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ARTICLE INFO ABSTRACT
Article history: Sun drying is widely used in drying agricultural products such as piper nigrum because of
Received 2 November 2021 its ability to dry a high volume in one batch. However, this conventional method of drying

Received in revised form 11 February 2022 h3s many disadvantages, especially on the hygienic issue. This study investigates the
Accepted 14 February 2022 drying performance of piper nigrum by using conventional sun drying and a new dryer
Available online 10 March 2022 called Swirling Fluidized Bed Dryer. Swirling fluidized bed dryer is operated using two
inclination angles of air distributors, namely 45°, 67° and one perforated plate distributor.
The drying performance is accessed in terms of drying time and moisture content
reduction at three different operating temperatures. The results show that the drying
time of piper nigrum using a swirling fluidized bed dryer is reduced as compared to
conventional sun drying. Besides, the drying performance between different distributors
in swirling fluidized bed shows that the moisture content reduction of piper nigrum using
45° angle of air distributor shows the most reduction compared to 67° angle distributor

Keywords: and followed by the perforated distributor. In conclusion, results show that the drying of
Drying; swirling fluidized bed dryer; piper nigrum in a swirling fluidized bed operated with 45° inclination angle of the
distributor; piper nigrum; sun drying distributor at high operating temperature gives the best performance.

1. Introduction

Black pepper is the most significant used spice in the world and known as the “king of spices” or
“black gold” by traders hundreds of years ago [1]. Scientifically known as Piper nigrum L., black
pepper is mainly used as a flavouring and seasoning agent. Besides, active ingredients from black
pepper have multi applications in medicines, insecticides, and perfume [2]. Black pepper is collected
from unripe green berries of the pepper plants and has a pungent smell. The drying process is
required to preserve the quality and taste of the black pepper. During the drying process, the colour
transformation occurs from green to black as a result of enzymatic browning [3].

Drying is the method of thermally extracting water content to yield a reliable product. In many
agricultural fields and food industries, drying is a significant operation. The most efficient and
economical way to preserve the quality of the product is through drying [4]. Most food products

* Corresponding author.
E-mail address: ahmmadshukrie@ump.edu.my

https://doi.org/10.37934/arfmts.93.1.148166

148



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 93, Issue 1 (2022) 148-166

experience the drying process to boost shelf-life, lower packaging costs, cut back transportation load,
improve appearance, encapsulate original taste, and maintain organic process value [5,8]. The
minimum moisture content that should be removed from black pepper is 12% to prevent the growth
of moulds during storage [6]. By removing the moisture, it prevents the mould from growing and
spoil the food [7]. There are two stages in the drying process. The first step occurs at the material
surface, where the drying rate is constant, and the water vaporization to the surrounding is the same.
The second stage starts when the drying rate is beginning to decrease. Due to the quality of the
material to be dried, the condition for the second stage was determined [9]. Many products such as
vegetables, fruits, grains, fish, meat, wood, and other agricultural products can be preserved by
drying directly under the sun [10]. The objective of drying is to reduce moisture content in agricultural
products. The dry field is easy to use but difficult to monitor the environmental factors such as
animals and dirt from the surrounding [11]. The typical agricultural product preservation approach,
such as grains, fruits, and vegetables, is by open sun drying, and this technique applies in most
developing countries, such as tropical countries. However, sun drying has disadvantages such as non-
uniform sunlight during the day and problems when it comes to rainy seasons that causing significant
losses to dried goods in quantity and quality [9,12]. There are few known limitations of sun drying as
damage to the crops by animals, birds, and rodents, decreasing in quality due to direct exposure to
solar radiation, dew or rain, contamination by dirt, dust, and debris. Besides the environmental
causes, this technique is time-consuming as crops must be covered against animals by night and bad
weather [10].

