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ABSTRACT

Cashew processing industries are mostly locateduial areas. Especially in and around cuddalore tddd,
Tamilnadu, India, there are many industries usimapventional methods for drying of cashew kernelhouat
knowing the advance method of solar drying techesghe solar dryer performance is mainly dependinghe
uniform distribution of temperature flow field idsi the dryer. In this study a solar biomass hyligler was
constructed and experimentally tested without aayst and any load. The temperature distributionaof flow
inside the dryer was performed with Solidworks 2GR4.0 .The experimental data’'s was used for thendary
conditions. The simulation results show that theules might be acceptable when compared with tiperéaxental
value.
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INTRODUCTION

India is the largest producers and processor dfexas in the world. The total area in India undesheav cultivation
is about 868000 ha with annual production of 665@Gfithes giving an average productivity of 860 kgfhjin
Tamilnadu state has a total of 417 cashew proagsasiits which produces an average of 41225 matriogs of
raw cashew nut per annum. [2] Processing of casheslves drying of raw nuts, steaming, shellingyidg of the
kernels, peeling and grading out of which dryinghef kernels is the energy intensive process. fifisess needs a
temperature 65-7C around 4-6 hours to reduce moisture content BeBb [3].

Simulation modeling studies are needed for theciefit design and operation of dryer. The predigtiohairflow,
temperature use and humidity inside the dryer hwlpdesign most suitable geometric configuratiorthef dryer.
Nowdays given the increase in computing power abyication of simulation tools can be valuabledagineering
design and analysis of complex system

Dhanushkodi.Set al., studied thermal performance of solar biamhagbrid dryer for cashew drying they are
concluded that the dryer can be operated in anyatic conditions; as a solar dryer during normalnsudays, as a
biomass dryer during night time and as a hybricedduring cloudy days and it is suitable for snsathle cashew
nut farmers in rural areas of developing countiiék.

The performance of solar batch drying is affectgddmperature of heated air and the collector saerfrea of the
dryer whereas the dimension of the dryer and gtyaotithe dried product are less important. By gssolar batch
dryer of 3m2 collector surface area and temperattit®°C can dry 250kg of product per day [5]

Yunus et al. simulated a hybrid solar dryer by C#ébls under different operational modes. The \gloand
temperature distribution inside the dryer is sirtedausing FLUENT software .The simulation resulterev

148
Pelagia Research Library



S. Dhanushkodi et al Adv. Appl. Sci. Res., 2015, 6(8):148-154

validated by comparing with the experimental measwent. The results indicate that the solar withnaiss backup
heating gives the good results when compared &r atherational modes [6]

Solar dryer box with ray tracing CFD Technique waalyzed by Akinola et al.in Nigeria. During thepeximent it
was found that the average collector temperatumehes over 67°C and drying chamber rack temperaturevs
42°C. The simulation results showed that, the megutemperature is achieved within very short expodo
sunrays. This showed that it can be used for regidrere fewer hours of sunshine is available.[7]

Cristiana et al. have used CFD method to analyzeaitilow inside a hybrid solar-electrical dryeheldryer was
tested experimentally without the trays and with load. The simulation result showed that the véjoeind
temperature distribution is uniform in the solaliector and drying chamber. Also, the numericalilsswere good
agreement with experimental results. [8]

Manoj et al. [9] simulated solar dryer utilizingegn house effect for cocoa bean drying. In this\stdATLAB
based modeling was carried out to predict the Wglakstribution of the dryer. The product obtainfedm the dryer
would give good grades and meet international statsd

Suhaimi et al. [10] carried out a study to predhe drying uniformly in tray dryer system using CBinulation. In
this study the velocity of tray number 1,7,8 andai® having more velocity than other trays. Thelteshowed that
the average air velocity in the drying chamberhbiswt 0.38m/s and the temperature is uniform forttadl trays.
Finally it was concluded that, this dryer is suléafor drying agricultural products.

Ratti et al. [11] designed a batch type-solar dyysiystem. Its drying performance is predicted usingng rate,
drying temperature, and moisture content, which taree dependent. This system allows for the shgekaf
particles. Air temperature is necessary to comptb drying process, and all its existing paransetere
independent.

There are no precise references to the literatomearning numerical simulation of air flow and h&ansfer in the
intensity of dryer. The main objective of the pmasstudy is to investigate the temperature prafilexperimental
solar biomass hybrid dryer using Solidworks 2014.8Roftware.

v' To optimise the design of drying chamber to achibigher heat/mass transfer rate and uniform drjigg
avoiding an unfavorable aero dynamic phenomendharchamber

v" To improve the design of existing drying system.

v" To predict the drying time if connected to the tfiim equation

MATERIALSAND METHODS

M athematical model and gover ning equations.

