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ABSTRACT

One of the most critical processes in the food industry is drying, but most
drying equipment suffers from non-uniform air distribution. Applying the CFD
simulation to tune the configuration or change the tray install method of drying
equipment improves drying efficiency. This study shows the effect of different
numbers of trays (case 25, 18, 13 trays) and the improved configuration (13
trays with varying tray angles) on the air distribution of the drying chamber.
The most appropriate case is the new configuration, which has more air
uniformity by installing two air shields near the inlet and outlet and changing
the angle of the trays.
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TOM TAT

Mt trong nhiing qua trinh quan trong nhat trong nganh céng nghiép thuc
phdm la qud trinh sdy, nhung hau hét cac thiét bi sdy déu khong 6 phan bé
khéng khi dong déu. Ung dung md phdng CFD & tinh chinh thiét bi sy gitp
cdi thién hiéu sudt sdy. Bai nghién ctu nay cho thay dnh hudng clia cac cau hinh
khay (truang hgp 25, 18, 13 khay) va cdu hinh cdi tién (13 khay v6i cac goc
nghiéng khay khac nhau) dén phan bo gid trong thiét bi. Truong hgp phu hop
nhat la trudng hgp ing dung phuang phap xép khay mdi, cd phan bd khong khi
déu hon trong thiét bi nha Iap dat thém hai tdm chan gié ngay gan ctia gid vao
va clia gid ra va thay déi goc nghiéng cda khay.

Tir khéa: CFD, qud trinh sdy, sdy ddng déu, thiét bj sdy dang khay, COMSOL
multiphysics.
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1. INTRODUCTION

The main objective of drying food is to remove moisture
and prevent the growth of bacteria, yeast, and mold that can
spoil it [1]. After the drying process, a good part of the
vitamins, minerals, and flavors of food are preserved [2].
Several drawbacks exist, such as low drying efficiency,
product moisture inhomogeneity, and high energy
consumption due to uneven air distribution in the convection
drying equipment [3]. The CFD simulation conducted by
Dazza-Gémez et al. indicates that due to poor air distribution
in the drying chamber, trays 2, 3, and 4 receive a significant
amount of air, while the others receive less [4], so it can lead
to inhomogeneity of moisture content of the products.

Previously, the method to improve drying equipment
was building and testing pilot-scale models multiple times,
which took a lot of time and cost. Nowadays, with
technological advancements, the food industry has
extensively implemented Computational Fluid Dynamics
(CFD) to surmount these issues [5]. CFD method uses
techniques from physics, math, and computer science to
model and predict fluid and liquid flow motion [6].

CFD is used to predict the air velocity profiles as well as air
uniformity in the equipment with the most appropriate k-¢
model [7]. Several studies using CFD simulations
experimented with tuning the shape and angle of the air vane
guide at the inlet of the equipment [8], adding the wind
deflector [9] and the guide air cover [10]. All of the above
achieve the configuration with fairly even air distribution,
which proves the effectiveness of the CFD simulation.

2. MATERIALS AND METHODS
2.1. Governing equations

The Navier-Stokes equation describes the fluid motion,
but obtaining analytical solutions is difficult. Numerical
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methods, especially CFD, are widely used to solve the
equation, even for complex problems [11]. In turbulent flow
mode, all quantities fluctuate in time and space; the Reynolds-
averaged Navier-Stokes (RANS) equations are used:

p%—l:er(UV)U + V- (pu'®u)
=V -u(VU+ (VU)") +F-VP
pV-U=0 (2)

V.(ou ®U) 3)

The notation U represents the average velocity field and
® denotes the outer vector product. The term V-U
represents the divergence of the average velocity field.
Equation (3) refers to the Reynolds stress tensor, which
captures the interaction between the fluctuating
components of the velocity field. The k-¢ model adds two
transport equations and two dependent variables (turbulent
kinetic energy k and turbulent dissipation rate €) to further
analyze turbulent flows [12]:

p%k+pu-Vk:V-[(u+u—TJVk]+Pk—ps 4)

k
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Equation (4) is the transport equation for k, equation (6)
is for €, and equation (5) represents the production term.
Constants C,, Ce1, Cey, Ok, and o, are assigned specific values
such as C,=0.09, C;1 =1.44,C>=1.92,0¢=1,and 0. = 1.3.

