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Abstract

^The atm of this irork is to develap ah axi-vnnetric hto dinensianal nodet baseet on a cotete(t simpttfed
c^atnputatianal Fhid Dvnamic (cFD) dnd Lasrungidn nethad lo predict the abrow patens and (hyirg ol pitiit"r.
Then usihg lhh pre.lictire loal ta design nate eff;cient spr.v.rryerc. The approach ro rhit; is to modat;hat pa ictcs
etperince in the drving chanbcr \|ith rcspect ta ail !enpefthtre and hunidity. These hirlaries can he obktinett by
cat bi ing the particlet najectaies with the ah te\tperdhre / hanidity pauern in the sptuy.tryer.

Rcsu t are prcsented and .!isc1$sed in tems of the an wtocity, temperdh(e, an.l hut;itlity prcftes \t,ithin the
chanbers and conparcdfot .hyinc o.l a 12.5% sahds solution in a sp/a), chanbet 2.22 tn in diatneit;ith a cytind cat
tap settiot] 2 0A u high o,l d bolan &ne ledian | 725,1 high.

faJpr..6: drying, spray driers, computer aided design.

Introduction
Spmy dryiDg is a process for conveding of a liquid

feed into a powder by evaporation of the solvent. The
basic principle of a spray dryin8 proccss is the extensrve
contacting of lhe liquid with the drying medium, usua y
air, The air provides the energy for the evaporation and
absorbs the solvent vapor (usually wate0. FoLrr stages can
be discerned in the sp]ay drying process. The first stage
lakcs place at the core of the process: the atomizer. The
second slage is 1he dispclsion of particles irr the air and
drying itself is considered dre $ifd srage. Collecring the
powder is rhc l l . t  srrge. ProcedLres for desrtning spra)
dryers are still very much up to individu?1, being based
on practical exp€rience and basic principles, and not on
more theoretical approaches related to empirical medrods
and analyt icalAtepwise techniques. A single pfocedure
can never be universal ly appl icable since each var;at ion
in atomizer,  air  dispcrser,  componenr design and locarion
r€quircs a separate narhernal ical  model l l l .

A spray-dryer designer often needs ro prcdict behavior
or perfonnance of dryers before they are built. For tha!
purpose, models are necessary.

A good fundamental model of a spfay dryilg process
can only be conslructed if we can devise both a good
feedstock model and a good equipment model. If lhefe
are def ic iencies in ei ther,  the overal l  model wi l l  be of
shict ly l imited value [2] .  The equipment nrodel is a
combination of factors that address thc environDren! ofa
panicle (e.9. air temperature, air humidily), white the set
offactors drat address dre responses of a particle is catlcd
the feedstock model. The equipment model rhus
compfises lhe iDfluence of the spmy drying process on
the quality of th€ produc!. Flere, product q!atity consist
oi parameters such as moisture conlcnt, dte nal
degradation, aroma retention, shape and size of the
particles and stickiness [3].

Several equipment models have been dcvelopcd in the
pas! decades 01. Mosr of rhem are bascd on crude
assumptions of what take place in the spray drying
chamber, especial ly with respeci to spray-air  rr ix i | ]g.  In
nros! models, variations in air temperatufe and resjdence
times are neglected; lhe flow of air and partictes rs nor
considered l4l.

One ofLhe big prob ems fdcins spray dryer designers is
l l 'e comple\ i ly ol  spra) air  Ini \  19 proccss i . ]  r l -c spray
chamber, then rhe difilculiy in predicting particle
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traieclories within spmy chanlber. Because in the past it

had not been posside io predicl the aerodynamics oflhc

Dr-\  ch.rn'ber,  des:Brer hr\c nad lo relv on l l rerr

" loJ' i* . .  
.  avoid 

-wal l  
br i 'd a 'd i l  t r lTLrerI  dDin' ;

r i r ' re prob'enq. ConDu|rr ion t l  f  r rd d)nrnr ics (CfDl

rechnique, qhrch predicLs qo$ pal lcrnr and prdicLe

raieclo ies wirhin Lhe ,prav charber
rheorel ic.r  bdsr. ,  has recenl l )  r ,  d \alurble lool  lo ' i rd

desi! .ners and in\est igate lhesc problems [5]- 
in'ir," cro "pp'ouir, 

+e sprav air nixing i' addfes'ed

b] co.rbir ' i r , .  i i r t lor"  ard p;r i ' lc Lraj"ror ie( ) ic 'd rrg

l imDcralu-e ard 1'urnidr ly pa(crn in lhe spra) InJ

cr ' . r iber,  $hich in l , rrn.  $hen con bined $ir l ' lhc prrrrcre

trajectories, results in the temperature and moisture

content histolies of the particles.

