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ABSTRACT

Sago is an essential source of starch for some regions in the third and developing world.
However, the sago processing industry has been producing a large amount of sago waste,
and the untreated waste is usually disposed to the nearest river. It not only leads to the
environmental problem, but it is illegal under the Environmental Quality Act 1974. Since
the sago waste still has high starch content, which is 58%, it can be converted to high value-
added products such as poultry feed. However, before being converted to other products, the
sago must be dried to remove the moisture content to prevent any bacteria growth and ensure
safety health issues have been observed. Recently, drying of sago bagasse using a fluidized
bed dryer (FBD) has gained attention since the dry rate of the material is considerably
faster compared to other methods. Due to that reason, the drying of the sago bagasse in the
FBD is studied using computational fluid dynamic as it can be executed in a short period
of time compared to the experimental approach. The FBD model was developed using

ANSYS® Fluent academic version 19.2.
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The effect of the hot air feed temperature;
7=50, 60, 70, and 80°C and velocity of hot
air feed; v=1-4 m/s on the sago’s behavior
and performance of fluidization profile were
studied. The simulation results showed that
the high temperature and air feed velocity
would result in a rapid drying rate. Besides,
the optimum drying rate was at 7=60°C
with the v=4 m/s as these conditions give
a shorter drying time to achieve of final
10% moisture content. It also has the added
advantages of reducing the power energy
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and cost supply. These optimal conditions are very crucial and should be consider as the
dried sago bagasse tend to be retrograded when a higher temperature is applied.

Keywords: ANSYS® fluent, computational fluid dynamic, drying, fluidized bed dryer, sago bagasse

INTRODUCTION

Metroxylon sago Rottb, known as sago palm, is a tropical plant capable of adapting to
swamps condition and often found in Southeast Asia, especially in a country like Malaysia,
Indonesia and Papua New Guinea. It is one of the oldest tropical plant that is exploited by
humans for various uses, for instance, as a form of starch providing the primary source of
carbohydrate, the leaves and stem are used as pillars or wall, while the sago pith, which is
made of fibre can be used as feedstuff, the starch can be used as fuel, and the raw material
can be used for cooking (Putra & Ajiwiguna, 2017). Nowadays, the sago industry is an
emergent industry with the potential of sago being the alternative source of starch. In
addition, the increase in starch demand further drives this thriving industry, particularly in
Malaysia and Indonesia. In Malaysia, Sarawak is the largest producer and exporter with a
total of nine active operating processing plants and the export of about 25,000 to 40,000
tonnes of sago products each year (Naim et al., 2016). It has been exported to various
countries such as Thailand, Singapore, Japan, and other as well (Bujang, 2008).

Aside from producing the product, this industry also produces a large amount of sago
waste or residues which are often mixed with the wastewater and washed off into nearby
stream (Vijay et al., 2016). A considerable quantity of the waste effluent has been dumped
into the rivers that led to serious environmental problem. Besides, it is a total violation
of the environmental Quality Act, 1974. Environmental problem is a worldwide threat
to public health; therefore, an alternative method needs to be considered to reduce the
discharge of these wastes. Various methods of treatment and conversion of sago has been
previously suggested.

The sago effluent has some potential to be converted into alternative high value-added
product. As it comprises 58% starch, 23% cellulose, 9.2% hemicellulose, and 4% lignin,
it has potential to be turned into a new product, such as bio-conversion into sugar, as well
as converted into animal feedstock (Awg-Adeni et al., 2013). However, before it can be
converted to the other products, the sago must be dried to a certain amount of moisture
content using a drying process to prevent bacterial growth and maintain product quality.
There are currently several drying methods, such as sun direct drying and solar drying.
Nevertheless, these methods are less effective due to the unstable rate of drying, and the
crops are exposed to an unhealthy environment (Awg-Adeni et al., 2013).

A fluidized bed dryer (FBD) is the most established and regularly used drying method
for a solid particle. It is gaining attention as it can produce high heat and mass transfer
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that can ensure a considerably faster and homogeneous drying process. Furthermore, the
temperature feed and velocity of hot air can be monitored closely, and the fluidizing action
ensures thorough mixing of the substance. In the drying process, the most important is the
optimum rate of drying should be achieved in a short time while remaining cost effective.
Due to these situations, the computational fluid dynamic (CFD) was conducted to analyze
the drying rate and observe the behaviour of the fluidizing rate inside the FBD. In the CFD
process, the numerical methods and algorithm were applied in order to solve the problem
of fluid flow.