2.2. Equipment modeling

a) b)

Fig. 1. Equipment descriptions and simulation meshing

The three-dimensional models are simulated in COMSOL
Multiphysics 6.0°. The dimensions of the inlet and outlet are
equal. The simulation model only represents the drying
chamber, trays, and the inlet and outlet. Other components
of the equipment are omitted from the model to reduce its
complexity without affecting the simulation result. Fig. 1
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shows the dimensions of the equipment. The surface (4) is
the symmetry plane of the model.

Table 1. Equipment dimensions and main details

. . | Value - Value
Symbol | Description (mm) Symbol Description (mm)
Inlet/Outlet )
a width 198 k Trays spacing 55
Inlet/Outlet .
b height 164 h Chamber height 1586

Chamber width 600
Chamber depth 630
Wind conduct 140

t Tray length | 578 w
th Tray height | 25 d
ty Tray depth | 520 s
Top air

- shield length 600 - Bottom air shield length | 600
Top air Co
- shield width 658 - Bottom air shield width | 600
Top air B .
- shield height 5 - Bottom air shield height | 5
000000000 G%
000000000 0%0%
ocooooooooodd
00000000000
00000000000 _.O._
00000000000 d,
00000000000
00000000000
00000000000
00000000000
a) b)

Fig. 2. Perforated trays in the drying process and model trays used in the
simulation

The simulation model assumed that the material fill the
trays during the drying process. The block in the model
represents the perforated trays with drying material.
Perforated trays are simplified to the tray with one big hole
in the middle to reduce the complexity of the simulation
model. The small holes are 5mm (d,) in diameter, with a
spacing (g) of 5mm. The air leak through all the small holes
is equivalent to the amount of air through the big hole that
is 20mm in diameter after calculating.

=

a) 25 trays b) 13 trays
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Table 3. Notations definition

Notation Description Definition

The effective velocity of the | The average velocity value of finite

Vi . ; )
' material surface onitray | points on the evaluated surfaces.

Evaluate the amount of air going

Vag | The pretension velocity through the material surface.

n Number of trays -

The standard deviation of the | Measure the amount of variation

0Oy

vivalue of the case or dispersion of the v; set.
5 ~ The coefficient to evaluate the
o) First improved configuration d) Second improved configuration O Coefficient of velocity correlation between the velocity

variation dispersion and the pretension

Fig. 3. View at the cut plane (4) of five configurations velocity achieved.

The first improved configuration changed all the tray's .

. . . . The coefficient of the actual . .
angles to six degrees. The second improved configuration ) difference velocit The relative variability of the v;set.
increases the angle of 5" to 9™ trays to 12 degrees. The two )
air shields are installed on the top and the bottom of the 3. RESULTS AND DISCUSSION
chamber, with the air shield at the top having a 24-degree iy 25
angle.

2.3. Meshing and boundary conditions 90

Table 2 shows the mesh element size and boundary

80
conditions set for the simulation. All the simulation cases use
the same boundary conditions and meshing in the 79
boundary following Table 2. 60
Table 2. Boundary conditions and meshing 50
Boundaries | Value/ Type Mesh . Largest/smallest size of a 40
element size mesh (mm)
30
Inlet (1) v="14m/s Fine 0.159/0.0285
Outlet(2) | p=10°Pa Fine 0.159/0.0285 2
Wall (3) Slip condition Coarse 0.301/0.0634 10
Symmetry (4) - Coarse 0.301/0.0634 O~ _ o
As the drying chamber is symmetrical, only half of the a) 25 trays b First improved configuration
model is simulated to save time without affecting the total o5
results. The model is meshed with tetrahedral cells. The inlet
and outlet mesh are fine mesh element sizes, while the 80
others only need coarse element sizes. -
2.4. Evaluation criterion
60
This study uses the following criterion to evaluate the
amount of air going through the material surface and the air 50
distribution in the equipment. 48
Vv,
2N ) 20
avg
n
20
2
Y
o, = 2.0V~ Va) (8) 10
n
o, = O x100(%) ) ¢) Second improved configuration
Vavg Fig. 4. Velocity contour of equipment with different configurations
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In a 25-tray configuration, dry air enters the inlet and
through the last four trays. The relative humidity of the air
increases and tends to move directly into the air duct. The
moist air ascends and a part of it through the upper trays,
while only a small quantity of air moves through the middle
of the chamber (from 7™ to 19" trays) and goes to the outlet.
The trays are arranged very closely (only 55mm apart) with a
high outlet, which causes the air to blow directly from the
inlet into the wind conduct and up to the outlet.