The new method that was introduced to preserve the piper nigrum is drying using a swirling
fluidized bed dryer (SFBD). The most effective approach was swirling fluidized bed drying, and the
fluidization system is generally suspended in hot air or stream [13]. Swirling fluidized bed dryer is
used for drying different products because the drying rate is very high due to the excellent gas-solid
contact, relatively low cost and high thermal effectiveness [14,15]. The mechanism in a swirling
fluidized bed dryer for the drying process is hot air flows through the bed of the distributor at a
relatively high velocity to resist the force of gravity of the material [16]. When the air velocity is higher
than the force of gravity and bed resistance, the product is suspended [17]. When this happens,
fluidization, a physical process that converts solid particles into a fluidized state by suspension in a
liquid or gas, is called this condition [18,19]. A heavy piper nigrum will sink, and partially dried piper
nigrum will float [5]. A fluidized bed dryer offers advantages such as smooth operation and
transportation of solid at high heat and mass transfer rates, optimized material mixing in bed and the
possibility to use other sources of energy, including heating coils [20,21]. Swirling fluidized bed dryer
is widely used because of its high heat transfer coefficients and uniform temperature [22,23]. It is
commonly used in many commercial applications such as chemical production, drying, coating,
roasting [24]. The drying temperature and speed of air usually affect the drying rate considerably.
The SFBD can reduce the moisture content of Piper nigrum more rapidly than a conventional fluidized
bed dryer (FBD) [25]. With the significant advantages offers by the swirling fluidized bed dryer, this
study aims to compare the performance of the drying piper nigrum using conventional sun drying
and swirling fluidized bed drying. In this study, drying using a swirling fluidized bed dryer is introduced
with different distributor configurations, namely, perforated, 45°, and 67° distributor, to increase the
drying rate of piper nigrum.
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2. Methodology

The piper nigrum was obtained from a pepper farm located at Pusa, Sarawak. It was freshly picked
and come with spikes that have raw green colour pepper attached. Raw piper nigrum was stored in
a refrigerator to maintain its quality and taken out at least 1 hour before the experiment. The raw
pepper has been removed manually from the spikes and left to rest at room temperature.

This study involves two experiments, which are conventional sun drying and swirling fluidized bed
drying. The result of both dryings was varied using the drying parameter. Moisture content and
moisture ratio are the critical parameters used to measure the drying effect. It is necessary to
calculate the loss in moisture content reduction to achieve the research outcome. Drying curves
obtained under controlled conditions provided significant details regarding the mechanisms for
water transport and were used to determine the effective diffusion coefficient. The moisture content
(M) at any time of drying (%), was calculated according to Eq. (1). In contrast, W;is the initial weight
of the piper nigrum before drying, and Wyis the weight of piper nigrum after drying:

M = % x 100% (1)

4

The reduction in moisture ratio with drying time was used to analyze the experimental drying
data. The moisture ratio (MR) is the moisture left in the sample at the first moisture content recorded
[26]. It was calculated using Eq. (2), whereas M is the weight of the piper nigrum for each drying hour
and day, M. is the minimum weight of the Piper nigrum that should be reduced, and M, is the initial
weight of the piper nigrum before drying process:

M-M
MR = <
Mo—M,

(2)

The equilibrium moisture content (M,) was measured until no further weight change in each
experiment [27].

The conventional sun drying was conducted in an open space under sunlight without any shades
of buildings or trees. The initial weight of 1000 grams of piper nigrum was weighed and dried on the
rattan tray, as shown in Figure 1. The temperature of the piper nigrum and the surrounding air were
recorded using the temperature data logger, as shown in the experimental setup in Figure 1. The
piper nigrum was exposed to the sunlight from 9.00 am until 6.00 pm. The weight before and after
drying of piper nigrum was measured and recorded each day until the piper nigrum were thoroughly
dried.

Fig. 1. The conventional sun drying set up
with the data logger
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The experiment using a swirling fluidized bed dryer was varied by using three different inclination
angles distributors: perforated, 45°, 67° inclination angle distributor, and three different
temperatures, room temperature, medium and high temperature. A 1000 gram of raw piper nigrum
was weighed and inserted into the bed of the swirling fluidized bed dryer, in which the experimental
setup is shown in Figure 2.

