Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 46, Issue 1 (2018) 62-72

Op
Journal of Advanced Research in Fluid Lt
” Mechanics and Thermal Sciences ___Stisices

Journal homepage: www.akademiabaru.com/arfmts.html
ISSN: 2289-7879

The Effect of Ventilation Hole Number on Flow Behavior and
Heat Transfer of Rotary Drum Dryer fccess

Sherly Hanifarianty?, Thanansak Theppaya®%3, Chayut Nuntadusit'?3, Makatar Wae-Hayee®?3"

Energy Technology program, Faculty of Engineering, Prince of Songkla University, 90112 Hatyai, Songkhla, Thailand
Department of Mechanical Engineering, Faculty of Engineering, Prince of Songkla University, 90112 Hatyai, Songkhla, Thailand

3 Energy Technology Research Center, Faculty of Engineering, Prince of Songkla University, 90112 Hatyai, Songkhla, Thailand

ARTICLE INFO ABSTRACT

Article history: The effect of ventilation holes on flow behavior and heat transfer of rotary drum dryer
Received 26 March 2018 were studied by using Computational Fluid Dynamics (CFD). In the experimental
Received in revised form 22 May 2018 apparatus, the drum was heated by direct burning with flame from LPG at the bottom

Accepted 10 June 2018

surface of the drum. In steady state condition, the temperature distribution on the
Available online 14 June 2018

surface of the drum was detected by using infrared camera. The average temperature
on the cap surface was 80°C, the drum surface was 130°C, and the temperature inside
rotary drum was 120°C. In order to maintain the air temperature inside the drum at
120°C, the number of ventilation holes was varied by using CFD. In the 3-D numerical
model of the drum including ambient air was simulated in transient. The ventilation
holes were drilled on the drum caps, and the number of the hole on each cap was
varied at 6, 8, 12, and 18 holes. The results showed that the air temperature inside the
drum at the condition of >12 holes was the highest with the shortest time. The longest
time of 1,400 seconds and 1,600 seconds were observed to be uniform temperature
and uniform velocity flow in this research.
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1. Introduction

Drying is the process removal of moisture by transferring heat that can change the quality of
product [1]. In this process, heat is transferred from the hot dry air to the product, before evaporating
the moisture of the surface material. There are two sequential processes when moisture material
undergoes thermal drying [1]. For the first process, removal of water as vapour from the surface
material depends on outside condition, temperature, air moisture and flow, and surface area
exposed. For the second process is removal of moisture as function of natural physical from solid
temperature. Inside the drying operation, this process can be limited by drying rate factor, although
this happen simultaneously throughout the drying cycle.
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Nowadays, rotary drum drying was being developed because of the uniformity of material being
dried inside the rotary drum [2-4]. Some of experts have developed to study about flow behaviour
for continuous rotary drum [5-8]. Alonso et al., [9] also reported that rotary drum in solar thermal
application give positive effects such as good mixing and homogeneous distribution of temperature
inside the chamber.

Previous study has been conducted by Delele et al., [10] about rotary drum speed, feed rate and
drum angle that showed strong effect of particle and fluid flow behaviors inside rotary drum. Santos
et al., [11] also investigate particle size and density differences that could affect physically in the
rotary drum. Machado et al., [12] reported rotary drum with different rotation speed, while Liu et
al., [13] investigated liquid gas particle in a rotary drum that showed not clear effect on gas
improvement and particle mixing in the process.

In rotary drum drying technique, simulation particle need to be considered such as moisture
content of solid, air distribution and temperature inside the drum. Some researchers has reported
about simulation particle, Geng et al., [14] and Geng et al., [15] reported about particle transport the
axial direction of drum and transverse direction of drum. Gu et al., [16] and Gu et al., [17] investigated
about particle and gas flow behaviour in rotary drum. Geng et al., [18] studied about particle motion
of rotary drum dyer. Karunarathne et al.,, [19] and Santos et al., [11] reported about particle
behaviour with different size and density differences for rotary drum dryer. Furthermore, Nafsun et
al., [20] also reported about particle size to thermal mixing behavior, therefore no reported about
design rotary drum dryer with ventilation hole as wet warm air removal.