Table 4. The average air velocity on the surface of each tray (25-tray configuration)

N° [vi(m/s) | N° |vi(m/s) | N° | vi(m/s) | N° |vi(m/s)| N° | vi(m/s)
1] 0640 | 6 | 0704 | 11 | 0.035 | 16 | 0.077 | 21 | 0302
2 | 1165 | 7 | 0.051 [ 12| 0.036 |17 | 0.070 | 22 | 0.464
31 1.08 | 8 | 0025 [ 13| 0.049 | 18 | 0.069 | 23 | 1.841
4 1048 | 9| 0027 | 14| 0.064 | 19 | 0.095 | 24 | 2.846
510203 | 10| 0.030 [ 15| 0.069 | 20 | 0.178 | 25 | 2.898

The first four trays, especially trays 2 and 3, receive a lot
of air. Because of the small amount of air passing through,
the materials on the trays in the middle section have low
mass transfer dynamics and have higher moisture content
than the trays in the top and bottom sections after the
drying process.

Table 5. The average air velocity on each tray of the last three cases

In Case 2, all trays near the inlet are uninstalled to avoid
problems with the first configurations. This configuration
has a low v; value from 5 to 10* trays. On the remaining
trays, the material tends to have low moisture loss, and the
product may not meet the moisture content desired after
the drying process.

Through observing the velocity contour of previous
configurations, the air tends to go towards the outlet, so
case 3 adds two air shields to direct the air in from the inlet
and directly through the wind conduct, then go up and
divide into multiple streamlines passing through trays. The
trays are also tilted at a 6-degree angle to increase the air-
receiving area, and the air unformity is better than the
previous configurations, as shown by the decrease in two
criterion. In the final case, by increasing the angle of five
trays in the middle to 12 degrees, their air-receiving area is
increased, and this case has the most even air distribution,
making it the appropriate configuration for the drying
equipment to reach the product moisture homogeneity.

4. CONCLUSION

The uniformity of air distribution in the drying
equipment is a factor affecting the uniformity of product
moisture content. CFD simulation is an effective tool for
predicting air distribution of several configurations tested.
This study shows that in this evaluated drying equipment
with fewer trays near the inlet and middle of the chamber,
the uniform of air distribution isimproved. The trays must be
tilted to have more air through the tray surface. Also, those
in the middle must have higher angles than the others. The
last configuration is appropriate, in which each four trays
near the inlet and outlet, five trays in the middle, and two air
shields at the top and bottom of the drying equipment are
correspondingly inclined at 6 degrees, 12 degrees, and 24
degrees.

13 trays 1 il.nprov'ed 20 ifnprov.ed
configuration configuration
N | vi(m/s) N° vi (m/s) N° vi (m/s)
1 0.461 1 1.244 1 1.222
2 1.155 2 0.785 2 0.765
3 1.175 3 0.403 3 0.451
4 0.429 4 0.289 4 0.407
5 0.121 5 0.349 5 0.498
6 0.237 6 0.299 6 0.468
7 0.133 7 0.350 7 0.422
8 0.105 8 0.386 8 0.371
9 0.120 9 0.412 9 0.347
10 0.226 10 0.315 10 0.336
n 0.731 n 0.377 n 0.351
12 2143 12 0.403 12 0.391
13 2.330 13 0.510 13 0.404
Table 6. Evaluated criterion calculated for the last three configurations
sty nd i
S R i I e s
Vag 0.516 0.720 0.471 0.495
0% 162% 107% 56% 50%
6 55.639 3.088 2.029 1.791
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