Glass
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column el .x - meter
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Fig. 2. The swirling fluidized bed dryer setup

The swirling fluidized bed drying system consists of a glass drying chamber, an inter-changeable
distributor slot, and a blower. The size of the glass drying chamber used for the study is 108 mm
internal diameter and 310 mm length, which is made of silica glass sheets of thickness 5 mm. The air
distributor system consists steel plate that has the same diameter as the glass column’s flange was
mounted at the bottom. The metal plate is connected to the air plenum’s flange and act as a
distributor holder where interchangeability of distributor plate was allowed to be performed.
Fluidization air was supplied by a medium pressure blower (BAK Type MD14) with a maximum flow
rate capacity of 0.275 m3/s. An orifice meter was installed 13D downstream of the plenum chamber
along a 3” diameter PVC pipeline to measure the airflow rate by the mean pressure difference. In this
study, the experiment was performed with three different operating temperatures of air, namely,
room-temperature, medium-temperature and high-temperature. The temperature recorded was
about 27 to 34 degrees Celsius for room-temperature experiments when the air heater is turned off.
For medium-temperature experiments, the temperature of air recorded by the data logger ranged
from 34 to 50 degrees Celsius. For high-temperature experiments, the temperature of air recorded
by the data logger ranged from 47 to 59 degrees Celsius. The experimental apparatus was
instrumented with HUATO HE804 temperature data logger with temperature accuracy of +1°C+5%.
as shown in Figure 3. This was achieved by probing four thermocouple probes, equally spaced at 90°
around the circumference of the bed at four different axial locations just above the distributor. Figure
4 shows the position of the thermocouple at the fluidized bed dryer.
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Fig. 4. Schematic diagram of the
position of the thermocouple at
fluidized bed dryer

The 1000 g piper nigrum was poured into the swirling fluidized bed dryer from the top fluidized
bed inlet. The piper nigrum was weighed with an electronic weighing scale before pouring into the
swirling fluidized bed dryer to calculate its original moisture content. The blower was turned on, and
the speed of the blower was set to the maximum flow rate for all drying experiments. Depending on
the experiments, for example, for experiments at room temperature, the electric heater was turned
off so that the drying air is operated at room temperature. After the piper nigrum was dried, it was
weighed again to calculate the moisture ratio and to calculate moisture content loss reduction.

The experiments were repeated with three different types of distributors, namely perforated
plate, 67° and 45° inclined distributors, as shown in Figure 5. Due to the large perforation area of the
distributors compared to the size of the piper nigrum used in the experiments, 100 m-size mesh
screen was fixed on top of the distributors to prevent the piper nigrum passing through the
distributors. The perforated distributor consisted of 97 holes, each 4mm diameter and was arranged
evenly spaced concentric rectangular having 11% opening. The distributor geometry then was
modified to introduce a novel swirling distributor by making a circular edge opening consists of 8 air
slots with 6.5mm diameter and 29mm long circular edged openings extended to the peripheral of
the distributor with 45° and 67° inclination angle air intake. The opening ratio for the swirling
distributors is 13%.
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(a) (b) (c)
Fig. 5. The photograph of the different inclination angle distributor, (a) perforated
distributor, (b) 45° distributor, (c) 67° distributor

3. Results
3.1 Conventional Sun Drying Experiment

The conventional sun drying experiment took place on a sunny day, and the investigation begins
9.00 am to 6.00 pm for three days. A raw piper nigrum without the stem was weighed at 1000 g and
then were spread in a thin layer under the sunlight. After 9 hours of drying, the weight of the piper
nigrum was measured. During the experiment, four thermocouples were placed on the rattan tray to
record the temperature of the piper nigrum and the surrounding air. Figure 6(a) shows the
experimental setup for conventional sun drying of piper nigrum with the location of the
thermocouple. Initially, the physical colour of piper nigrum consists of black and green colour berries.
After three days of drying, the visual inspection of the piper nigrum shows that the outer layer of the
piper nigrum is turning to a blackish grey colour as shown in Figure 6(b). The outer layer of piper
nigrum also found to shrink and was covered with some surrounding debris.