For instance, Arumuganathan et al. (2017) analyzed the drying of mushrooms using
an FBD, and they found that the temperature of a hot air feed affects the rate of drying.
They also established that the optimum temperature for the drying of mushrooms is 60°C
(Arumuganathan et al., 2017). Other than that, Mortier et al. (2011) applied the CFD
simulation approach to analyze the drying profile of wheat grains in an FBD to predict the
moisture content of solids at various drying times by applying Eulerian-Eulerian two-fluid
models and the kinetic theory.

Anthony and Shyamkumar (2016) applied the ANSYS® Fluent software to observe
the drying of sand particles in an FBD (Anthony & Shyamkumar, 2016). They built a 3D
model of FBD and studied innumerable parameters, as well as the velocity and temperature
distribution of the inlet hot air. Based on previous studies in the oil palm fronds industry,
it was found the higher temperature and velocity of hot air feed cause the drying rate to
increase (Puspasari et al., 2014). The higher temperature and velocity also cause the drying
rate to increase in the Millet Pearl industry (Maheswari, 2015), and a higher temperature
can also result in the increase in the rate of coconut drying (Jongyingcharoen et al., 2019).

Others researcher found that mushrooms’ optimum drying rate is at the temperature of
60°C (Charles et al., 2012). Besides, the rate of drying decreases as the velocity of hot air
feed increases over 5 m/s for drying wheat (Li-Zhen et al., 2019). In the case of the coal
industry, the drying rate increases as the temperature of hot air feed increases (Dejahang,
2015). When drying grain, and the temperature of hot air at 200°C will damage the grain.
The optimum drying rate of grains is at a temperature less than 100°C (Jannatul et al.,
2018). Apart from that, the ideal temperature for sand drying is at 157°C (Anthony &
Shyamkumar, 2016).

To gain a deeper understanding of the fluid flow properties in the FBD, aside from the
experimental work, the CFD method was proposed. Based on previous numerical studies,
the simulation method using CFD has proven in improving design and optimize FBD
parameters also able to obtain hydrodynamic data is needed to improve the efficiency of
the FBD operation (Hamzehei, 2011; Honarvar & Mowla, 2012; Jalil & Nikbakht, 2017,
Othman et al., 2020; Rakesh, et al. 2020). Thus, the goal of this study is to determine
the relationship between the drying rate of the sago at various hot air velocities and inlet
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temperatures. The profile of the temperature and velocity distribution in the FBD was
observed in order to determine the optimum condition for drying of the sago bagasse.

METHODS

In this study, a CFD simulation was conducted to analyze the drying rate of sago in the
FBD. The CFD simulation enabled a fluid flow to be observed, determining the heat and
mass transfer and other related phenomena inside the FBD. Using numerical methods and
algorithms, CFD was capable of solving and analyzing problems involving fluid mechanics.
The standard CFD process consisted of several steps, which included the pre-processing,
solver as well the post processing stages.

Pre-Processing - Development of FBD Geometry and Meshing Process

In this study, the front view, side view and 3D model of the FBD are developed and designed
using ANSYS® Fluent academic version 19.2 (Ansys, 2019). This FBD model is designed
based on previous studied previous studies (Yahya & Fudholi, 2016; Othman et al., 2020).
The dimensions and the design model for FBD are shown as in Figure 1. The model is
a cylinder with a diameter of 600 mm and an overall length of 3000 mm. Two inlets are
located at the bottom of the cylinder to supply the hot air inside FBD. Both of the inlets
have an inside diameter and length of 60 mm, and the distance between these two inlets
is 1000 mm. There is one outlet at the right side with a length of 100 mm, and a diameter
of 100 mm for transportation of the dried sago bagasse.
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Figure 1. Front view, side view, and 3D model of the FBD
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The development of meshing was done after the complete model of FBD has been
designed. In the meshing process, the size details should be specified where the elements
were fine mesh, and a minimum size of 0.0397 mm was used in this study. Besides, some
assumptions were made in this simulation, such as no chemical reaction is taking place
during the drying process, well-mixed achieved between the solid and gas phases, no slip
condition, the desired final moisture content of the sago is set to be at 10% (wt./wt.), and
the size of the particle is not reduced during the drying process. The 3D meshing of the
FBD model is shown as in Figure 2.

