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Abstract

This research aimed to reduce time and process of separating corn kernels from cobs for
agricultural use. The research investigated the data, set the objectives, designed and constructed
the machine with the size of 620x720x1560 millimeters, driven by a motor and transmitted by a
conveyer. The shaft axis was attached to the chain and rotated at a constant speed. The machine
was tested at the rotational speeds of 480, 720 and 1440 round/minute. The distances between
chains were 70, 85 and 100 millimeters. The chain alignments were parallel, zigzag and double
patterns. The results showed that, of the amount of 7 kilograms at 30 seconds, the separation
efficiency was at 98 percent with the statistical significance of 0.05. The average from the
experiment gave corn kernels of 5.95 kilograms, cobs of 0.99 kilograms and dust at 0.06 kilograms
at the rotational speed of 720 rounds/minute. The distances between chains were 85 millimeters. The
chain alignment was zigzag pattern which can reduce the working time by removing the corn by
hand around 2 hours and 17 minutes.

Keywords : corn, agricultural, efficiency
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Abstract

This research aims to study and analyze the quantity/characteristics of wastewater from central
canteen of Sisaket Rajabhat University (SSKRU); and study the way of solution to treat wastewater
from central canteen of Sisaket Rajabhat University. The method of this research was the study about
the quantity/characteristics of wastewater from central canteen by checking wastewater quantity and
collecting the samples of wastewater — both before and after passing grease traps — to analyze
physical and chemical condition of wastewater while checking the characteristics which related to
agricultural activities. From the study, the author found 10.9+2.01 cubic meters/day of wastewater
(Wednesday showed highest quantity of wastewater: 15.0+3.21 cubic meter/day because this day had
most people who had meals at the central canteen each week). After checking wastewater
characteristics, wastewater from the central canteen showed Total dissolved solids (TDS), Settleable
solid, Suspended solids (SS), Biochemical oxygen demand (BOD), Fat, oil and grease higher than the
standard because the central canteen did not have wastewater treatment system. There was just only
grease traps while there was not any other treatment system. In addition, the author found that there
were N, P, and K which were much enough for being transformed to be liquid fertilizer. Then, this
research can present 3 ways of wastewater management: 1) liquid fertilizer transformation; 2) grease
trap improvement; and 3) installing the next step of waste water treatment. The guidelines can be used
to develop a wastewater treatment system in a canteen of an organization that has similar wastewater
characteristics. However, we should study the efficiency of liquid fertilizer transformation, grease trap
improvement, and checking the competency of SBR system before actual use to understand methods
or quantity to apply in the future.

Keywords : canteen wastewater, wastewater management, SBR, wastewater utility for agriculture

“Gada: pongsatorn.t@kkumail.com, 086-2589236
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Abstract

This research is to develop of the automatic pouring raw milk storage tank machine which it is able to
work large quantities, reduce human labor, save time and reduce costs of raw milk collection process.
PLC (Programmable Logic Control) programming and PLC devices were used to control to the
pneumatic system. The experiment was set at the time to pour the milk storage tank from 5 to 15
seconds, the raw milk in the storage tank of 40 liters and the air pressure of the pneumatic system at
7 bar. From the result, it was found that the time setting was effected to the raw milk pouring when the
set time to longer, raw milk can pour out which no dew in the storage tank. It was found that the time
of pouring raw milk at 10 seconds can be pouring out of the storage tank was 100% of the raw milk.
For the time of all process for pouring raw milk storage tank was 30 second (completely process) that
the automatic pouring raw milk storage tank machine can work at the rate of 120 tank/hr.

Keywords: Pouring machine, Raw milk, Automatic system, milk storage
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Abstract

This research is to experimentally study the performance of a porous burner (PB) and the results are
compared with those obtained from the conventional burner (CB). The porous burner consists of two
co-concentric cylindrical tubes as a shell and tube heat exchanger. The inside of a tube fills up with
spherical ceramics with a diameter of 1.5 cm for forming the porous chamber, which is wrapped
around by a larger cylindrical tube as a shell. The shell contains water and serves as a water container.
The LPG is used as a fuel and a heat-load condition is set as the gas flow rate of LPG, which is varied
in a range of 1 to 7 LPM. Air entrainment is controlled for the excess oxygen between 6-7% in the
exhaust. Also, the porosity is a constant of 0.5 and the gas pressure keeps constant at 0.4 bar. Through
analysis and discussion of this study, the interesting findings can be drawn as follows: 1) the
combustion temperature of the PB is 30% higher than that of the CB on average, while the exhaust
gas temperature of the PB is 19% lower than that of the CB on average. 2) Based on the efficiency
evaluation, the latent energy, the rate of vaporization, and thermal efficiency obtained by the PB are
higher than those obtained by the CB with a value of 46%, 56%, and 48.7% respectively. 3) The
maximum energy saving of the PB is higher than that of the CB as much as 21%. 4) very low CO
emissions are noticed for both types at high loads, while the NOx emission of the PB is 75% lower than
that of the CB and the NOx emission of the PB is lower a 20-ppm limit for all load conditions.

