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Abstract

Engineering properties of agricultural materials constitute important design parameters for the development
and performance evaluation of efficient post-harvest processing equipment. However, limited information is
available on the engineering properties of water chestnut (7rapa natans L.) relevant to mechanical
decortication. Therefore, the present study was undertaken to determine the engineering properties of water
chestnut at an average moisture content of 66.88% (w.b.) to provide basic design data for the development
of a power-operated water chestnut decorticator. The principal dimensions, geometric characteristics,
gravimetric properties, frictional properties and aerodynamic characteristics of water chestnut were
determined using standard experimental procedures. The fruits exhibited average length, width and thickness
of 31.50, 32.50 and 28.00 mm, respectively, with an average geometric mean diameter of 32.87 mm,
arithmetic mean diameter of 38.85 mm, sphericity of 64.50%, surface area of 1989.88 mm? and aspect ratio
of 71.50%. The average bulk density, true density and porosity were found to be 795.40 kg/m?, 960.40 kg/m?
and 17.17%, respectively. The average coefficients of static friction on mild steel and stainless steel were
0.72 and 0.70, respectively, while the average angle of repose was 43.62°. The average terminal velocity of
the water chestnut was 7.482 m/s, whereas the average weight of 1000 chestnuts were 9513 g. These
measured engineering properties provided essential design inputs for determining the dimensions of the
feeding unit, decortication chamber, hopper, material-contact surfaces, clearance, power transmission and
collection system of the developed water chestnut decorticator. The developed engineering database can
therefore support the design optimization and future development of efficient, economical and suitable
mechanical systems for water chestnut decortication and subsequent value addition.

Keywords: Water chestnut (7rapa natans L.), engineering properties, physical properties, geometric
characteristics, gravimetric properties, frictional properties, terminal velocity, decorticator, machine design,
post-harvest processing

Introduction

Water chestnut (Trapa natans L.) is a floating aquatic angiosperm cultivated widely in India,
China, Southeast Asia and other tropical to subtropical regions. It is commonly consumed in fresh,
boiled, roasted and flour forms and is increasingly recognized as an economically important
underutilized food resource with potential for food diversification and value addition. The edible
kernel of water chestnut is mainly rich in carbohydrates and starch, with additional contributions
from protein, dietary fibre and minerals. It has also been reported as a source of polyphenols,
flavonoids, vitamins and minerals such as potassium, phosphorus, iron, manganese and zinc,
which contribute to its nutritional and functional importance (Chikara et al., 2025; Rehman et al.,
2024; Alam et al., 2001) ™ 2 21 The starch of water chestnut possesses distinctive
physicochemical and functional characteristics compared with commonly used starches such as
potato, maize, rice and wheat, creating opportunities for its utilization in various food and value-
added products (Chikara et al., 2025) 4,

Engineering properties of agricultural materials constitute an important database for the design,
development and optimization of post-harvest processing equipment. Properties such as length,
width, thickness, geometric mean diameter, sphericity, surface area, aspect ratio, moisture content,
bulk density, true density, porosity, coefficient of friction, angle of repose, terminal velocity and

~ 475~


https://www.agronomyjournals.com/
https://www.doi.org/10.33545/2618060X.2026.v9.i9g.6545

International Journal of Research in Agronomy

thousand-unit weight provide essential information for designing
feeding, conveying, handling, decortication and collection
systems. These properties are particularly important for water
chestnut because its irregular shape, relatively high moisture
content and hard outer husk influence its movement and
interaction with mechanical surfaces during processing. Post-
harvest research on water chestnut has identified drying, flour
production, starch modification and machinery development as
important areas for improving processing and commercial
utilization (Sayyad et al., 2021; Gupta et al., 2025) 2671,

Water chestnut processing has traditionally depended largely on
manual decortication. Freshly harvested fruits are cleaned and
individually handled, after which the hard outer shell is cut or
struck with a knife and the edible kernel is removed manually.
This method requires continuous labour and considerable manual
effort, has low processing capacity, is time-consuming and may
result in uneven shell removal and kernel damage. The use of
sharp cutting tools also increases the possibility of hand injuries
during prolonged processing (Rehman et al., 2024; Sayyad et al.,
2021) [23.26],