In this study, a rotary drum dryer was designed with varying ventilation holes. The model of rotary
drum dryer is shown in Figure 1. Burners were located at the bottom of the drum for heating. The
wet warm air passed through the ventilation hole. In the previous of our work, the study of laboratory
experiment palm fruit drying by using a newly-designed of rotary drum dryer have been done [21].
As well as, preliminary study of flow behaviour and heat transfer of the drum dryer was simulated by
using CFD [22]. CFD was used by many fields for example in industrial device [23], fossil fuel [24],
solar energy [25], gas turbine [26], and some in biomedical field [27]. In this work, the effect of
ventilation hole number on flow behaviour and heat transfer of rotary drum dryer were studied by
using Computational Fluid Dynamics (CFD).

Wet warm air > Wet warm air

DODODD HHODYD BODODD DODHYHY
(N (N D
Burner

Fig. 1. Newly-designed of rotary drum dryer

2. Methodology
2.1 Rotary Drum Dryer

The design of rotary drum dryer was built up with metal sheet with thickness of 3 mm. For the

dimension was fabricated with 90 cm in length and 57.5 cm in diameter. The rotary drum has roller
that was rotated as function with gear and electrical motor. Later on, the rotary drum was heated by
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4 burners at the bottom of the drum using LPG as a fuel source. The details of the rotary drum were
in our previous work [21].

As shown in Figure 2 and Figure 3, the temperature on the surface of rotary drum and on the cap
were captured with steady state condition using infrared camera. The drying process temperature in
rotary drum was averaged as 80°C of cap temperature, 130°C of drum surface temperature and 120°C
of the air temperature at the center of rotary drum. At this point, the drying process of rotary drum
dryer was heated with LPG by applying direct contact to the bottom of the drum. The rotation speed
of the rotary drum was slowly at 1.68 rev/hour, 4.14 rev/hour, and 8.34 rev/hour.

Structure

Drum Temperature distribution

Burner T = 1 T

OFI.lR-. ’ ’ .

V¢

Fig. 2. Left: Photo of rotary drum, and Right: Temperature distribution of
rotary drum

of surface cap

2.2 Design of Simulation and Grid

In this simulation work, ANSYS Fluent version 15.0 was used to simulate the flow characteristic
and heat transfer of rotary drum dryer. A 3-D with finite volume method was applied to solve
governing equation as boundary condition of rotary drum. In order to minimize the calculation task,
the size of numerical model was created with decreasing proportionally 10 times smaller than the
real drum. The 3-D numerical model of the drum including ambient air is shown in Figure 4.

The grid system of the numerical domain is shown in Figure 5. In cutting section was observed
and appeared internal grid system. The geometries of elements were rectangular shape. In order to
evaluate saturated element number, the variation of element number at 0.27, 0.71, 1.20, and 1.57
million elements were examined. The flow velocity of hot air discharging from ventilation hole at
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variant element number is shown in Figure 6. It showed that the trend of velocity was higher when
the element number became larger. For the case of 1.20 and 1.57 million elements, the trend of
velocity was almost the same. Therefore, 1.2 million cases were being used to be applied in this
simulation.

d-=1mm

Ventilation
holes 2.864D

i~ Constant temperature

2B

Fig. 4. Rotary drum dryer model and surrounding (minimizing proportionally 10 times respecting
the actual size of experimental drum)

Cutting section

fails of the internal grid system

Surrounding

Fig. 5. Internal grid of the simulation domain
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For the boundary condition of numerical domain was applied with similarity of experimental
rotary drum. The details of the boundary conditions were shown in Table 1.

Table 1

Boundary condition of rotary drum dryer
Conditions Setting

The temperature of drum dryer 130°C

The temperature of drum dryer cap 80 °C

The temperature of environment 29 °C
Ventilation holes Pressure outlet
Outer surface of surrounding air Pressure outlet

Number of elements

city (m/'s) ﬂ

2 —O— 270,000
D 4
- --0--710,000
=5 5 710,000
(-E —&— 1,200,000
2
1 =-=:1.570,000
u
0 I T T Y T >
0 0.005 001 0015 002 0025 003 0.035

L distance (m)
Fig. 6. The effect of element numbers on air velocity of the centre of ventilation holes to the surrounding
(L is the distance from ventilation hole to surrounding air)

2.3 Simulation Assumption

To simplify numerical simulation, the empty drum was heated without drying material, and the
drum was no rotation due to very slow rotating speed (1.68 rev/hour) for the test case (the case of
capturing temperature on the surface). The heat from high temperature on the surface of the drum
and the caps transferred to the air inside the drum. Therefore, the calculation was considered under
unsteady state. The gravity effect was applied, and incompressible flow was considered.