Keywords : Porous Burner Energy Vaporization
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1. Introduction

The porous media combustion is a technique
to enhance the combustion efficiency, thereby
reducing fuel  consumption and
[1-4].

considerable benefits such as stability of flame,

being

environmentally  friendly Several

high flame speed, and very lean mixture
combustion are brought through the feasibility of
this combustion. Besides, exhaust gas emission
discharged by this combustion is low, especially
NO, [4-6]. Hence, these benefits have been
widely used to improve thermal processes.
Jinhua et al. [7] studied the experiment on a
porous media gas-fired boiler. It was founded
that the efficiency of heat transfer could increase
to 90%, while the emission of NO,_ was less than
45 mg/ma. The pressure drop was less than 0.001
MPa and also reduced the combustion chamber
to be a smaller size. Barcellos et al. [8] studied
the ultra-low-emission steam boiler with a
reciprocal flow porous burner. Their results
revealed that thermal efficiency increased as
much as 90%, while the amounts of NO, and CO
were limited to 1.0 and 0.5 ppm, respectively.
Sumrerng Jugjai and Viriya Nungniyom [9]
studied a porous combustor-heater (PCH) with
cyclic flow reversal combustion (CFRC). The
optimal switching period under high thermal
efficiency and low emission was determined.
Their results indicated thermal efficiency as high
as 85% with low emissions of CO and NO, about
200 and 20 ppm,

Aekkaphon Chaelek, Usa Makmool Grare, and

respectively. Recently,

Sumrerng Jugjai [10] proposed a novel design of
an atmospheric gas burner using the concept of
heat recirculation by porous media combustion
thermal

technology. With this design, the

efficiency could reach a maximum of 51% with
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less energy consumption about 28.6%, including
low emissions. So far, many works of open
literature have revealed that the porous medium
combustion is a new combustion technique that
contributes more advantages to the boiler and
burner applications. Therefore, this research was
carried out using the concept of porous media
combustion techniques through the burner
simulation. Results in terms of the capability to
produce steam in the porous burner, combustion
temperature, heat power output, fuel
consumption, and the amount of CO and NO, in
the exhaust gas were presented. Also, these
results were compared with the results obtained

by the conventional burner.
2. Design and Calculation
2.1 Porosity calculation

The porosity (£) , which is the ratio of space
volume in porous material to the total volume
(Vd), is shown in Fig. 1. The space volume in
the porous material can be determined by
subtracting the volume of spherical ceramic
(V,,) from the total volume (V,) ,as seen in
Egs. (1)-(2). Then, the porosity can be calculated
from Eq. (3), where n is the number of spherical
ceramics. As seen in fig 1, the change in the
diameter of ceramic (dsp) causes the difference in
the porosity, diameter (D), and height (L) of the
chamber and Eq. (4) mathematically expresses
this relation. Simplifying Eq. (4) by substituting A,
and L, into Eq. (4), it can be rearranged as Eq.
(5). It should be noted that the value of the
porosity is limited in a range of 0 to 1. For the
current study, the spherical ball is used to
simulate the porous media in the combustion

chamber.
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VSp =
| Volume
of
porosity
Fig. 1 Porous medium in layer
g:Vd—nVsp: _n\ﬁ (3)
Vd Vd
3
d
_q_2n) s (4)
3L| p2
po1-— 20 (5)
3Lg(AR)
The inside of the preheat chamber contains
the small size of ceramic to protect the

propagation of flame in this area. The Peclet
number (Pe) expressed in Eq. (6) is defined for
this propagation and this dimensionless number
should be less than 65 [9].

_ dpSLprm (6)
/lf

Pe

2.2 Porous burner design

This sub-topic explains how to build the
burner. The burner is designed by CAD software.

Itis divided into four parts i.e. 1) preheat chamber
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(D),
container (C), and 4) exhaust pipe (A). The

2) combustion chamber (B), 3) water
porous burner structure is made of stainless steel
(SUS 341). The concept design of the porous
burner is a shell-tube heat exchanger. The
porous burner consists of two co-concentric
cylindrical tubes. The inside of a tube fills up with
the spherical ceramic to form the porous
chamber, which was wrapped around by a larger
cylindrical tube as a shell. This shell contains
water and serves as a water container. All
assemblies of the porous burner are illustrated in

Fig.2.

A
whamuAD
B
C
vaaaun
S D

Fig. 2 The assembly of porous burner

2.3 Performance calculation

The performance of the porous burner is

presented in terms of the efficiency of

vaporization and energy saving (ES). They are
7 - ©

assumption that the latent heat condition is only

calculated from Egs. under the

considered.

Qi, =My (LHV) (7)

" __ mhy (8)
" m, (LHV)(AY)
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n

3. Research Methodology
3.1 Devices and equipment

All devices and equipment used for research
can be divided into six sections, as shown in Fig.
4. At first, the fuel supply system is a 15-kg LPG
tank installed with the regulator that is located on
the digital weight scale with a resolution of 1
gram. The rotameter is used for adjusting the gas
flow rate in a range of 1 — 10 LPM with an

accuracy of +/- 2.0%.

Secondly, a 0.5-hp blower that is connected
with the control valve is used as the air supply
section. Then, the air flows through the pitot tube,
and pressure differences are measured to
calculate the air-flow rate. Thirdly, the preheat
section consists of a mixing chamber and the
preheat chamber. The fuel and air are mixed
homogeneously within the mixing chamber and
then the mixing fluid flows into the preheat
chamber that the ceramics are installed. For the
present study, ceramics with a small size of 5-mm
diameter result in the Peclet number less than 65,
as shown in Fig. 3(a), and the secondary air
entrance would be this area. Also, this zone is
heated up by heat radiation from the combustion

process.

