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ABSTRACT

The drying is a useful technique to preserve food for long time against microbial contamination. Since it is a
simultaneous heat and mass transfer operation it finds versatile applications. There are different types of drying
operations but in this article an endeavour has made to explain in-detail about tray drying with an aid of CFD
(Computationa fluid dynamics). There are several designs of tray dryer system with CFD. To implement proper
design of tray drier there is a need to optimize variables that are influencing drying operation such as drying
chamber configuration, air velocity and air temperature. Also, the equations that are pertinent to drying operation
have been explained. In anut-shell, this article provides an extensive review of the variablesthat are affecting the

tray dryer system.

INTRODUCTION

Thereareagreat number of different typesof dryers
for variousapplications. Drying isan operation which
involves both heat transfer and masstransfer. Weuse
dryingfor removal of solventsor water fromthesolids.
The end product isadry solid. Sometimes even the
liquidsaredried by removing thelast tracesof moisture
contained in them. Drying is a useful technique for
preservation of food materialsover aperiod of time
against microbid contamination. Many different foods
can be prepared and preserved by drying.

Computationa Fluid Dynamics(CFD) isapopular
model ling approach which utilizesnumerica methods
and computer smulationsto solveand andyze problems
that arerdated tofluid flow. CFD can provide essentid
information regarding system design. Many scenarios
including thepositioning of air inletsand outlets, and the
influence of flow obstructions also can be simulated
reviewed by Norton et d [, The CFD-based modelling
dealswith variety of engineering problemsinvolving
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macroscopi ¢ trangport phenomena(fluid/gasdynamics,
turbulence, heat transfer and mass transfer) which
optimisetheamount of necessary experiments, timeand
overd| cost of solution of many engineeringand scientific
problems M ezhericher!?. Several researchers made
noteworthy contributionsin the area of drying using
CFD. There are numerous studies related to spray
drying. CFD smulationswerecarried out withtheaim
to find the optimum conditionsfor thedrying air, and
the heat and masstransfers between the dropletsand
theair stream as one such contribution, the effects of
theair flow pattern on droplet trgjectories, residence
time distribution of droplets and deposition of the
dropletsonthewall werereported in astudy.

Ali et a." simulated a spray drying process to
developamodd for particlecollisonwithroughwalls
and also studied the importance of the particle
tragectoriesand the overall heat and masstransfer. It
wasfound that the particle-wall interaction was one of
thecritica factorstha significantly influenced theaverage
dried powder characterigtics. Mishaet d . investigated
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thedrying uniformity of new design of the commercia
tray dryer for agricultural product and also the
temperature and velocity profiles. Streamline and
velocity on each tray were analyzed. Besides the
experimental investigations on the effects of various
processparameters, CFD smulation for optima design
of fixed bed dryer are carried out by Prukwarun et a ..

Jang et ! aimed to devel op the CFD modd that
would beused to optimizethe performanceand assist
inthescale-up of bubbling fluidized bed. The studies
onmodelling ahesat flow intray and fluidized bed dryers
using CFD techniqueshavebeen very limited. Soitis
intended in the present review to mainly focus on heat
flow anadysisinatray drier. In addition, the study also
stressestheneed of optimization of drying chamber to
achieve considerable improvement in the drying
characteristicsof any materid sduring drying operation.

Based onthe above literatureinformation it was
evident that only afew workswere concentrated on
the effectsof variousvariableson tray drying. Inthis
regard thisreview providesin depth discussion onthe
drying variables such asdryer geometry, air velocity
and air temperatureintray drying.

METHOD OF DRYING OPERATION

Drying can be carried out by various methods
namely batch, continuous and semi batch operations
both with thedirect contact and indirect contact of air
with thedrying solids. Herewerestrict our discussion
to batch operation.

Batch or semi batch equipment isoperated & regular
intervalsunder unsteady state conditionsand thedrier
isfed with the substance, which remainsin thechamber
until it dries. Subsequently thedrierisemptiedandis
charged again with afresh batch. Continuousdrier are
usudly operated in steady State manner where capacities
of productionarevery high.

Thereare equationswhich can beusedinthefield
of drying process to assess the effects of various
process variables, such as drying rate, rate of heat
trandfer, dryingtime, diffusivity coefficentsandadsothe
influence of temperature on drying process. The
following equations are pertinent and can be applied
for drying operations.

