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Engineering properties of food grains have an important role in the postharvest equipment design. Some engineering properties of pigeon pea
variety CO7 were determined at three different moisture contents via
8%, 10% and 15% w.b. The length, width, thickness, geometric mean
diameter and sphericity of pigeon pea increased from 5.37 mm to
6.81 mm, 5.37 mm to 5.96 mm, 4.41 mm to 4.79 mm, 5.34 mm to 5.74
mm and 0.83to 0.87 respectively. The bulk density, true density and porosity
decreased linearly from 843.47 kg.m-3 to 782.81 kg.m-3, 1318.32 kg.m-3 to
1189.63 kg.m-3, 0.36 to 0.34 respectively. Variation of thousand grains mass
and angle of repose was from 86.86 g to 99.13 g and 21.570 to 26.570.
Static coefficient of friction on mild steel, card board and galvanized iron
surfaces also increased with moisture content in the range of 0.26 to 0.47.
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Introduction
India ranks first in the production, consumption and import of pigeon pea. In India, nearly 80% of pulses are
consumed in the form of dehusked split dhals. There are about 15,000 dhal mills in India. Most of the machines
in dhal milling industry are developed through trial and error procedure, thus not giving the expected output
in terms of good quality dehusked split dhal. Systematic procedures need to be adopted for the design and
development of new dhal mills in order to reduce the dehulling losses and improve the quality of dhal obtained.
The design of any post-harvest machinery requires a detailed knowledge of the engineering properties of the
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Table 1. Dimensions, geometric mean diameter and sphericity of pigeon pea at different moisture contents
2

Principal dimensions, mm

Moisture
content %
(w.b.)

Length, L

Width, W
(normal to L)

Thickness, T
(normal to L
and W)

Geometric mean
diameter, mm

Sphericity

8

5.37±0.10

5.37±0.13

4.41±0.12

5.34±0.06

0.83±0.01

10

6.52±0.12

5.67±0.11

4.60±0.08

5.54±0.06

0.85±0.01

15

6.81±0.07

5.96±0.05

4.79±0.07

5.74±0.04

0.87±0.01
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Thousand grains mass
Thousand grain mass of pigeon pea increased from 86.86 g to 99.13 g, as moisture content increased
from 8% to 15%. It can be seen from the Fig. 1 (e), that there is a linear relationship between thousand grain
mass and moisture content. Similar trend was reported for pigeon pea (Shepherd et al., 1986), soybean
(Deshpande et al., 1993) and mungbean seeds (Ghasemlou et al., 2010). The regression equation relating
moisture content and thousand grain mass is given below:
Thousand grain mass = 1.5151M + 77.516					
----------------- (13)
R² = 0.7132
where,
M = moisture content, % w.b.
R2 = coefficient of determination
Thickness, mm

Length, mm

8
6
4
2
0
8.0

10.0

5.00
4.80
4.60
4.40
4.20
4.00
8.0

15.0

b) Width

6.00
5.50
5.00
4.50
10.0

15.0

Moisture content (%)

120.00
100.00
80.00
60.00
40.00
20.00
0.00

850.00
800.00
750.00
700.00

8.0

15.0

10.0

15.0

Moisture content (%)
h) True density

30.00
25.00
20.00
15.00
10.00
5.00
0.00
10.0

15.0

static coefficient of
friction

g) Bulk density

Angle of repose, degrees

15.0

0.37
0.36
0.35
0.34
0.33
0.32

Moisture content (%)

8.0

10.0

f) Thousand grain mass

900.00

10.0

8.0

Moisture content (%)

e) Sphericity

Porosity

Bulk density, kg/m3

d) Geometric mean diameter

8.0

15.0

c) Thickness
Thousand grain mass,
g

Geometric mean
diameter, mm,

a) Length

8.0

10.0

Moisture content (%)

Moisture content (%)

i) Porosity

0.600
0.500
0.400
0.300
0.200
0.100
0.000

Mild steel
Card Board
8.0

10.0 15.0

Galvanized
iron

Moisture content (%)

Moisture content (%)

j) Angle of repose

k) static coefficient of friction

Fig 1. Effect of moisture content on engineering properties of pigeon pea

Bulk density, true density and porosity
Bulk density and true density and porosity of pigeon pea was reduced from 843.47 kg.m-3 to 782.81 kg.m-3,
1318.32 kg.m-3 to 1189.63 kg.m-3 and 0.36 to 0.34, respectively (Fig. 1 (g,h,i)). Similar results were observed
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for pigeon pea (Shepherd et al., 1986) and soybean (Deshpande et al., 1993). The regression equations are
given below:
Bulk density, ρb

=

-8.4055 M + 907.68

(R² = 0.985)

----------------- (14)

True density, ρt

=

-17.694 M + 1451.8

(R² = 0.976)

----------------- (15)

Porosity, e

=

-0.0025 M + 0.3784

(R² = 0.9557)

----------------- (16)

where,
M = moisture content, % w.b.
R2 = coefficient of determination		
Angle of repose and static coefficient of friction
Variation of angle of repose of grain was from 21.570 to 26.570 with moisture content. Static coefficient of
friction of pigeon pea against mild steel surface, card board and galvanized iron surface increased from 0.41 to
0.47, 0.29 to 0.37 and 0.26 to 0.28 respectively (Fig 1. (j, k)). Similar trend was reported for pigeon pea (Khan et
al., 2017)), mungbean seeds (Ghasemlou et al., 2010), green gram (Nimkar et al., 2001). Regression equations
relating angle of repose and static coefficient of friction with moisture content is as follows:
Angle of repose, q = 0.659 M + 16.94		

(R² = 0.8968)

---------------- (17)

µms = 0.0072 M + 0.3608			

(R² = 0.961)

---------------- (18)

µcb = 0.01 M + 0.2239			

(R² = 0.8697)

---------------- (19)

µga = 0.0024 M + 0.2423			

(R² = 0.9423)

---------------- (20)

where,
M

= moisture content, % w.b.

µms, µcb, µga= coefficient of static friction on mild steel, card board and galvanized iron surface, respectively.
R2

= coefficient of determination

It can be concluded from the study that the engineering properties such as length, width, thickness,
geometric diameter, sphericity, bulk density, true density, porosity, thousand grains mass, angle of repose and
static coefficient of friction of pigeon pea had a linear dependence on moisture content. As moisture content
varied from 8% to 15% w.b., the length, width, thickness, geometric diameter, sphericity, angle of repose and
static coefficient of friction of the grain increased whereas bulk density, true density and porosity decreased,
linearly.
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