(b)
Fig. 6. The visualization of piper nigrum (a) before drying and (b) after
conventional sun drying

Table 1 shows the results of the conventional drying of piper nigrum and Figure 7 show the graph
of the conventional sun drying of piper nigrum.
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Table 1

Conventional sun drying

Drying time  Weight Weight Weight loss Moisture ratio
(day) before (g) after(g) (%)

0 1000 1000 0 1

1 1000 674 32.6 0.6295

2 674 483 51.7 0.4125

3 483 329 67.1 0.2375

Table 1 shows the weight reduction of piper nigrum for conventional drying. It can be seen from
the data that the piper nigrum took three days to dry until the final weight reached 329 g from the
initial weight of 1000 g. The weight is significantly reduced by 32.6 % on the first day of drying,
followed by 19.1% on the second day and 15.4% weight reduction on the third day. After three days
of drying, the percentage of total weight loss from 1000 g is 67.1%. The moisture ratio of the
conventional sun drying is proportionally decreased as the day of the drying time increase, as shown
in Figure 7. The moisture ratio for the first day is 0.6290, followed by 0.4125 for a second day and
0.2375 for the third day of the conventional sun drying experiment.

1.2
1 &l

0.8

0.6 0.6295

0.4 4125

Moisture ratio (-)

0.2 0.2375

0

0 1 2
Drying time (day)
Fig. 7. Graph of the moisture ratio of conventional sun drying vs time
taken for drying

Figure 8 shows the average temperature over the dying time-recorded by the thermocouples on
the drying tray. Thermocouples T1, T2 & T3 were immersed inside the piper nigrum on the rattan
tray. Meanwhile, thermocouple T4 is located in a position where it recorded the temperature of the
surrounding air. From the graph, it can be seen that the temperature of the surrounding air T4 is in
the range of 28°C to 37°C. Meanwhile, the recorded temperature of the piper nigrum (T1, T2, T3) is
from 28°C to 56°C. The maximum temperature recorded by the thermocouples T1, T2, and T3 at 55-
56°C is due to the intense heat that accumulated and trapped inside the spread layer piper nigrum
although the surrounding temperature is in the range of 28°C to 37°C.
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Fig. 8. The temperature of the conventional sun drying vs time taken for
drying

3.2 Swirling Fluidized Bed Drying Experiment

The drying experiments in a swirling fluidized bed dryer were performed with three different
operating temperatures of air, namely, room temperature, medium temperature (40°C) and high
temperature (50°C). The experiments are repeated with three different distributors, namely
perforated plate, 67° and 45° inclined distributors. 1000 g of piper nigrum, the same weight as the
experiment conducted by using conventional drying, was investigated in the swirling fluidized bed
dryer. Figure 9 shows the condition of the piper nigrum in a bed of swirling fluidized bed dryer before
drying before the experiment.

Fig. 9. The condition of piper
nigrum in a bed before drying
experiment

3.2.1 The Swirling fluidized bed drying experiment using perforated distributor
The drying process by using a swirling fluidized bed dryer was initiated by using a perforated plate
distributor at room temperature. The experiments were then repeated by changing the fluidizing air

supply from room temperature to heated air supply of two elevated temperatures at 40°C and 50°C.
A perforated distributor has 97 holes through the distributor and is different from the 67° and 45°
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inclined angle distributors. The perforated distributor was chosen to be investigated in this study. It
acts as a baseline for the conventional-type distributor used currently in the fluidised bed dryer
market. The perforated distributor will not create a spiral air pattern as compared to the inclined
type distributor. Figure 10 shows the flow pattern of piper nigrum using a perforated distributor
during the drying process in a fluidized bed dryer.

