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Desc r ibed  a r e  the c h a r a c t e r i s t i c s  of a i r  flow in a s p r a y  chamber  with two oppostng v o r -  
t i ces .  The resu l t s  of ve loci ty  dis tr ibut ion m e a s u r e m e n t s  a r e  shown, followed by a c o m -  
pa ra t i ve  ana lys i s  of a i r  flow in a vor t ica l  mode with that  ha a pure ly  r ec t i l i nea r  mode. 

Spray  de s i cca to r s  a r e  genera l ly  c h a r a c t e r i z e d  by a low moi s tu re  field intensity.  With l a r g e r  s ize ,  
m o r e o v e r ,  this  t r end  toward a lower  mois tu re  field intensi ty - the bas ic  p e r f o r m a n c e  p a r a m e t e r  - b e -  
comes  m o r e  pronounced.  

As is well  known, the mo i s tu re  field intensi ty in a s p r a y  de s i cca to r  depends on the s p r a y  d i s p e r -  
s iv i ty ,  on the t r a n s p o r t  potential ,  and on the r e l a t ive  veloci ty  of both mix ture  components  (drying agent  
and s p r a y e d  liquid). 

The  f i r s t  two fac to r s  cannot have any g rea t  effect  on ra i s ing  the moi s tu re  field intensity,  inasmuch 
as they in turn depend on the p r o p e r t i e s  of the dr ied ma te r i a l  ( thermal  labi l i ty ,  v i scos i ty ,  etc.) and on the 
s p r a y e r  design. An inc rease  in the re la t ive  veloci ty  of the mix ture  components  will have a dominant effect  
on the r a t e s  of heat  and m a s s  t r a n s f e r  in the s t r e a m .  It will eventual ly lead to a separa t ion  of the vapor  
f i lm f r o m  a drople t  su r face ,  owing to the turbul ized flow of the suspens ion and to an increased  supply of 
heat .  

One effect ive method of increas ing  this r e l a t ive  veloci ty  is by inducing vor t i ces ,  a bas ic  feas ib i l i ty  
s tudy of this method having been made in connection with m a s s - t r a n s f e r  p r o c e s s e s  based  on a two-phase  
s t r e a m  [1, 2] and with the ae rodynamics  of  cyclone devices  [3-9]. 

The pr inc ip le  of the p roposed  vor t i ca l  s p r a y  chambe r  {Fig. 1) is as follows. Two cotmterflowing 
v o r t i c e s  a r e  genera ted  with opposi te  s enses  of rotat ion.  In o r d e r  to explain the mechan i sm by which the 
t r a n s f e r  p r o c e s s e s  a r e  enhanced and the mo i s tu re  field intensi ty is r a i s ed  he re ,  it is n e c e s s a r y  to analyze 
the ae rodynamics  of a gas s t r e a m  in this chamber .  

The explanation of complex  ae rodynamics  in cyclone mad vor tex  devices  is usual ly  based on t r ea t ing  
the s t r e a m  as a turbulent  je t  tube [9] and cha rac t e r i z ing  the l a t t e r  qual i tat ively in t e r m s  of the tangential  
veloci ty .  

We will p r e s en t  he re  the r e su l t s  of  an exper imenta l  s tudy revea l ing  how the dis tr ibut ion of tangential  
ve loc i ty  and of turbulence  intensi ty in an i so the rmal  vor tex  depends on the g e o m e t r y  of the chamber  and 
on the opera t ing  conditions in it. 

The vo r t ex - type  s p r a y  chamber  in Fig. I c o m p r i s e s  a hor izontal  tube with tangential  inlet or i f ices  
for  the heat  c a r r i e r  to be injected in two opposing d i rec t ions .  The a i r  exits through an outlet  at  the center  
of the tube. The c h a m b e r  can be ten ta t ive ly  divided into th ree  reg ions .  In region I a i r  is injected t an -  
gent ia l ly  f rom both ends and opposing vo r t i ce s  a r e  genera ted .  Region 2 is confined between the boundary 
of region 1 on one side and region 3 on the other  side;  in the l a t t e r  region both s t r e a m s  collide. 

The bas ic  d i f fe rence  between this  chamber  and a cyclone chambe r  is that ,  for  all  p rac t ica l  pu rposes ,  
no backward  vor t ex  flow occurs  he re  [4]. The vor tex  col l is ion zone (region 3) const i tu tes  this impor tant  
d e p a r t u r e  f r o m  e a r l i e r  d e s c r i b e d  vor t ex  chamber s  [4]. 
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Fig. 1. Bas ic  s chemat i c  d i a g r a m  of 
a vo r t ex - type  des i cca to r  chamber .  