Therate of evaporation isgiven by®

K AY-Y) )
where, k’ . mass-transfer coefficient, kg m? st, A
evaporation area, m> y_humidity of air, kg kg™, y,

humidity of saturated air kg kg™.
Rate of heat transfer inair drying isgiven by'®
q=hA(T,-T) 2

where, g heat flow rate, Js°1, h_hest transfer coefficient,
Jm?st°C*, T_dry bulbtemperatureof air, °C, T wet
bulb temperature (at food surface), °C.

Timetaken to bring down moisture content from
initial moisture content (X ) to final moisture content
(X,) isgiven by

14X
a5 | W €
where, t, dryingtime, s(or h), X, initiadd moisturecontent,
kg water/kg dry solid, X, final moisture content, kg
water/kg dry solid, M massof dry solids, kg, N rate of
water evaporation, kgm?h, Thediffusivity of moisture
can befound by using fick’s second law for spherical
particlesand isgiven by!'%
e/t =Dy ) (("2/C c/t+2/r (/) ()
Where, D, diffusivity coefficient m?s, r radius of
spherical particle, mm.

Theeffect of temperatureon diffusivity can befound

by usngArrheniustypeequationandisgiven by [10]
-E

D, = D,eRT ()

Where, D, isacongtant, Eistheactivationenergy inJ/

mole, Risuniversal gasconstant =8.3144 JmoleK, T

istemperaturein degreesKelvin.

Methodsof heat supply

Indirect driersthe heat issupplied fully by direct
contact of the substancewith thehot gasintowhichthe
moisture evaporates. In indirect driers, the heat is
supplied quiteindependently of the gasused to carry
away thevaporized moisture.

Cabinet tray dryer isone of themost flexibleand
most frequently used dryer in food processing. The
cabinet tray dryers are usually operated in a batch
manner. Itisgenerdly used for drying of low cost foods.
Itisfrequently used for removinginitid moisturebefore
shifting the product to some other dryer. A schematic
diagramof thedryer isshowninFigurel. whichcongsts
of aheating chamber, heeted by steam or dectricd coils
or by flue gases by combustion of agrowasteor by any
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Figurel: Schematicrepresentation of atray drier

other heating source. Thedrying air isdrawninto the
chambersby ablower, and the air isheated by contact
with the heating el ements. It consists of anumber of
trays, usually multiples of 12, and are made out of
gainlesssted or duminium. They may be perforated or
plainand areusually of thesize40cm x 100 cm x 2.5
cm¥, Thefood material to bedriedisfilledinto these
trays. For 12 and 24 tray dryer, thetrays are stacked
directly into the heating chamber. If thenumber ismore
(viz., 48,96 and 192), thetraysarestacked into atrolley
whichislater pushed into the heating chamber. Thehot
convectivear currentsether passonthefood materids
(crossflow) or passthrough thefood materid (through
flow), and dry thefood material. Usually apart of the
ar isrecirculated, and therest isdrawn afresh through
theairinlet, which usualy consistsof afilter screento
filter theair beforeentering into thedryer

VARIABLESINFLUENCINGDRYING
PERFORMANCE

Whiledesigning any drying chamber, thedryingrate
will beevauated by varying the design and operating
variables. The emphasis hereis on drying chamber
geometry. Apart fromthis, thereare morefactorsthat
will influencetherate of drying. Thefactorsaffecting
therateof dryingwill vary dightly withthetypeof drying
system used. However, ingenerd, thefollowing factors
must be considered*Y

I. Nature of the material, physica and chemical
composition and moisture content, etc.

ii. Size, shape, and arrangement of the substanceto
bedried;

ii. Relativehumidity, or partid pressureof water vapor
inthear medium

Iv. Air conditions, namely; air temperature and air
veocity

Another factor that must be consideredin drying of
solid materia siscase hardening. Thisproblem can occur
if theinitid ageof dryingoccursat low relaivehumidity
and hightemperature. Under these conditions, moisture
isremoved fromthesurface of themateria much faster
thanit candiffusefrom or withinthematerid. Theresult
istheformation of ahardened rd aively imperviouslayer
onthesurfaceof thematerid. Formation of such alayer
will lower subsequent dryingrates.

Thenumerica ssmulation methodswill help usto
evaluate temperature, velocity, and pressure profiles
inside dryer or system. It is aimed to study the air
temperatureandair vel ocity distributioninatypicd drier
whichwould enhancetherate of moistureremova ina
given set of conditions.

