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SU M MARY

NOlmdays, ti lt' spray dryillg technique is largely "lIIployed ill the ceramic tilt' iudustru dill'
to the illlprop,'d pomier properties. Hoiccivr, the optimization of the systelll is gl'llerally cntpirical
and experimental tests demand a certain amount ofmoncu. The simulalion ofsuch systellls throllgh
mathcntatical ami pllysical Il/Odd/illg call then /Je used as a poiocrfu! tool to intpnnn: the process,
while the influence of lIIallY parameters all />oth the continuous and disperse phase call be studied.
III this paper, tilt' interaction is presellied 1>t'tIPeell the i/ryillg oil' alld the atomized alumina slllrry
for mixed ami COIlCllrrmt types of gas j101L'. The gas rclocin: ami temperature profiles after the
droplet injection an' also calculated. Air lunnidits), temperature and trajectories ofdroplets are sOllie
of the uariablcs solred /Jy the progralll.

1. INTRO DUCTI O N

The sprilY drying tech ni que is wi dely e m ployed in the chemica l, food ,
ph armaceutical and ceram ic industrieslJ.2..1.n l. Specifical ly in the cera mic tile ind ustry, th is
p rocess is used to evapora te the water ad ded to aid the gri nd ing process of the raw
material and to hom ogeni ze the ad d itives'< 71. The main advantage of adopting suc h a
process is the resulting powder flowabili ty, since the granules obta ined keep the spherica l
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shape of atomized droplets; the qua lity of the final product is d irectly affected by the
gran ule sphericity, whi le transportation and compaction are improved . Thou gh the
ceramic tile p rod uction me thod is ve ry well es tab lished, the opti miza tion of the system is
ge nera lly empirical. Besides, experime ntal tests demand tim e an d money.

In view o f this, the aim of the present work is to sim ulate, th rough mathematica l and
physical mod elling, the behaviour of the dryin g system for several set s of opera ting
cond itions. It can be a tool to im prove and optimize the dryin g process o f an y kind o f
slurry, with computer time being its so le cost. The earlier simu lations were mad e in an
integral form and the in fluen ce of different par am eters on gas flow and atomized droplet
history were diffi cult to study. Nowada ys, refin ed mathematical models can be employed
in the sim ulation of such systems due to the fast development of computer processing and
stor ing capacities; it allows not only pred ictin g gas ve locity and tempera ture profiles and
d roplet behavio ur but also the influen ce of se ve ral parameters on the p roperties of the
d ried material.

This paper presents the intluen ce of the dryin g med ia (ho t air) on the history of an
atom ized alu mina slurry for mixed and concurrent types of gas flows. It also takes into
acco unt the changes in the gas p rofiles due to the d roplets injected into th e system.
Alu mina slurry is a representative materi al and it has been chosen for simplicity,
nevertheless any kind of slu rry material can be used if its thermodynamic an d transport
properties were given. The mathematical models are based on a se t of coupled partia l
diffe rential equations an d describe the be haviour of bo th phases, continuo us a nd
disperse; thi s system of equations does not have an analyt ical so lution and th us must be
so lved numerically.

In the next sec tion, a brief description of the mathemati cal and ph ysical modelling,
as well as the compu tat iona l domain and boundary cond itions, arc presented . The resu lts
and their di scussion are in section 3, followed by the work conclusions in sec tion 4.

2. COM PUTATIONAL FLUID DYNAM ICS

As long as the mathem atical mod el used to simulate sp ray dryin g systems is a set of
coup led pa rtial di fferenti al eq uations w hich have no ana lytical sol ut ion, a numeri cal
sche me is required . The adopted proced u re to so lve such a system of equa tions is the
con tro l vo lume method developed by Pat ankar '".

The ga seo us ph ase is sim ulated by the equations of continuity, Navier-Stokes,
conservation of ene rgy and water vapour, wh ich respectively give mass, velocity,
temperature and humid ity of the gas '", Ca lculated profiles are ob tained before an d after
the injection of the slurry. For the di sperse phase, the sim ulation is carr ied ou t se tting a
di screte d istrib u tion o f d roplet diameters (ca lled co m pu ta tio na l particles), each
rep resenting a percen tage of the total mass load ed into the system. Mass, momentum and
heat transfer models bet ween the phases provi de the granule mass, and conseque nt ly
the ir d iam eter, veloci ty an d temperature along their trajectories, as well as res idence time
and humidity of each class of compu ta tiona l partlcle" 11.121.

2.1 COM PUTATIONA L DOM AI

Figu re I shows the computational domain . It represents the right half of an ord inary
spray dryin g cha mbe r of concur rent flow, sche matically illu strated in Figure 2.

r.C I · .t
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Figure 2: Spray dryillg cllt1mba of concurrent pow.

The d ryin g air ente rs through sec tion AF and it flows th roughout the cha mbe r,
d ragging the droplet s injected in posit ion I. Con tact between the hot a ir and the atomized
slurry leads to the ev aporation of d roplet moisture content. Both gas and granu les exit
throug h Be. The sy m me try axis is indicat ed by AB.

2.2 BOUNDARY CO NDITIONS

Based on the compu tational domain just set out, the ini tial and boundary cond itions
Me es tablished . At the line AF, the chambe r entrance, the gas temperature is set to 3 10°C
and its axial velocity to 2 rn / s; the radi al compone nt of veloci ty is chosen as ze ro. The gas

1'.<';1 -5
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flow rate for these values of gas input di am eter gives a velo city of 13.5 I/min. The initia l
ai r humidity is ze ro, bu t it can be se t according to the envi ronme ntal d ata .