TABLE 1. Variat ion in the Tangential  Veloci ty  
( m / s e c )  of the S t r eam,  at  L = 500 m3/h 

I Sections 
r, r l l  I I I I  I I I  I v  

0,04 
0,06 
0,08 
0,1 
0,12 
0,14 
0.16 
0,18 

3 
3,2 
3,8 
4,8 
6 
9,5 

14,5 
I7,8 

2,6 
3,0 
3,4 
4 
5 
7,4 

13,4 
16,8 

5 
5,8 
6,8 
8,4 
9,8 

II,1 
12,5 
13.5 

4,6 
4,65 
4,6 
4,6 
4,7 
5,1 
5,5 
5,6 

The chamber  in Fig. 1 is s y m m e t r i c a l .  Measu remen t s  
were  made on the le f t -hand side only, with the r igh t -hand  side 
r e p r e s e n t i n g  a m i r r o r  image.  The veloci ty  field was measu red  
at  four sec t ions  along the tube gene ra t r ix ,  with 200 m m  be -  
tween sect ions  I - I I I  and 150 m m  between sec t ions  IH-IV ( L / D  
= 0.5, 1.0, 1.5, and 1.9). 

F o r  an ae rodynamic  ana lys i s  of this v o r t i c a l - s p r a y  des i cca to r ,  the l a t t e r  was opera ted  without 
liquid sp ray .  The total  a i r  flow ra te  was var ied  f r o m  200 to 500 m3/h in 100 m3/h s teps  and was measu red  
with a Pi tot  tube instal led in the inlet duct. The amount  of a i r  supply was regula ted  by means  of gate  
va lves .  

The tangential  a i r  ve loc i t ies  were  m easu red  with a t h e r m o a n e m o m e t e r  (Disa Elek t ronik  Co., Den-  
mark)  and a f i lm- type  probe  se rv ing  as the t r ansduce r .  This probe  was opera ted  on the pr inciple  of cool-  
ing its hot p la t inum f i lm by  the a i r  s t r e a m .  The t e s t  data  we re  then evaluated in t e r m s  of d imens ion less  
quanti t ies:  

% 

Dimens ion less  t r a n s v e r s e  and longitudinal ve loci ty  profLles of the c h a m b e r  a re  shown g raph ica l ly  in 
Fig. 2. 

An ana lys i s  of the curves  indicates that the t rend of re la t ion  (1) is identical a t  sec t ions  I - r I I .  An 
exception he re  is the zone within sect ion I around the a i r  injection or i f ice  (curve 3 in Fig. 2). Such an 
anomaly  is c h a r a c t e r i s t i c  of whir led s t r e a m s  and can be explained by a s t r o n g e r  wall ef feet  dur ing tan-  
gential  a i r  injection. The coeff icient  of en t rance  l o s se s  ~= v~ /v in  inc reases  with the ra t io  r / R  [3]. The 
local  eddies in region 1 nea r  the inlet nozzles  - caused b y  inadequate s t r eaml in ing  and some  var iance  in 
the p e r f o r m a n c e  c h a r a c t e r i s t i c s  of the l a t t e r  - may  also  explain this anomaly.  

At sect ion IV {curve 2) the ve loc i ty  p rof i le  is c h a r a c t e r i s t i c a l l y  di f ferent  than at  sec t ions  I -HI .  This 
can be explained by the interact ion of the two colliding h igh-ve loc i ty  s t r e a m s  which ro ta t e  in opposi te  
s ense s ,  resu l t ing  in a sha rp  drop and a complete  attenuation of c i r cu l a r  veloci t ies  a t  the cen te r  of the 
chamber .  This is accompanied  by an intensive vor tex  format ion .  In such a case ,  which is analogous to 
that  of unwhirled colliding s t r e a m s  [10], one may expect  mult iply induced osci l la t ions  and ro ta t ions  of 
pa r t i c l e s  {during s p r a y  desiccat ion)  within the mixing zone and this in turn will r a i s e  the mo i s tu r e  field 
in tensi ty  and thus the p r o c e s s  ra te .  

According to Fig. 2, a change in the a i r  flow ra te  has a lmos t  no effect  on the veloci ty  prof i les .  
Consequent ly,  a vo r t ex - type  s p r a y  chamber  is cha rac t e r i zed  by se l f -ad jo in tness  of  the flow over  the t e s t  
r ange  of flow r a t e s .  

