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Abstract

Seed separaticn from half-cut red pepper were investigated with free falling, up-and-down shaking

and rotating collision methods. The separation rates were related with impact appiied and the

rotating case was distinguished from the other two methods.

Beside the impact effect, velocity of the pod and tumbling factors were involved. Momentum eff-

ectiveness of seed separation were calculated as 2.50%x 1076, 2.09x107%, and 3.94x 1078 for free

falling, shaking and rotating method on the same velocity basis, respectively. The tendency of

separation rate was similar to that of red pepper drying rate against time.

Introduction

Red pepper seed is generally separated or disca-
rded after the drying process step for grinding oper-
ation, though some households in this country favor

to ground the whole seed-carrying pod for their own
use. The amount of seed reached 10,000 M/T per
year, equivalent to 10 to 12 per cent of whole pepper
production,® and it is left without study of its effects
on the pepper processing and economical use. In spite
of the national important spice, the high cost of dry-

Abbreviation used in this report are as follows: A : Angle (degree), Emv : Momentum effectiveness of seed
separation, F : Force, g :Gravitional acceleration (cm/sec?), M : Actual mass (g), Mo : Initial mass (g),

Ms : Seed weight (g), = : Vibration rate (reciprocal strokes/min), S : Distance (em), ¢: Time (min), v:

Velocity (cm/sec), v; : Terminal velocity (cm/sec), v, : Vibration velocity (cm/sec), vs : Resulting velocity

of pepper in drum {cm/sec), vy : Falling velocity of pepper in drum (cm/sec), vp : Peripheral velocity of

pepper in drum (cm/sec)
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ing and the long drying time account for its little
industrial application. Investigation on the cut-drying
method®, characteristics and its quality®¢ showed
drastic reduction in drying time and its possibility of
application to pepper processing. In relation to the
elimination of moisture contained in seed for quick
drying, to an easy seed separation process prior to
pepper grinding and to collect seed for an edible oil
source, seed separation methods and impact involve-
ment were studied and analyzed.

Material and Methods

1. Material

Fully mature red-pepper, Capsicum annum var. lon-
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gum, was picked and cut transversely into two parts.
The both parts of half-cut pod were used for the seed
separation experiments.
2. Methods

The seed separation methods employed were a free
falling, up-and-down reciprocal shakirg and rotating
principles causing an impact to the half-cut pod.

The apparatus were built as shown in Fig 1. and
the methods wereas the followings:

(a) Free Falling

As shown in Fig. 1-a, 100 grams of half-cut sample
were fallen from 30 to 200cm heights and repeated
until the completion of the seed separation. The

amount of seed separated upon each falling was

weighed.
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Seed separation apparatus (a) free falling apparatus, (b) up-and-down reciprocal shaker

with seed separater (c) screen-rotary seed separater

(b) Up-and-down Reciprocal Shaking Method

As shown in Fig 1-b, 300 grams of half-cut chili

pod were put in sample helder, and shaken at a rate

of 110 strokes per minute. The seed separated were
weighed at the 10 minute intervals.
(¢) Rotating Cylinder Method

A cylindrical rotating screen drum, dia. 44cm, height

20 cm with screen aperture 6mm, as shown in Fig.

1-c, was rotating at various speeds of 12 to 51 revol-

ution per minute. One kg of half-cut pepper was loaded

in the screen drum, while rotating seed separated

through the screen was collected and weighed at the

10 minute intervals.
3. Analytical Method

Customarily red pepper seed was used to separated
with a gentle lashing on dried half-cut pod. This
indicates that a certain amount of external force is
required to break the binding force of seed to placen-
ta, a seed carrying botanical structure of red pep-
per. In this experiment, the external force can be
supplied with impacts by means of free falling, up-
and-down shaking and r;)tational collision against a
stationary hard surface.