Fourthly, the cylindrical chamber made of
stainless steel (sus 341) is installed and served
as the combustion section. The chamber
contains ceramics with a diameter of 15 mm. to

maintain the porosity of 0.55 as shown in Fig 3(b).
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Fig. 3 Ceramics of (a) small size (5 mm dia.) and

(b) larger size (15 mm of dia.)

The compositions of the ceramic are 92.5% of
ALQO,, 0.3% of SiO,, 0.2% of Fe,0,, and 5.5% of
the high

thermal

CaO. This ceramic can resist

1750°C. The
conductivity of the ceramic is in a range of 1.7 —
42 W/mK. At the

thermocouples are

temperature up to
combustion  section,
used to probe the
temperature at 10 locations along the vertical line
of the center of the chamber, specifically, the
thermocouples type K for 7 locations and type N
for3 locations. These thermocouples have a
resolution of 0.001 °C with an accuracy of +/-
0.015°C within the temperature range of -200 °c
to +800°C. The thermocouples are connected to
16 channels of Yokogawa'’s data logger MV2000
for monitoring and recording the result. In
addition, the spark plug is located at the bottom
of this chamber to initiate the flame in the
combustion zone. Fifthly, the feedwater system is
provided to supply the 5-L water from the
stainless tank to the inlet of a shell at the bottom
of the porous burner with a 12-V and 0.5-hp
pump. When the water flows into the shell of the
porous burner, the water level can be observed
through a level sight glass at the wall. Also, there
are two holes for a steam vent at the top of the
porous burner. Finally, the probe of the Testo 340

combustion analyzer is installed in the exhaust
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section to measure the numbers of O,, CO, and
NO,. It should be noted that O, can be measured
in arange of 0-25% with an accuracy of +/-0.12%
by volume and tolerance of +/-0.21% by volume.
The amount of CO can be measured from 0 —
10,000 ppm with an accuracy of +/- 4 ppm and
+/-50.75 ppm. The NO,

measurement can be done with an accuracy of

tolerance  of

+/- 2 ppm and tolerance +/-8.2 ppm. To ensure
accurate measurements, all equipment is always

calibrated before testing.

3.2 Procedure of experiment

The procedure of the experiment can be
explained by Fig. 4. At first, all equipment is
installed and checked for its availability. Then, the
surrounding conditions and weight of the LPG
tank are measured and recorded. Later, the gas
valve (No, 3) is opened and the pressure
regulator is used to maintain the pressure at 0.4
bars, then the airflow valve (No. 6) is opened and
the blower (No. 13) is turned on to operate. After
that, the fuel and air will be mixed in the mixing
chamber (No. 14). Subsequently, the spark
ignition (No. 12) in the combustion zone is
started. To ensure that the experiment is
conducted under the steady-state condition, the
temperature profile is observed with the monitor
(No. 21). After

condition, the testing conditions are set as listed

reaching the steady-state
in Table 1. At first condition, the fuel flow rate is
set to be 1 LPM using the gas flow meter (No. 5).
The fuel consumption rate is measured from the
digital weight scale every 5 minutes. Finally, the
airflow rate is adjusted by a valve (No. 6) until the
excess O, reached 7% at the exhaust pipe (No.
19), and then the amounts of CO and NO, are

recorded into the combustion analyzer (No. 20).
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It should be taken time to be steady-state again
for all parameters. It should be noted that before
starting a new test, it must be sure that the system
can operate under a safe situation and all

equipment keeps working properly.

To carry out the performance test, the feedwater
system is included by switching on the pump (No,
15), thereby forcing the water into the porous
burner (No. 10) until the limit of the level reached.
Then, the pump would be stopped automatically.
The weight of the tank should be recorded before
the boiling test. During the water boiling test, the
time that the water level decreases every 1 cm
observed through the level sight glass (No. 11) is
recorded. To obtain precise and accurate data,
each condition must be repeated three times of
the testing, and then all data are averaged. In the
next step, the gas flow rate is adjusted for the next
condition, while the airflow rate is adjusted to
obtaining the 7% airflow of the excess O, at the
flue. The same procedure, as mention above, is

repeated three times for each condition.

4. Results and discussion

4.1 Performances of Porous Burner

4.1.1 Combustion and exhaust temperature

The temperature distributions at a
steady state of the porous burner (PB) and
(CB)
different the heat

conventional burner under the same

condition at loads are
presented in Figs. 5 and 6, respectively. They
show that the temperature distributions along the
combustion chamber of both burner types are

proportional to the heat load.
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Fig. 4 Schematic diagram of devices and equipment installation

Table 1 Condition for performances of PFTB

Testing Conditions Porous Burner Conventional Burner
(PB) (CB)
Gas pressure 0.4 bar 0.4 bar
working pressure 1 bar (atm) 1 bar (atm)
Porosity 0.5 1.0
Fuel flow rate 1-7LPM 1-7LPM
Excess O, at flue 7% 7%
Water quantity 5L 5L

