a t i o n  p r i n c i p l e  fo r  a th rough- f low d i f -  
f e r e n t i a l  c a l o r i m e t e r  (F ig .  1). The c a l o r i m e t e r  con-  
s i s t s  of a channel  1 a long which a hea t  t r a n s f e r  agen t  
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3 is caused to flow, this being chemical ly  iner t  with 
r e spec t  to the substance of the pa r t i c l e s  or  drops .  The 
heat t r ans fe r  agent is introduced into the channel 
through the tube 4 and removed through tube 8. By 
means of measurement s  of t empera tu re s  T 1 and T2, 
a de terminat ion  is made of the minimum dis turbance  
introduced into the s t r eam by the moving pa r t i c l e s  or  
drops .  The des i r ed  t empera tu re  is assumed to be equal 
to the mean t empera tu re  in the sect ion of the c a l o r i -  
me te r  channel between T 1 and T 2. For  measuremen t  
of the t empera tu re  of the s t r eam,  the motion of which 
is produced by a b lower  5, a hea te r  6 and a mixing de-  
vice 7 a re  provided.  The s izes  of the channel 1, the 
inlet ape r tu re  2, the f lowrate  of liquid, and the thick- 
ness  of the insula tor  may be de te rmined  by ord inary  
ba lance  ca lcula t ions .  

F o r  measuremen t  of the t empera tu re  of the gas 
s t r e a m  in cases  when protect ion of the t empera tu re  
sensor s  f rom the action of pa r t i c l e s  or  drops with the 
aid of iner t ia l  sys t ems ,  gr ids ,  e t c . ,  proved ineffective,  
the following method of measu remen t  is recommended.  

The bas i s  of the method is the pr incip le  of mini-  
mizat ion of the d is turbance  introduced into the t em-  
pe ra tu re  field of the s t r e a m  being analyzed due to je t s  
of the var iab le  t empe ra tu r e  control  s t r eam.  

A var iant  of the bas ic  scheme is shown in Fig.  2. 
A s t r eam whose t empera tu re  may be var ied  with the 
aid of hea ter  4 or  mixer  5 is injected through tube 1 
into the s t r eam under examination,  which is confined 
by the walls ,  the var iab le  s t r e a m  being dr iven through 
tube 3 by blower  2. Inside the tube is located a t em-  
pe ra tu re  sensor  (e. g . ,  a thermocouple) to measu re  
T 1. In addition, outside the tube there  a r e  s enso r s  T 2 
and T3, T~ being outside the influence of the control  
je t  s t r e am,  while T 2 is washed by the jet .  With the 
object ive of minimizing the influence of control  s t r eam 

�9 humidity on the readings  of T 2 and T~, the s enso r s  
were  continuously washed with a nonaqueous liquid 
(e. g . ,  toluene) to r emove  any pa r t i c l e s  (or drops) ad- 
her ing to the i r  su r faces .  

The ini t ia l  veloci ty  of the control  s t r eam je t  should 
be about equal in magnitude to that of the s t r e a m  being 
examined and is de te rmined  by two main cons ide ra -  
tions: 

1) The dynamic action of the je t  on the s t ruc tu re  of 
the main s t r e a m  mus t  be a minimum. 

2) The f lowrate  of the control  s t r e a m  must  produce 
measu rab l e  t empe ra tu r e  d i f ferences  in the immedia te  
vicinity of the tube, with negligibly di f ferent  control  
and main s t r e a m  t e m p e r a t u r e s .  

The minimum value of the measu rab l e  di f ference 
of the readings  of the sensor s  T1 and T 2 co r responds  
to equal s t r e a m  t empe ra tu r e s .  The t empe ra tu r e  of 
the control  s t r eam,  measu red  at that t ime with the 
aid of T~, is equal to the de s i r ed  t empera tu re  of the 
main s t r e am,  this being a mean for  the volume im-  
media te ly  adjoining the tube. 

The e lements  of the equipment must  be spec ia l ly  de-  
signed for  each specif ic  case ,  as a function of the level  
of the measured  t e m p e r a t u r e s ,  the ve loc i t ies  of the 
s t r e a m s ,  the co r ro s ive  p rope r t i e s  of the medium, etc. 

Fo r  measurement  of the mean veloci t ies  of drops 
(or par t ic les )  a method is suggested which is based 
on the use of a moving trap,  equipped with a high- 
speed shut ter  and with i ts inlet aper tu re  facing the 
drops  (or par t i c les ) .  The axis of the t rap is located 
along the d i rec t ion  in which the velocity is de termined.  
The t r ap  is t r ave r sed  by a special  dr ive  mechanism,  
whereby, during motion toward the drops  (or pa r t i -  
cles} being caught, i ts  inlet  ape r tu re  is open, and 
during p rog re s s  in the r e v e r s e  d i rec t ion- - i t  is c losed.  
The measured  weight of pa r t i c l es  prec ip i ta ted  in the 
t r ap  when at r e s t  is l e ss  than the weight of pa r t i c l e s  
caught when the t rap  is moving toward the pa r t i c l e s ,  
by the same fac tor  as the velocity of the pa r t i c l e s  is 
l e ss  than the sum of the veloci t ies  of the pa r t i c l es  and 
the velocity impar ted  to the t rap,  i . e . ,  

6'/6" = v ,(up+ ~t) (5) 

Hence the des i r ed  value Vp is de termined.  
Fo r  rapid  wide measuremen t  of the s ize  spec t ra  

of drops  of a d i spe r sed  liquid, a fas t  method is r e c -  
ommended, based  on the fact that the kinet ics  of evap- 
orat ion of a drop lying on a solid lyophobic surface ,  
other  conditions being equal, is uniquely de te rmined  
by the init ial  drop s ize .  