Drying chamber geometry

Thedrying rate generally dependsontheair flow
rate, temperature and design of geometry. To assist the
above fact, several noteworthy experimental
investigations on the effects of varying air velocity;
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temperature and geometry configurations were
demonstrated by many researchers. Misha et a.l®
studied theeffects of varying temperatureand air flow
rateinatypicad tray dryer andthesmulationwascarried
out. The outcomes of these studiesreveal ed that the
difference in temperature of about 1.2°C among the
traysisconsidered small, and it can be assumed that
the design has successfully achieved the reasonable
uniform air temperature in the drying chamber. The
averageair velocity abovethetray isabout 0.38 m/s.
Mishaet . dso performed thes mulationto eva uate
thedrying performance by varying thedrying chamber
geometry. Thesmulationwascarried out onatray dryer
systemusing porousand solid products. Thesmulation
outcomes proved that the difference of temperature
among thetraysfor both cases(i.e., porousand solid
product) is considered to be small, and it can be
assumed that all requirementsfor asuccessful design
has been achieved in the reasonable uniform air
temperaturein the drying chamber. It a so proved that
good air flow distribution throughout thedrying chamber
canimprovethedryinguniformity.

Likewise Ghiausand Gavriliud® investigated the
flow parametersfor different geometrica configuration
and their interpretation led to the optimisation of the
tray arrangement, Sizeand position of theinlet opening
to achieve the uniform inlet air in the drying space.
Besidesthe experimentd investigationson parameters
such as the rotational speed of the device fan, the
effectiveness of the distribution gaps and the rate of
heat generated intheelectrica heatershave been tested
by Smolkato et al.'¥ to improve the temperature
uniformity within thechamber. Several changesof the
deviceconfigurations, such asthelocation of thehegters,
thefan and the fan baffle, have been considered. Asa
result, thetemperatureuniformity hasbeen significantly
improved. Amanlou et a.*® has also investigated
experimental result with predicted results, their data
revealed avery good correlation coefficient of 0.999
and 0.865 for drying air temperatureand air velocity
respectively inthedrying chamber

Dryingair temperature

Thetemperatureisone of theimportant operating
parametersto ensuredrying characterigticsof any drying
chamber which has great influence onrate of drying.

Chinenye?® investigated theeffect of drying temperature
on drying rate. He analysed for three levels of
temperatures (55, 70 and 81 °C) for drying rate of
cocoabeans. Theresults showed that thedrying rate
increased withincreasein temperature. Henceit was
concluded that thetemperature has positiveinfluence
ontherate of drying. Galvez et al*"! investigated the
effect of temperatureand air velocity ondrying kinetics.
Experiments were conducted at 40, 60 and 80°C, as
well asat air velocitiesof 0.5, 1.0and 1.5m/s. The
experimental results showed that the dehydrationwas
faster whenair temperatureand air vel ocity increased,
which was a so reflected in the values obtained for
effectivemoigurediffusivity.

Dryingair velocity

Chinenyeet d .1 evaluated and cd culated drying
ratesat different air velocity of 1.3m/s, 2.51m/sand 3.7
m/s, and observed that the draying rateincreased with
increaseinair velocity. Dimitrioset d.1*¥ developed a
new correlationreaing theNussdt number asafunction
of Prandtl and Reynolds numberswhichwasintended
to corrdaefor the specific geometricflow configuration.
Thismodel isvalidated against experimental datafor
different air vel ocities (1 and 2 m/s) and temperatures
(40, 50 and 60 °C). The model wasfound to be very
useful, computationally proficient and ableto capture
with sufficient accuracy. Simpson®® investigated the
basic drying rate of individua boardswhichwasfound
tovarywitharr veocity a different temperatures. Results
showed that drying rateincreased with air vel ocity for
moi sture contents above approximately 40% to 50%.
Theresultsof hisstudy gaveguidelinesfor selecting
experimenta air velocitiesintest runsto optimizeair
veocity for full kilnloads.

CONCLUSION

CFD, researchindrying will enhancethe design
process and understanding of heat, massand moment
transfer. Thedrier geometry configuration, air velocity
and air temperaturehave much influence ontherate of
effectivedrying. If we can optimizethese parameters,
wecanoptimizetheindustrid drying processeasly. The
benefitsof CFD to thefood processingindustry inthe
area of drying are many. In the recent years great
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development hastaken placein these areas.
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