v
Qra I@

Srience

ISSN : 0974 - 7443 Volume 11 Issue 4

CHEMICAL TECHNOLOGY

A udian Goarnnal

— Fyl] Peper

CTAIJ 11(4) 2016 [138-143]

Practical investigation of spray dryer performance

Milad Jadidoleslami*, Amin Shamsoddin Pour

Department of Chemical Engineering, Science and Research Branch, Isamic Azad University, Sirjan, (IRAN)

E-mail: milad.eslami2012@gmail.com; amin.sh.2013@gmail.com

ABSTRACT

Undoubtedly, in order to have a better performance of spray drying the
related knowledge of spray drying should rise up. Even though today spray
dryersaresomewhatmanual operator, this practical investigation intends
to advance the performance of spray dryer asthe ultimate step in the chemi-
cal process. In order to have better product quality, enhanced safety prac-
tices and more environmentally friendly operations as well as higher effi-
ciency, excelling energy yield and using of less material, thistype of dryer
is considered for investigating experimentally.

So,effective parameterincluding energy consumption, drying capacity, the
optimum time to dry, the air velocity, the ratio of sodium chloride to the
air flow velocity, chloride sodium solution color and water content are
studied, experimentally. The results show that the optimal momentum of
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hot air is 1/7 meter per second.

INTRODUCTION

Inall industrial applicationsincluding thefood,
agricultural, mining and even manufacturing
sectorsthe drying is considered as an initial stage.
Today, most of the countries are investing signifi-
cantly in order to generate better product quality,
enhanced safety practicesand more environmentally
benign operations as well as higher productivity,
better energy yield and reduced material wastage.
Thus, development of experimental investigationsin
this sector might be very constructive and hel pful to
improve dryer operation and efficiency, correspond-
ingly. Usually drying operation defines the stages
through whicha liquid is removed from a solid by
evaporation. In other words, at first it turnsinto a
steam and then easily removed. But, the moisture
separationbymechanicalmethod such as compres-
sion, andcentrifuge cannot be considered as adrying
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process. Usually, before adrying step,thereisame-
chanical dehumidifier operation and thismoisture
separation method is much easier and cheaper in
contrast with thermal methods. In some cases, in-
stead of using thermal energy, other forms of energy
such aschemical reactionsand radio waves are used
to evaporate the liquid. Liquid that evaporates dur-
ing drying isnotalwayswater. It ispossiblethat they
arevolatile solvents and flammabl e substances and
even toxic. According to theliterature, obtained ex-
perimental studies on dryers markedly, spray
dryers,which involve all the aspects of this appara-
tusarenot sufficient and they arevery rare. Theaim
of thisinvestigation is to improve the performance
of spray dryer as the fina stage in chemical pro-
cess. Drying time, ratio of salt flow rate per hot air
flow rate, occupied capacity of spray dryer air, ve-
locity of hot airand vaporization rate can have ma-
jor impacts on the color, size distribution and the
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amount of outlet dried salt crystals. So, this work
has been perused major principlesinthe performance
of one spray dryer supposed to production of dry
saltcrystals and also vaporization rate. Also, the
amount of energy consumption is evaluatedin each
run.

MATERIALSAND METHODS

Spray drying is widely used in industrial pro-
cesses, thistechnology seemsideal whenfinal prod-
uct has standardsstrict quality such as size,moisture
content and density and al so suitable particle struc-
ture. During the drying, heat andvolumetransfer oc-
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cursin asametimeratio. Thiswork beginswith an
atom of fodder in the form of spray droplet. Small
drops are made with high pressureand these drops
enter to hot air and they are cooled due to water
consideration. The colder and damp air exit through
a chamber, after the separation of dry particles, air
is conducted into the atmosphere. Dry particles can
be cooled and they are packed after separation. Spray
drying process depends on the structure of salt. Some
of the salt can be easily wiped, while others barely
dry. This drying method has following benefits:(A
top quality product, b)low energyconsumption, (C
long operating time between cleaning process.

Figure 1 : Photo of the device using a spray dryer
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RESULTSAND DISCUSSION the experimental results. Inthisstudy, theair veloc-

ity changesfrom 1.1 to 3/2 meter per second and the

Experimentsareheldtofind thedryingtime, en-  effects of changes in this parameter on energy con-
ergy consumption, air velocity, varianceincolorand  sumption and overall costs are aso checked.

size of the sdlt crystals. The below curvesillustrate Figure 2 showsthe variation of superficia air
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velocity against the drying time. Since the impor-
tance of energy consumption and sizerange of outlet
dried salt crystals from spray dryer, empirical data
showsthat the best drying timeis20.2 minutes. The
drying time of 31.2 minutes is declined due to the
color of outlet dried saline crystals from spray.

