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We discuss the essence  of an integrated method of analyzing the p roces se s  of spray  drying, 
and this p rocedure  calls for  the combined utilization of new measuremen t  methods in drying 
chambers ,  the resu l t s  of these measu remen t s ,  as well as an analytical  model of the t r ans -  
por t  p r oce s se s  in flows of gas suspensions.  

To ref ine the physical  essence  of sp ray -d ry ing  p rocesses ,  to improve the methods of engineering 
calculation, and to solve the problems of approximate modeling of drying installat ions,  effective use has 
been made in a number  of cases  of the integrated application of new measur ing  devices [1] developed in 
recent  years  at the Moscow Power Engineer ing Institute, in addition to an analytical  model of the t r anspor t  
applicable to flows of gas suspensions.  

Charac te r i s t i c  features  in the l a t t e r  include the following: 

1) the flow of the gas suspension is t rea ted  as quasihomogeneous and as consist ing of two phases:  
par t i c les  (solids and liquid drops) and a heat c a r r i e r ;  

2) the equations of continuity, motion, and heat and mass t r an s f e r  are  writ ten separa te ly  for each 
phase and include averaged measured  quantities; 

3) the p roce s se s  of heat and mass  t r a n s f e r  a re  covered by sources  and sinks establ ished theore t ica l ly  
or  exper imenta l ly ,  under l abora to ry  conditions, and r e f e r r e d  to e l ementa ry  volumes within which it: is pos-  
sible to measure  all of the remaining quantities ( tempera tures ,  mois ture  contents,  veloci t ies ,  etc.).  The 
sys t em of equations wri t ten in dimensionless  form for the general  case of t r anspor t  in the flow of a gas sus-  
pension in the p resence  of heat and mass  t r an s f e r  has the following form: 

the equation of continuity for the quasihomogeneous phase of the par t ic les  

DRp 
dHo + Rpdiv W p = -  Kq~nvp Qmv, (1) 

the equation of continuity for  the heat c a r r i e r  

S~,._~_~_o. + D R g  Rgdiv Wg = Kem~gQ~v, (2) 

the equation of par t ic le  motion 

DRpWp= Rp g_ E u g r a d P p + K ~ p S o , ~  p RgW~ (3) 
dHo Frp 2 

the equation of motion for  the heat c a r r i e r  

1 DRgWg Rg q_ Eu grad Pg g- 1 ~ -:q = --~p~-- ~ - , (4) S w dHo-- - Frg ~gl~gV Wg " ~ ~ pRgWp 

the equation of heat t r an s f e r  in the par t ic le  phase 

Q~ 
_RRP_Tp DTPdHo -k cpR-pp dHoDCp + Wp grad R p = Kqm~pQm~ + Kq~p CpTp , (5) 
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the equation of heat t r a n s f e r  for  the heat c a r r i e r  

+S~T DCg.+K%.r T, - -  ~" -~ DC..~ , - Dd D r  1 ~g 
' ~ dHo ga ~ -r K~S~J,,p--~-H- ~- + KpS~d d ~  --  --Pe ---Rg V'rg 5c5~Cm~ ~H- o 

- -  '.Pc gradTggrad~g~--K~j(amvg ~ Q m .  K%gQ-"g, (6) 

the equation of mass  t r a n s f e r  in the par t ic le  phase 

DUp R0 upo ~ = - -  Kq~p pQmo, (7) 

the equation of mass  t r a n s f e r  for  the heat c a r r i e r  

DR,~po+ R,~p div Wg= Kqm~pSo~Qmo. (8) 

The equations of sys tem (1)-(8) should be broadened with cha rac te r i s t i c  re la t ionships  such as 
~g 

~g = ~g0- = f (L, He, Wg b, Tg b, R,,pb ), 

as well as with equations descr ib ing  the boundary conditions. 

In the general  case,  we should seek the de termined quantities Rp, Rg, Ug, UI~, T , Tp, Wg, and Wp g 
as functions of L, He, Wgb, Tgb, Rvapb, Kqm v, Eu, Kt2p, ire, Fr ,  Pe, Kr, Kj, Kc, Kqv, Sw, and Spi. 

As the pa r ame te r s  we can use, for example,  the values of the corresponding quantities for  the non- 
evapora ted  ("cold") flow (the volume of the sp ray  plume included). 

The equations given above, as well as the general ized var iables ,  se rve  as the basis for  an analysis 
of the special  problems of t r anspor t ,  the p rocess ing  of the exper imenta l  data, and the examination of the 
problem rela t ing to the approximate modeling of p ro ce s se s  in the separa te  cel ls  of spray  drying chambers  
(in the spray  plume, in the feed and drain zones for the heat c a r r i e r ,  and in the zone of steady motion). It 
is obvious that con tempora ry  data on the kinetics of the drying of drops of various solutions, on the space 
- t i m e  development  of the p roces se s  of spray  drying, not to speak of the purely  mathematical  complexit ies  
of the problem,  governs the impossibi l i ty  of achieving applied resu l t s  on the basis of a purely theore t ica l  
investigation. 

Most impor tant  f rom the prac t ica l  standpoint; and yet  ve ry  inadequately studied, a re  the quantitative 
re la t ionships  of the kinetics of drying, on the s t r u c t u r e - s h a p e  formation,  and on the motion of an aggre-  
gate of polydisperse  evaporat ing par t ic les .  