Mathematical Model

The flow in a spray dryer is two-phase (ah and droplets

or 'ai t  und pa.] . tesr Hence. qe erplo)ed an axi

, t rn,* t i .  t - i  Oi. '* . .nal  f , rnd"merrdl  model in qhich

rrre air  ph,:se is modeled a. a col l in ' rum u'19 t le

,orLiciv '*rr .nr fun.I ion apDroach { ' :mpl: l ied CFD)

This approach was developed by Gosman [6] to model

the flLrld flow inside th€ PiPes
iir" a; no* is goue-"d by the mass, momentum' and

"n"inu 
con"errutio'n 

"quotions, 
these goveming equations

were"'fonrulated using vorticity and stream tunction as

tl" i"p""a*t variabies which reduce the number of

equati;ns by one and eliminate pfessure as dependen!

Thc Dadicle pha.e ' modcled b) rhe I '$angrdn mctnoo

"r,",e 
i" ;.nri"* ot a'oplels Panicles on me ai- pl ase i'

considere.l as a source ofmass and eners/ These exchange

tenns werc fed back to the aidow palte calcnlation 10

obtain a trvo-way coupled solulion To calculate lhe

e*.Lang" of .asi and inerry, the drying kinetics of the

materiaiharlto be inco,porated in the model
.q r 'nd"nrcrLat maiemaricJ Todel of  'prd) d ) ing

was solved at the following assumplions:
i  r '  

' r .  
+ * l i " g .  r , . n v  p , n ' l e  f r d c l ' o n s  q : r n  t a r i o u '

a; 'nerei ,  a"o terce d l rererrr  drying r i rn" occ'rr '

Therefore, lhe droplct size distribution (DSD) rs

included in the formulaling ofthe mathematical model

2.The droplets ar€ spherical, and thefe is no temperature

sradient lnside the Paticle
3.?hJ;;;;1"- mixing effects in the vicinltv of the

atomizer aIe neglected
+.ptow of the 

-drying 
agent (air) is laminar and

5. l  he requldr reginre mer'rod ol  dry:rg me' han' 'm I '-  
, i .a as"rt te feeiso.k nodel ln is melhod rs b" 'ed o. l

*" 
"[t"*"i". 

lhat the drying rate, after some time'

*iff'onfu a"o*a on the actual moisture conient and

that the influence of the initial conditions decreases to

vifirallY zero [7].

u  I o  D  < d i c r  l - i c r o r i c  o i r ' c o r o p ( r s 0 ' d c ' l a r r g c s o f L h c
ren pcroLLrc and I-urnidirv of r fc ai '  q irhrn lhe sprr)

dryJr. we assurre that for all droplets the initial droplet

velocily is the same
? The m;in conceDt of the model consists in attribution

to each Darticle ;ome anount ofambien! air' For such a

systenr. a given anrount ofair-parlicle momentum, heat

a'nd max-balances are solved separately for each

fract ion. Since ihe feed rate is less than l0 % ofthe air

mass flow ratc, we can assume lhe monrentum iransfer

fronr droplets to gas may nol be significant [8]'

Standard formulation of the differential equations

According to the.above assumptions, the fol lowing

equations are formulatcd as a genetal elliptical equaoon:

"  I l ( , ,1) - -d { , ru- , f  -  a- [u ta l ! \' ' " l a ' l ' a '  I  d f L r  a -  r l  d - l - /  d ' J , r '

:  r - a { " . } l
-  L ) h  )  : - : Y ! \ + I l . r d . = 0

a r l ' t l  a r  )

The d is taken as the dependent variable' and

aa,b(,c( and d, are taken as standing for various

function as represented in Table l' Here the I rs

equivalent to lr.