Preheat condition Yes No

34
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This can be explained by the fact that gas
combustion releases more heat when the amount
the
temperature distributions of the PB are smoother
than those of the CB. At different head loads, the

maximum combustion temperature of the PB can

of fuel-mixture increases. Generally,

be obtained from the highest heat load at a
position of x from 5 and 6 cm. This is because of
the heat energy stored in this region. Differently,
the temperature distributions obtained from the
CB type are fluctuating and they drop at x & 5
cm. Besides, the highest temperature is found
near the exhaust pipe at the highest heat load.
Figs. 5 and 6 also indicate that the maximum
temperatures of the PB and CB are in a rank of
815 °C — 1275 °C and 630 °C - 820 °C,
respectively. Fig. 7 shows a comparison between
the average combustion temperature provided
by the PB with that by the CB at different heat
loads. One can observe that the average
combustion temperatures of both types are
proportional to the heat load. In addition, it
reveals the PB is more efficient at high heat loads.
This phenomenon may be explained by the fact
that partial heat generated by porous medium
radiates to the fuel-air mixtures in the preheat
chamber, thereby enhancing the heat transfer
rate inside the porous media. As a result, the
combustion temperature of the porous burner
increases. To the

complete temperature

measurement obtained by the combustion
process, the exhaust temperatures of the CB and
PB under the same condition at different heat
loads are compared against each other in Fig. 8.
It is found that the exhaust temperature of the PB
is lower than that of the CB for all values of the
heatload. Interestingly, the flue gas temperatures

of the PB and CB are close to each other at high

0
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Fig. 8 Flue gas temperature of PB and CB

heat loads, namely, QinZ 8 kW. Additionally, the
exhaust temperature of the PB is about 19% lower
than that of the CB on average. The reason for
this result is that the flue gas flows slowly through
the complicated structure of the porous chamber
that has the heat storage and recirculation inside

the porous media.

4.1.2 Heat rate, vaporization, thermal

efficiency, and energy saving

Fig. 9 illustrates a comparison between the rate
of latent heat of the PB and CB at different heat
loads. It can be seen that although the latent heat
rate of both types increases with the heat load
condition with a similar trend, the latent heat rate
provided by the PB is 46% higher than that by the
CB based on the average value. This result
indicates a positive effect provided by the high
rate of heat transfer in a porous chamber of the
PB thereby causing more efficiency than the free
flame in the CB. As a result, the water in a shell of
the PB can absorb a higher rate of heat transfer

from the porous chamber. Besides, the porous
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media in the PB contributes to the capability of
energy storage, thereby extending the time of
heat transfer for more vaporized production, as

shown in Fig. 10.

The rate of Latent Heat (kW)
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Fig. 9 Heat power output of PB and CB
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Fig. 11 Thermal efficiency of PB and CB
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The results show that on average, the steam
produced by the PB is 56% more than that by the
CB counterpart. Later, Fig. 11 presents the
thermal efficiency of the PB and CB. It is found
that the PB type gives a 48.7% averagely higher
thermal efficiency than the CB due to a higher
efficiency of the PB caused by heat recirculation
in the porous layer. Apart from heat rate,
vaporization, and thermal efficiency as
mentioned above, energy-saving should be
considered as well so that it can obtain a better
understanding of using the PB when compared
to the CB counterpart. Fig. 12 shows energy-
saving obtained from the PB and CB and it
indicates that energy saving varies with the heat
load. On average, the energy saving of the PB is
10.44% better than that of the CB. This suggests
that the PB has not only high efficiency but also
less fuel consumption than the CB. Also, the use
of the PB type at the lowest heat load is very
beneficial because it is most economical for

energy-saving.

25

21%

—~ 204
=2
2
(1]
Y 154
[=)]
£
S 11.2%
[}
W 404 9.3% 9.2%
& B4% 7.4%
@ ‘ 6.6%
[
L 54

0 T

2 4 6 8 10

Qjp (kW)
Fig. 12 Higher percentage of energy-saving

provided by PB when compared to CB
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4.2 CO and NO, emissions

Figs. 13 and 14 compare the amount of CO
and NO, emitted from using the PB and CB,
respectively. These results are conducted at 7%
O, excess in the flue gas at different heat loads.
Surprisingly, Fig. 13 shows that the CO emissions
given by the PB at the lowest heat load condition
(Q,, = 2.75 kW) and the heatload at Q,, = 4.00 kW
are still high, namely, about 3,600 ppm and 1,750
ppm, respectively. It is quite different from the CO
emitted from the CB that is found lower than 300
ppm at Q, = 2.75 kW and very low at higher
loads. These results happen because of the low
airflow rate at low heat load conditions through
the complicated structure of the porous media.
This may lead to heterogeneous mixtures
between the fuel and air, thereby causing an
incomplete combustion. At higher heat loads, the
CO emission produced by the PB decreases and

very low amounts of CO are noticed.
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Fig. 13 CO emission of PB and CB
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Likewise, Fig. 14shows the NO, emission
measured from the PB and CB at 7% O, excess
in the flue gas at different heat loads. It can be
seen that the CB emits the maximum NO, of about
110 ppm at the highest load (Q,, = 10.55 kW),
while the maximum of NO, emission produced by
the PB is about 18 ppm at Q = 10.55 kW.
Compared to the NO,_ emission by the CB, the
amount of NO, produced by the PB is 75% lower
than that by the BC for all conditions. This
suggests that with the use of the PB can reduce
the NO, emission significantly. The reason may
be due to the increase in NO, formation at high