These quantit ies must  be studied not only f rom the theoret ica l  standpoint, but exper imenta l ly  as well, 
on the basis of a special  l abora tory  drying chamber  [2], as well as through application of a method to mea-  
sure  par t ic le  veloci t ies  [1]. Proceeding  f rom the fact that within s p r a y - d r y e r  chambers  there  exis t  char -  
ac te r i s t i c  spaces  within which the motion and drying of drops de te rmine  the dimensions of the chambers  
and the technological  perfect ion of the p rocess ,  the investigations must  be d i rec ted  toward refining the 
situation within these regions.  For  example,  an ex t r eme ly  important  problem is the one of determining 
the approximation relat ionships  and the theore t ica l  analysis of the motion and drying within the volume of 
the spray  plume along the direct ion of par t ic le  and drop motion, with maximum and minimum concentra-  
tion in the flow. These direct ions  are  re l iably  de termined  on the basis of [3], as was done, for example,  
in [4]. 

In this case,  the analytical  model can be reduced to the one-dimensional  case of analyzing the t r ans -  
por t  in the quasihomogeneous par t ic le  phase.  

The velocity,  t empera tu re ,  and mois tu re -con ten t  fields for  the gas in this case are  de termined  e i ther  
in the assumption that the sp ray  plume is a cell  of ideal mixing [5], or  on the basis of the data der ived f rom 
models o r  under the rea l  conditions of the drying installation. In the assumption that Cp is constant,  we 
find that the sys tem of t r anspor t  equations for the case of one-dimensional  s teady-s ta te  par t ic le  motion 
(along the coordinate x) assumes  the form 

dRp •  dWp Wp-~-~-- 3 Rp--ff-~- = --  Kqm~pQmo, (9) 
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dRpWp Rp _~. Eu dPg -- 
Wp d X  = Fr --dX-- - -  I(~rS~ ' (10) 

Rp- dTp dRp  _ K~ ,Q,~ Qv 
Tp Wp ~ q-Wp d-d-X-- - ~mvp ~ q- Kqop TpCp' (11) 

dUp __ o 
Up0 Wp dX - -  Kqrnvp Rp Qrnv. (12) 

It is evident that the additional simplifications for the sys tem (Rp = const, d P g / d X  = 0, etc.), confirmed for 
a number  of cases ,  substantial ly expand the possibil i t ies of its pract ica l  application in obtaining analytical 
solutions, in s imulat ion on analog computers ,  etc. 

To use the above developments,  in addition to the achievements  of related branches [3, 6] - depend- 
ing on the specific purposes  - for an integrated analysis  of sp ray -d ry ing  p rocesses ,  real izat ion of the fol- 
lowing basic stages should prove effective: 

1. Measuring t empera tu res ,  mois ture  content, velocit ies,  disPersion,  and other quantities within the 
chambers  of spray  d ryers  and labora tory  tes t  stands, to refine the physical  essence of the p rocesses ,  and 
to obtain the working approximation relat ionships on a uniform basis.  

2. The study of problems related to the aerodynamic charac te r i s t i c s  of d ryers ,  as well as studying 
problems related to the mixing in chambers  through use of geometr ic  models and under natural conditions. 

3. Experimentat ion under labora tory  conditions to determine the effect of regime parameter.,; on the 
s t r u c t u r e - f o r m a t i o n  of the par t ic les .  

4. Analysis  of the model of the p rocess  (used in the analysis) to determine the interrelat ionships be- 
tween the quantities significant in the drying process ,  and the evaluation of their  relative import .  This in- 
volves both the determination of general  quantitative solutions, and the application of computer  techniques. 

5. Determination of the working relat ionships,  containing general ized variables  needed to pe r fo rm 
the calculations for s p r a y - d r y e r  chambers  on the basis of their  p r ima ry  cells. 
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Fr,  Eu, Re, and Pe 

N O T A T I O N  

is the density; 
is the time; 
is a determining dimension; 
is the velocity vector;  
denotes the mass  forces  (sinks); 
denotes the heat sources  (sinks); 
is the accelera t ion of the gravitational field; 
~s the p res su re ;  
is the midsection area  of the par t ic les ;  
Is the volume of the flow space; 
is the coefficient of kinematic viscosi ty;  
ts the t empera ture ;  
is the specific heat capacity;  
is the heat of evaporation; 
is the coefficient of thermal  conductivity; 
is the mois ture  content; 
is the vapor  density; 
~s the res i s tance  factor;  
ts the porosi ty;  
are,  respect ively ,  the Froude, Euler ,  Reynolds, and Peclet  numbers .  

S u b s c r i p t s  

p and g 
0 
b 

denote quantities relating, respect ively,  to the part icle  and h e a t - c a r r i e r  phases;  
denotes the pa rame te r s ;  
denotes the quantities pertaining to the boundary of the ce lh  
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1. 

2. 

3. 

4.  

5. 
6. 

Ho =Wpo.Z//o; Kqmvp ~ qmvolo/ppo, Wpo; Kqmvg = Kqmvp SpJSw; 

K~v--  lo~po/V; Kp = doroflgocgo; Kjva~ Jvapodo/tgocgo; 

Kj m ~  Jm~[tg~176 Kqvg = qv~176176 wg o"/goCgo; 

K%p= qm/o/Ppo.Wpo.Cpo/po; Rp=pp/ppo; We = wp/Wpo; 

Rg = PslPso; W~ =wg/wso;  Tp : tp/tpo; T s = ts / tso;  

Up up o .- P"'P. ~- ~ Ps Ps. 
. . . . .  ; .... r-  p~=p~ = - ~ o ;  = - - '  UpO Pgo 

Pso _ P_Po. = Pp_.o S~o=w-2~ Sp, =-PPo--; Sp=-- ~o, Sp. P.,po 

Qmv-- qmo , Qv~- (Iv ; M =  m . 
qmvo q~ tr~ 

Q PO '~n Cpo Cvap O 

-- r 1 pO qnt~ 
r = - - ;  L =  o ; Sc _ ,. 

ro lo , Rp:  FpO Cro 

Jmix 

Cmtro 
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