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For the design of equipment for harvesting, grading, cleaning, sorting, separation
and packaging, the engineering properties of groundnut is essential. The aim of
this investigation to study the main physical and mechanical properties of
groundnut pod (GG-20 variety). Some of the engineering properties, such as
weight, size, shape, angle of repose, bulk density, coefficient of friction and
terminal velocity were determined. The properties of selected groundnut variety
i.e. GG-20 pod observed in terms of equivalent diameter, sphericity, bulk density,
angle of repose, coefficient of friction and terminal velocity were 16.66 mm, 0.55,
0.286 g/cc, 24°, 0.035 and 10.27 m/s, respectively.

Introduction

Groundnut (Archis hypogaea L) or peanut is
one of the most important cash crops of our
country and it plays a major role in bridging
the vegetable oil deficit in the country.
Groundnuts in India are available throughout
the year due to a two-crop cycle harvested in
March and October. In India the six major
groundnut-growing  states are  Andhra
Pradesh, Gujarat, Karnataka, Maharashtra,
Rajasthan and Tamil Nadu account for about
90% of the total groundnut area of the
country. Andhra Pradesh and Gujarat
contribute more than 55% of the total area
and production of groundnut. Among the

major groundnut growing states, Gujarat is
the most important one accounting for 36% of
the total area.

Groundnut has several uses as whole seeds or
is processed to make groundnut butter, oil,
and other products (Putnam et al., 2013).
Groundnut is one of the most important
oilseed plants in the world. Its seeds contain
40 - 50% fat, 20 - 50% protein and 10 - 20%
carbohydrate depending on the variety
(Okello et al., 2010).

The physical and mechanical properties of
groundnut pods play an important role in
problems  associated with  design or
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development of sieve unit, a specific machine,
handling, cleaning and storage (Mohsenin,
1980; Aviara et al.,, 1999). Recently, some
studies have been done on some properties of
groundnut kernels and pods (Firouzi et al.,
2009, Jean-Baptiste, et al., 2012, Fashina et
al., 2014 and Kazeem et al., (2015).

Materials and Methods

Sampling

Engineering properties of groundnut pods of
semi-spreading  variety  (GG-20)  were
measured and evaluated at Dept. of

Processing and Food Engg., Junagadh Agril.
University, India. Moisture content was
immediately measured on arrival. The
experiments were conducted at the moisture
content of 8.2 % dry basis (d.b).

Determination of Size

The size of groundnut pods was determined in
terms of length (L), width (W) and thickness
(T). Fifty pods of GG-20 variety were taken
and dimensions L, W and T (Figure 1) were
measured at three major axes with the help of
Digital Vernier Caliper (Figure 2) having
least count of 0.1 mm. the longest dimension
in the longitudinal direction is considered as
length, while the dorsovental dimension was
measured as width and the third axis lateral
dimension was measured as the thickness of
the seed.

Size of each pod in terms of equivalent
diameter (De) was determined by using
following formula: (Mohsenin, 1986)

De=3{/(LXW X T) (1)
Sphericity

The sphericity of seeds was calculated by
using the following relationship (Mohsenin,
1986):

N T ——
L (LEWHT)
—L .

Sphericity (S) = . (2

Where,

De = Equivalent diameter (mm)

L = Largest intercept (mm) i.e. maximum
intercept

W = Largest intercept perpendicular to L
(mm) i.e. intermediate intercept

T = Largest intercept perpendicular to L and
W (mm) i.e. minimum intercept

Bulk density

Bulk density of the groundnut pods is defined
as the ratio of weight of pods to the volume of
the same pods. Bulk density of pods was
required for designing of separating unit. The
seeds were filled in a 1000 cc capacity
cylinder without undue pressure and its
weight was measured on an electronic balance
having least count of 0.1 g. The bulk density
was calculated as weight of material per unit
volume, g/cc. Bulk density of pods was
determined by using following equation

Mass (WZ—-W1) @3)

Bulk density (g/cc) =

Volume of container (V)

Where,

W1 = empty weight of container, g

W2 = weight of container filled with pods, g
V = volume of container, cm®

Angle of repose

The angle of repose was determined by the
method explained by Waziri and Mittal
(1983). The apparatus used for measurement
of angle of repose of pods is shown in Figure
3. Three replicated trials were conducted.

