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Abstract--This work presents physically based mathematical mass- and heat transfer models for processes of granulation, 
agglomerat ion and coating in fluidised beds. Starting from mass and energy balances, the models describe the influences of  local 
liquid input, non-ideal solid and liquid mixing, heat transport by the solids, and a place-dependent degree of wetness. A coefficient 
for the heat or mass transfer sol id-l iquid film, solid-gas and gas-l iquid films was defined. The place-dependent functions of gas 
and solid temperatures, gas humidity, gas enthalpy, liquid concentration, as well as the degree-of-wetness, are presented. The 
main conclusions of the model are the existence of an active zone in the liquid feed and, furthermore, of a central region in the 
fluidised bed, characterised by constant gas temperatures. © Elsevier, Paris. 

heat and mass transfer / fluidised bed / spraying / evaporation / drying 

R~sume - -  I~tude de la distribution de la temperature, de I'humidite et de la concentration dans des lits fluidises gaz-  
liquide-solide. Ce travail concerne la mod~lisation des transferts de masse et de chaleur pour I'analyse de la granulation, de 
l 'aggiom~ration et de la constitution de couches dans les lits fluidises. Partant des bilans de masse et d'~nergie, les modules 
d~crivent les influences de I' injection locale de liquide, du melange non-idfial du solide et du liquide, du transfert thermique par 
les ~l~ments solides et du degr~ d'humidit~ locale. Un coefficient de transfert de masse et un coefficient de transfert de chateur 
solide-f i lm liquide, sol ide-gaz et gaz-f i lm liquide sont dfifinis. On presente des fonctions donnant, Iocalement, les temperatures du 
gaz et du solide, I 'humidite du gaz, son enthalpie, la concentration en liquide et le degre d'humidit~. Les conclusions principales 
du module concernent t'existence d'une zone active, correspondant g. I 'al imentation en liquide, et la rfigion centrale du lit fluidis~, 
qui est caract~ris~e par des temperatures de gaz constantes. © Elsevier, Paris. 

transfert de chaleur / transfert de masse / lit fluidis~ / pulverisation / evaporation / sechage 

Nomenclature  

A,  A* 
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D 
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A 
HfB 
7y~ 

7}IFV 
P 
R 
I' 

p a r t i c l e s  sur face ,  spec i f ic  vah le  . . . . . .  m 2, m 2 - m  - a  

speci f ic  h e a t  c a p a c i t y  . . . . . . . . . . . . . . . .  J . k g - l . K  -1  

d i s p e r s i o n  coe t~c ien t  . . . . . . . . . . . . . . .  in  2 - s -  1 

d i a m e t e r  . . . . . . . . . . . . . . . . . . . . . . . . . .  m 

m a t e r i a l  su r f ace  f ac to r  

h e i g h t  of  f lu id i sed  b e d  ( e x p a n d e d ) . . .  m 

m a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k g  

l i qu id  m a s s  flow- pe r  v o l u m e  . . . . . . . .  kg . s  - 1  

s y s t e m  p r e s s u r e  . . . . . . . . . . . . . . . . . . . .  P a  

g e n e r a l  ga s  c o n s t a n t  . . . . . . . . . . . . . . . .  l . k l n o l - l . K  -1  

spec i f ic  l i qu id  c n t h a l p y  of v a p o r i s a t i o n  J . k g  1 

* C o r r e s p o n d e n c e  a t td  r e p r i n t s .  

T t e m p e r a t u r e  . . . . . . . . . . . . . . . . . . . . . . .  K 
-1  ~v v e l o c i t y .  . . . . . . . . . . . . . . . . . . . . . . . . . .  m . s  

X w a t e r  l oad  of m a t e r i a l  . . . . . . . . . . . . . .  

kg ' \~7 'kgdr lv  icy subst ........ 