Mechanical decortication provides an opportunity to overcome
several of these limitations. Modern water chestnut decortication
systems generally utilize controlled abrasion, impact or
compression to break the hard outer shell while retaining the
edible kernel. A typical mechanical decorticator consists of a
feeding arrangement, decortication chamber or drum with an
abrasive/corrugated surface, rotating mechanism, electric motor
and outlet for collection of the decorticated material. Such
mechanical action can improve processing efficiency, reduce
labour requirement and provide more uniform processing
compared with manual decortication (Gupta et al., 2025) [,
Although water chestnut has considerable food and value-
addition potential, efficient removal of its hard outer covering
remains an important post-harvest processing requirement.
Mechanical processing can provide cleaner and more uniform
kernels while reducing processing time, labour dependency and
processing cost. Further, the decorticated kernels can be dried and
processed into flour and other value-added products. Therefore,
engineering information on water chestnut is required for the
scientific design and optimization of a suitable decortication
system. Hence, the present investigation was undertaken to
determine the engineering properties of water chestnut and to
develop and evaluate a power-operated water chestnut
decorticator.

Therefore, the present investigation was undertaken to determine
the engineering properties of water chestnut (7rapa natans L.) at
the edible maturity stage. The generated engineering database is
expected to provide scientifically validated design parameters for
the development and optimization of mechanized processing
equipment intended for handling, decortication, drying, storage
and processing of decorticated water chestnut.

2. Materials and Methods

2.1 Sample collection

The water chestnuts were procured from local market Akola for
conducting the experiments on chestnut decortication. The
sophisticated equipment’s and machineries viz: oven, moisture
meter, tachometer, Variable frequency Drive etc. were used from
AICRP on Post Harvest Engineering & Technology, Dr. PDKV,
Akola. The average moisture content of the water chestnut varied
between 66 and 82% (w.b.), representing the edible maturity stage
commonly used for water chestnut preparation.

https://www.agronomyjournals.com

2.2 Determination of engineering properties of water
chestnuts

Thirty randomly selected healthy and undamaged water chestnut
were used for the determination of dimensional characteristics.
The major axis, medium axis, and minor axis of individual grains
were measured using a digital Vernier caliper with a least count
of 0.01 mm. Grain size and sphericity were calculated from the
measured principal dimensions using standard engineering
relationships described by Mohsenin (1986) [81,

Thousand-grain weight was determined by weighing randomly
selected grains using an electronic precision balance and
expressed in grams. Bulk density was determined as the ratio of
grain mass to the volume occupied in a graduated measuring
cylinder without compaction, whereas true density was
determined using the liquid displacement method. Porosity was
calculated from the measured bulk and true densities using
standard relationships.

The angle of repose of tender sorghum grains was determined
using the fixed-funnel method by measuring the height and
diameter of the grain heap formed after free discharge. The
coefficient of static friction was measured on a mild steel surface
using an adjustable inclined plane apparatus, and the coefficient
was calculated from the tangent of the inclination angle at which
grain movement was initiated. Terminal velocity was determined
using a vertical air column by gradually increasing the airflow
until individual grains attained a suspended state, and the
corresponding air velocity was recorded.

All measurements were conducted in triplicate, and the results
were expressed as mean values. The measured engineering
properties were subsequently utilized to establish design
parameters for mechanized processing equipment intended for
water chestnut.

2.3 Calculation of engineering properties

The measured dimensions and physical characteristics of water
chestnut were used to calculate various engineering properties
required for the design and development of mechanized
processing equipment.

2.3.1 Length (L), Width (W), Thickness (T)

These are the three principal dimensions of water chestnut
measured along its major, intermediate, and minor axes. Water
chestnuts have an irregular, often triangular or horned shape, so
measuring these three dimensions helps in understanding their
size variation. These dimensions are important for designing
grading machines, hopper openings, and decortication units to
ensure smooth feeding and minimal clogging. The length, width
and thickness of fifty randomly selected freshly harvested
groundnut pods was measured with the help of a digital vernier
caliper having least count of £0.01 mm and the mean value was
determined.

Plate 2.1: Measurement of water chestnut thickness using vernier
calliper
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2.3.2 Arithmetic mean diameter (Da)
Arithmetic mean diameter (Da) of water chestnut will be
calculated using following equation (Krishnappa et al., 2017) 141,

L+W+T
Da = —

where,

.. (3.0

L= Length, mm W= Width, mm T = Thickness, mm

2.3.3 Geometric mean diameter (D)
Geometric mean diameter (D) of groundnut pod was calculated
by using following equation.