Figure 2. 3D Meshing of the FBD model

Define of A Boundary Condition, Materials and Parameters

Once the problem physics had been identified, the flow physics model and boundary
conditions were defined in the ANSYS® Fluent 19.2. In this study, the Eulerian-Eulerian
multiphase model was applied, and a turbulent model was selected due to the turbulence
flow in the FBD. It is because in the turbulent model, the bubble size of sago bagasse
particle is not anymore discrete, but continuous and the bubble phase is less distinguishable
than in the bubbling regime. From the previous researchers, it shows the bubbling regime
simulation is suitable in the pilot plant while, the turbulent model better simulated for
industrial scale experiment. As the flow of air increases, the bed known as FBD bag
expands, and particles of sago start a turbulent motion. Due to regular contact with air,
the sago bagasse gets dry. Besides, to analyze the transfer of heat between the two-phase
gas and solid, the heat transfer model was selected as well. The model of the two-term
exponential was also chosen in the function to obtain the moisture ratio.

The wet sago bagasse with the high moisture content (MC) was in the feed, and the
hot air was supplied through two inlets below the FBD to dry the wet sago. The dried sago
bagasse flowed out the FBD through the outlet. The effect of the inlet hot gas velocity on
the rate of drying were analyzed at various velocities ranges; v=1-4 m/s. In this case, the
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temperature of the hot gas, 7 and the initial moisture content of sago, MC was kept constant
at 50°C and MC=80%, respectively. The optimum velocity of the hot air feed and that gives
the highest rate of drying was chosen as a parameter condition in the next simulation in
order to determine the effect of temperature on the rate of drying. Then, the effect of the
temperature of hot gas; 7=50-80°C was studied to observe the optimum and the highest
rate of drying of the sago bagasse where the air feed velocity and initial moisture content
was kept constant at v=4 m/s and MC=80%, respectively.

Define of A Boundary Condition, Materials and Parameters

The governing equation used in this study is a conservation of mass and momentum. The
conservation of energy and turbulence model is also important to indicate heat transfer
and turbulence flow (Argyropoulos & Markatos, 2015). Equation 1 to 7 were applied to
the physics model of the simulation to solve the problem involving fluid flow and fluid
mechanics in the FBD where v, is a velocity for ¢ phase, p is pressure, Mpq is a mass
transfer from p phase to ¢ phase, Mgy is a mass transfer from ¢ phase to p phase, / is a
heat transfer coefficient, p is a density, ¢ is a heat flux, ¢ is a volume fraction, Q is a heat
transfer rate, v is a vector velocity, H is a latent heat and 7 is a shear stress tensor. In the
ANSY S®Fluent simulation, the modules used are electrical current, creeping flow, particle
tracing in a fluid flow and transport of species. The electric current module was used to
supply the non-uniform electric current fields. The creeping flow was used to simulate fluid
flow at very low Reynolds numbers where the inertia term in the Navier-Stokes equation
can be ignored.

Conservation of mass (Equation 1),

n
5 . : : [1]
E(“qu) + V. (@qpqvq) = Z(mpq —Thep) + Sq
p=0
Conservation of momentum (Equation 2),

9 2]
5t (esps) + V. (g5p5v5) = 0
i) For gas phase (Equation 3),
é
5t (egpgvg) + V. (g5P4V5v4) [3]

= —g,Vp + V1 + g4pg9 + Kys(vy — v5)
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i) For solid phase (Equation 4),