i

Fig. 10. The swirling pattern of
piper nigrum using a perforated
distributor

Table 2 to Table 4 show the weight reduction (every three hours), percentage of the weight loss,
and the moisture content of piper nigrum by using a swirling fluidized bed dryer with a perforated
distributor at three different temperatures. The moisture ratio of the drying in a swirling fluidized
bed operated with a perforated plate at three different operating temperatures is proportionally
decreased as the drying time increase as shown in Figure 11. From the data collected, it can be
concluded that the high operating temperature is the recommended temperature to dry the piper
nigrum using a swirling fluidized bed dryer with the perforated distributor because it shows the most
moisture reduction after 9 hours drying process. The final moisture ratio of the piper nigrum is 0.315
for the high-temperature experiments (60.5% weight loss), 0.438 for the medium temperature
experiments (49.5% weight loss), and 0.713 for the room temperature experiments (25.3% weight
loss).

Table 2

The swirling fluidized bed drying using perforated distributor at room
temperature

Drying time  Weight Weight Weight loss Moisture ratio
(hr) before (g) after(g) (%)

0 1000 1000 0 1

3 1000 891 10.9 0.8761

6 891 807 19.35 0.7801

9 807 747 253 0.7125

156



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 93, Issue 1 (2022) 148-166

Table 3
Swirling fluidized bed drying using perforated distributor at medium
temperature
Drying time  Weight Weight Weight loss Moisture ratio
(hr) before (g) after(g) (%)
0 1000 1000 0 1
3 1000 778 22.2 0.7477
6 778 629 37.1 0.5784
9 629 506 49.45 0.4381
Table 4
Swirling fluidized bed drying using perforated distributor at high
temperature
Drying time  Weight Weight Weight loss Moisture ratio
(day) before (g) after(g) (%)
0 1000 1000 0 1
3 1000 638 36.5 0.585
6 635 468 53.25 0.395
9 468 395 60.5 0.315
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Fig. 11. The graph of the drying at three different temperature using
perforated distributor

Figure 12 shows the graph of the airflow temperature inside the swirling fluidized bed dryer vs
drying time. From the graph, the temperature variation and fluctuation is recorded more apparent
between the thermocouples. It comes to understand that during the drying process in a perforated
plate distributor, the bubble formations and bubble eruption through the perforated holes have
caused the temperature fluctuations.
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Fig. 12. The temperature vs drying time taken at high temperature using
perforated distributor

3.2.2 The swirling fluidized bed drying experiment using 45° inclination angle distributor

While the experiments with perforated plate distributor were conducted to give an overview of
the drying by using conventional distributor of fluidized bed dryer, the experiments using 45° angle
distributor were undertaken to investigate the effect of inclination angle on drying in a swirling
fluidized bed dryer. Three operating temperature experiments were conducted —room temperature,
medium operating temperature and high operating temperature to investigate the effect of
operating temperature on drying of piper nigrum in a swirling fluidized bed. Contradict to perforated
plate, the 45° angle distributor will create the swirling air pattern in a fluidized bed. Figure 13 below
shows the swirling pattern of the piper nigrum during the drying process using a 45° angle distributor.

Fig. 13. The swirling pattern of
the piper nigrum during the
drying process using a 45° angle
distributor
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Table 5 to Table 7 show the result for the weight reduction (every three hours), percentage of the
weight loss, and the moisture content of piper nigrum using a swirling fluidized bed dryer with a 45°
angle distributor at three different temperatures. The moisture ratio at three different operating
temperatures is proportionally decreased as the drying time increases, as shown in Figure 14. The
data collected shows that the high operating temperature is the recommended temperature to dry
the piper nigrum using a swirling fluidized bed dryer with 45° angle distributor because it shows the
most moisture reduction after 9 hours drying process. The final moisture ratio of the piper nigrum is
0.215 for the high-temperature experiments (68.7% weight loss), 0.319 for the medium temperature
experiments (59.9% weight loss), and 0.561 for the room temperature experiments (38.7% weight
loss).

