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Abstract. The storage of ‘perishable’ horticultural products, such as onions
(Allium cepa L.), must be equipped with an even air distribution. Uniform air-
flow in the product stack is important for quality maintenance. However, the air
velocity in most of the storage space used in each part of the product stack is
unknown. This study aims to measure air distribution conditions among product
stacks inside the storage box. In addition, it is important to know the effect of
mesh and inlet velocities on air distribution. The velocity distribution of airflow
is measured by computational fluid dynamics (CFD) through the geometric app-
roach of onions to spherical shapes. At different points inside the onion-filled
storage box, the air velocity is simulated through the inlet. Varied air velocity is
0.5 m/s, 0.1 m/s, 1.5 m/s, 2 m/s, and 2.5 m/s. In the storage box at the edge, the air
velocity is about twice as high as in the storage box at the centre. The flow patterns
in the ripples of the onion stack indicate connections with each other at varying
air velocities depending on the small size of the ripples in a stack. Increasing the
air velocity at the inlet will increase the flow velocity of the air through the edge
of the stack and the large gap. However, airflow remains detected at all position
measurements even when the air velocity at the inlet is set to 0.5 m/s.
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1 Introduction

Onion (Allium cepa L.) is a spice commodity that plays an essential role in the taste of
Indonesian cuisine. In 2021, the number of onions produced in Indonesia, recorded by
Badan Pusat Statistik (BPS) [1], reached 2 million tons. The figure increased by 10.42%
from the previous year of 1.82 million tons. In addition to being seasonal, onions have
perishable properties like other horticultural products. Onions with good post-harvest
handling can be kept for up to six months. The quality of onions is tried to be maintained
so that their economic value does not decrease. The effort to maintain this quality is
one of them by paying attention to the storage air conditioning tailored to the onions’
characteristics.
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In previous studies, measurements of airflow in the cracks of the product were made
using a newly developed wireless anemometer [2]. However, measurements take con-
siderable preparation, such as sensor installation, and caution is required to prevent the
sensor from physically damaging the product. Airflows in packaging close to the product
are also analyzed using computational fluid dynamics (CFD) [3, 4] or by heat transfer
using heated measuring spheres [5]. Airflow is one of the branches of fluid dynam-
ics that can be computed using computational fluid dynamics (CFD). The geometry of
the storage space and the stored product will influence its airflow patterns. In addition,
to provide a detailed analysis of airflow patterns in the gaps between product stacks,
measuring the magnitude of the air velocity added to the inlet is necessary.

The relationship between the air near the inlet, outlet, and airflow in the gap of the
onion stack inside the storage box remains unknown. Therefore, the studies presented
aim to determine airflowdistribution in the onion storage room.Subjectivemeasurements
with the human senses cannot be made because the measurement point is not located
on the surface. Meanwhile, destructive methods require structural changes and even the
destruction of products through complex analysis stages that take a long time to complete
[6]. Therefore, developing a non-destructive method of measuring airflow at each point
is important. In this case, computational fluid dynamics (CFD) is used for simulation
purposes. Briefly, CFD is a structured numerical analysis to solve problems related to
fluid flow computers. This method requires no physical interaction with the product,
and the measurement process is performed relatively. A geometric approach to the stack
of onions is used by forming a spherical stack. Various points in the storage box were
investigated to find distributed airflow patterns from the inlet to the outlet.

2 Materials and Methods

2.1 Representative Elementary Volume

Representative Elementary Volumes (REVs) were first created to describe the smallest
volume at which measurements were made to yield a representative value of the whole
property being investigated [7], in this case, is the stack of onions during storage.

2.2 Geometrical Approach

In this study, the stack of local onion products was visualized by the geometric approach
of the spherical stack. The built model has a physical variation in size. The size used
ranges from 1–3 cm, following the size of onions listed on SNI 3159:2013. The built-in
spherical model is arranged in a stacked and random manner, satisfying the size of the
storage box as a representative elementary volume (REV).