Y w a t e r  l oad  of  d r y  a i r .  . . . . . . . . . . . . . .  k g - W ' k g d r  ~. air 

Greek  letters 

a h e a t - t r a n s f e r  coeff ic ient  . . . . . . . . . . . . .  W . n 1 - 2  K -1 

9, ,2"  ma , s s - t r ans fe r  coeff ic ient ,  m o d i f i e d  
vMue . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m . s  1. 

k g . m - 2 . s - l . p a  -~  

s , c  ~ r e l a t i x ~  poros i ty ,  r e l a t i v e  m a t e r i a l  vo- 
l u m e  

z/ k i n e m a t i c  v i s c o s i t y  . . . . . . . . . . . . . . . . .  n12.s 1 
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Description of the temperature, humidity and concentration distribution 

Subscripts, superscripts 

A air 
App apparatus 
B bed 
DS drying substance 
E entry 
EP expanded point 
eft effective 
F fluid (liquid phase) 
G adiabatic material steady-state point 
N nuclei 
0 outlet 
P particle 
S solid 
St steam 
Su suspension 
Sur surface 

1. INTRODUCTION 

Solids in solutions, suspensions or melts are increas- 
ingly dried by spray" granulat ion in fluidised beds. The 
liquid is sprayed into an upward-flowing gas stream, 
which causes the fluidisation of the solid bulk. Due 
to the enthalpy of the fluidising gas stream, the liq- 
uid evaporates and is then carried out with the gas 
stream. The solids dry snowball-like onto the part icles '  
surface, or act as a binder for the agglomeration of 
the nuclei. A dist inct ion between layering and agglom- 
erat ion can be made. Assuming high heat and mass 
transfer rates, the process produces an adjustable,  flow- 
able, approximate ly  spherical s imultaneously dust-free 
granule. Furthermore,  by recycling the gas par t ia l ly  or 
completely, tile process becomes more energy efficient. 
The design of such plants  is based on temperature-  and 
concentrat ion fields of the particle- attd gas moisture 
because of the liquid input. In practice, an increased 
liquid feed may lead to sticking and clogging of the flu- 
idised mater ia ls  and a par t ia l  scaling of the apparatus .  
Hence, a decrease of the evaporated liquid mass and 
even a soaking of the entire bed may occur. Moreover, 
the liquid drips through the gas dis t r ibut ion plate. In 
this paper,  physically based mathemat ica l  models under 
certain assumptions are described and coinpared with 
exper imental  results. 

2. MATHEMATICAL DESCRIPTION 

The operat ing range of the drying process is 
described by the overall mass balance of the injected 
and evapora ted  liquid. The exit condit ion can be read 
on the isenthalp in the Mollier d iagram for wet air. 
This assumes adiabat ic  wett ing of the t~eated fluidising 

air as well as a negligible entlmlpy of the water. The 
intersection with the sa tura t ion  line characterises the 
maximmn amount  of liquid tt~e air can be loaded 
with and its temperature .  By s ta t ing these numbers.  
the extent of the driving force is determined.  A 
phenomenological descript ion of the mass and energy 
t)alances of the components  (air, liquid, and solid) 
has been worked out. As a result,  the gradients of 
t empera ture  and concentrat ion can be determined.  The 
basic dist inguishing feature of the models is the degree 
of wetness ¢ = Aw~.ttd/Atot~b The la t ter  characterises 
the wetted surface related to the total  surface of the 
particle. The liquid is supposed to be deposi ted on the 
part icles as a thin, film-like layer. It is also assumed 
tha t  the liquid's t empera ture  is the "adiabat ic  mater ial  
s teady-s ta te  tempera ture" .  

2.1. Constant degree of wetness 

Assuming ideal mixing of the solids and plug-flow of 
the air, M6rl [1] suggested a model postula t ing ideal 
dis t r ibut ion of the liquid over all particles. As a result a 
height-dependent  exponential  curve for the moisture of 
the fluidising air !Ca(z) with a inversely proport ional  air 
t empera tu re  TA(Z) was deternfined: 

}[a(z) = }~; - ( ~  - }2s)  e x p [ - A  z] (1) 

T ~ ( ~ )  = ( h . ~  - ~ ( ~ ) r ) / ( q , .  T y~(~-) c ~ s 0  (2) 

The balance around the dryer leads to the degree of 
wetness ~. Furthernlore,  a nlean air te inpera ture  TAn~ 
can be s ta ted  as well as a mean part icle t empera tu re  
r l )  i l l ,  

= 5,  A~ p/_/fB Rst 

"In I1 - ~nDS'su/rf~A(XS - XO) 4- IhDs'N/thA(XNE - XO) Z Y~-~E ) 

(3) 