gas temperatures,
5. Conclusion

This

performances, energy efficiency, and emissions

work  experimentally studies the
of a porous burner (PB). The temperature
distribution along the porous chamber, the
combustion temperature, the latent heat, the
water vapor, the capability for vaporization, and
the energy-saving, including CO and NO,
emissions are investigated. Also, the results of
the PB are compared with those of the

conventional burner (CB). Through analysis and

38

discussion, the interesting findings are

discovered as follows: 1) the maximum
temperatures of the PB and CB are in a range of
815°C - 1275°C and 630°C - 820°C, respectively.
2) On average, the combustion temperature of
the PB is about 30% higher than that of the CB at
the maximum heat load condition, while the
exhaust temperature is about 19% lower than that
of the CB based on the average value. 3) The
latent  energy, and thermal
efficiency are 46%, 56%, and 48.7% higher than
those of the CB, respectively. 4) The energy-
saving given by the PB is 10.44% higher than that
by the CB. 5) The high CO emissions are

observed at low heat loads for the PB but the CO

vaporization,

from both PB and CB are not quite different at
higher loads. Meanwhile, the amount of NO,
obtained by the PB is dramatically lower than that
of the CB, namely, it is lower by 75%. Based on
the above results, it suggests that the PB
provides not only high efficiency but also less fuel
consumption including significant low emission of

NO,.
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Abstract

The objective of this research is to compare the yield of oyster mushrooms that have different
environmental control conditions. Four conditions are managed by supervisory control algorithm to
control a fan and water nozzle. Time, temperature, and humidity are the parameters of our interest.
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study has shown using temperature and humidity to cooperate with typical conditions in controlling
equipment in the growth house helps increase yield that conditions 3 cause the highest yield.
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AdnAny: lohandaawn wuualgian denutnnuwes Alanedimes LNTAa
Abstract

A self-healing geopolymer cement containing bacteria in encapsulated alginate beads was
successfully performed to protect the cells from high alkalinity during the geopolymer casting. In this
study, Bacillus pseudofirmus was incubated for 5 days in nutrient broth medium and mixed with 0.5
%w/v sodium alginate solution before dropped through the 0.8 mm diameter needle by an extrusion
technique. Afterwards, the encapsulated cells in alginate beads were immersed in 10, 11 and 12 M
NaOH and total released cell numbers were counted by haemocytometer to determine the number of
dead cells. It was found that the dead cells were 15.35+£1.9%, 47.28+24.5% and 92.85+3.0% in 10, 11
and 12 M NaOH solution respectively after being exposed for 80 minutes. However, the number of
non-encapsulated dead cells reached the highest point within 20 minutes. Therefore, the
encapsulation has proved to be able to protect cells resulting in higher survival rate of bacteria in
sodium alginate beads. The geopolymer containing these encapsulated beads by 1% and 2% had no
negative effects on the compressive strength according to Fisher's exact statistic method (p<0.05).

Keywords: sodium alginate, encapsulate, self-healing, geopolymer, bacillus

*@A¢ia duangkanok@kku.ac.th, 043362240



|FEAT JOURNAL
January - June 2020 ; 6(1) 1 50-58

1. UNUI

alanadwas (Geopolymer) iludanuanazgi
Tudainmnillaseaing 3 TAwuuedugiu
(Amorphous)Irﬂﬂ%fﬁ’mﬁlmﬁﬂ‘ﬁﬂumzmumi

HARNRAIURANT SIO, uaz ALO, 11U Linass

v o v

(Fly ash) Aigninliumnsiasasansazaafiiiueng

° o

49 annnsanaudsdauariunasdnle nsalanad

o=l a a & o= o
a2 AN N IR INAUN UL D TR LALAT LN G
dl 3 a = o 1 Y o a (2]
TITURBUNITHNARNT LN UANLF L AAAN T
AFuaulneanlmsasasay 5 - 8 1a9L/5H1ANE
rsuanlaeenlgiianuainiannIAgagng s
(1]

NIWAUIABUNTATON UTNALE (self-healing
concrete) WUZIWUANLTE AN A Bacillus 11190
AFLARLTUNAFUBLUMENUNTZUIUNNTNNILDR
=2 A o~ o v 4 = a a a
FuallnsesFialaas1atUsc@nsan wasiivy

% o VY o = 1 o
ANHATUNIUNLIE A M UARUNTA [2,3] WA
P = a s A a \
ludinnsldlualenedmes iasarnuuai el
ANNTDNUADANINANILA LUNTELIUNTTLARA LD
wodwasle [4] 6aawum (Alginates) Taiiluaniug

y 4 v

1avunmnanlsznaumanidaatas g (1-4)-B-
dmannuronic acid (M) k& Ol-l-guluronic acid (G)
Tugtuuusine gnldiuetraunsaadruiuau

o = a o A , o
‘Mﬂ‘l/ﬂ\lLL‘Llﬂ'V]L?ﬂiuﬂ@quul,u@\']@qﬂillLﬂuﬂumﬁ"}ﬁl

Q q

a

\ = A DI
ABLUANLIENYNNBNN [5]