Table I Functions associated wilh equation (l)

T

-(dMr/dv)
-(a[d/ce,.dv)

0

'alaz (p wr)

Droplet f eld calculations
' lhe dropler freld i '  esLrbl 's\ed b) i rr 'c5rrr 'ng rre

d; l ferent ia equdrior '  .or d-opler n ot ior lo dererrni le

aroote'  u. to. ' i ies una, u i lh fJrrher i lLeg-, l ion dropleL

r-ai ;cLor:e'  Al  edch r ime slep along lhe rr" jecl0O

lrloi", 'i'" and temperature historv are calculated

usir lg the equat ions fol  droplet mass and heat transfef

ihe n urs flo* rut" a.tocialed with dfoplet size (di) is

grven by:

Where t1,/ is the droplet mass flow rate

mass fraction associated with size d, The

mte along tra.jectory i is given bY:

(2)

and l, is the-

b
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spray

)Lr t ion

h e  a i f

)ns

rwing
: ioni

r i s

)
v l

rg the

ulared

(di)  is

(2)

)r flo\Y

.t  = 
mu!,  

( l )

,ihe.e lx(./D is the mass ofdroplet $,ith initial diameter
:i 1,. The number flow rare along a given rrajectory is
:onstanl provided no coalescence or shattering occurs.

','lomentum balance equations
A particle trajectory is calculated by inregrating the

: iual ion of motion over t ime. This equat ion can be
jerived from a substirution ofall fofces working on the
.adicle in Newton's second law I9l .

After the new velocity is der€rmined at time (^t. ttre
droplet position ar rhe time (40 is detennined lionr:

. .  t J  =  i , o  + (U+U)  )1

xu,, = x,,n,o+(Jn +Ur,)Y

xt,n,t = xd.r^to!(Un",t*Uu 
t

l\,4ass balance equations

T o  c d l ( u l d r c  . ,  J c r u , r l  J r )  n r  L r (  o f  1  p . . . . i . t e .  1
r igoro.rc  leednock nrode]  shrLh Jcpends or  J  . .gJ ar
regime method is used [7].

Schoeber uol discerned rhree shges in the drying
curve by looking at the water concentration in the centre
of lhe pa4icle.  These afe the constant act iv i ty per iod, ihe
pcnetration period, and the fegular rcgime. The following
equations for calculating rhe drying rare afe emproyeoj

ln absence af penetratian peiod

d. I fX>Xc (constanr act iv i ty pcf iod)r

( 1 1 )

Where K is the mass tmnsfer coet-llcienr, ,t is the area and

The inLe- fdc i r l  $1er  \ rpor  1d.(  l r rLr ion c, , .  can be
calculated usinS the vapor pressufo, which is calcutated
f iom the Antoine relat ion I l  l l l

p"", = p,., (r) .,r" (,v' )
,.1,, (activily of wateo is a function of M, (moistur€
content), using a sorytion isolherm curve ofthe marenar.

i : 4 = _  " 0
d t 2

( l0)

( t  l )

(r2)

( 1 3 )

( l s )

( 1 6 )

c

c,,p"A.,li - nl(, 0)

1,,,
2

+a,t'(p,, - p,)E -L,r' p,v P

(4)

The first term denotes thc drag force of the air on rhe
:adicle. The second tenn is the buoyancy force, and
recause the density ofthe parricle is much larger than the
:rr. lhis tcfm conslitutes the gravitational force. The last
:ern is the pressurc gmdieni force and is negligibte in the
:ase of spray drying. Therefore, rhe equalion of nrorion
:or a droplet is givcn by:

+ nltg

, y:Yfr{'' t,-,).2
' = r.d.(,-*,(-+)).(,
* here dynamic characterisric rime is defined by

lSlrqf,

p,  a.  i  fu1(r:on of \^er bulb .ernperalLrre 1,,  $,rq
obtained by Antoine equrt ion

l R l K  d d
I n  f | . -  =  1 6 . 2 8 8 7 -  

- "  - '
-  

f  - 4 6 t 1

S l t D -

The Rlnr-\ .4rr ,h1i l  corret . r ,ur I t ) .  ror
convection effects is Lrsed:

(  t 7 )

.'t p./1 )t/ 
-(, \Y -u )

(6)

-r).,01-sl e)
t8p,,,,

" '  29 - l lp,"t,

. u , , f .  /  ^ r \ \= v + g r  I  e r p l  - -  I
\ \ t -/,/

/  ^ , \
+ (u,{  o -  v. ,exp --  |

\ f )

(8)

-r lexp - I (e)

)

a  D c l v . U  |  |  -.  i _  R c . K c =  _ . n ,  _ . . d  p . . , , 1 t = .  2 1 .
.- r'',