Analytical solutions are only available for simgdeoblems. They make many assumptions and fail keesmost
practical problems. Finite Volume Method (FVM) isganeral approach for both simple and complex probl
This method is among preferred methods for fluidmmena modeling. SolidWorks Flow Simulation soltie-
dependent Navier-Stokes equations with the Finiduve Method (FVM) on a rectangular (parallelepiped
computational mesh. Computational domain is a nggtler prism where the calculation is performed.
Computational domain’s boundary planes are orthajtmthe Cartesian coordinate system’s axes awndl@pes
the fluid volume inside a model.

The mass, momentum and energy conservation eqeaiergiven in a general form by equation (1)-(6)
Mass:g—’: + div(pu) =0 (1.2)

Energy:p 22 = -div (pu) +[2522) + a“;’y”) + Qe 2D a(?y”) + 2 20 w;’y”) +
%] +div(kgrad T) + & (1.2)
x-momentum®22 + div(puu) = - 22 + div (i grad u) + & (1.3)
y-momentum‘% + div(pvu) = -Z—Z +div (1 grad v) + @ (1.4)
z-momentum‘% + div(pwu) = 'Z_Z +div (U grad w) + &, (1.5)

Convective heat and mass transfer modeling in the knodel is given by the following equation:
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The design model is 3-D, flow is compressible aedédy in x and y direction. The body forces ardlextgd as the
working fluid is gas

Simulation procedure.

A 3-D model of solar dryer geometry was createchgisiolid woks version 2014 SP with a Pentium IVteys
speed 2.0 GHz, 2GB ram and 520MB hard disk. Solidev@014 SP4.0 flow Simulation results providedisignt
practical information to identifying the low tempéure spot of the system and consequently thisheiluseful for
improvement of the dryer designs. Solidworks Floe§sr does not consider heat transfer effects irdssoli
Solidworks FloXpress computes the correct tempegadiistribution in the fluid, but there is no optito view the
result. Velocity, mass flow rate, volume flow rate,pressure (static and total) boundary conditemesspecified at
models' inlets and outlets. Time-dependent Reyral@saged 3D Navier-Stokes equations using thetlrbulence
model. Flow Simulation using Solidworks involveg tlollowing procedure. 3D model of the dryer iswhdn Fig
1.1 .The following simulation procedures is usethis study.

Creation of the solid work part model for the flgimulation

Setting up the flow simulation project for interrilaw analysis

Setting up a 3D flow condition

Initializing the mesh

Applying boundary conditions

Meshing the model. This is a series of automagpssin which the code subdivides the model and ctatipnal
domain into computational cells.

= Running the flow simulation and check for convergen

= Visualize the temperature flow field.

Fig. 1. 3D model of solar biomass hybrid dryer
RESULTSAND DISCUSSION

The experiments were performed on a prototype doiamass hybrid dryer at PRIST University (Indidhe
simulation was performed on empty chamber withbatdashew kernel in both forced and natural commchode.
Temperature profile was presented according tontbde of drying from the unloading experimental hssurhe
validation of the result was done by simulatingitiigal operating conditions of experimental me@snent

Simulation for natural solar dryer

The simulation was carried out and the temperatisteibution obtained for natural convection modéas dryer is

presented in Fig. 2. It can be seen that air eméossolar collector at an ambient temperature lagidg heated by
solar collector. The temperature at the start gindris equal to that of the ambient and increasesrds the top of
the collector. Since this temperature is highenftat in the ambient, it increases the thermalanoy. It could be
seen that the highest temperature is concentratdte dop of the solar collector which is around34to 348 K
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.The heat was transferred from solar collectohtodrying chamber by natural convection. The teatpees inside
the drying chamber are in the range of 65-45°Cepkéor the top portion of the drying chamber. Todtom and
middle portion of the drying chamber recorded tighést temperature around 338K since it is exptsdte high
temperature air flow. However, as the locationhef tray become farther, the temperature decreasetodhe heat
losses to the surroundings and to heat up the ltvags. The lowest temperature was spotted justeabee top tray
and it represents the exhaust air temperature viluahout of the dryer.