Implementat ion of the method amounts to analys is  
of the evaporat ion curve of the sample of po lyd i sperse  
drops  being studied on the bas i s  of laws es tabl i shed  
by calculat ion or  by previous ca l ibra t ion  for  evapora-  
tion of individual drops  of the d i s p e r s e  liquid under 
examination.  An analys is  is effected in a s i m i l a r  way 
by t r ea tmen t  of the prec ip i ta t ion  curves  in a sediment  
measur ing  method [12]. 

All the above-ment ioned methods of measuremen t  
have been tes ted at  the Moscow Power Engineering 
Insti tute,  and the i r  bas ic  feas ib i l i ty  has been proved.  
They a re  cur ren t ly  being invest igated with the ob jec t  
of evaluating accuracy ,  construct ional  design fea tures ,  

and a r e a s  of application.  
The mean t empera tu re  values of the phases that 

have been found, and the i r  re la t ive  ra tes  and d i spe r -  
sion, allow an es t imate  to be made,  for  each region 
of space,  of the intensi ty of the mass  source  and the 
heat  sink. 

If the pa r t i c l e  s ize  d is t r ibut ion  is known, then, f rom 
a knowledge of the dependence of the drying kinet ics  
of an individual pa r t i c le ,  the t empera tu re ,  and the 
pa r t i c l e  velocity on the s ize ,  we may obtain some idea 
of the d is t r ibut ion  in the region of space studied, of 
sources  and sinks,  when there  is an exper imenta l ly  
es tab l i shed  law of d is t r ibut ion  according to s ize and 
to mean values of t empera tu re ,  velocity,  and concen- 
t ra t ion.  The specif ic  nature  of such dependences on 
the s ize  of the pa r t i c l e s  or  drops  is de te rmined  for  
var ious  d i s p e r s e  s y s t e m s  by the re la t ions  given, for 
example,  in [3, 8]. 

The exper imenta l ly  de te rmined  values of the mean 
t empe ra tu r e  and velocity of all  phases ,  for known 
laws of s ize  d is t r ibut ion  of drops (or pa r t i c l es )  for 
var ious  sec t ions  of the s t r e a m ,  pe rmi t  a quantitative 
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definition of the field of heat sinks in gas suspension 
flows. In addition, measurements  may be made of 
the mean concentration fields for determination of 
mass source fields. 

To do this it is necessary  to refine the kinetic re -  
lations of heat and mass  t ransfer ,  the laws of motion 
of individual drops and particles,  and also the special 
features of the influence of the combination of a multi- 
tude of drops and part icles.  The discrete picture of 
the distribution of potentials, sources,  and sinks may 
be replaced by a continuous one. 

A generalization of experimental data regarding 
the development of local processes  in equipment (trans- 
fer  in a tomizer  jets,  in jets,  in s t reams,  etc.} is ba- 
sic to the design of the equipment as a whole, The use 
of new methods of measurement  of the parameters  of 
gas suspension flows, as well as the inclusion in the 
theoretical analysis of the principle of distributed 
parameters  [13] and of a unified system of t ransfer  
equations [14], determine the methodological differ- 
ences of the proposed complex treatment.  In this case 
it is worthwhile to be able to use a combination of the 
measured mean values in analysis,  generalization, 
modeling, and calculation. It may be possible to in- 
clude successfully the theory of nonstationary t ransfer  
[141. 

The task of experimental investigations of inter-  
phase t ransfer  in this regard is the accululation and 
generalization of experimental mater ia l  to describe 
the laws of action of sources and sinks. 

We have in mind the determination of the rate of 
external t ransfer  between part icles and a s t ream,  as 
a function of the size, composition, velocity, and 
nature of motion and concentration of the part icles 
and of the parameters  of the stream. 

NOTATION: 

|  potential of i-th species; T--time; 
~q(m)--coefficient of external heat (q) or  mass (m) 
t ransfer ;  d- -charac ter is t ic  dimension of part icles;  
Xq(m)--coefficient of heat (q) or  mass  (m) conduc- 
tivity; Cq(m)--heat (q) or  mass (m) capacity; p-- 
density; ~--power of source or  sink; G' and G ~ -  
respectively,  weights of drops or  part icles deposited 
in the motionless and moving trap; Vp, vt-- l inear  
velocities of part icles and trap. 
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