T A m -  /r_/fB A CpSt 

' In / [Cpstexp(-AHfB) - C] } ( c p S ~ - ~  ~ C---) q- C13 (4) 

r p m  = Y C ~  - -  TAm(1 -- ~) (5) 

with 

A = (.3"¢ A*RstP)/(rh*ARA) (6) 

t3 = TA~:(CuA + I';XECpSt)/(YG -- }kE) - r (7) 

C = (c,,a + Y a ~ c p s ~ ) / 0 ~  - ~),E) + q,s~ (S) 

2.2. Height-dependent degree 
of wetness 

With  the introduct ion of the axial solids dispersion 
coefficient D~× Trojosky [2] completes the first model. 
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Only the liquid feed from above the fluidised bed is 
considered. Every single part icle layer n is wetted by a 
certain amount  of liquid corresponding to the surface 
coverage (1-CSu,.), with es,,~ = 0,5 ( 3 ~ - l ) .  The sprinkled 
section of the part ic le 's  cross-section area is described 
by the degree of sprinkling o(z) = e~u-~, while the height- 
dependent  degree of wetness ~(z) is given by: 

: -- Hf._B 
~ ( ~ )  = ~ . . . . .  e (9)  

The moisture and tempera ture  of the air, the 
t empera ture  of the part icles and the liquid concentrat ion 
are given by the following differential equations: 

dY:¢(z) /3A* 
= ~ ( ~ . ) ( } ~ ( ~ )  - ~ ( ~ ) )  ( 1 o )  

dTA(z) _ CtApA* [(1 -- ~(z)) (TA(z)  - -Tp(z) ) ]  
dz CpAn~A 

_ r dYa(z) (11) 
CpA dz 

d2rp(z)  A* 
d z  2 D a x c p p p p ( 1  - ~)/}~,A 

" [ClAp(1 -- 99(Z)) (TA (Z) 

- a p v ~ ( z ) ( T p ( z )  - Tc~(z))] - Tp(z)) (12) 

d2pF ( Z ~  ~OZZ ~e ~I~ ~Su r ~ F~  dYa (z) (13) 
dz 2 = deD~× es~" + D~× dz 

Once the liquid concentrat ion pv(z) is known, the 
moisture X(z )  and the nlean moisture of the solids 
X(z )  Call be calculated as well as the liquid content of 
tile fluidised bed inF. 

X ( z )  = pr(z)AAppHf~fm.p 
_ _  [ z = H Y  B 

mF = X(z )  rite = JApp ] OF(z) de (14,15) 
d z=0  

Additionally,  by using the degree of wetness ~(z), the 
mean thickness of the liquid film C(z) can be computed:  

~ ( ~ )  _ o~ ' ( z )  _d~ ) 

~(z) 6 ( 1 - ~  pv 
(16) 

2.3. Three-dimensional  degree of  wet- 
ness 

Following Reppmann ' s  discussion of the continuum, 
a system of differential equations was set up [3]. The 
degree of wetness ~ varies along all Cartesian or 
cylindrical  co-ordinates.  To simplify the conlparison 
of the models, it is restr icted to the z-co-ordinate.  
The homogeneous fluidisation of the part icles can be 
corrected by the axial and radial  dispersion coefficients. 
At uns teady heat  conduction within the grannie the 

heat transfer interactions air particle,  air liqlfid fihn 
aim part icle liquid film can be described: 

dY.~ 
dz 

dTA 
dz 

3A*s*f~w 
- - -  ( ~  - ~ )  ( 1 7 )  

, g faOAP 
rh~(cr, a+1~kcps,) .(1 ~)(Za-T1,) 

+ c p ( T a - T o )  [ l + c p s , ( } ~ - ! ' S x ) ~ p ]  } (18) 

dpv 
- - D V 2 p F + 3 A * g * f ~ , 9 ( } ~  - I ~ )  + rhvv (19) 

dt 

dps _ D V, 2ps = D V2pp~7 * (20) 
dt 

d(pu TG) c p F D V . e ( p E T ~ ) + c t A p A . z . j . ( T A _ T c )  
Cvv dt - 

+ C~pFA*S* fap  (Tp TG) + ,!3A*;_*f~,p 
(r + c,,~-TG) (Y¢ - YG) + ~i~vvr (21) 

d(ps Tp) _ cpsDV ' (psTp)+  CtapA e ( l - g )  (TA--TG) cr, s dt 

- -  o'pFA*s*~ (Zp - T G )  ( 2 2 )  

3. EXPERIMENTAL SET-UP 

The experinlental  investigations were run with 
ambient  air oil a fluidised bed granulat ion plant  of 
the ins t i tu te  with a d iameter  of 400 lnln in the 
bed region (figure 1). By means of a special probe, 
t empera ture  lneasurelnents throughout  the bed could 
be Inade. The t empera tu re  dis t r ibut ion is influenced bv 
the spraying technique, the liquid mass flow rate. air 
ilflet tempera ture ,  and air lnass flow rate. as well as by 
the nature  and quant i ty  of bed lnateriM. 