6
E (sspsvs) + V. (espsvsvs) [4]
= —&Vp + Vps + V15 + &5psg + Ksg (Vg — )

Continuity equation for solid phase (Equation 5),

)
St (&sps) + V. (&spsvs) = 0

Conservation of Energy

1) For gas phase (Equation 6),

6

5¢ (EaPahg) + V. (ggpgvghg) (6]
_ Spg = o o AAH

= —SQW+TQ. Vvg —Vqgy + Qsg + mAH,q,,

i) For solid phase (Equation 7),

6
E (Sspshs) +V. (Sspsushg) [7]
6ps

= —& 5t + 15 Vug — Vgs + Qgs — mAHyqp

RESULTS AND DISCUSSIONS

To inhibit any microbial development and quality decay in the dried sago bagasse as well
for storage handling, achieving an ideal drying parameter condition during the early stages
is crucial in the drying process. In this simulation study, a final sago volume fraction and
a mass fraction of water in the sago bagasse in the FBD were observed and determined at
different ranges of inlet hot air velocities and temperatures. The effect of various hot air
velocity; 1.0-4.0 m/s on the rate of sago’s drying is observed, as shown in Figure 3 where
the volume fraction of the sago in the FBD is determined after 5 minutes of the drying
process with the feed of the hot gas is supplied at the constant temperature of T=70°C and
the initial moisture content of MC=80%. The contour of the color bar indicates the range
value of the volume fraction of the sago bagasse in the FBD, with the red color showing
a higher sago volume fraction. The value of 1.0 indicates almost all the areas in the FBD
are covered by sago bagasse. In contrast, the blue color shows a low sago volume fraction
in the FBD as a value of zero indicates no sago bagasse can be found in the area.

The right side of Figure 3 shows the cross-sectional view of the inside FBD near
the outlet area, while the left side of Figure 3 shows the front view along the FBD. It is
shown that the velocity inside the FBD is uneven in all areas where at the higher inlet hot
air velocity of v=3 and 4 m/s, the sago bagasse is fluidized more vigorously on the upper
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Figure 3. Sago volume fraction distribution in the FBD at various hot air velocities

side of the FBD area. It shows the higher sago fraction with the red color due to higher
velocity supplied by hot air from below the FBD, as compared to the lower velocity at
v=1 and 2 m/s. The cross-sectional view shows that at v=1 and 2 m/s, the sago is almost
evenly spread inside the FBD. The yellowish-green color is observed, which indicates
that most area of the FBD are covered with around 50-70% of the sago content. It shows
the moisture content of the sago bagasse is reduced from 80% (v/v) up to 50% (v/v) after
going through the drying process when the velocity at v=1 and 2 m/s was used.

Meanwhile, with the increment of the hot air velocity at v=3 and 4 m/s, the higher
fraction of the sago bagasse causes around 90-100% of the sago content to be at the top area
of the FBD near the outlet area. This happens due to the fluidization process which occurs
inside the FBD because the hot air supply increases the particle’s movement and reduce
the moisture content of the sago bagasse. It can be concluded that the higher velocity will
increase the drying rate due to the rapid movement of air.

Based on these simulation results, the percentage of a water loss of the dried sago
bagasse can be calculated using Equation 8, where W, is the final moisture content of
the sago and W, is the initial moisture content of water. Figure 4 shows the result of
the percentage of the final moisture content against drying time at various air velocities.
It shows the drying time needs to achieve the desired and the standard requirement of the
final moisture of the sago bagasse is at MC=10 % which is the fastest condition, which only
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takes about 11 minutes when the velocity of hot air is at v=4 m/s. While, at v=1 m/s, the
time needed is considerably longer, which is around 16 minutes. This shows that the higher
velocity does not have significant effect; the velocity at v=3-4 m/s indicates the optimum
condition has been achieved where all the sago bagasse has already had been fluidized.

Wi 1 — Wi ies
% Water loss = — 1% mitial 100 [8]
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Figure 4. Moisture content of sago bagasse at different inlet velocities of hot gas

Figure 5 shows the flow profile of the sago volume fraction inside the FBD in 35s-time
simulation. The colour bar represents the sago volume fraction, where the red color shows
the area that has been occupied with the sago bagasse, while the blue color represents the
area that has been occupied with the hot air. At 7=0s, it shows the almost of the lower part
areas in the FBD are covered by sago bagasse, as shown by the red colour. As the drying
times take placed, the volume fractions of the sago bagasse have slightly decreased, which
is represented by the decrease in the level of red color distribution inside the FBD. It occurs
because the sago bagasse was fluidized inside the FBD with the existence of hot air supplies
that increase the particle movement and reduce the moisture content of the sago bagasse.
It shows the cooling effect that occurs in the FBD as a result of the endothermic reaction
from the evaporation process of the water from the sago particle’s surface.
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Figure 5. Flow profile of the sago volume fraction inside the FBD at various times