Asitisshownin Figure 2, whentheair velocity
is2/75meter per second thedrying timeis0/3 greater
than the velocity of 1/7meter per second.

The variation of drying time againstevaporated
water isdepicted in Figure 3. Asitisvividly shown,
the evaporation rate reduces with the rise of drying
timein the same conditions.

Figure 4 illustratesthe variation of superficia
air velocity against flow rate of the inlet air. Ac-
cording to theFigure, flow rate of inlet air increases
when the air velocity goes up. The drying time and
percentage of occupied capacity of spray dryer are
reported 20.2 minutes and 65, respectively.

Steep of air flowspeed in the condition of air
velocity changingiscritical.

Energy consumption is one of the most impor-
tant and critical itemsin thissurvey. Figure 5 shows
therel ation between energy consumption and super-
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ficia air vel ocity. The energy consumption increases
with the rise of air velocity, correspondingly. Ex-
perimental results show that thereisareverserela
tion between flow rates of outlet dried saline crys-
tal from spray dryer and the amount of energy con-
sumption. According to this Figure the moisture con-
tent of outlet dried salt crystals changesfrom 0.0056
kg to 0.008 kg of water per kg of dried salt crystals.

Whentheair velocity is 1/2meter per second, 0/
56 kW hour energy is used.

Experimental results suggest that the optimal air
velocity is 1/7meter per second. The amountsfor 1/
7 meter per second is0/59 kWh that the bel ow table
showstheresults of thisassessment. Therelated re-
sults to evaluate the performance of dryer, energy
anddrying cost for different velocities are given in
TABLE 1.

Changes ofdrying time onthe quality of
outletdriedsodium chloridefromdryerspray are
shownin Figure6.

According to the data,sizes of 0/7 and 0/8 ml
are suitable for chloride crystals. These crystals of
0/7 and 0/8 ml aresatisfactory for cleaning, filter-
ing, transport and storage.
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Figure 5 : Relation between energy consumption and superficial air velocity

TABLE 1 : The economical evaluation of used spray dryer with different hot air velocities

Hot air vdocity Dryingtime Energy Total cost Total cost ratiofar current spray dryers(without
(m/=C) ratio consumption ratio ratio mentioned operating consider ation)
1 133 1 $
15 1 1041 0.78%
2 0.967 128 0.93%
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) CHEMICAL TECHNOLOGY

A Judian Jowrual



142

Practical investigation of spray dryer performance

CTAIJ, 11(4) 2016

Full Peper - ===
45

40

Inlet dry air temperature=130C, Air velocity=1.7m/sec

35

Eipmaml pmm iy e
T oSttt

Initial moisture in inlet sodium chloride=0.17kg water/kg dry solid,

lied
At

=

30

P g pb |t ooy g ] il =) AOVE Leme vombmpefle my almy o
T outer s OGO CrronGe—orooo kg vaten g

Percentage of occupied capacity of spray dryer=65%

Sy SO

25

20

15
10

Drying time (min)

733-898 712-863 695-851

679-806 648-793 637-776

Size range (micro meter)
Figure 6 : The relation between size rang and drying time

Outlet crystals have the same shape and appear-
ance. So, washing, filtering, transport and storage
of them isdesirable. Energy consumption is appro-
priate in contrast with other materials.

CONCLUSION

Asdrying is assuredly one of the most signifi-
cant energy-intensive stagesin factories, thegrowth
of practical investigations brings an opportunity to
advance the dryer operation and efficiency.

Drying isacritica process in which the liquid
is removed. In this experimenta project, a spray
dryer is selected in order to dry solid crystals such
as sodium chloride. The most affecting items are
considered inthe study. Research showsthat the best
drying timeis 20/2 minutes because at thistimethe
particlesizesare 679 to 806 and the consumption of
energy is0/58 kilowatt-hour. It is obtained that the
dimensions of the occupied space affectsthe size of
crystals of sodium chloride and thedrying rate. The
optimum production of dried st isobtained whenthe
capacity of thedryer is0/56. The other parameter is
hot air velocity,whichoptimal value is reported 1/7
meter per second according to date.
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