Sym metry cond itions mu st be kept at AS, so that (l11 /(lr :O, (l1I/(l r : O, v:O, iJell' /(l r :O
are speci fied respectively for entha lpy, axial velocity, radia l veloci ty and air hu m id ity.

At the cha mbe r exit (BC), it is ass umed that al1 / i!z:O, i l ll / i!z:O, i!v / iIZ:O, i!ew / (lz: O.
At the wa lls the velocity and the air humidi ty are se t to zero w hile the temperature is
based on experimental d ata.

Point I indicat es the position at which the droplets are injected in the cha m ber; in the
schematic of the domain it is perpendicular to the sy mmetry axis and its associated
inject ion angle is 0°. Neve rthe less, point 1 can be located an ywhere in th e com pu tational
domain. The droplet ve locity at the injectio n point is 2.5 m / s and d roplet tem pe rat ure is
25 "~CO The alumina slurry flow ra te is taken as 3% of the gas flow rate, i. e., 0.4 1/ min.

Adop ted initial val ues were based on the ones given by Crowe !'!': ho weve r, their
values can be eas ily and directly change d .

3. RESULTS AND DISCUSSION

Solving the govern ing equations for th e gas and the particles, the in fluence of the
con tin uous phase on the d isperse one, an d v ice-ve rsa, can be stud ied . The alu mina slurry
is injected in thre e di fferent sizes: 30, 40 and 50 [1111 . A 0.4 1/ min feed ra te and a 50% ini tial
water mass con tent are set. Figure 3 prese nts the trajectori es of drop lets injected
concurrently and para llel to the cha mber axis. The y d eviate from their ori ginal injection
ang le since, after a relaxation time, the particles follow the stream lines (see Figure 7).
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Figure 3: Droplet traiectoriee inside tlic dryi".'? chamber. COllcllrn.'llf flow witll illjcc/ioll /HIsle of 90
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Figure 5: Droplet fClIlpcratll rt' llhmg their tr/ljectorit>s inside tilt' dryillg dU1IIllJl'Y.

By a sim ple cha nge in the injection point positi on and ang le, it is possible to sim u late
mixed flow type of d ryin g; the d roplet trajectori es for this situa tion are sho wn in Figure
4. In the beginning, as the gas is int roduced a t the top and the d roplets at the bottom of
the cha mbe r, the flow is cou ntercu rrent and the pa rticles go up unti l the gas flow drags
them along, now in a concurrent flow type, bac k to the bottom of the d rying cha mber. The
slight deviati on of the droplets is also d ue the stream lines of the gas.

Figure 5 presents d roplet temperatures along droplet travel inside th e drying
cha mbe r for concurren t flow. Many ap pl icat ions take ad vantage of this type of flow, wh en
heat se nsi tive material is to be dried since a thin film of water envelops it du ring the very
firs t ph ase of the p rocess. It begins to evapora te at approxima tely 40°C; and granule
temperature will only rise w he n the water content reach es the critical poin t, i. e., the re is
only enough residual water to fill the pores o f the granule bu t not to cover its surface.
Droplet temperature p rofile for mixed flow p rese nts a similar behaviour. As can be seen,
this as pect of d rying is very we ll simu lated by the computer program (Figure 5).
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The calculated particle residence time is on average 0.6 s for concurrent flow and 0.2
s for mixed flow; the reason for this di fference of res ide nce time in concurrent and mixed
flows is the location of the injection point and consequently di fferent distan ces for the
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particles to reach the cha mber ex it; the reduction on d roplet di ameter is about 45%, i. e., a
50 11 m d roplet injected ge ne ra tes a granule of 30 11111 app roxima tely.

Cas iso the rm s before and after the injection of d roplets is d epicted in Figure 6; The
temperature is mainly reduced near the injection point du e to the hea t transfer between
the continuous and di sperse ph ase as can be noted by the ret raction of the lines in thi s
region . The decrease in tempera ture is abo ut 5 to 7% in the chambe r ax is reg ion for th is
se t of opera ting cond itions. The velocity profile, Figure 7, is less a ffected than temperatu re
profile, w hich is surely d ue to the assu me d low feed ra te of the alu mina slurry.

Ai r humidity ge ts high er after d rop let introduct ion int o the d ryi ng cha mbe r due to
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water eva poration of the slurry, as ind icated by absolute hu mid ity rising from zero u p to
0.1 kg water vapour / kg dry air, even for a sma ll alu mina slurry feed ra te. Figures 8 and
9 presents the absol u te humidity plotted , respective ly, in rad ial and ax ial d irections.

4. CO, ClUSIONS

Mathem ati cal modelling an d sim ulatio n of spray d rying p rocess as devel oped here
can be used as a po werfu l tool to guide system op timiza tion, since it allows the most
important par am eters to be st ud ied, w ith comp uter time be ing its sole cos t. In th is paper,
the interaction between the dry ing air an d the atomized alu m ina slurry for mixed and
concurrent types of gas flow is presented . Droplet trajectori es for both types of fl ow are
calcu lated, then enabling the influen ce of contin uo us on disperse phase to be qu alitati vely
estimated . Furthermore, the program calcula tes droplet temperature along droplet path in
the cha mber, thei r res ide nce time, residual moisture content and the granule diameter for
eac h size of injected droplet. Gas temperature, ve locity and humidity profiles are
gene ra ted before and after the material injection. Thus, the influen ce of the atomized
slurry on the gas profiles can be sat isfactorily ana lysed. Temperature decreases d ue to the
heat tran sfer between ph ases, and air hum id ity rises becau se of slur ry water eva poration.
The depend en ce of on e phase on the ot her is clearly evidenced by the nu merical results
obtained in this work.
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