2.3 Computational Model

The 3D computational model of the onion stack inside the storage box is modelled, as
shown in Fig. 1. Each onion is modelled as a sphere and positioned randomly stacked
in Fig. 1a. The spherical shape is modelled after 68 pieces. Storage rooms are modelled
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Fig. 1. 3D model: (a) a stack of spheres as a representation of onions; (b) a storage box model;
(c) an overall model, storage box with onion geometry inside (all dimensions are in cm).

as rectangular boxes. The box dimensions were 15.5 cm in length, 8.5 cm in width, and
8.5 cm in height. The assumption is that the box’s four long sides are closed, with no
air flowing in or out. The velocity is assumed to be zero at the boundary [8]. Overall,
the combined computational model has a porosity of 59.8%. Compared with previous
studies on the total geometry investigated, the result was a random stacking pattern of
pear fruit in the box with a porosity of 57.2% [9]. The geometry has 70 domains, 552
boundaries, 830 edges, and 418 vertices.

The 3D modelling was made using COMSOL Multiphysics 5.6. Computation is
done by creating a 3D Model Wizard using a single-phase flow study, laminar flow
(SPF). The laminar flow interface calculates the velocity and pressure fields for single-
phase fluid flows in the laminar flow regime. Physical interfaces support uncompressed
and compressed flows at low Mach numbers, usually less than 0.3. It also supports
non-Newtonian fluids.

2.4 Mathematical Model

The laminar flow is solved using the Navier-Stokes equation for the conservation of
momentum and the continuity equation for the conservation of mass (1)–(3).
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where u is the air velocity (m/s), p is the air pressure (Pa), ρ is the air density (kg/m3),
μ is the dynamic viscosity of the air (kg/m·s), t is time (s), and T is the air temperature
(K).

2.5 Mesh Generation

The pre-processing step for computing field simulation is domain discretization, called
mesh generation. Structured grids representing symmetrical 3D flow domains are gen-
erated using COMSOL Multiphysics 5.6. The computational domain was discretized
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Fig. 2. Structured 3D block mesh generated for fluid dynamics. (a) extremely coarse; (b) extra
coarse; (c) coarser; (d) coarse; (e) normal; (f) fine; (g) finer; (h) extra fine; (i) extremely fine.

using a free tetrahedral mesh. After conducting the best meshing, a mesh with a min-
imum and maximum size of 0.17 cm and 0.57 cm, respectively was used (Fig. 2e).
The total number of elements was about 5.59 × 105 for this model of the storage box.
A number of these structured meshes were generated to study network independence
(Fig. 2). Creating mesh for complex geometries is time-consuming due to the possible to
need manually break down the domain into several blocks, depending on the geometry
properties.

2.6 Simulation Setup

The simulation was conducted using CFD in COMSOL Multiphysics 5.6. First, the 3D
model consists of the onions’ geometric approach and storage space. The model size is
relatively small because it is used as the actual state’s representative elementary volume
(REV). The geometry of onions is structured in a stacked box and mesh processing is
done. The observations were focused on the airflow in the product gap, so the mesh of
the onion geometry was made to Normal size (Fig. 2e).

This study used the laminar flow model to represent airflow in the storage space. In
this case, boundary conditions must be specified on each surface of the fluid domain. The
boundary conditions used in this model are inlet airflow, outlet airflow, walls, and sym-
metry. Symmetry boundary conditions are performed on four computational domains
with normal velocity components, and gradients assumed to be zero. The airflow inlet
is regulated at a constant velocity. Computations are performed with a speed variation
of 0.5 m/s to 2.5 m/s.

In previous studies, the variation in air velocity in the product storage space may
range from 0.01–2.5 m/s [10]. In addition, there is an inlet temperature of 293.15 K and a
pressure of 1 atm. The analysis is performed by processing eachmesh and taking velocity
values at seven different points inside the storage box. The data was then exported into
text format to be analyzed using Microsoft Excel.
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Fig. 3. Air velocity distribution inside the storage box with an inlet of 2.5 m/s. (a) Air velocity
distribution in the entire airspace; (b) Air velocity at the centre from the side view (left) and on
the side wall (right); (c) Air velocity at the centre looks up (left) and on the upper wall (right).

