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Study on the Physical, Mechanical. and Aerodynamic
Properties of Peanut Pods
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1. Introduction

Peanut(Arachis hypogaea L.), which contains
40~50% fat and approximately 32% protein in
its kernel, is mainly used for vegetable oil, pea-

nut butter, and food stuffs. The total domestic
production of peanut in 1990 was about 11,000
ton from 10,051 ha.

Peanut is prepared as a commaodity through
digging, windrowing, drying, threshing, and
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shelling, where the last three processes require
46% of the total labor demand from the end of
September to middle of October. Mechanization
of peanut post-harvesting is therefore urgently
needed to release the labor peak which is over-
lapped with rice harvesting.

For the development of efficient agricultural
processing machines, it should be proceeded fi-
rst to obtain the pertinent ph.ysical properties of
materials to be processed. Consequently, the
objectives of this study were,

(1) to measure the geometrical shape, dime-
nsion, true and bulk density of peanut
pod, and weight fraction of peanut kernel

to pod,

(2) to determine the fracture force, fracture
deformation, and modulus of toughness,
and

(3) to determine the terminal velocity and
drag coefficient of peanut pod and ker-

nel.

II. Review of Literature

Agrawal et al.(1972) adopted four geometri-
cal models for the description of peanut pod

shape to predict the projected area, surface .

area, and volume of spanish type peanut. They
classified the peanut pod en masse into one-ke-
el ellipsoid, two-kernel ellipsoid, paired ellip-
soid, and cassinoid according to their shape.
Hsi (1978) measured the pod length, width,
and thickness of three varieties of valencia pea-
nuts to study their selected physical and shel-
ling properties. The whole peanut pod samples
were divided into four groups according to the
number of kernels contained in each pod.
Ruiz-Altisent et al. (1976) made a compres-

sion test on peanuts by using a universal testing
machine to determine the rupture force of pods
in two orientations, carpelar sutures horizontal
and vertical to the loading plane. For the tests
in the vertical position, the rupture force of the
pod was greatly influenced by the resistance of
the suture to opening. On the other hand, in the
horizontal position, the characteristic resistance
of the shell and suture, the position of seeds in-
side, and the shape of the pod were all contri-
buting factors which caused large variations in
rupture force.

Hsi (1978) measured the force to crack the
shell of P.I. 3559387 peanut variety by using a
chatillion compression testing machine. The
average value of the force required to crack the
shell at 6% moisture, lying horizontally, was 50.
7 N, and standard deviation was 145 N.

Bilanski et al. (1962) reported that the falling
grains in the air stream veered and tumbled co-
nsiderably, and kept arbitrary orientation. Ho-
wever, in general, they spinned and rocked con-
tinuously with their largest cross-sections hori-
zontal. Accordingly, they defined projected area
and characteristic length by assuming the shape
of grains as ellipsoids.

II. Materials and Methods

Three varieties of peanut, Young Ho (Virgi-
nia type), Ohl (Spanish type), and P.I. 314817
(Valensia type) were used in this study. They
were grown up in the experimental farm of the
Crop Experiment Station, Office of Rural Deve-
lopment in Suwon, Korea. The moisture content
of hand-threshed peanut kernel was between
24 and 32% (all moisture contents are expres-
sed on wet basis). The samples were sun-dried
up to the moisture contents required for the ex-
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periments after cleaning and sorting.

A. Physical property

The geometrical configuration of peanut pods
was modeled as either a single or combination
of two ellipsoids each representing apical and
basal end as shown in Fig. 1. The thickness
measurement was made on actual samples with
a vernier calipers. For the measurement of le-
ngth and width, photographs of peanut pods
placed horizontally to their suture planes were
made and magnified to the scale of about 1 2.
The scale of magnification was precisely deter-
mined from the known length of a ruler pictu-
red together with the samples. Width and le-
ngth of pods were then determined from the
photos. Sample size for pod dimension measu-
rement was between 100 and 150.

TYPEL e ET
.ow-muw Two~tzmet chisaoid FPaired elfipsaid

Fig. 1. Actual and schematic diagram of a pea-
nut pod.

Volume of each peanut pod was measured
using the water displacement technique where
a sample is submerged in distilled water by
means of a sinker rod. The apparatus for vo-
lume measurement was composed of a PRE-
CISA 310C—3010D digital balance (capacity
300g/3000g, readability 0.01g/0.1g) and 250 cc
beaker. The volume error, which could be a cri-

terion for the assumption of pod shape as an €l-
lipsoid, was calculated as follow.