Formula:

Dg = (Lx Wx T)¥ ... (32)

Where:

Dg = geometric mean diameter (mm), L = length (mm), W =
width (mm), T = thickness (mm)

2.3.4 Sphericity (¢)

Sphericity indicates how closely the shape of the water chestnut
resembles a sphere. Water chestnuts generally have low sphericity
due to their pointed edges or horns. This affects their rolling
behavior on surfaces, which is important in conveying, cleaning,
and grading operations. Low sphericity means they are more
likely to slide rather than roll.

1

3

_ (LxwxT)

Formula: ® = X 100 ... (3.3

Where:
¢ = sphericity, L= Length, mm. W= Width, mm. T=Thickness,
mm

2.3.5 Surface area (S)

The surface area of the water chestnut was calculated by using the
equation (Krishnappa et al., 2017) 14,
Formula:

S =mxD,? ...(3.4)
Where:

S = surface area (mm?), Dg = geometric mean diameter (mm), ©
=3.1416

2.3.6 Aspect ratio (Ra)

The aspect ratio (R,) of Water chestnut was calculated by
following formula.
Ra=W/Lx 100 ... (3.%5)

where,
R.=Aspect ratio (%), L =Length, mm. W= Width, mm

2.3.7 Bulk density (pb)

A box having inner dimension 11 x 11 x11 cm was used to
measure the bulk density of the Water chestnut. The box was
filled with Water chestnut without compaction and weighed using
an electronic weighing balance This procedure was repeated three
times using different sets of Water chestnut and the bulk density

https://www.agronomyjournals.com

was calculated by using following formula (Maduako and
Hamman, 2004) U'71,

Weight of sample in container

Bulk density (kg/m3) = Volume of sample

Formula:

pb = ... (3.6)

w
14

Where:
pb = bulk density (kg/m?), M = mass (kg), Vi = bulk volume (m?)

Weight of sample

True density (kg/m3) = True volume of sample

2.3.8 True density (pt)

It was determined by toluene displacement method (Mohsenin,
1980) B, Water chestnut sample were submerged in toluene in a
measuring cylinder having an accuracy of 0.1 ml. The increase in
liquid volume due to sample was noted as true volume of the
sample, which was then used to determine the true density of the
sample. Average of three replications was considered as true
density value of sample.

Formula:

pt = % .. (3.7)
Where:

pt = true density (kg/m®), M = mass (kg), V= true volume (m?)

2.3.9 Porosity (g)

It was the percent of volume of the voids in the test sample at
given moisture content. It was determined as the ratio of
difference in true and bulk density to the bulk density value and
expressed in percentage. (Mohsenin, 1986) '8l Bulk and true
density values obtained from previous experiments were used to
calculate porosity of Water chestnut Formula:

g =25 100 ...(3.8)
pt

where:
€ = porosity (%), p: = true density (kg/m?®), p, = bulk density
(kg/m’)

2.3.10 Angle of repose (0)

The angle of repose is the angle between the base and the slope of
the cone formed on a free vertical fall of the material to a
horizontal plane. The dynamic angle of repose of Water chestnut
will be measured by the emptying method. A cone was placed
over a plain surface and samples were filled in. The cone was raise
slowly allowing the sample to flow down and form a natural
slope. The dynamic angle of repose was calculated from the
height and diameter of the pile (Mohsenin, 1980) B,
Formula:

0 = tan! 2h/D ..(3.9)
Where:

6 = angle of repose (degrees), h = height of heap (m), r = radius
(m), D -Diameter of the base of pile, cm
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Plate 2.2: Measurement of angle of repose of groundnut pod

2.3.11 Thousand kernel weight

Thousand nut weight was determined by counting 100 Water
chestnut then weighing them in electronic balance to an accuracy
0f 0.001g and then multiplied by 10 to give weight of 1000 Water
chestnut (Mohsenin, 1980) B!, It will be helpful in design of
collection unit.