The probe tnbe with a diameter  of 12 into is central ly 
inserted from the top into the appara tus .  A 200 him 
long tube with a diameter  of 10 mm is a t tached at 
right-angles to the lower elM. Along this tube,  5 small 
tubes with a dimneter  of 8 mm are arranged with a 
spacing of 50 ram. The PTFE-covered  therlnocouple is 
placed in these small tubes.  The P T F E  coverage serves 
as an insulation front heat conduction. A pump sucks an 
air s t ream through the tube  Mong the thermoelelnents.  
To prevent the wett ing of the thermoeouple  or collisions 
with particles the tube ' s  opening is covered by a wire 
gnuze. The bed region of tile appara tus  is insulated to 
ensure approximate ly  adiabat ic  conditions. By rota t ing 
the probe, all bed heights and angles can be reached. 
The height was adjusted in increments of 5 inln up to  
a height of 50 mm in the d is t r ibutor  region, and in 
increments of 25 mm up to the nozzle-height of 380 
Inln. The angular adjns tment  was made in steps of 30 °. 
Therefbre, 24 levels with 60 posit ions each were read by 
means of an electronic da t a  acquisit ion device. 
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Figure 1. Probe for measuring air temperatures in the 
fluidised bed. 1. Air distribution plate. 2. Single fluid nozzle. 
3. Probe tube. 4. Wire gauze. 5. PTFE-tube. Ni-CrNi 
thermocouple. 7. Compensation cable. 

The exper imenta l  s t ra tegy was to increase the inlet 
air t em pe r a tu r e  and  the  mass flow rare of the  l iquid 
(water) wi th  respect  to a defined base exper i lnent  
unt i l  s a tu ra t ion  was reached. The  w~ter was injected 
by m e a n s  of a hollow cone nozzle from a height of 
300 or 380 Inln vert ical ly onto a bed of glans spheres 
(dp --  1.16 and  3.05 ram) and  a bed of wooden spheres 
(dp = 10 r am) ,  respectively. In  order to invest igate  
the influence of the height of the fluidised bed and  
air velocity on the  heat-  and  mass transfer ,  the bulk 
p o r o s i t y  (e --  0.489 at td 0.718) a n d  t h e  R e y n o l d s - m m f l ) e r  
of  t h e  f lu id is ing  a i r  (Re  = wL dP/~L = 175 a n d  52(I) were  
set  to  c o n s t a n t  va lues  c o r r e s p o n d i n g  to  t h e  r e s p e c t i v e  
solids• 

The  influence of the g~s d i s t r ibu t ion  plate on gas- 
and  part icle  convect ion in the bed was val idated us ing  
two kinds  of heat  conduc t ing  plates. These plates with 
an ape r tu re  rat io of 17 % and  an  opera t ing  pressure loss 
of abou t  1 000 Pa  were made  of wood ~md copper.  

4 .  R E S U L T S  

Figure 2 shows the 3 dimensional air temperatm'e 
readings of a fluidised bed of glass spheres with a 
bed height of 205 mm and following parameters: dp = 
1.16 ran1: m p =  20 kg: pp = 2 471 kg.m-a; TAE = 120 °C; 

g • 

*o . . . .  2 i ;  : : ; '  i " 

Figure 2. Measured air temperatures at ~}W = 14 kg.h ~ in a 
bed of glass spheres with dp = 1,16 mm (left: air distribution 
plate area; right: general view). 

specific air l l l ~ [ S S  f l O W  rate = 3.125 kg.s ~.m '~; water 
mass flow rate = 14 kg.h-~; He = 175. The nozzle was 
positioned in a height of 380 mm above the wooden gas 
distr ibution plate. 