By Newton’s law'® the external force on a solid
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particle results an impulse, which is equal to the Emy = Ms )
change of momentum, (Mo—):‘, Ms) v
Impulse = g:i Fdt=(Muv),— (Mv), (1-a) So that, impact effects were analysed on their momen-

where the subscripts 1 and 2 denote the values of mass tum effectiveness and the mechanism of seed separation

and velocity at time # and #; or before and after of red pepper in this experiment.

impact of pepper. But irregular shape of pepper makes
impossible predict and measure the rebound direction Result and Discussion

and velocity, as is the case of Rugby football. For

this reason impact of red pepper may be approximately All seed separation methods employed in this expe-
calculated with the experimentally measurable values riments were proved to be effective, but the separat-
of mass and velocity of before impact, or jon could be characterized upon the method used.
Impact = Mv (1-b) 1. Time course seed separation on the methods:
where velocity v can be obtained by the various me- employed
thods as described previously in Method a, b and c, The time course seed amount separated among the
say; for free falling three methods was distinguished in its rate as shown
01 = (2g8)¥2 (2 in Fig. 3-a,b.c.
. . . oy - T T - -
for up-and-down reciprocal shaking, assuming that N PPN 0 i
velocity of pepper is equal to that of shaker é__é ol l
v, = 2nS/60 (3) o A A -
{for rotating vs is obtained by the parallelogram law® ﬁ = s f
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where vp, vp and angle A were calculated at point " I
s |
“a” as shown in Fig. 2. i
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Fig. 2. Schematic representation of the motion & ysbe .
of red-pepper in the rotating drum
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Now Egn. (I1—b) can be written, meminy . ]
Fig. 3-b Time course seed separation by vibra-
Mo = (Mo—% Ms)o (5) tional motion
And momentum effectiveness of seed separation, Emv, In up-and-down shaking, most of seed was separ-
may be defined as the actual momentum contributed ated in the early stage and the rate was suddenly
for seed separation, among the total momentum tran- decreased thereafter as is the case in free falling.

sferred to the pepper pod, or The result showed that a similar seed separation rate:
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Fig. 3-¢ Time course seed separation by rota-
tional motion

curve obtained and an enough distance should be
prepared to achieve the separation in these systems.
On the other hand in the rotating system, a steady
decreasing rate of separation to some significent extent
could be maintained after the initial high seed recov-
-ery. It represents that a progressive seed separation
-continues even in a low rotational speed, and the more
regular separation can be obtained with an effective
impact transfer through the shaft of the drum.

2. Effects of Velocity on Seed Separation

The next steps in our analysis were to study on

Table 1. Terminal or resulting velocities at

various seed separation apparatus

Seed Separator Di?(::ar:s: € l(lrz\:’o/l;tiig)n Y:gf;é ‘ Note
_Free Falling 30 242.5 | Eqn.2
50 313.0 "
80 396.0 "
100 442.7 ”
150 542.2 ”
200 626.1% |
Reciprocal . . 5 18.3 |Eqn3
7 25.7 "
9 33.0 "
13 47.7 "
18 66.0% |
“Rotating 12 216.8 | Eqnd4
21 208.5 I
30 218.6 "
41 235.6 ”
51 316.8% |

* selected for momentum effectiveness of seed
aration analysis

sep-
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the velocity factors of the different seed separation
methods. Table 1 and Fig. 4-a illustrate the relat-
jonship between velocity and seed separation, and
represent the easier seed recoveries at the higher
velocities in the case of free falling method.
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Fig. 4-a Velocity effects on seed separation with
the no. of falling as parameters

And reciprocal shaking method shown in Fig. 4-b,
shows the similar results with the free falling method.

This fact means that it requires a minimum velocity
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o cause seed separation. The pod velocity calculated Since mementum, or impact, has been clearly unde-

dfrom the Eqn. (4) in a rotating drum affects the rstood to be involved in separation mechanism, mom-

‘separation rates more uniformly as shown in Fig. 4-c. entum effecitiveness of seed separation will prepare

‘The results obtained for this analysis ensures the some idea of a practical application.

different velocity effects hold in various separating A typical case was selected from each separation

methods. (on the similar velocity bases from Table 1), and
3. Momentum Effectiveness of Seeds Separation analysed for their momentum effectiveness as shown

