
Practical investigation of spray dryer performance

INTRODUCTION

In all industrial applications including the food,
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 practices and more environmentally
benign operations as well as higher productivity,
better energy yield and reduced material wastage.
Thus, development of experimental investigations in
this sector might be very constructive and helpful 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 a drying step,there is a me-
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 as chemical reactions and radio waves are used
to evaporate the liquid. Liquid that evaporates dur-
ing drying is notalways water. It is possible that they
are volatile solvents and flammable substances and
even toxic. According to the literature, obtained ex-
perimental studies on dryers markedly, spray
dryers,which involve all the aspects of this appara-
tus are not sufficient and they are very rare. The aim
of this investigation is to improve the performance
of spray dryer as the final 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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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 as the 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, this type 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
hot air is 1/7 meter per second.  2016 Trade Science Inc. - INDIA
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amount of outlet dried salt crystals. So, this work
has been perused major principles in the 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.

MATERIALS AND METHODS

Spray drying is widely used in industrial pro-
cesses, this technology seems ideal when final prod-
uct has standardsstrict quality such as size,moisture
content and density and also suitable particle struc-
ture. During the drying, heat andvolume transfer oc-

curs in a same time ratio. This work begins with 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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RESULTS AND DISCUSSION

Experiments are held to find the drying time, en-
ergy consumption, air velocity, variance in color and
size of the salt crystals. The below curves illustrate

the experimental results. In this study, the air veloc-
ity changes from 1.1 to 3/2 meter per second and the
effects of changes in this parameter on energy con-
sumption and overall costs are also checked.

Figure 2 showsthe variation of superficial air

Figure 2 : The variation of superficial air velocity against the drying time

 
Figure 3 : The variation of drying time againstevaporated water

Figure 4 : The variation of superficial air velocity against flow rate of inlet air
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velocity against the drying time. Since the impor-
tance of energy consumption and size range of outlet
dried salt crystals from spray dryer, empirical data
shows that the best drying time is 20.2 minutes. The
drying time of 31.2 minutes is declined due to the
color of outlet dried saline crystals from spray.

As it is shown in Figure 2, when the air velocity
is 2/75meter per second the drying timeis 0/3 greater
than the velocity of 1/7meter per second.

The variation of drying time againstevaporated
water is depicted in Figure 3. As it is vividly shown,
the evaporation rate reduces with the rise of drying
time in the same conditions.

Figure 4 illustratesthe variation of superficial
air velocity against flow rate of the inlet air. Ac-
cording to the Figure, 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 changing is critical.

Energy consumption is one of the most impor-
tant and critical items in this survey. Figure 5 shows
therelation between energy consumption and super-

ficial air velocity. The energy consumption increases
with the rise of air velocity, correspondingly. Ex-
perimental results show that there is a reverse rela-
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 changes from 0.0056
kg to 0.008 kg of water per kg of dried salt crystals.

When the air 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 amounts for 1/
7 meter per second is 0/59 kWh that the below table
shows the results of this assessment. The related 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
shown in Figure 6.

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.

Figure 5 : Relation between energy consumption and superficial air velocity

Hot air velocity 
(m/sec) 

Drying time 
ratio 

Energy 
consumption ratio 

Total cost 
ratio 

Total cost ratio for current spray dryers(without 
mentioned operating consideration) 

1 1.33 1 $  

1.5 1 1.041 0.78$  

2 0.967 1.28 0.93$  

    3$< 

TABLE 1 : The economical evaluation of used spray dryer with different hot air velocities
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Outlet crystals have the same shape and appear-
ance. So, washing, filtering, transport and storage
of them is desirable. Energy consumption is appro-
priate in contrast with other materials.

CONCLUSION

As drying is assuredly one of the most signifi-
cant energy-intensive stages in factories, the growth
of practical investigations brings an opportunity to
advance the dryer operation and efficiency.

Drying is a critical process in which the liquid
is removed. In this experimental project, a spray
dryer is selected in order to dry solid crystals such
as sodium chloride. The most affecting items are
considered in the study. Research shows that the best
drying time is 20/2 minutes because at this time the
particle sizes are 679 to 806 and the consumption of
energy is0/58 kilowatt-hour. It is obtained that the
dimensions of the occupied space affects the size of
crystals of sodium chloride and the drying rate. The
optimum production of dried salt is obtained whenthe
capacity of the dryer is 0/56. The other parameter is
hot air velocity,whichoptimal value is reported 1/7
meter per second according to date.

REFERENCES

[1] B.Ericsson, B.Hallmans; Treatment of saline waste-
water for zero discharge at the Debiensko coal mines
in Poland, Desalination, 105, 115-123 (1996).

[2] R.Fezei, H.Hammi, A.M�nif; Magnesium chloride

precipitation from mixed salt solution using 1,4-
dioxan, Chem.Eng.Res.Des., 89, 367-372 (2011).

[3] F.Geng, Z.Yuan, Y.Yan, D.Luo, H.Wang, B.Li,
D.Xu; Numerical simulation on mixing kinetics of
slender particles in a spray dryer, Powder Technol.,
193, 50-58 (2009).

[4] F.Geng, Y.Li, X.Wang, Z.Yuan, Y.Yan, L.Dengshan;
Simulation of dynamic processes on flexible filamen-
tous particles in the transverse section of a spray
dryer and its comparison with ideo-imaging experi-
ments, Powder Technol., 207, 175-182 (2011).

[5] A.Lee, M.E.Sheehan; Development of a geometric
flight unloading model for flighted spray dryers, Pow-
der Technol., 198, 395-403 (2010).

[6] F.Macedonio, L.Katzir, N.Geisma, S.Simone,
E.Drioli, J.Gilron; Wind-aided intensified evapora-
tion (WAIV) and membrane crystallizer (MCr) inte-
grated brackish water desalination process: Advan-
tages and drawbacks, Desalination, 273, 127-135
(2011).

[7] J.Mellmann, T.Teodorov; Solids transport in mixed-
flow dryers, Powder Technol., 205, 117-12 (2011).

[8] Ph.T.Nguyen, M.A.Hampton, A.V.Nguyen,
G.R.Birkett; The influence of gas velocity, Salt type
and concentration on transition concentration for
bubble coalescence inhibition and gas holdup,
Chem.Eng.Res.Des., 90, 33-39 (2012).

[9] W.Omar, J.Chen, J.Ulrich; Reduction of seawater
scale forming potential using the fluidized bed crys-
tallization technology, Desalination, 250, 95-100
(2010).

[10] S.Palzer; Predicting drying kinetic and undesired
agglomeration during drying of granules containing
amorphous water-soluble substances in a continu-
ous horizontal fluid bed dryer, Powder Technol.,

Figure 6 : The relation between size rang and drying time



Milad Jadidoleslami and Amin Shamsoddin Pour 143

Full Paper

chemical technology

CTAIJ, 11(4) 2016

An Indian Journal
chemical technology

201, 201-212 (2010).
[11] S.Phongikaroon, R.W.Bezzant, M.F.Simpson; Mea-

surements and analysis of oxygen bubble distribu-
tions in LiCl�KCl molten salt, Chem.Eng.Res.Des.,
91, 418-425 (2013).

[12] M.Wormsbecker, R.Ommen, J.Nijenhuis,
H.Tanfara, T.Pugsley; The influence of vessel ge-
ometry on fluidized bed dryer hydrodynamics, Pow-
der Technol., 194, 115-125 (2009).