o o

=KX A
ANasHAINgaula

e

7 Ay o a 9l .
vernuuANGEuAaY 8aanLarldis Extrusion [6]

watnilasuuaiFe anewug Bacillus

52

pseudofirmus AMNANIILANNUA LUNTLLIUNNT

a a I3
NARALANAALNAT

2. 38n19n197]8
= = a
2.1 MTIATRINLUATISE
wuANEEYNIALN USRS LLATITE
NB (Nutrient Broth) @2 udssnauaasa1nng
tlsenaumae peptone 20 g/L, NaCl 5 g/l uay
urea 20 g/L U3u1m3 100 mL Aeuunldiwiziaes
AQEILATOILLLNULULAYLANGIUUYRT 30°C N9
o o aa & O £ a
RRatLANUaNLLAT FeLazales vinlnannsdand
a a £ Aﬂl o
ISR (RGN Spectrophotometry R3auLl
ﬁﬁmiqmﬂauum(omical Density, OD) N1, 3,
5, 7 LAY 9 FU NAIRINNNTEHINZTR

2.2 MaveriuuuANFaA s aa A

[
a a

= A o oA
Lumnt EVIL@EI\TLﬂuLQ@'] 519U L UAYRN

a a

, A = = a A
Lﬂuﬂ]')QV]LL’]_lﬂV]L ﬂNﬂW?LQ?fyLmUIﬂ@J\TW@‘ﬂ Qﬂ

¥ % v a 2

UNNIUBANALBAALUA Fe3T Extrusion taeld

q

¥ o

AN NTUEARLR (0.25%, 0.35% kAL 0.5%wW/)
viudnuAugnanadu (0.8,0.9, 1.2 LAy 1.6 1H.)
WAZAMH TR Az AN LARLTLNARD 136 (0.5M,
M AT 2M) BWNANIIETUNZaNFBN TR
AewinlU1dlun1maaesdusald
2.3 N19aN Bacillus pseudofirmus WAEN3
a a = &
nagavuwuAnEelugnsazas laaanlansanlas
a a dl ] v (=3 v a
wuanFandeiunlulndasaiungn
1 ldudansazane NaOH A sLdudy 10, 11 waz
o o A ol ~
12M PANAAL LNBATIANTAATIAENNT 10 U
BAZTINNINAABALTUIAAN 140 W7 AREINN9EaNLN
#iau 1g (Methylene blue) tneitaauuAFaNAE

WA2ATFARUN R UBRINTAY Ug (Methylene blue)



|FEAT JOURNAL
|J€1III..Z-|W —June 2020 ; 6(1) : 50-58

=

2.4 nsunuuANFaREuN e NLAS T uaw

TTuanvalanadiue s

o 1 1 =3 = v

FR3dusTuINalnling 1d1aae way
#1782a18A9 kanlunn39i 1 Insndnaas 1a
tnd uazlainanlansanladaonududy 10M gn
U ldnandsaaiuluiaTas Electric cement

. - Yoo
mortar mixer 11987 5 WA ANUULTLALNTALNA
(30.24%Si0,, 12.53%Na,0, Way 57.23%H,0) gn

i luasiflungn 5w Alanedwasgninasiy

WNANWaWIA 1 X1 X 1 T2 wdat ldunngunmnnu

y

faungoungi 60°C Lilunan 48 d9lue Asazi

a’l 1a e v XK o oA a
FuaueananuIiunW uaoasinliunguund

3

° o o

22°C, 50%RH Fusuazgnin llinniiasiuusadn
ERIGERN hydraulic compression testing ey

818N19UNT 7, 28 UAz 60 FU ANNNIATFIUASTM

1
aly v o

C 109 fayanlaazillFinszsimaandunug
FLUINIATARLUARUANAISULINB ATBIA AN A
s Ineld Fisher's exact test

AN 1 WARPNAIUHANNITNANA A NAAINDT

o | e VRILYAN
foe - 3
aeel | Uad | NaO | NS | *adn
N
@ | (@ | H | (@ | *°
contro
| 500 0 100 100 0.4
B10 500 5 100 100 0.41
B20 500 10 100 100 0.42

o - < Py
1R911A0* Aa adAlIznauiauNaANL
:l/ v ' a aa a
WU RIVNUTNA VL@LLT] THALNTALNG LL@ZI”T]L@EINiEI

nsanlas uazgAnAAeY B10 waz B20 A AN19L6N

53

wadadid1d 1% way 2% 1evuiuinidnaes
ANNANAL
3.uan1sIaaLazanilss
- o
3.1 N7RsTaLUANEe a9
al a Yo dsj v
wuaFelANIUNITINIZIAEIAR GRS
B1UITLA LI LU AN LT e NB(Nutrient Broth) 7
Usznaumaeiddinu (peptone) 20 g/L, TaiRea
Aaalas (NaCl) 5 g/l wazeylae (urea) 20 g/L Lie
AU UTAgUeT HAN1TNARRINLII TR
. - 4 e A4 4 oaa e
VEARENININNGATWIUN 5 Fa0 ALY
3.85x10 cells/ml LATUAIANNTUN 5 VI UILLTAS
a ~ a A ) % o
anianasitasainuuanizau1sdoulanng A

wanalugii 1

500
400

300 I

X 10° cell/mL
H

«

200

100

AUIURLTAR

o

1 3 5 7 9

szazaan lungUN ()