Model reme: dryer sokr
Sthucly rame: Study 1

Pl type: Therma Thermalt
Titne step 1

Temp (Cekius)
7 :508e+001
I 7 1 47e+001
6 7 88e+001
- G42%+001
- B0Te+001
57124001
5.353+001
4 5842 +001
_ 4 B3%e+001
- 4276
3918e+001

355%+001

3200e+001

Fig. 2. Distribution of air temperaturein natural convection solar dryer

Moddel name: cryer sokr
Shady rame: Sudy 1

Plat type: Therms Thermal
Titne step 1

Temp [ Celius)
8 508e+001
I 3066 +001
T E2%+001
- TAdte+001

- B 7 35%e+001

. 6295 +01

555464001
541224001
4861
45274001
40854001
35428+001

3 200e+001

Fig. 3.Distribution of air temperaturein forced solar dryer

151
Pelagia Research Library



S. Dhanushkodi et al Adv. Appl. Sci. Res., 2015, 6(8):148-154

Simulation of forced solar dryer

The temperature distribution inside the solar @dtle and the drying chamber in forced convectiolarsdryer is
shown in Fig 3. The forced air from the blower estimto the inlet of the solar collector and itdistributed from
the bottom to top of the collector and then todhging chamber through a rectangular opening pexvid between
solar collector and drying chamber. The simulatiesult shows that temperature rises from 35-85%@sacthe
solar collector. The higher temperature is obsemtedottom of the drying chamber because in theg®ons the
high temperature air is coming from the solar aitie. In general the temperature changes more aodgacross
the solar collector, than along and across thendrghamber. The hot air temperature in the dryimgnaber was in
the range of 63-70°C.Temperature inside the drgingmber has an important role in the drying kirset€ the
cashew. The difference of temperature among th&opoof drying chamber is considered small andaih de
assumed that the present design successfully azhibe reasonable uniform air temperature. Alseai observed
that the temperature profile of exit air was wedlvdloped to affect drying; this indicates that thiging chamber
length is capable of accommodating more trays witlamy significant drop in the temperature.

Simulation of forced solar biomass hybrid dryer

The temperature distribution of the solar biomagsrid dryer is shown in Fig 4. It can be seen thia, required
drying temperature 60-70°C was obtained in therdyyihamber. It can be seen that the distributiotemperatures
inside the drying chamber is almost homogeneouseming at the exit of the drying chamber, where/do
temperatures of about 303 K, is obtained. The umiftemperature profile in the drying chamber cchddas a result
of additional controlled air heating through biomésickup heater. This temperature distributioreisefic, because
it is expected to provide uniform drying and theretvoiding different final moisture content of theoducts. The
drying temperature obtained in this mode of operais very much desirable for drying cashew kesiate it
guarantees a high-quality and homogeneous dryingess. The relative humidity of the drying air isoaan
important factor affecting the drying rate. Witketimcrease in the drying temperature, relative kityniakes lower
values. This enhances drying rate and thereforagligccurs in a short span of time with the inceeabthe drying
temperature

Model rame: dryer solkr
Shudy name: Study 1

Plat type Therma Thermat
Timestep 1

Temp [ Celsiust
3600+001
I §.150e+001
. T F00e+001
. 72504001
- 6800+
. B.350+001
. 5300e+001
| 545024001
. 5000e+001

- 4.550e+001

4100 +001
3 550 +001
3200 +001

Fig. 4. Distribution of air temperaturein forced solar biomass hybrid dryer
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Comparison of experimental and simulation results
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Fig. 5. Comparison of experimental and smulation resultsunder Natural Solar mode

The comparison of experimental and simulation tesil natural convection solar dryer are listedrig 5. The
results indicate that the average temperature yifiglrair is in good agreement for the top, middiel dottom
portion of the drying chamber, since the variaiinaverage temperature is around 2%.

The percentage difference between the experimanthkimulation results under forced solar dryeshiswn in Fig

6. In this mode the numerically estimated mean sratpres results are slightly lower than the expenital results.
The temperature obtained in simulation results fiaom 4.1 % to 5.7%
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Fig. 6. Comparison of experimental and ssimulation results under Forced solar mode

The simulation and experimental results of solantziss hybrid mode is shown in Fig 7. It indicatestemperature
is more or less uniform in the drying chamber.hiis inode the average temperature in the drying beais highest
when compared to natural and forced solar dryee. t€Emperature variation in the simulation resdtaround 3 % .
Hybrid mode is the most appropriate mode for dnapglication since it provides the highest temperatand falls
within the required drying temperature range.
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Fig. 7. Comparison of experimental and smulation results under Forced Hybrid mode

CONCLUSION

The objective of the simulation of the dryer isfitad the most efficient design and operation moadiedptimum
temperature distribution. The numerical simulatioh the temperature inside the solar biomass hyhbvas
performed with Solid works. Experimental data wasdifor the boundary conditions and numerical aailich. The
following key conclusions are made from the analysi
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