The radial and axial temperature gradients as shown 
in ,figure 2 demonstrate the hollow-cone-like contour of 
the jet at non-ideal ~dr- and solids distritmtion. 

The average observed temperatures as a fmmtion of 
the probe location in the bed up to the calculated bed 
height were compared with the model calculations (us- 
ing I/~E = 10 g.kg-~; ~hF ....... = 47.5 kg.h 1), an shown 
in fl:9~,r'e 3. The data  in ,figwce 3 were recorded at an 
increased water nozzle throughput of 24 kg-h t Di- 
rectly above the plate, the air temperature drops due to 

130 
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. . . . . .  M O R E  

- - -  T R O I O S K Y  

"'" ......... - -  R E P P M A N N  

"-. . .  o copper  plate 

0 30 60 90 120 150 180 210 

height above  air distribution plate z [mm]  

Figure 3. Measured air temperatures in comparison with the 
models at rnF  = 24 kg.h ~ in a bed of glass spheres with 
d p  = ] , 1 6  m m .  

1 4 5  

@ . 

m 

~ J  

© 

?i .... 

diiiiiii~ iii!iiiii ~̧~ 
~,~,~,~,~,~:~,~ : 4~,i~ .,,i~k ~ 
~iiiiiiiii~iiii ~ ~:;ii ~: ~i~iiii~ 
i!i~i~ ~'- ~ili~ ~ ~ ~k j~i~ iii~ii 

!i! !~ ~iiii!ilP ~,,i~if i;~iiii,i'iiiili~,'~i 
~iiiiilY ,,~iiiiii~ ,̧'!!Z,@ii!!i!il 

,,~,,~,~:,~i!iiiii~i~i~i~i,i)~',iiiiiiii~!! ~IIIII ~ii~i: 

~ i i i i ~ i ; ~  ~ ::i~!g~*: 

 i!!iiiiiiiiiii! 

 "i  iiiiiiiiiiii! , iii!!!i i 

,21iiiiiii, !!!!iii  

..... :i;i) %:'~iilii!iii ~ 

iiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiii~@ 



S. Heinrich, L. Morl 

part icle convection and heat transfer between tile hot 
air and the cooler particles. The air t empera tu re  reaches 
a nearly constant  value over a considerable range. In the 
nozzle je t  region, the air t empera tu re  drops according 
to the overall balance down to tile outlet  value because 
of the contact  with the liquid on the particles and its 
evaporation.  While  running the experiments,  it was no- 
ticed that  the mater ia l  of the plate does not affect the 
air tempera ture .  By comparing the models in fig~tre 3. 
it was found tha t  the more exact results occur when 
the mixing is taken into consideration. Hence. ideal wet- 
ting, assumed in the model of M6rl. does :lot result in a 
fast air ten lpera ture  drop down to a mean value in the 
experiment  with the mono-dispersed glass spheres (spe- 
cific part icle surface A* = 6 (1 - e ) / d p  = 1 622 m 2.m-:~ 
at e = 0.685). 

An interesting aspect is tile verification with wooden 
spheres, since the specific surface is smaller (A* 
= 306 m2.m -3 for e = 0.489) and with it tile mass 
transfer area for the evaporation.  F ig~zre ~ shows the 
ineasured air t empera tures  compared with tile M6rl 
model at water nozzle throughputs  of 22.1 kg.h -1 and 
55.6 kg-h-~. At a vertical liquid input from 380 mm (#tF 
= 22.1 kg.h -1, 'zhAE = 2.387 kg.s- l .m2;  }~E = 4 g.kg l; 
rh;- ...... = 59.4 kg-h-1),  the air tenlpera tures  approach 
each other, in contrast  to fig~tre .~. At a mass flow rate  of 
55.6 kg.h - t  the significant difference disappears  nearly 
eonlpletely. 

For the same parameters  an a t t empt  wa~s • lade  to 
analyse with regard to its nloisture the air streaul 
sucked through the probe tube  (figure 5). The liquid 
content of tile fluidising air is inversely proport ional  to 
the temperature ,  despite fluctuations eventually caused 
by a par t ia l  sucking of' liquid mist into tile upper  bed 
regions. This supports  the s ta tement  of constant  wett ing 
at low specific particle surface and high liquid inputs. 