I Vm'—Vw I

Volume error= vV —— X 100(%)

n
3

V. - measured volume

4
where, Vi : abc or —Sl(abc+ a’b'c’)

True density of a peanut pod was computed
from the measured volume and weight. Bulk
density was measured at 10% moisture content
using the apparatus shown in Fig. 2. Five repli-
cations were made for each variety. Weight fra-
ction of kernel to pod, which is an index repre-
senting the fullness of peanut pod, was compu-
ted as the weight ratio of kernel to pod from th-
ree 150g samples.

b 470 —|

Hopper \30
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Fig. 2. The apparatus for bulk density measu-
rement.

B. Mechanical property

The compression test of peanut pods was co-
nducted using an Instron Universal Testing
Machine (Model TM 1140) with crosshead and
chart speed of 100 and 400 mm/min., respecti-
vely. The loading device had a ¢ 20 cylindrical
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head. After samples were sun-dried to the desi-
red moisture levels, they were sealed in plastic
bags and stored in a refrigerator at 4C for three
to four days to ensure uniform moisture distri-
bution. The samples were conditioned to am-
bient temperature for a minimum time of 24
hours before testing.

Three peanut varieties, three moisture conte-
nts (7, 10, 15% ), and two loading orientations
(vertical and horizontal to suture plane) resul-
ted in eighteen treatments. Twenty peanut pods
were used in each treatment with two replica-
‘tions. From a typical force vs. deformation curve
as shown in Fig 3, the force and the deforma-
tion at the moment of fracture were determined
by reading the coordinates on the recording
chart. The area under the curve up to the frac-
ture point was measured with a planimeter and
divided by the volume of sample to calculate the
modulus of toughness.

Force
Ff """""""

(o]

6; Deformation

Fig. 3. A typical force-deformation curve of a
peanut pod from the compression test.

C. Aerodynamic property

Fig. 4 shows the apparatus to measure the te-
rminal velocity and drag coefficient of peanut
pods and kernels. Air velocities at the various

radial positions were measured with a hot-wire

anemometer and averaged to establish a rela-
tionship between the fan speed and the average
air velocity in the testing zone. The calibration
curve was obtained as follow for the fan speed
range of 440 to 1790 rpm.

Va=000795n—0.07217  (r*=0.9998)

where, V., . average air velocity in the tes-

ting zone (m/s)
n  fan speed (rpm)

To measure terminal velocities, samples were
placed, one at a time, on the screen, and the fan
speed was adjusted until the sample was airbo-
me. Ideally, the air stream at terminal velocity
would have suspended the sample with little or
no vertical as well as lateral movement. Howe-
ver, due to their irregular shapes, surface rou-
ghness, and the boundary layer development at
the wall of pipe, the samples tumbled and rota-
ted considerably during the test. The velocity of
air stream, at which test samples floated appro-
ximately 200 mm above the screen with some
vertical movement, was therefore considered as
terminal velocity. The overall drag coefficient
was calculated from the terminal velocity as fol-
low.

Co= 2mg

pA, Vi
where,

Cn : drag coefficient

m - sample mass (kg

p ° air density (kg/m")

A, : projected area perpendicular to air st-
ream (m’)

Vr : terminal velocity (m/s)

An electronic balance (Chyo C3— 2000, reso-
lution 0.0001g) was used to measure sample
weight. Projected area A, of each sample was
calculated by assuming the peanut pod shape
ellipsoidal. An attempt was made to study the
relationship between drag coefficient and Rey-
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nolds number. The characteristic length, d, for
Reynolds number calculation was defined as
belows. In case of peanut kernel, the diameter
and cross-sectional area of a volume-equivalent
sphere was used for the characteristic length
and projected area, respectively. Sample size for
the test was between fifty to one hundred. Five
measurements were made for each specimen,
and the three values excluding maximum and
minimum were averaged to determine the ter-
minal velocity.
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Fig. 4. Aerodynamic property measurement
apparatus.