2.3.12 Moisture content (MC)

Amount of water present in water chestnuts. Water chestnuts have
high moisture content, which affects their hardness, peeling
efficiency, and storage life. Proper moisture control is essential to
reduce spoilage and improve decortication performance. The
moisture content of Water chestnut was determined by using
standard method of moisture determination. First weight of
sample was measured and placed in hot air oven at 105°C + 2 for
24 h (AOAC, 2012) B3I,

Formula:

Mc ="
wy

x 100 ... (3.10)

Where:
MC = moisture content (%), Wi = initial weight (g), Wd = dry
weight (g)

2.3.13 Coefficient of static friction of pod

The co-efficient of static friction (pus) of Water chestnut is
determined against surface of mild steel sheet. The samples will
be placed on the test surface at the top edge. The inclined surface
was tilted until the samples begin to move leaving an inclined
surface. The angle of inclination with the horizontal was
measured by a scale provided and taken as an angle of internal
friction and tangent of the angle was taken as co-efficient of static
friction between surface and sample (Mohsenin, 1980) '),

us = tan 6 ... (3.11)

where, us - Co-efficient of static friction, 6- Angle of inclination
of material surface

Plate 2.3: Experimental setup for measurement of coefficient of friction
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2.3.14 Terminal velocity

Terminal velocity was measured by using an air column system.
For each experiment, a sample was dropped into the air stream
from the top of the air column. The air was blown up to suspend
the material in the air stream. The air velocity near the location of
the pod suspension was measured by a hot wire anemometer
having a least count of 0.01 m/s.

Plate 2.4: Experimental setup of air column for determination of
terminal velocity

3. Results and Discussion

3.1 Dimensional and shape characteristics of water chestnut
The average length, width and thickness of water chestnut were
observed as 31.50 + 8.03 mm, 32.50 £ 7.44 mm and 28.00 + 9.52
mm, respectively. The length varied from 18 to 45 mm, width
from 20 to 45 mm, and thickness from 12 to 44 mm. The variation
in fruit dimensions may be attributed to differences in maturity,
variety, growing conditions and natural biological variability
among individual fruits. The measured dimensions provided
essential information for determining the feeding opening,
decortication chamber dimensions and clearance required for
effective movement and decortication of water chestnut.

Table 1: Engineering properties of water chestnut at 66.88% moisture
content (w.b.)

;:- Eng. property Max| Min |Average SD
1 Length (mm) 45 18 31.5 | 8.03
2 Width (mm) 45 20 325 | 744
3 Thickness (mm) 44 12 28 9.52
4 Geometric mean diameter (mm) 37.21| 28.53 | 32.87 | 2.58
5 Arithmetic mean diameter (mm) 44.5| 33.2 | 38.85 | 3.36
6 Sphericity (%) 75.15| 53.86 | 64.5 | 6.33
7 Surface area (mm?) 29191060.76]1989.88|552.82]
8 Aspect ratio (%) 86 57 71.5 8.6
9 | Moisture content with husk (w. b%) | 70.2 | 62.7 | 66.88 | 3.06
10 Bulk density (kg/m®) 821 | 760 | 7954 | 23
11 True density (kg/m?) 970 | 952 | 9604 | 7.7
12 Porosity (%) 21.33 13.94 | 17.17 | 2.77
13 | (a) Coefficient of static friction on MS | 0.83 | 0.62 | 0.72 | 0.07
(b) Coefﬁmegt of static friction on 075 | 0.63 07 | 004
Stainless steel
14 Angle of repose 45 | 42.51 | 43.62 | 0.96
15 Terminal velocity (m/s) 831 | 5.62 | 7.482 |1.081
16 1000 chestnut weight 10400, 8960 | 9513 [775.71
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The engineering properties of water chestnut (7rapa natans L.)
were determined at an average moisture content of 66.88% (w.b.)
to establish the design parameters required for the development
of the water chestnut decorticator. The measured properties
included length, width, thickness, geometric mean diameter,
arithmetic mean diameter, sphericity, surface area, aspect ratio,
bulk density, true density, porosity, coefficient of static friction,
angle of repose, terminal velocity and 1000-chestnut weight. The
statistical parameters of these properties are presented in the
corresponding table.