UM 1 uansawINEas B. pseudofirmus B
X X ¥
WA LU SLaELTe

nsnageLiaulnalesnaenisdandsoe
F1N9171L3A (Safranin red) kazH1a AN
(Malachite green) )0 1, 3, 5, 7 Az 9 4 WU
Az A9NALIY Vegetative cells LuRAuAIusazuy
1891190917 dauteulnalefasdanniiudug

Wanaesnnantasnau angli 2 azdanmiiug



|FEAT JOURNAL

January - June 2020 ; 6(1) 1 50-58

dgndetfanmneulnalaslinuiuiungn nnan

S & o
LaeNLTER 5 9%

5U% 2 uansnazesnisdendieninatlesues

wuANGEE B. pseudofirmus

3.2 ANHOENWNNNENTNNAINTURTNULATEY

= o a

= dl 1 v v dl %
WLANILTENUDVNATEDR lwanliAy

dndureslnnandaaunuasidn@ne1nsiige

o

= a 1 ¥ @ =
HaneuzdudrinfAsudenan ausresdaiing

®

o

\ G o o o
uagl VIUNALDIENDAENN W wazANNLTWNT

2D

¥ |

= 1 o £ £ = e
nanauagiuAdNduresuAadanAaelasn
£ = Lo ' = o
NN wans gl 3 wananidanudnlnmauda
a £ £ 1 a
ALUAAITNLTNTY 0.5% tpandaralsuams
WAALTENAAD LA 0.5M WNIUIA 0.8 N, RIN1TD
M IA AT ndN AN NTIUNI N AN BAZ LI ALEN
= , | ' o o o
nan ArpdnagliiinasamNdNTLs a1 95 UL
4 - o~ .
naeinllldaleneadines Tnaauinaynin
e 0.18 9N, wazidndndnlasuannnig
D e da .
NARRIAD UL I TUNTINANNN AN LTI LTS
PAIAINNITBANLL AL BB UITUINIBARLLA LAY
a 1 a a 1
WWARL WAZAIAITLLANLFEd TR U AR
a v U
AN A

3.3 N13MI2A4DUNINTA MU Bacillus

pseudofirmus Tuasazane NaOH

54

1
a

wuAfiLTe Bacillus pseudofirmus NgN

v o

watumadaaiungnin linasauluazaasiun
~

2Sow

' o

Aautn U NAINaNTIA AR UINWIULTAR A
o L N
asannusazafiinaasuiunimaasssange

a o v o‘dlﬁl a a o
naaesgaLAen N liaaandeuindiduimasnie

a a %

AZAN LAZNIIRARIIBILIARNANALN AR NI
o . .

EaaNLlaga N AU AN AIENINTRAN

Twmaga s nliddanlifnansald waasinalsh

pan S9au3nguualinreniangld nanis

= v v o

NAABINULIT 80 WIT LUANBENgNURRNALEAR

'
=K a

Ao g A
LUANANTUIULLLIAN LA RALANNINNA A TIA

a

AL

15.3541.9%, 47.28424.5% , 92. 85+3.0% b U

tmpanlansanlas 10, 11 uaz 12 M mINaIAUAY

wanalugild 4 aerslsfnuuuanGanladlaeu
' 12 a o rdl

nsveduasliaunEaa At azangaganelu

1981 20 W9

algmate
concentration
(Cewy)

0.25

5U% 3 wansdneuzdndadiunvieuuuaiEe

TnpuANANdNTUEAA RN WAWEN AN
< v ¥ ¥
i wazaudnduansazate Cacl lnandes

Leica D-lux7 NldEna9ess



| FEAT JOURNAL

January - June 2020 ; 6(1) - 50-58

100

= o
£ w
é 0
] 0 A A
50
a ° i
E 40
e, 30
€
g 1
A
oM - = g
0 20 40 60
100
o W
= ®
g
Ex} 60 & F 3
2 1
= ;
-
g F .
ol . d
0 20 40 60
120
£ wo
=
= &0 r'y
:E)
s A
JEOW A
&
20
£ .
oM u [
0 20 40 60
100
_ % A
R owm A o
ERR
B w0
E I
Co“
= W =
E L]
= 1w L
ol
] 0 40 a0

55
1 e 10M
A A milM
'S
A 12M
||
8 g )
80 100 120 140 160
TTEZIAN(TN) SrucusasBuEY 3.600x107(cells/mi)
= A
- .
||
A .
||
®
@ [ py
50 100 120 140 160

sreznan(ily) Sucusadsudu 2.625x107(cells/ml)

A
- A A
| |
°
| | o =
&0 100 120 140 160

srazian(diy) SutumadEusi 2.025x107 (cells/mi)

A
= A

100

[ ]
80 120

sraza1(iY) FucusadEusy 3.024%107 (cells/mi)