Table 1. Volume error and dimension of peanut
pods by variety and shape

Varty | Stape :1‘::‘(?) alc) | ke c(an)L(aan‘(m) el

1-kernel | 80 | 113 [ 071 | 073
Young | ellipsoid [(7.33)* {(0.123}|(0.061)|(0.072)

Ho | paired | 52 | 200 | 067 | 058 | 115 | 069 | 089
ellipsod | (426) [(0.121}{(0.072){(0.067) {(0.146) ((0.073) |(0.077)

1-kemel | 60 | 0.77 | 055 | 060

ol ellipsoid | (9.86) {(0.080){(0.059) |(0.43)

d=2c for one-kernel pod
d=c+c¢ for paired pod

IV, Results and Discussion
A. Physical property

Table 1 shows dimensions and volume errors
of peanut pods by variety and shape. Volume
errors which imply the fitness of geometrical
model ranged from 5.2 to 8.0%. This indicated
the ellipsoid model adopted was feasible for de-
scribing the actual shape of peanut pods used in
this study. Dimension measurement indicated
the thickness and the width of peanut pods
were almost the same, and either dimension
could be used for size sorting.

True densities of peanut pods and kernels ra-
nged from 510 to 630 kg/m’ and 960 to 1090 kg

-/m, respectively, indicating large differences

among varieties. True density of peanut pod of
Ohl variety was greater by about 100 kg/m’ than
that of Young Ho, providing an evidence that
the space between shell and kernel in Ohl va-
riety was smaller than in Young Ho. Both the
size and the true density being considered, it
was obvious that higher aerodynamic drag

would be given by the Ohl variety which has the
smallest size but greatest true density.

Table 2. True density of peanut pods

. Prod
Variety Shape (kg/m) | Cieg/)

1-kernel ellipsoid | 520+ 118
Young Ho— — 1040+ 49
paired ellipsoid |510+ 101

pared | 60 | 071 | 052 | 058 | 076 | 053 | 056
ellipsoid | (11.63) }(0.075);(0.060) [(0.064)|(0.089) {(0.047) }(0.046)

1-kernel ellipsoid | 610+ 105
Ohl - - 1090+ 64
paired ellipsoid | 630+ 93

PL ( 2kemel { 75 | 152 | 061 | 059

IP.]. 314817) 2-kernel ellipsoid | 570+ 96 | 960+ 38

314817 | ellipsoid | (628) |(0.185)](0.052) [(0.089)

* Numbers in parentheses are standard deviations
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Bulk densities of peanut pods ranged from
241.0 to 324.1 kg/n’, indicating a significant dif-
ference between Ohl and other varieties. If pea-
nut is traded in volume, this factor should be
considered in pricing. From the ratio of true de-
nsity and bulk density (2.14, 1.91, and 2.26 for
Young Ho, Ohl, and P.L 314817, respectively),
it can be seen that Ohl variety occupies the
smaliest space in bulk, which will result in the
highest pressure drop during forced air packed
bed drying.

Table 3. Bulk density of peanut pods

Variety Bulk density (kg/m")
Young Ho 2410+ 2.25
Ohl 324.1+ 3.03
P.1314817 252.0+ 0.93

Weight fractions of kernel to pod for each va-
riety were 75.4, 76.1, and 69.1% for Young Ho,
Ohl], and P.I. 314817. Moisture contents of shell
and kernel were in the range of 4.5t06.9%. The
smallest weight fraction of P.I. 314817 variety
was due to its thick shell and relatively smalt
kernel. Accordingly, when the peanut pod is pu-
rchased by weight, not only the moisture con-
tent but also the weight fraction should be taken

into consideration.
B. Mechanical property

The crack patterns of a peanut pod during the
compression test were greatly different depen-
ding on the loading position. When the pod was
compressed with its suture plane placed verti-
cally (hereafter, defined as “vertical position”),
cracks developed along the suture line, and the
whole pod was torn apart completely. On the
other hand, cracks without any particular orien-
tation developed during the test with suture

plane placed horizontally (hereafter, defined as
“horizontal position™).

The fracture force of peanut pods was in the
range of 53 to 92 N and 34 to 51 N in the horizo-
ntal and vertical position, respectively. F-test
using the average values did not show any stati-
stically significant difference in the fracture fo-
rce among varieties. Supplementary test also
showed the fracture force was independent of
the shape and the pod size. Statistical analysis
indicated a highly significant difference bet-
ween the vertical and the horizontal fracture fo-

Y Ho ) Ohl(Hor) P..314817 (Hor.,
oung Hofhior) O (Her) 4817 (rior)

100 Young Ho {Ver) Ont .} PJ.314817 8
nng } ‘X") 17 (Ver.)
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Nominal moisture content (%,wb)

Fig. 5. Fracture force of peanut pods for each
variety and loading position.

rces for all three varieties. The former was
about 0.5 to 0.7 times the latter. The difference
was the most outstanding in Ohl variety.