2.4 Calculation Method

The solution in this simulation was evaluated with SIMPLE algorithm and a second order upwind
for all spatial discretization. It was considered in transient condition, and then operated until the
temperature at the center of drum become consistent. The solution was considered to be converged
when the normalized residual of the algebraic equations were less than a prescribe value of 1.0 x
104,
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3. Results and Discussions

The criteria for identifying optimal hole numbers for designing the rotary drum dryer, the
temperature of air at the center of the drum were considered for getting high temperature in the
shortest heating period. The air temperature at the center of rotary drum varying with hole
simulation is shown in Figure 7. The increasing of the air temperature at the center of drum
depended on time in the range of <1,200 seconds. The air temperature at the center of drum became
steady state at time <1,200 seconds, approximately. At 6 holes, the increasing of air temperature at
the center of drum was faster than those other cases, but at steady state (time <1,200 seconds), its
temperature was lower than those other cases. From the figure, it showed that the temperatures at
the center of drum for the case of 12 and 18 holes were the highest. As a result of experimental case
of 18 holes was the temperature with time at the centre of rotary drum. The temperature was
rapidly increased until <2,400 seconds of drying period. The temperature distribution at the centre
of drum become almost steady after <2,400 seconds of drying period. Thus, the period of the
temperature at the drum centre becoming steady is longer compared with other CFD cases. It was
due to effect of heat losses from radiation and natural convection in the experiment.
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Fig. 7. Temperature with time at the centre of rotary drum varying with time

The temperature along the centerline at the middle drum in various ventilation hole are shown
in Figure 8. At first, the lower temperature in rotary drum was observed with 6 ventilation hole
number. The higher temperature of middle drum increased when the number of ventilation hole is
larger. At this point, the temperature along the centerline at the middle drum for the case of 12 and
18 holes were the highest.

Velocity vectors and temperature distributions on X-Y plane of rotary drum dryer simulation
which varied with time in period of 200 — 1,600 seconds are shown in Figure 9. At 200 seconds (Figure
9(a)), the temperature was increased on time started from the edge of the drum, and the velocity
vectors discharged from the ventilation holes to surrounding due to expansion effect from the
increasing air temperature. When time became 400 seconds (Figure 9(b)), the air temperature near
the drum edges was higher and the velocity vectors discharging from the holes were also larger. At
600 seconds (Figure 9(c)), the area of air temperature near the drum edge became larger than those
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former cases, but the air temperature inside the drum still lower and comparable to those former
cases.
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Fig. 8. Temperature along the centreline at the middle drum
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(b) At 400 seconds
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(h) At 1600 seconds
Fig. 9. The simulation results on X-Y plane, Left: Velocity vectors, and Right: Temperature distributions
(continued)

At 1,000 seconds (Figure 9(e)), asymmetry temperature distributions were appeared due to the
effect of natural heat convection [28]. The high temperature was found in upper section of the drum,
and then the lower temperature was found in below section of the drum. The different temperature
along the height of the drum was directly influenced to the air expansion of the drum which can be
identified from discharging air velocity at upper ventilation hole was higher than that of lower
ventilation hole (Figure 9(e), left). Afterwards, at 1,200 seconds (Figure 9(f)), the area of high
temperature distribution inside the drum became larger, but the asymmetry temperature
distributions were found. For 1,400 seconds (Figure 9(g)), and 1,600 seconds (Figure 9(h)), showed
the uniform temperature distributions for the whole inside the drum. On the average, for both 1,400
and 1,600 seconds were shown to have the highest velocity flow discharging from ventilation holes.

4. Conclusions

In this work, a rotary drum dryer was designed and fabricated by varying ventilation hole numbers
at 6, 8, 12, and 18 holes which was drilled on the drum caps. In order to observe hot air velocity
discharging from the ventilation holes and air temperature distributions inside the drum, CFD
technique was adopted under transient simulation. The temperature distributions on the drum
surface and the drum caps of the experimental apparatus which were captured using infrared
thermal imager were specified in the boundary conditions of numerical domain. The results showed
that the air temperature inside the drum increased depending on the time. Hot air inside the drum
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discharged to surrounding due to expansion effect from the increasing of air temperature. The air
temperature at the drum center in condition of =12 holes was the highest with the shortest time. At
1,400 and 1,600 seconds for the case of 12 ventilation holes, temperature distributions were more
uniform that the former times. These results suggested that velocity flow and temperature
distributions of different ventilation holes and temperature variations have to be studied further.
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