At  high specific part icle surface, the uloisture of 
the fluidising gas diverges fl'om the assunlption of a 
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Figure 4. Measured air temperatures in comparison with the 
M6rl model in a bed of wooden spheres with dp = 10 ram. 

60 

50 

40 

~2 30 

.~ 20 
O 
E 

• - 10 

0 

• injection: 22,1 kg/h 

[] injection: 55,6 k ~ •  [] 

(2...¢--i 
0 40 80 120 160 200 240 280 320 

height above air distribution plate z [mm] 

Figure 5. Measured air moistures in comparison with the Morl 
model in a bed of wooden spheres with dp = 10 ram. 

constant  degree of wetting. The feed liquid already 
evaporates in the upper  bed regions. This is due to the 
opposite direction of the enthalpy effect and leads to a 
characteris t ic  decreasing of tile uloisture profile. 

5. CONCLUSIONS 

With  the nlodels introduced,  computa t ion  of tile 
drying kinetics ill fluidised bed spraying granulat ion 
plants  beconles possible. The results of experiments  oil 
a gas solid fluidised bed with top-down water spraying 
correspond well with the models in respect to tile air 
ten lpera ture  and nloisture. Tile inholnogeneous air and 
solid dis t r ibut ion was established on the basis of the 
gradients  occurring. After a dry heat  transfer above the 
plate, one gets heated part icles in upper  regions, where 
tle~t disposal through vaporisat ion and the formation of 
a constant  mean bed t empera tu re  TB Call be observed, 
pointing up too the advantage of tile heat  and mass 
transfer in fluidised beds. In the sprayed upper  bed 
regions the nlass transfer zone can be characterised a~s 
wet. fi'onl which cool particles go to plate regions and 
take up heat. 

The dispersion of tile :3 phases has therefore all 
essential influence. The axial direction is placed in 
an order of magni tude over the radial  direction. A 
considerable number of differential equations nmst be 
solved, which depend on exper imental  conditions and 
the fluidised bed appara tus  employed. The calculations 
according to Trojosky and I teppnlann were carried out 
with an axial dispersion coefficient D~- by Kawase 8nd 
Moo Yomlg [4]: 

D a x  : Wsurplus  D A p p  with ' lUsurplus = //Jeff - -  "~2:Ep 
2 \ 1/'3 

( Wsurplus  

1.72 \9 .81  DApp// 

(23) 
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The te rm in tile denominator  of equation (23) de- 
scribes a P6clet number.  For the glass spheres, rh~E 
= 3.125 k g - s - l . m  -2 and D ~  = 0.51 m2-s- l :  for the 
wooden spheres, rh~E = 2.387 k g . s - l . m  2 and D~x 
= 0.37 nl2.s -~. Consequently, low fluidisation velocity 
causes a smaller dispersion of the locally fed liquid. 
However, the drop down of the mass transfer area meets 
the requirement of wetted particles. 

Tile height in which the region with constant  bed 
te inpera ture  TB begins-and with this tile drying rate-- 
does not depend on tile quant i ty  of the injected liquid. 
but  rather  on the solids used and their diameter.  By 
increasing the throughput  of the liquid and reducing 
the bed heights and with enlarged part icle dianleters 
(small NTU number of transfer units),  TB beconles 
less detectable.  Then, the lower and tipper regions 
begin to overlap, which can lead to a higher part icle 
agglonleration. Opti lnisat ion of the necessary bed height 
is possible with the inodels s tudied when there is low 
risk of agglomerate fornlation at graluflation and coating 
processes. 

An interesting aspect,  especially for thermolabi le  
materials,  is tha t  tile entire t empera ture  level in fluidised 
beds is lowered by submerged nozzles and tha t  a 
punctual  liquid feed leads to the desired agglonleration. 
whereas a fine liquid dis t r ibut ion causes the opposi te  
effect. 

If tile local degree of wetness were known, it would 
be worthwhile for flu'ther modell ing to investigate 
the instal lat ion of heating surfaces a,s sources of heat  
into dry zones. Accordingly, the shape and the locus- 
dependent  intensity of the .jet should be described using 
improved physically based mathemat ica l  equations. In 
addit ion,  measurements  of the air moisture should 
be done to back up the equations. Furthernlore,  the 
influences of inlpeller agi ta tors  and controlled fluid flow 
[5] need to be tested. Tile object ive is the applicat ion to 
dynanlic batch processes. 
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