:. ,", = u +(U M,k
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Sptq) Driets

S, = 2.0 +0 6scorr Reoj

..4! = -, sn p. o"o a p,,,-",,1

(18 )

(19 )

6. I fX<X.oegular regime period)r The f lux is calculated

,  .  / r  v  v r  ( 2 0 )
I = r R R \ r . ^ ' ^ ' ,

The nux para eter F is rendered into the mass flux:

! I  = .  q o n ' , . ]  n  , ' t '
dt (,

Where R, is the solid shell thickness and is defined as:

1+ X !-L

ln the prcsenl af Penelratrcn Penod

a. l iX-X, (Lonsrant aLt iv iry periodr:  Eq laisapphed

; ; i x . - i . i .  r p e r e L r a r ' o n  p e r ' o d t  l l e  f l u x  i s

calculaled using:

{
t - c  h  Y  r ' \ " 0  " ' (22)

The mass llux is calculated from Eq 21
. iii.i'. t."e"rt *gi." peliod): The flux is calculated asi

F = FRR (r, x, x,)

The flux parameter F is render€d into the mass flux as

shown in Eq.21.

Heat balance equations

TenperatLrre of Parlicles
the equation for drop side:

dq =hA(r, rt)= mfPt

, t
. . " ' l  \  hA \ r , ,  _

(d.ops) vas calculaled ftom

!!l = -anp-o",ac,., - c,, )
dt "

N r  =  2 + 0 . 6 P r o ' r  R e o 5

dr ,  T  -7 ,  , \ c , ,  c , , \

d l c t d

q:"F@
/l,j

.  t ts ; tZS)=:
dc,, a t.t

dr, Q9 -11p,.;l

Droplet soulce term
'lhe droDlet source terms for lhe gas flo$ field arc

evaluated as the panicles pass lhrough the flow field As

a oart ic le rraveries a compulal ional cel l  i r  conrinual ly

suppl ie,  ma- and ener&v to the ga< $iLhin lhe (cl l

Considerthe traiectory shown in Fig' l'

^ LH,,,pShP.D.n
"= N, k" 

'

7,1 =T,n + Q,, 'T.n)

o = P"'l'cP"
6Nu k,,

(21)

(28)

\o

dT, cln . ,,

, r!!1r. g l

(23)

(25)

Q6)

D t+1

F ig. I Decompos ition of droplet path inlo series of

continuorls hme stepS

The number ofpadicles associated with a time interval'

Ar,  i t  ,A/ where n is the number f loq rale alolg a gi le1

trajectory. The mass emux due to lhese partrcles ls:

""=^'l#)
(29)

Summinq overall dme iniervals associaled with 1he

oanicles=traverse of the cel l  ) ie ld '  Ine ner rna's \ource

i;-  i ; ' ,ht '  najeoory'  suinming o!eral l  t rajecror ies

*i'i"fr truu"rt" tf't" 
""fiyllds 

ihe source tenn for that cell

^Md = ttsi,
(30)

i  l , I

<\'\t
\) \*q...l

. l I J \
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Energ exchange between tle gas and rhe dropletpanicle
:rses through lhe convective heat Fdnsfer and the ener$/
.:r\ dJe lo mass ransler. fte ene'g/ .ource Ienn.
:ssociated with time elemenrAt is given by:

s"=r^,1i"#-s,,)(27) (31 )

^Ed =I Is,  Q2)

ihere hs is the enthalpy of the vapor leaving the droplet

(28)

i ld .  As
inual ly
e cel l .

; o f

a grven

(29)

ilh the

(30)

qa =,V' k, z d(T" -4,) (34)

Summing ov€r time intervals and rrajectories gives the
.nergy source term for the cell.

Numer ica l  Solut ion
In preceding section it was shown that a steady,

laminar, iwo-dimensional flow is governed by the set of
elliptic pafiial differential equations represenied by rhe
gcneral  Eq. I  and the associated coeff ic ients in Table 1; i t
is furlbef controlled by. the boundary conditions for all
the variables along a surface which completely encloses
the domain of interest. Thus, the problem of the
prediction of iwo-dimens ional flows has been reouceo ro
a mathematical one; and solurion of the equations will
yield the distributions of lhe dependent variables
o, ! / ,c*,T, etc.  throughou!the f low.