Apart from that, the effect of the temperature on the rate of drying was also studied.
Figure 6 shows the temperature profile inside the FBD after the sago bagasse has dried
in the 35s time simulation as the hot air is supplied at the bottom side of the FBD. The
color bar represents the temperature distribution where the red color shows the highest
temperature in the FBD with the value of 7=70°C. Meanwhile the blue color represents the
lowest temperature profile with the value 7=25°C. At t=0s, it shows the temperature in the
FBD is read as room temperature, which is shown by the blue color. As time elapsed, the
temperature in the FBD increases from the point of the hot air feed, which helps the drying
process of the sago bagasse. It occurs as the heat transfer takes a place inside the FBD due
to evaporation process that occurs on the sago particle’s surface. This evaporation process
is an endothermic reaction where it cools down the surrounding air inside the FBD. This
observation of the temperature flow pattern is in agreement with the experimental work
done by Okoronkwo et al. (2013) and simulation work done by Othman et al. (2020). As
the time elapsed, the temperature distribution inside the FBD was constant, implying that
the drying process has occurred by reducing the water content in the sago bagasse. It also
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(e) At =20 s () At =355
Figure 6. Profile of temperature distribution inside the FBD at various drying times

shows the inlet air feed with those velocities’ ranges is sufficient to initiate the fluidization
of the sago bagasse process in the designed FBD.

Figure 7 shows the effect of the inlet temperature on the sago volume fraction in the
FBD after 5 minutes of a drying process with the hot air was feed at a constant velocity
of v=4 m/s and the initial moisture content of MC=80%. The right side of Figure 7
shows the cross-sectional view of FBD near the outlet area where the dried sago bagasse
distribution does not show any significant difference due to the similar velocity used.
However, as the temperature of 7=50°C is applied, it can be seen that a higher fraction of
sago is observed at the top area of the FBD, indicated by the red color compared to the
other tested temperatures.

Based on these simulation results, the drying time needed to achieve the desired of the
final moisture content at various inlet hot air temperatures are demonstrated in Figure 8.
Figure 8 shows the time taken for the initial moisture content of the sago bagasse to reduce
to MC=10% is the shortest time which is less than 9 minutes with 7=80°C. Meanwhile,
the time needed to achieve the MC=10% when the hot air feed is at 7=50°C is around 11
minutes. Thus, it can be concluded that the higher hot air temperature will increase the rate
of drying. In this study, the optimum condition of hot air supplied at v=4m/s is selected
because, under this condition, a shorter drying time can be achieved to obtain the final 10%
moisture content compared to others, and a further increase of the inlet velocity will affect
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Figure 7. Sago volume fraction inside the FBD at various temperature with similar hot air velocity and
moisture content

the power energy and increase the cost. For the hot air feed temperature, 7=60°C is selected
as the optimum condition shows that 7=50-70°C, as listed in Figure 8, is ideal for drying
sago bagasse compared to others. It has a similar pattern to 7=80°C used in previous studies,
but the sago bagasse tends to be gelatinous at a higher temperature. Thus, the optimum
temperature of 7=60 °C and velocity of v=4 m/s is selected based on the highest drying
rate of sago bagasse. At this velocity, it will support the sago particle to fluidize as well
to reduce the moisture content in the final sago bagasse. Thus, higher inlet temperatures
of drying air should be met, which leads to shorter drying times. However, the product
quality considerations limit the applicable rise to the air temperature (Mujumdar, 1995;
Daud, 2008). Excessive hot air can almost completely dehydrate the sago bagasse surface,
making its pores shrink and almost close, leading to crust formation or “case hardening”,
which is usually undesirable.
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Figure 8. Moisture content against time with different temperature of hot air feed

CONCLUSION

The 3D FBD model was successfully designed by using ANSY S® Fluent academic version
19.2. The simulations were done to study the effect of various ranges of the temperature
and velocity of the inlet hot air on the rate of drying of sago bagasse. The simulation
results show that the higher inlet velocity, as well as the higher temperature feed, will
result in a faster rate of drying. The temperature of 7=60 °C and velocity of v=4 m/s are
selected as the value optimum condition for the drying of sago. This result indicates sago
bagasse’s feasibility to be converted for animal feed and other high-value products. For
future improvements, the study will be expanding to a wide range of operational parameter
for more reliable data.
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