The average geometric mean diameter and arithmetic mean
diameter were found to be 32.87 +2.58 mm and 38.85 + 3.36 mm,
respectively, while the average sphericity and aspect ratio were
64.50 + 6.33% and 71.50 + 8.60%, respectively. The average
surface area was observed as 1989.88 = 552.82 mm? The
variation in these geometric characteristics indicated that water
chestnut fruits possessed considerable variation in size and shape.
These properties were important for selecting suitable chamber
clearance and decortication-surface configuration so that fruits of
different sizes could be effectively subjected to rubbing and
impact without excessive kernel damage.

3.2 Gravimetric properties of water chestnut

The average bulk density and true density of water chestnut were
observed as 795.40 + 23.00 kg/m® and 960.40 £ 7.70 kg/m?,
respectively, whereas the average porosity was 17.17 + 2.77%.
The bulk density varied from 760 to 821 kg/m?, while true density
ranged from 952 to 970 kg/m?. The difference between bulk and
true density resulted from the void spaces present between
individual fruits, which was also reflected in the measured
porosity. These properties provided useful information for
estimating the feeding and hopper capacity, material loading and
volume requirements of the developed water chestnut
decorticator.

The average 1000-chestnut weight was found to be 9513 = 775.71
g, with values ranging from 8960 to 10400 g. The variation in
1000-chestnut weight may be attributed to differences in fruit
size, maturity, moisture content and individual fruit development.
The average value indicated that approximately 9.51 kg of water
chestnut represented 1000 fruits under the conditions of the
present study. This property provided useful information for
estimating the relationship between number of fruits and batch
weight, and was therefore useful for determining feeding
requirements and material loading during performance evaluation
of the developed decorticator.

3.3 Frictional properties of tender sorghum

The coefficient of static friction of water chestnut on mild steel
and stainless steel was found to be 0.72 = 0.07 and 0.70 + 0.04,
respectively. The values indicated appreciable friction between
the water chestnut surface and the material-contact surfaces. The
coefficient of friction is an important design parameter because it
influences the movement of fruits through the feeding and
decortication chamber and determines the tendency of the
material to slide or remain in contact with the decorticating
surface. These values were therefore useful in selecting suitable
materials and designing the feeding and decortication surfaces of
the developed machine.

The angle of repose of water chestnut was found to be 43.62 +
0.96°, with values ranging from 42.51 to 45.00°, indicating
relatively stable heap formation and moderate flowability of the
fruits. The angle of repose is an important parameter for
determining the inclination of the hopper and feeding surfaces. A
suitable hopper inclination greater than the measured angle of
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repose would help facilitate movement of the fruits towards the
decortication chamber and reduce the possibility of bridging or
accumulation during feeding.

3.4 Aerodynamic properties of tender sorghum grains

The terminal velocity of water chestnut was observed as 7.482 +
1.081 m/s, with values ranging from 5.62 to 8.31 m/s. The
variation in terminal velocity may be associated with differences
in fruit size, shape, mass and surface characteristics. Terminal
velocity is an important aerodynamic property for determining the
air velocity required for pneumatic separation or cleaning.
Although the developed decorticator primarily operated through
mechanical rubbing and impact, the measured terminal velocity
provided useful information for any subsequent cleaning or
separation operation associated with the decortication process.
Overall, the obtained engineering properties indicated that the
size, shape, density, frictional and flow characteristics of water
chestnut were important considerations in the design and
operation of the developed decorticator. The measured
dimensions and geometric properties were useful for determining
the feeding and decortication chamber dimensions, while density
and porosity were useful for material handling and capacity
calculations. The frictional properties and angle of repose
provided information for designing the feeding and material-
contact surfaces, whereas terminal velocity provided a basis for
possible cleaning and separation operations. Thus, the
engineering-property data generated in the present study provided
fundamental design information for the development,
performance evaluation and optimization of the water chestnut
decorticator.

3.5 Engineering significance of measured properties in the
design of water chestnut decorticator

The engineering properties determined for water chestnut (7rapa
natans L.) provided essential design inputs for the development
and optimization of the mechanized water chestnut decorticator.
Unlike many conventional dry agricultural materials, water
chestnut used in the present study contained relatively high
moisture content, with an average value of 66.88% (w.b.), and
possessed an irregular shape with a hard outer husk and
comparatively soft edible kernel. Consequently, accurate
characterization of its dimensional, geometric, gravimetric,
frictional and flow properties was important for designing
machine components that could provide effective husk removal
while minimizing kernel damage and decortication losses.