Our lask in the pres€nt section will be to derive a
general solulion procedure for the maihematical problem
which we have posed. The solLrtion procedure is a
numerical one; and the main elenrenls of ils derivation

l. The confinement ofattention io a finite array ofpoints
distributed drroughout dre llow as the nodal points ofa
grid.

2.The rcduction of the differential equations to a set of
simultaneous, algebraic finite differcnce equations,
which relate the values oflbe variables at eacn nooe ro
the values which prevail at nearby nodes.

3.The recasting of the equalions into a forfi suitable for
solulion by an iterative, successive-substitution

A conrpuler soflware is written in FORTRAN Power
Slation language and involving; input paranreters, loops,
lubrouiines, ...etc Fig. 2 sholvs the flow diagram of ihe
:ornput€r program.

Fig. 2 Flowchart for sequence ofoperations rn
numericalmodel

Application of the model
One of the most detailed sets of the data available on

the drying of a liquid f€ed spray issuing into a hofarr
stream are lhose reported by Kievier ll2l. The spray
dryer used in his experiments was a pilot-plant-scale co-
current spray dryer (wid€, squat body, dianeter 2.2 m,
height 3.725 n, manufactrnedby Nirc Ataniret.

The drying air enters lhe drying chamber thfough an
annulus; the nozzle is placed in the cenrre ofthe annulus.

The run selected with which to compare the model lvas
that used an aqueous malrodextrin (Cefesrar) solution.
Maltodextrin is a carbohydrate mixture ofhigh motecutar
weigbt and lvas used as a model compound because its
material properties are well known and it is widely used
in industry.

Results and Discussion
In Fig. 3 the modeled temperatures is depicted for the

aqueous maltodexlrin feed. In Fig. 3, rhe corresponding
humidity pattem is depicted. From this llgure ii can be
seen lhat a large volume ofthe dryer has almost constant
temperatures and humidities. It appears tha! most ofthe
drying takes place in the fast flowing core. Th€ velocity
of rhe . l i r f low in rhe volume oul, ide of rhe core is very
low: it is ahnost stagnanl. Further, parlicles appear not to
be able lo penetrale into lhis slagnant zone and arc
irapped in dre fast l'lowing core. The Kieviet's
measurements srppoft the idea of a siagnant zone lyith
hardly any iemperaiure and humidity gradient.

Fig. 4 sbows lhe predicted tenrpenture profile and th€
nreasured dala by Kieviet [12] at different levels in ihe
drying chamber. W€ find rbat our predicted rcsults agree
well with the nteasured results.
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f ia.  I  ConroJr of modeled a'r  lenoera'u-es and hLn idi l ie '  d;sLr ib r t iorr  i "r  l l 'e spray drying (hamber rq i lh 'prcy\ '
..,i;",;:;.::;Jil;;;;;.r5;;;:;iiil:i:,';,;;;l;i:,;$"j;J".!ai.empera,u,e=,esc,

lffi t i::1,1

\n
1 1 . ' ' d

F s. j  Conpari,on of lenperdrure' and hulr idi l ies a'

aif i .*n' r.uJrt mea)ured nom I\e ceirrng r0 2 0 6 1 0

;i l  i l  ; ,  i ;  'h. dring 'harber betqeen modeled

,esr lL,  r id mea'ured re,ulLs lhe rad al  pos'r 'onc were

0 . 0 0 , 0 . 2 9 , 0 . 5 7 , 0  8 5  a n d  I  l l  m

The simulation results provide deiails of the

,"." .rr"r .  n.r" , ,  oi . ' . . -gnl  iqrels.  I rom lhe p'edi .red

Lenperarure prof i le $e f ind Lhat lhe lenrperdn re'  rr  rre

cenlral core of radius of about 0 25m are different ai

;;+;;;"i;.1;' this is expected as a direct result of

a"r" . 'n1" is a minor tadial  \ar ial :on '1 lhe a:-

' " l ' . i . , r i . .  t .  drsesr rcrrperdLUre changes u'ual lv

ol l i r  ar Lhe f inr le"el  l r  i '  a re 'ul t  of lhe \eD high hear

ina_.u.. n^rf., rates in the nozzle zone due to high

ielative velocities between the gas and lhe droplets

colDled with large temperature dr i ! ing forces-- 
i i , "  

"" , t . .  
.a; ' " .  .a '  I  pr"f le" i  rd I  e rrca'u-d r '  ' r ' r '

"r 
i i l .Ji. i tr; '  * ,r 'n".,t le\ el, in rhe dry iris charber arc

i t"*";" i"" ' .  a we noLe rhal the predicled resulrs a-rd

*,;;';; ,.";,. ' 'n a broad Jos flow resion whi'l' i'

" , . , . i  t f t- ."".."0..;  tv a' lhe wall are dif lererr bc(aL're

"i 
ir ' r .  