The pods were filled into the box having
circular platform, surrounded by a metal
funnel leading to discharge hole. The pods
were allowed to escape from the box leaving
a free standing cone of pods on the platform.
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Table.1 Engineering properties of groundnut pod

Sr. Engineering property Minimum Maximum Average
No. Value Value Value
1 Size Length, mm 16.39 44.51 27.86
Width, mm 10.60 16.04 13.78
Thickness, mm 9.41 14.29 12.06
Equivalent 12.16 20.32 16.66
diameter, mm
2 Sphericity 0.46 0.68 0.55
3 Single pod weight, g 1.54 2.37 1.86
4 Bulk density, g/cc 0.285 0.289 0.286
5 Angle of repose, ° 21.98 27.8 24
6 Coefficient of friction 0.03 0.038 0.035
7 Shape Oblong
8 Terminal velocity, m/s 9.40 1120  10.27

Fig.1 Axis and three major perpendicular dimensions of groundnut pods
Z
d
T Peamue % W
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Fig.2 Determination of size of groundnut pod
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Fig.3 Apparatus for measurement of static angle of repose for pods
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Fig.6 Setup for measurement of terminal velocity

Then measured the height (h) of the cone and
diameter (D) of the platform with the help of
traveling microscope and calculated the angle of
repose by following formula,

(=]
=

— -12h
B=tan"" _ 4)

Where,

0 = angle of repose (degree)

h = Ha_Hb

D = Diameter of circular platform
Coefficient of friction

The method of inclined plane apparatus
described by Dutta et al., (1988) was used to
determine the coefficient of static friction. The
table gently raised and the angle of inclination
to the horizontal at which the sample starts to
slide was read off from the protractor attached
to the apparatus (Figure 4). The tangent of the
angle was reported as the coefficient of static
friction.

The following equation was used to calculate
the coefficient of friction and angle of internal
friction for the groundnut pods.

p=tan® = (y/x)
@ = tan(y/x) .. (5)

Where,

u is the coefficient of friction
@ is the angle of internal friction.

Aerodynamic properties (Terminal velocity)

Terminal velocity is the air velocity at which a
particle remains in suspended state in a vertical
pipe. Five random samples of pods were
selected and their terminal velocity was
measured using a terminal  velocity
measurement apparatus (Figure 5).
Anemometer vane probe was used to measure
the terminal velocity. Anemometer and the
setup for measurement of terminal velocity of
the seeds are shown in Figure 5 and 6.

Results and Discussion

The average values for the length, width,
thickness, dimensions, equivalent diameter,
sphericity and surface area of groundnut
measured at moisture contents 8.2 % (d.b.) are
given in Table 1.
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The size of the groundnut pods, specified by
length, width and thickness were used in
determining the size of openings of sieves. The
average length, width and thickness of pods
were found to be 27.86 mm, 13.78 mm and
12.06 mm, respectively (Table 1). The average
equivalent diameter was found to be 16.66 mm.
Sphericity was determined to define the shape
of groundnut pods. The average sphericity was
obtained as 0.55 (Table 1). On the basis of
sphericity, the shape of groundnut pods comes
under the category of oblong. The ability of any
grains or fruits to either roll or slide depends on
the sphericity. The average bulk density
groundnut pod was obtained as 0.286 g/cc
(Table 1). Bulk density was required to design
the capacity and dimensions of sieve box. The
average value of angle of repose of groundnut
pod was observed as 24°. The average
coefficient of friction of pods was found as
0.035. It was observed that the smoother the
structural surface the lower the coefficient of
friction of agricultural products. Mean terminal
velocity of pods of GG-20 variety was found as
10.27 m/s.
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