. in Table 2-a, b, ¢, and Fig. 5-a, b, c.
Table 2. Analytical data

T ¥ A T

a) Time-ccurse Seed Separations at 200 cm Falling

3
stan !
Dis arcemmnw. _ | 4\
! ] el T T
TN | M ] Ms | Mo x N x 103] XEH’{_:** i Al !}
10 10 & 100.00 J 3.84 ; G26.1 | 6L3 .
10] 20 | 96.16 ) 2.62 | 602.1 | 435 ior o
107 30 @ 93.54 | 1.47 585.7 25.1 5 \ :
H | | i ;
10| 40 ' 207 |0.64| 5765 1. SN -
10{ 50 ' 91.43 | 0.34] 572.4 6.0 | i
100 60 9109 | 017  570.3 3.0 { ‘ —‘3. K
T T T T - [} = + + 0 100 350
TM:  9.64  Ave Emv2.50% 10 ‘ P e ,-a;z,,,;fﬁ . .
—_— ig, 5- i i i 4 :omentum
Note: Sced unseparated, 0.28 Fig. 5-a Seed stiaparatmrt cge .c1enc§ of momen
* refer to Eqn. 5, **Eqn. 6 at various falling distances
| 2t T T ¥ l T . LA T T T T T
b) Time-course Seed Separations at 18cm Reciprocal lih .
Distance -
‘ . T2x Mox 60t Emox10 | |
t >t E AM* - Ms J x 10’;**0 [ 8k - \\
; [ ; T
0] 10 [ 000 zror| 88 85 | o |
10| 20 | 278.99 5.28 22.1 23.8 - [ 4 \ :
104 30 | 273.71 1.73| 217 8.0 i \\ T
10§ 40 , 271.98 0.70 21.5 3.2 | \,\ ™
10{ 50 | 2728 040 215 | L8 L ‘R&gé\:;rl
1 : I -
‘ 10| 60 | 270.8§ 0. 10| 21.5 | 0.2 L = ) 1?-..1\‘ o
W " 0y Ry
Ms 29.22 Ave. Emv 2.09%x1077 Thme i)
Note: Seed unseparated, 0.28 Fig. 5-b Seed separz-).tlon f:oeﬂ'u.:lency. of momen-
* refer to Eqn. 5, *** Eqn. 6 tum at various vibration distances
** since 2 impacts occur per reciprocal motion o :
Sk T H T T T T
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“ S B o 1
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Note: * refer to Eqn. 5, ***Eqn.6 Fig. 5-¢ Seed separation coefficiency of momen-

** since 1/40 mass exist at the highest point tum at various rotational speeds



(66)

In the cases of free falling and shaking, the average
momentum effectiveness showed very close values, 2. 50
x107® and 2.09X107¢ respectively. These values tog-
ether with other previous result of separation rate
and velocity effect, strongly indicate that two methods
are based on almost same principle.

On the other hand, rotating momentum effectiveness
showed a lower value, 3.94x1078, which represents
less momentum effectiveness compared with the above
two cases. It may not be adequate to comparc the
rotating method with the other tow cases, because in
rotating system many assumptions were taken for the
analysis, for example, where velocity was taken that
of highest point instead of average value and mass
fraction was taken that of the pepper mass, in upper
section as shown in Fig. 2, directly involved in moti-
on, or 1/40, and so on. This discrepency in moment-
um effectiveness indicate that retating separation me-
chanism is quite a distinguised one. However, in view
point of application, rotating method was more prac-
tical in impact-transfer from shaft force to the botan-
ical structure with the large amount of pepper loaded,
and for material handling and seed collection. This
means that more over-all momentum effectiveness can
be attained with rotating separation, if we consider
the momentum effectiveness with shaft force bases
applied to the system and the application to drying
system.

4. Effect of Cutting Lecation

Red pepper has a typical botanical structure which
put a handicap for seed at inner conrer to escape
out of pepper envelope after separation from placenta

by impact force.So different locations were cut and seed
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- Fig. 6 Cutting orientation effect on seed
separation
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separated were measured, as shown ir Fig. 6, seced
separation rates were remarkably different.

It is clearly understood that other factor. for instance
tumbling factor, may be included to overcome the
steric interferance. Better tumbling efiects are more
easyly obtained in rotating method, than in other two
systems. The seed separation is coupled with drying,
heat deformation factor will be added, which is now
under study to achieve a complete sced separation.
While the discussion and analysis, we found the fact
that seed separation was effectively achieved mechani-
cally, and rotating method appeared to be a more
practical way, in spite of less momentum effectiveness
compared to falling and shaking ways. The seed sep-
aration rate curve clearly shows the similarity with
that of drying. From this fact we confirm the possib-
ility of application to drying of red pepper, ard that
further reduction of drying period may be achieved

and economical utilization of seed will be prepared.
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