""*" "] 'r .  
n"";herc as i t  m'nrioneo b) Kievie

i i i i  
"* " tro" .rr(r larion i low wh'ch ledd: ro 'ome\hr

," i i"--J' ir i"* i"" o'rumidity LlrroJgl '  this region w'

; ' ; ; 'J ' ' ; ' ; ;  hunrid,D region and ree'on or rapi '

,r,ul"*f lr  n' i ' ' ia ,v .r." ociur in rhecennal cc'unn rhi

i ." i [ ,  ' r ' r '  *". '"r t t 'e dry' ls I 'kec pldce in rhis cor

,.i""" e rarg" '"t"-. of Lie dryer cha'nber. has alnos

."?'-"t l"-"'"-]U "l'.t' 
'"-' ii is nor used effe'rivel

for drying.

Conclusions
I  lhe trry;rg (har lber geomerq and operalrn'  

"" ." ." . ' '  
r i .  l i le )  lo have signi lcarL ef le( ls o '1 I '

how patlerns inside spray dryers' These changes wr

"n*t"r,*" 
I,y.i p*r"ti""itce, both in ierms of produ

moisture content and walL deposition rates
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:.An inter€sting fearure of this present nrodel is thar a
tully coupline, axisymmetric two dimensional flow
model h capable of simularion of gas,paricle flow
such as cyclone separator, Iiquid fuel conrbustors, fire
suppression and pneumatic lmnsport.

l. lomenclature

coef ic ient in the generalel l ipt ic Eq. l

droplet surface area (m?)

water velocity G)
coef i ic ient in the generalel l ipt ic Eq. t

co€ff ic ient in the generalelUpt ic Eq. I

specific heat (kJ,&g.K)
drag coefficient (-)

concentration of waler vapor (kg./k8,)
c droplet diameter (pm)
de soufce t€fm in t l te generalel l ipt ;c Eq. I
Dq. diffusion coefficient (m'z/s)
D,n chamber diameier (m)
6 evaporation rare (kg/s)
/, drag factor C)
Fnn regular regime flux (kg/m.t

t gravilational vecrof on/s:)
ll heat lransfer coefficient (kj/fi':.s.K)

, enthalpy (ki/kg)
I  thermalconduct iv i ty(kJ/m.s.K)
K mass transfer coefficient (nr/s)
/ height ofchamber (m)
lL lj,lt mettic coefllcients associated wiib coodinates

z, r, and 0 C)
droplet mass (kg)
dfoplet mass flow rate (kg/s)
mass flow rate (kg/s)
moisture conrent (kgJkg,)
number fiow rat€ (l/s)
Nusselt  numbef C)
fluid pressure
Prandt lnumber C)
heat transfer rare ro droptct (kJ/s)
dislancc of a point fronr the symmetry axis 0n)

nr radius ofair  bubble and radius ofpadicte 0n)
sol id shel l thickness
Reynolds nunrber o
nrass efflux (kg/s)
energy efflux (kJ/s)
Schnridt nunrber C)
Shenvood nunb€r G)
time (s)
!emperaiure (K)

velocity vector ofdroplet (m/s)
radiai velociry ofair (nts)
volume (m')
axial velociry of air (m/s)

velocit), vector ofair (m/s)
tangential velocity ofair (m/s)
moistLre (kg,"&gs)
mass fraction assigned to droptet size, di C)
heat of evaporation (kJ/kg)
mass source term due 1o droplets (kg/s)
energy source term due to droplet (kJA)
effective viscosity ofthe flLrid (kg/m.t
density (kdm')
dependent variable ofthe gencrat e ipatic Eq. I
stream function (kg/m.s)
Yort ic i ty of lhe air  ( l /s)
spray angle (o)

r dynrmic characrcfjstic tiffe (s)

Subscrirfs

c cr i t ical

e equi l ibr ium
/ f in ished

/ l iquid
RR regular regime
r sol id
fl srunf

trb wet bulb
l'1 wall
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