Table 5

Swirling fluidized bed drying using 45° angle distributor at room
temperature

Drying time  Weight Weight Weight loss Moisture ratio
(hr) before (g) after(g) (%)

0 1000 1000 0 1

3 1000 790 21.05 0.7608

6 790 700 30.05 0.6585

9 700 614 38.65 0.5608
Table 6

Swirling fluidized bed drying using 45° angle distributor at medium
temperature

Dryingtime  Weight Weight Weight loss Moisture ratio
(hr) before (g) after(g) (%)

0 1000 1000 0 1

3 1000 632 36.8 0.5818

6 632 480 52.05 0.4085

9 480 401 59.9 0.3193
Table 7

Swirling fluidized bed drying using 45° angle distributor at high
temperature

Drying time  Weight Weight Weight loss Moisture ratio
(day) before (g) after(g) (%)

0 1000 1000 0 1

3 1000 564.5 43.55 0.505

6 564.5 379 62.1 0.295

9 379 313 68.7 0.215
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Figure 15 shows the temperature variations over drying time for high-temperature experiments
operated with 45° angle distributor. The temperature variation and fluctuation were recorded
steadier between the thermocouples. It comes to understand that during the drying process by using
45° angle distributor, the swirling air flow has caused less temperature fluctuations than the
experiments by using perforated plate distributor.
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Fig. 15. The high temperature vs drying time at high temperature using 45°
angle distributor

3.2.3 The swirling fluidized bed drying experiment using 67° inclination angle distributor

The experiment by using 67° angle distributor was conducted to investigate the effect of
inclination angle on drying in a swirling fluidized bed dryer. Same with perforated and 45° angle
distributor, three operating temperature experiments were conducted —room temperature, medium
operating temperature and high operating temperature to investigate the effect of operating
temperature on drying of piper nigrum in a swirling fluidized bed. Contradict to perforated plate
distributor, the 67° angle distributor will create the swirling air pattern in a fluidized bed. Figure 16
below shows the swirling pattern of the piper nigrum during the drying process using a 67° angle
distributor.
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Fig. 16. The swirling condition of the
piper nigrum using a 67° angle
distributor in fluidized bed dryer

Table 8 to Table 10 show the result for the weight reduction (every three hours), percentage of
the weight loss, and the moisture content of piper nigrum using a swirling fluidized bed dryer with a
65° angle distributor at three different temperatures. The moisture ratio of the drying in a swirling
fluidized bed operated with a perforated plate at three different operating temperatures is
proportionally decreased as the drying time increase as shown in Figure 17. From the data collected,
it can be concluded that the high operating temperature is the recommended temperature to dry
the piper nigrum using a swirling fluidized bed dryer with the perforated distributor because it shows
the most moisture reduction after 9 hours drying process. The final moisture ratio of the piper nigrum
is 0.330 for the high-temperature experiments (59.0% weight loss), 0.418 for the medium
temperature experiments (51.2% weight loss), and 0.645 for the room temperature experiments
(31.2% weight loss).

Table 8

Swirling fluidized bed drying using 67° angle distributor at room
temperature

Drying time Weight Weight Weight loss Moisture ratio
(hr) before (g) after(g) (%)