An evaluation of the t e s t  data  yields  a s imple  empi r i ca l  re la t ion  for the 0-600 m m  segment ,  i .e. ,  
for  80% of the ch am be r  length: 

- -  ~ + 0 . 1 .  ( 2 )  

vhn 

This  re la t ion is valid for  r / R  < 1. 
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TABLE 2. Values of ~ for Sections of the Vor-  
tex Chamber  

L, m3/h 

200 
300 
380 
440 
500 

Sections 
1--III 

6,8 
6,18 
5,95 
5,66 
5.55 

~:mean = 6 ,03  

IV 

5,05 
4,7 
4,55 
4,62 
4,27 

~mcan =4,62 

For  section IV we have obtained the following 
relat ion:  

= 0.3 -~ 0.2. (3) 
qn 

The e r r o r  of this tes t  data evaluation did not 
exceed • 

An analysis  of the graphs in Fig. 2 indicates that 
at section IV the relative velocity v /v in  in the main-  
s t r eam ( r / R  - 0.5) is higher than in the vortex r e -  

gion and is much lower at the s t r eam per iphery  ( r / R  - 0.5). This has to do with a flattening of the t r a n s -  
ve r se  velocity profi le  within the s t r e a m  collision zone (region 3) inside the chamber.  

Our study has established that the s t r eam s t ruc ture  in a vortex chamber (Fig. 1} follows the laws 
governing a whirled flow of incompress ib le  fluid. 

Values of the tangential velocity a re  l is ted in Table 1. An analysis of these data makes the center  
region in the chamber  (r = 0-180 ram) appear  as a quasiforced vortex.  The velocity here  increases  with 
the radius .  Such a s t ruc ture  is, however,  cha rac te r i s t i c  of sections I - I I I  in the chamber .  Within the 
s t r e a m  collision zone {section IV) the velocity becomes tmiform. This means that there  is no quasiforced 
vor tex  here .  Thus, the center  region of the chamber  departs  f rom the law of constant circulat ion (vr 
= const),  which can be explained by the p resence  of local  eddies. In this case the generation of local  ed-  
dies also improves the mixing of both components.  

The turbulence s t ruc ture  of the s t r eam,  which determines  the ra tes  of t r ans fe r  p rocesses  in the 
chamber ,  is cha rac te r i zed  also by the distribution of turbulence intensity. 

According to Fig. 3, the turbulence is most  intense at sect ions I and II along the chamber  axis within 
0 < r / R  < 0.6 (3-4%) and dec reases  with increas ing distance f rom the center .  The trend of the ~i va r i a -  
tion is different at  sect ions III and IV. The profi les  of turbulence intensity are  qualitatively analogous to the 
veloci ty prof i les .  The prof i les  of turbulence intensity in Fig. 3 confi rm the self-adjointness  of a ir  flow in 
a vortex chamber  with the Reynolds number  within the 70,000 < Re < 150,000 range.  Only at section IV, 
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Fig, 3. Prof i les  of turbulence intensity in the vortex 
chamber ,  at sections I-IV: a) L = 200 m3/h; b) 300; c) 
380; d) 440; e) 500. 

where the collision of s t r eams  resul ts  in a different flow mode, does the turbulence intensity increase  
with a higher Reynolds number.  

It would be interest ing to compare  the magnitudes of the resul tant  velocity in a whirled and in a 
s t ra ight  air  s t r e a m  through this tube. The degree of nontmiformity is est imated on the basis  of the ap-  
propr ia te  factor.  The resul tant  velocity of a whirled s t r eam v 1 is defined as the mean- in tegra l  velocity 
for  each section along the chamber.  In the case of a s t ra ight  s t r eam,  the resul tant  velocity v 2 is defined 
as the mean-ove r - the - sec t ion  veloci ty in the chamber  (section a rea  F). 

Values of ~ = v l / v  2 as a function of the a i r  flow rate  are  l isted in Table 2 fo r the  given sections 
ac ros s  the chamber.  An analysis  of these data indicates that the nonuniformity profile,  like the velocity 
profi le  (Fig. 2), is independent of the air  flow rate .  The local values depart  f rom the mean value by not 
more  than 6-12% at all four sect ions.  

The high degree of nonuniformity constitutes the main advantage of a whirled s t r eam over a s t ra ight  
s t r e a m  of air  through a chamber .  This effect comes into play where increasing the t r ans fe r  ra tes  in 
whirled s t r eams  is concerned.  

The resul ts  of this study can be used for estimating the charac te r i s t i cs  of an air  s t r eam in a chamber 
with counterflow. The veloci ty profi les obtained here  a re  ent i re ly suitable as a basis for the design of such 
des icca to r s ,  inasmuch as only 2-3% of the a i r  supply is expended on spraying the liquid and has a lmost  
no effect on the aerodynamics  inside the chamber.  

L 
F 

N O T A T I O N  

is the a i r  flow ra te ,  m3/h; 
is the radial  coordinate in the chamber ,  ram; 
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R 
F 
v 
Vin 
v1, V 2 

is the chamber radius, ram; 
is the area of a chamber section, m2; 
is the velocity at any point, m/sec ;  
is the air velocity at the orifice, m/sec ;  
are the mean velocity of a whirled and of a straight s tream, respectively, m/sec;  
is the turbulence intensity, %; 
is the nontmiformity factor. 
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