The measured dimensional properties, including average length
of 31.50 mm, width of 32.50 mm and thickness of 28.00 mm,
provided the basic design information for determining the
dimensions of the feeding opening, decortication chamber and
clearance between the rotating disc and stationary corrugated
surface. The average geometric mean diameter (32.87 mm) and
arithmetic mean diameter (38.85 mm) further represented the
overall size of the fruit and assisted in selecting suitable chamber
dimensions. The average sphericity (64.50%) and aspect ratio
(71.50%) indicated that the water chestnut fruits were not
perfectly spherical and had considerable variation in shape.
Therefore, sufficient clearance and an appropriate chamber
configuration were required to allow fruits of different sizes and
orientations to enter and move through the decortication chamber
without excessive compression or obstruction.

The surface area (1989.88 mm?) was also important in
understanding the extent of contact between the fruit and the
decorticating surfaces. Since the developed machine operated
mainly through rubbing and impact between the rotating emery-
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glued surface and the corrugated steel chamber, the contact
characteristics of the fruit influenced husk removal. The average
surface area provided a useful basis for understanding the contact
behavior during decortication, while the dimensional variation
indicated the need for a decortication chamber capable of
accommodating different fruit sizes. Appropriate contact and
clearance were necessary to provide sufficient mechanical action
for breaking the hard husk while avoiding excessive pressure on
the edible kernel.

The gravimetric properties also played an important role in the
design of the decorticator. The average bulk density of 795.40
kg/m* was useful for estimating the volume required for the
feeding hopper and determining the material quantity
corresponding to a particular batch capacity. The average true
density of 960.40 kg/m* and porosity of 17.17% provided
information about the actual material density and the void spaces
present between individual fruits. These properties were useful
for estimating the packing behavior and effective volume
occupied by water chestnut in the hopper and decortication
chamber. The average 1000-chestnut weight 0of 9513 g also helped
in relating the number of fruits to batch weight and was useful for
determining material loading during machine performance
evaluation.

The frictional and flow properties were particularly important for
designing the feeding and decortication surfaces. The average
coefficient of static friction was 0.72 on mild steel and 0.70 on
stainless steel, indicating considerable resistance to the initiation
of sliding. These values were useful for selecting suitable
materials for the hopper, feeding surfaces and internal machine
components. The relatively high friction between water chestnut
and the contact surfaces could assist in maintaining adequate
contact during the rubbing and impact action of decortication,
although excessive friction could increase resistance and power
requirement. The average angle of repose of 43.62° provided an
important criterion for determining the inclination of the hopper
and feeding surfaces. A suitable hopper inclination above the
measured angle of repose would facilitate movement of the fruits
towards the decortication chamber and reduce the possibility of
bridging or accumulation.

The measured terminal velocity of 7.482 m/s provided useful
aerodynamic information for possible cleaning or separation
operations associated with the decorticated material. Although the
principal mechanism of the developed machine was mechanical
decortication rather than pneumatic separation, terminal velocity
could be used as a reference for selecting air velocity if a cleaning
or aspiration system were incorporated after decortication. The
variation in terminal velocity from 5.62 to 8.31 m/s could be
related to differences in fruit size, shape and mass. Thus, this
property could assist in designing a subsequent cleaning system
capable of separating lighter husk particles from the heavier
decorticated material.

Collectively, the measured engineering properties constituted an
important design database for the developed water chestnut
decorticator. The dimensional and geometric properties were used
to establish appropriate feeding and chamber dimensions, while
density and 1000-chestnut weight were useful for determining
material loading and batch capacity. The frictional properties and
angle of repose provided information for designing feeding and
contact surfaces, and terminal velocity provided a basis for
possible cleaning and separation operations. The engineering-
property data provided the fundamental technical basis for
developing a compact, efficient and suitable mechanized system
for water chestnut decortication.
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3.6 Comparison with published literature

The engineering properties determined for water chestnut (7rapa
natans L.) at an average moisture content of 66.88% (w.b.)
exhibited characteristics associated with its high moisture
content, irregular fruit geometry and hard outer husk. The average
length, width and thickness were 31.50, 32.50 and 28.00 mm,
respectively, with a mean geometric mean diameter of 32.87 mm,
arithmetic mean diameter of 38.85 mm, and sphericity of 64.50%.
The relatively wide variation in fruit dimensions, with length
ranging from 18 to 45 mm, width from 20 to 45 mm, and thickness
from 12 to 44 mm, indicated considerable variation in size and
shape among individual fruits. These characteristics were
important for determining the feeding opening, chamber
dimensions and clearance of the decortication unit.