The effect of moisture content on the fracture
force was not significant as shown in Fig. 5. This
result could be due to the fact that there was a
small difference in the actual shell moisture co-
ntent of the sample peanut pod (Table 4). Ori-
ginally, the moisture content of the kernel was
selected as one of the treatment factors. The in-
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distinct difference in moisture content of the
shell, even though the kernel differed quite in
moisture, would be resulted from the strong

hygroscopicity of the peanut shell.

Table 4. Nominal and actual moisture content
of the sample peanut pods used for
mechanical property determination

Variety Young Ho Ohl P.L 314817
Nominal moisture .
of kemel (%) | 7 |20[18| 7 [10}15)7|10]15

Actual moisture
of kernel (%)

Actual moisture
of shell (%)

4194113.6/65{9.3|135/6.3 9.8 [14.3

~3

7.8(99{10.3|80(9.6(10.1/85]89| 8.8

Deformation up to the fracture point of a pea-
nut pod was in the range of 1.7 to 3.8 mm as
shown in Fig. 6. The most significant factor in
the fracture deformation was the loading orien-
tation. The fracture deformation in the horizon-
tal loading position was greater than in the ver-
tical position regardless of the variety and the
moisture content. The fracture deformation was
not significantly different among varieties and
also not affected by the moisture content of the
kernel. The effect of pod shape on the deforma-
tion appeared only in case of vertical loading,
and more deformation was required for fractu-
ring paired ellipsoid than one-kernel ellipsoid.

Regarding the effect of pod size on the frac-
ture deformation, an increase in the pod thick-
ness of apical end, ¢, was found to yield an inc-
rease in the fracture deformation. It was noted
that a great increase in deformation was obser-
ved between the small and the medium size
pods. From these results, it can be said that for
a design of an efficient mechanical peanut shel-
ler using compressive action, sorting of the
small pods from the medium and large ones
should be done first and 2 to 4 mm deformation

Young Ho (Hor.) Oht (Hor) P..31817 {Hor.)
—— —enfzyes G

Young Ho (Ver.) Oh1 ) P.L g
g*_(v ) _ﬁer) P.l. 314817 (Ver.)

45.

B

w
o

Fracture deformation (mm)
n

2 —
./:/”,/
A-
15 L . ‘
6 8 - 10 12 14 16

Nominal moisture content (%,wb)

Fig. 6. Fracture deformation of peanut pods for
each variety and loading position.

is then recommended if the pods are compres-
sed in random orientation.

Modulus of toughness is defined as the ene-
rgy absorbed by the unit volume of peanut pod
prior to shell rupture. Average values of modu-
lus of toughness for Young Ho, P.I. 314817, and
Ohl were 13.8, 22.7, and 21.3 kN-m/m, respecti-
vely, when the pods were placed in the vertical
position, and were 29.6, 43.3, and 71.7 kN-m/m’
in horizontal position.

A statistical analysis indicated, in case of ho-
rizontal position, there were significant differe-
nces in the modulus of toughness among varie-
ties, but none in the vertical position. Also the
modulus of toughness obtained in the horizontal
loading position decreased with an increase in
the volume or the size of pod. Such tendency
was also found among varieties, presenting the
magnitude of toughness in the decreasing order
of Ohl, P.1. 314817, and Young Ho. The effect of
moisture content on the toughness did not show
a consistent tendency among varieties.

As a result, it could be concluded that the to-
tal energy required for peanut shelling could be
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reduced by two to four times if the peanut pod
were somehow oriented and then compressed
in vertical position instead of in the horizontal
position in a mechanical sheller.

C. Aerodynamic property

The average terminal velocities of peanut pod
and kernel were in the range of 8.68 to 9.90 m/s
and 9.97 to 11.64 m/s, respectively (Figs. 7 and
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Fig. 7. Relationship between terminal velocity
and density of peanut pods and kernel

(Young Ho).

8). The differences in the average terminal ve-
locity of pods were not significant among varie-
ties and between the shapes within each variety,
but Ohl variety having slightly higher true den-
sity and smaller size than others presented so-
mewhat higher terminal velocities.