3 Results and Discussion

3.1 Mesh Suitability

Mesh works by breaking down objects to be simulated into smaller cells so that they
can accurately define the geometry of objects. During the meshing process, complex
geometric objects are discretized into several cellswith different numbers of nodes.These
cells have predictable shapes and can correctly capture the physical shape of objects.With
high-quality mesh, numerical analysis can be ensured with accuracy and precision [11].
CFD can perform structured, unstructured, or hybrid meshing with either 2D (triangle,
quadrilateral) or 3D (tetrahedral, hexahedron) properties and varying densities while
meshing structures.

In this study, Tetrahedral 3D meshing was used for the entire geometry. Tetrahedral
mesh is more adaptive to a flow domain with a complicated boundary [12]. The selection
of the appropriate mesh depends on the processing time and the result of the mesh. Table
1 shows that the higher the mesh quality, the longer it takes. Meshing with high precision
takes a long time [13]. If the result of low-quality meshing is equivalent to or nearly
equal to the result of high-quality meshing, it needs to be made a new option.
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Table 1. Comparison between size, time, and element mesh

Mesh Time
(s)

Elements Total Elements

Domain Boundary Edge

Extremely Coarse 3.15 60199 12584 2725 7.55E + 04

Extra Coarse 3.80 85278 16636 3154 1.05E + 05

Coarser 4.70 123555 21780 3656 1.49E + 05

Coarse 6.53 208758 32166 4493 2.45E + 05

Normal 10.52 492387 59912 6255 5.59E + 05

Fine 20.86 1354214 132696 9390 1.50E + 06

Finer 48.40 4347219 327250 14373 4.69E + 06

Extra Fine 103.48 11005464 671698 19620 1.17E + 07

Extremely Fine 346.32 39553750 1630470 29038 4.12E + 07

Note: Total mesh elements of the sphere is 5.59E + 05.

Fig. 4. Air velocity distribution inside the storage box and the geometry gapwith an inlet of 1m/s.

3.1.1 Application of Mesh Divergences

The use of high-quality mesh and the time it takes is comparable to the precision it
produces. The total element resulting from the whole geometry is increasingly detailed
and accurate. The total mesh elements produced are comparable to the precision of the
mesh used. The higher the precision of the mesh, the more elements are formed by the
mesh. The lowest total mesh with a value of 7.55 x 104 and the highest total element
with a value of 4.12 x 107 (Table 1).

3.1.2 Effect of Mesh on Air Velocities

The difference inmesh applied resulted in a difference in precision. To improve accuracy
and precision in simulations, we can use several meshes with higher resolution on the
related geometry so that they have larger gradients of airflow [14].
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Fig. 5. Air velocities distribution at some points with air velocities variation in the inlet (0.5 m/s;
1 m/s; 1.5 m/s; 2 m/s; 2.5 m/s).

However, from simulations that have been performed with nine different mesh types,
it was found that different mesh quality does not affect the distributed air velocity in the
storage box. Fig. 4 shows the air velocity value with an inlet of 1 m/s having the same
value although given a different mesh.

3.2 Airflow Distribution Within Different Viscosity

Regardless, the air velocity distribution inside the storage box can be measured. The
trends are shown in Fig. 5. The measured air velocities at some measurement points
increase in proportion to the magnitude of the air velocities exhaled from the inlet point.

That trend shows a definite increase in air velocity at seven measured points. Mea-
surements made at points near the wall (edge side of the storage box) have air velocities
2 to 2.5 times greater than the air velocities introduced through the inlet. This trend can
also be seen in Fig. 3 of each slice of the storage box. The air velocity near the outlet at
each of these variations is relatively close to 0 m/s.

4 Conclusion

The mesh difference does not affect the distribution values of air velocities inside the
storage box and the geometry gap of the onions. The quality of the resulting grid differs
real but not with measured air velocity values. Meanwhile, the air velocities simulated
at the inlet significantly affect the velocity distribution values of the seven observation
points. Therefore, further simulation experiments are required between applying mesh
quality with other parameters, measurement variations, and time-based measurements.
Further simulationsmust be performed on all geometries already created on a time-based
basis that allows for changes in parameters to the occurrence of time.
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