The measured surface area of 1989.88 mm? and aspect ratio of
71.50% further indicated the irregular and non-spherical
geometry of water chestnut. Such variation in shape was
particularly relevant to the developed decorticator because the
fruits had to remain in effective contact with the rotating emery-
glued surface and corrugated steel chamber during rubbing and
impact. The average bulk density of 795.40 kg/m? and true density
of 960.40 kg/m* reflected the packing and internal density
characteristics of the fruits, while the average porosity of 17.17%
represented the void spaces between individual water chestnuts in
a bulk mass. These properties were useful for determining hopper
volume, material loading and batch capacity of the decorticator.
The frictional and flow properties of water chestnut also showed
important characteristics for mechanical handling. The average
coefficient of static friction was 0.72 on mild steel and 0.70 on
stainless steel, indicating sufficient frictional interaction between
the fruit and machine surfaces. Such frictional behaviour was
relevant to the movement of water chestnut through the feeding
and decortication chamber and to the rubbing action required for
husk removal. The average angle of repose of 43.62° indicated
that the fruits required an appropriately inclined feeding surface
for smooth movement towards the decortication chamber.
Similarly, the average terminal velocity of 7.482 m/s provided
useful aerodynamic information for subsequent cleaning or
separation of decorticated material, although pneumatic
separation was not the primary mechanism of the developed
decorticator.

Unlike conventional post-harvest studies that mainly focus on
processing, drying, flour production and utilization of water
chestnut, the present investigation specifically characterized the
engineering properties of water chestnut at its high-moisture
condition for application in mechanical decortication. The
measured properties therefore provided the necessary design
information for developing the feeding system, decortication
chamber, rotating disc, material-contact surfaces and collection
system. Thus, the engineering properties generated in the present
study provided a wuseful technical basis for the design,
performance evaluation and optimization of a power-operated
water chestnut decorticator, with the objective of achieving
efficient husk removal while minimizing decortication loss and
kernel damage.

4. Conclusions

The engineering properties of water chestnut (7rapa natans L.)
were determined at an average moisture content of 66.88% (w.b.)
to generate essential design data for the development of a
mechanized water chestnut decorticator. The average length,
width and thickness were 31.50 mm, 32.50 mm and 28.00 mm,
respectively, with a mean geometric mean diameter of 32.87 mm,
arithmetic mean diameter of 38.85 mm, sphericity of 64.50%,
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surface area of 1989.88 mm?, and aspect ratio of 71.50%. These
properties indicated considerable variation in chestnut size and
shape and provided important information for determining the
feeding opening, decortication chamber dimensions and
clearance.

The average 1000-chestnut weight, bulk density, true density,
porosity, angle of repose, terminal velocity, and coefficient of
static friction on mild steel and stainless steel were 9513 g, 795.40
kg/m?3, 960.40 kg/m?®, 17.17%, 43.62°, 7.482 m/s, 0.72 and 0.70,
respectively. These engineering properties provided essential
design inputs for determining hopper capacity, feeding
arrangement, chamber clearance, material-contact surfaces and
material flow characteristics. Overall, the measured properties
provided a suitable technical basis for the design, optimization
and future development of an efficient mechanized water chestnut
decorticator.
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  D a =   L + W + T 3


  D g   =   ( L ×   W ×   T ) ⅓


  Φ   =      ( L × W × T )   1 3  L


  S   =  


  B u l k   d e n s i t y   ( k g / m 3 )   =     W e i g h t   o f   s a m p l e   i n   c o n t a i n e r  V o l u m e   o f   s a m p l e


  𝜌 b ​ =   W  V


  T r u e   d e n s i t y   ( k g / m 3 )   =     W e i g h t   o f   s a m p l e  T r u e   v o l u m e   o f   s a m p l e


  𝜌 t ​ =   M  V ​


 


  𝜀 =   ( p t − p b )  p t ​ ​ × 100


  M C =     W 1 −   W 2    W 1   × 100