Figs. 7 and 8 also show the distribution of te-
rminal velocities of pods and kernels. For pods,
a linear relationship was found between the ter-
minal velocity and the true density and the reg-
ression equations were obtained as follows.

(a) For Young Ho,

<
o ac
12 c Cm\'c
cgog"zc ¢
Lrred o &%
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£ gg.
-'é. o C ©
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- & one-kemel ellipsoid pod
7 T paired ellipsoid pod
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True densnty 18 kg/r?i )

Fig. 8. Relationship between terminal velocity
and density of peanut pods and kernel

(Ohb).
One-kernel ellipsoid : V1=5.864+ 7.213p
(r*=0.81)
Paired ellipsoid - V1=5.739+6.842p
(r*=0.86)
(b) For Ohi,
One-kernel ellipsoid : Vr=6.608+5.361p
(=061
Paired ellipsoid * Vi=7.457+3.930p
(=037
Table 5. Terminal velocity and drag coefficient of peanut
pods and kernel
Vaciey | Mueria Siwpe Terminal | Drag [Reymolds Na
velocity(m/s) | coefficient | range
Ikemelellipsoid | 969 | 077 750011500
Young Ho ol paired ellipsoid 9% 083  {4500—12500
kernel ellipsoid 1057 114 |7500—10000
Ikemelelipcid | 980 | 06  {7000-10000
Ohl o paired ellipsoid 990 067 JGJD'IIW)
bemel | iowid | 16 | om fesoo-oem
PL 34817 pri_|Phonel clipend] S8 | 05 070
kernel | ellipsoid 997 | 0% |[4500-7500
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(c) For P 314817,

Two-kernel ellipsoid : V1=4.874+6.828p
(#=0.84)

The terminai velocity distribution data imp-
fied that partial separation of kernels from pods
might be possible by a technique based on the
aerodynamic property. For a complete separa-
tion of kernels from pods, a technique based on
the geometrical characteristics and specific gra-
vity should be used in parallel.

Drag coefficients of the pod and kernel were
shown in Table 5 with the corresponding Rey-
nolds number ranges. The values of drag coeffi-
cients of peanut pod and kernel lie between
those of a sphere and a circular cylinder.

V. Conclusions

This study was performed to determine the
physical, mechanical, and aerodynamic proper-
ties of peanut pods which could be used for the
optimum design and operation of peanut post—
harvest machinery. The properties measured in
this study were shape, dimension, true and bulk
density, yveight fraction of kernel to pod, frac-
ture force and deformation, moduli of tough-
ness, terminal velocity, and drag coefficient of
peanut pods and kernels. The factors conside-
red were peanut varieties (Young Ho, Ohl, and
P.I. 314817), kernel moisture content, and the
pod shape. The following conclusions were

drawn from the results of this study.

1. Pod shape could be modeled either by a
single or a combination of two ellipsoids.

Volume errors were less than 8%.

2. True densities of peanut pods for Young
Ho, Ohl, and P.1. 314817 were 515, 620, and
570 kg/m, and those of kernels were 1040,
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1090, and 960 kg/m’, respectively, at 10%

moisture.

. Fracture forces of peanut pods were in the

range of 53 to 92 N in the horizontal and
were 34 to 51 N in the vertical loading po-
sition. The fracture forces were indepen-
dent of variety, pod shape and size, and

kernel moisture content.

. Fracture deformation was greatly affected

by pod size and loading orientation but not
by variety and kernel moisture content.
They were about 2.2 mm in the vertical
and 3.3 mm in the horizontal loading posi-

tion.

. Moduli of toughness of peanut pods for

Young Ho, P.I. 314817, and Ohl variety,
placed in vertical position, averaged 13.8,
227, and 21.3 kN—m/n’ and those in the
horizontal position were 29.6, 43.3, and 71.
7 kKN—m/m, respectively. Variety, pod
shape, and size were sighificant factors
when pods were placed in the horizontal
orientation.

. Average terminal velocities of peanuts

pods and kernels were in the range of 8.68
to 9.90 m/s and 9.97 to 11.64 m/s, respecti-
vely. The differences in terminal velocities
were not significant among varieties and
shapes. A linear relationship was found
between terminal velocity and true den-

sity.

. Drag coefficients ranged from 0.67 to 0.93

for peanut pods and from 0.79 to 1.14 for
kernels. Ohl had the smallest value among

the varieties.
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