0 1000 1000 0 1

3 1000 850 15 0.8295

6 850 787 21.3 0.7580

9 787 688 31.2 0.6455
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Table 9
Swirling fluidized bed drying using 67° angle distributor at medium
temperature
Drying time  Weight Weight Weight loss Moisture ratio
(hr) before (g) after(g) (%)
0 1000 1000 0 1
3 1000 803 19.75 0.7756
6 803 657 343 0.6102
9 657 488 51.2 0.4182
Table 10
Swirling fluidized bed drying using 67° angle distributor at high
temperature
Drying time  Weight Weight Weight loss Moisture ratio
(day) before (g) after(g) (%)
0 1000 1000 0 1
3 1000 594 40.65 0.535
6 594 492 50.8 0.425
9 492 410 59 0.33
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Figure 18 shows the temperature variations over drying time for high-temperature experiments
operated with 67° angle distributor. For the high-temperature experiments, temperature variation
and fluctuation are recorded more stable between the thermocouples. It comes to understand that
during the drying process by using 67° angle distributor, the swirling air flow has caused less

temperature fluctuations than the experiments by using perforated plate distributor.
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3.3 Comparison of the Swirling Fluidized Bed Drying Experiment Using Three Different Inclination
Angle Distributors and Between Two Types of Drying

Table 11 compares the swirling fluidized bed dryer using three different distributors and
conventional sun drying. The drying time was set to be 9 hours with a fluidized bed dryer and 3 days
(27 hours) for the drying experiment under the sun. The final weight was recorded to be 395 g for
experiments using perforated distributor, 313 g for experiments by using 45° distributor, 410 g for
experiments by using 45° distributor and 329 g for investigations under the sun. Among the three
distributors, most weight reduction is achieved by using 45°distributor at 68.7% weight loss and the
least weight reduction by using 67° distributor at 59% weight loss.

The result of the conventional sun drying was set as a benchmark to achieve the final weight for
the drying piper nigrum. After three days of drying under the sun, the remaining weight of piper
nigrum was 329 g. When drying by using a fluidized bed dryer, it was recorded that the drying of
piper nigrum in a swirling fluidized bed dryer operated with the 45° distributor reduced the final
weight of conventional drying by 16g when the final weight was recorded to be 313 g. The piper
nigrum change colour from green to black during the drying process. No colour difference was
observed on the piper nigrum among the three distributors as shown in Figure 19. Observation on
the colour of the piper nigrum in conventional drying experiments recorded to be in grey-black colour
as the mould starts to form on the pepper after 3-days of drying.

Table 11
The comparison between swirling fluidized bed dryer using three different distributors and the
conventional sun drying

Perforated 45° distributor 67° Distributor Conventional sun drying
distributor

Experimental 9 hours 9 hours 9 hours 27 Hours (3Days)

Drying Time

Initial weight (g) 1000 1000 1000 1000

Final weight (g) 395 313 410 329

Moisture ratio 0.315 0.215 0.330 0.238

Weight Loss 60.5% 68.7% 59% 67.1%

Colour Black Black Black Grey-Black

Visual Shape More Shrink More Shrink More Shrink Shrink
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(b)
Fig. 19. The comparison of visualization of dried piper nigrum (a) using conventional sun
drying and (b) using swirling fluidized bed drying

4. Conclusions

The present study provides a better understanding of the performance characteristic of the
swirling fluidized bed dryer operation. In general, it can be concluded that drying using swirling
fluidized bed dryer is more convenient than conventional sun drying because the swirling fluidized
bed dryer have an excellent particulate mixing and reduced drying time. The swirling fluidized bed
dryer took a shorter time to dry the piper nigrum, which is only 9 hours compared to conventional
sun drying which is 27 hours (3 days). The comparison between three different inclination angles of
the distributor in swirling fluidized bed dryer shows that the drying of piper nigrum using 45° angle
of distributor gives the best result compared to 67° angle distributor and the perforated distributor.
Among the three distributors, most weight reduction is achieved by using 45°distributor at 68.7%
weight loss followed by perforated plate at 60.5% weight reduction and the least weight reduction
by using 67° distributor at 59% weight loss. The comparison of the drying using three different
operating temperatures shows that the high operating temperature (47°C — 59°C) gives the best
performance in drying the piper nigrum. This study concludes that the swirling fluidized bed dryer
can be used in drying piper nigrum to reduce the drying time and preserve the quality of the piper
nigrum.
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