140 160

Taisiadumnadaiiueg

a o - == A ! & o a = L
Eﬂ'ﬂ 4 LLmﬁqquuquL“’ﬂﬂ@LL']_lﬂV]Lﬁ‘ﬂm’]ﬂ@zﬂﬂmﬂﬂﬂﬂﬂﬂﬂﬂ@ﬂmqqqﬂLN@@@’:‘]LHW ‘ﬂ\?LLm’ﬂ%ﬂu

ansazanslapadlansanlasidudi 10 M, 11 M uaz 12 M

a

3.4 nasdnuuanaiiiunveiula

FuauAlanafmes
ANEUTANYUBNTBITUINUAILAN
(control), B10 4@y B20 HALATNURBUAILEA

TugLn 5 wrazdunmwinuguenu B10 uaz B20

2

= G A a
HUQHIUIALANNWUNA

< v

Wwndasannnisldlnng

a dl =1 = v a =
adtupLldasandalndaaatlunlAay

De

AN UNIZAINGIUN TeanAazdanasianIanszans

fanneluduanualanafwefianiias



|FEAT JOURNAL

January - June 2020 ; 6(1) 1 50-58

a o = a ol
3‘1]'” 5 WAANANHUEANLUBNURIR LANDRLNATN

8¢ 7 TUID9TUINUAILAN, B10 uaz B20

ANNANAL

3.5 NNAIFULINEAIBITUINURNaNT AT Ag

AAALLB!

AINNARAUNIAITULIIDALDITUINU

AILAN,B10, B20 71918N13LNFN7] uanAsgLin 6

al

EZ~1 1 dl [~1 o a
NANTINAADILAAI 115191 e lddndaaium iy

Yo

ARAIU 1% Waz 2 % N1 14

v o o

INIAITLUNDARARY

WeuAudueupIuAni 75U Anilu 6.84 %,
25.23% AINAIAL LAz 7 28 Ju AnLdly 6.57 %,
o o d . o - 5
27.09% AANA1AY Lasanidnaaaua il
dl 1 d’j v d‘ v [~ 1 al
unuidiuaaaiiadasanlfriuudousssiaale
wadwas wazaiaiunaniannaunad ladvingu
U v s o dl
semdnvaynaiaesuaziaing Asuanslugiy
5 aunanlungninveudaind anadenaliiina

da9919n78lulaseaieresalanaduashazAn

v ar

ANAIFULNTANAAA [7]

56

im(N/mm)

NAITUUTNER

n

7 28 60
szuzinan(Tu)

m control m B10 B20

o o

FUN 6 UAAIANMNAITLUINERTRIT U

AlanaameFludun 7,28,60 51

i dunmadn@uanu B10 fiang 60 4

v o '

IRNAIEANINNINTUIIBATLAN NN LAN Yo

' v
A a

da & X & 9
HANLAATUT a1atnwsny et uanuld iy
2 o a Ao v v Aa A
sraizioa1nile daaLuni ldvednuuAnzainng
aane6n N lFaudadadidanasuarnane il
IR o e
WALALANUALLUETUAY YFaR1ALT ULNTIZTAN
lwdaeudiaaindjisenldanysalluszazeann
UBANANNBAITAANTUNN AR DUANFNAUT TN
1 1o =] K o v a aa
nqulngldArflededanlsmandoumaiinada
Fisher's exact wa@naWifiudndndaudndaatumni
laldlugunulifanuduiusednafldad Ay
AN LIILIIANULIB ATRITUINUALONDALND T
(p<0.05)
3.6 NM9TANWENAILAIUDIT LN
. da e
PARIANTINT U B20 NHN1TANAD970E
Fal3dszunns 20 40 wudndaewdedenaguasg

UanniaressesuAnAuansluglil 7 Gsenauans



| FEAT JOURNAL

January - June 2020 ; 6(1) 1 50-58

TN UUAT FENUNSZUIUNNT YeuAiedaa

WARINIIDNTINTDARINNIZLIUNNTNARNA LOND A
d’d‘ L7 v % 1

WA ANt uNn wazaIN1IndaNLTNIB

Falanunszuaun1safeansdsynaulnina

ladtaasainiAuazanauiilufansyfuNuseas

¥
LANTIY

FUN 7 uanee9udedrguIe @

Alaneananla waslllddndngd

4. aq1l

1 v a a = o a

nsviavinuuanGelneldlanaudaan

0.5% (W) LABHIUANENANLTN 0.8 NN, UL
= & 2 v

LARLTENAAD LIAAITNLTNTY 0.5 M 211190
1nileLmas ine MaNNE RIINN9ATA AR Bacillus
pseudofirmus ATCC 700159 1l aLda ltLAaNdaa
WAYNNANTUANTATANLAIIUN BANANTNATA
A0R Fisher's exact wanalfiuiNdndauineaa
1n 9 14 1 TFEua wliil A N AN s AU AN AN

o

ULI9EATR9TRITUAlaneALNe T (p<0.05) Laziile
Meauauldidusrazinaiuils Ha138a109uiin
1Fnureein fadunaniannuuanFan lddnll

TnTuany

57

5. ieRnssusznA
PBUVDUAMUNUNITANHIAINNGNIAY
daanssuvifuuavinaTulatinnsaaupudn s
LL@:quﬂ?@TﬂLL@zﬁwmimiqm”’mg.@gfm@ﬂwﬁqﬁu
a1213913A9n990 188 AULAAINITUAART
uwﬁ‘wmzﬁ“ﬂmﬂuuﬁuﬁlﬁmmmmm:u"l,umﬂsﬁ
\ninsflouazginsalnaennisinidy naanau
1ouAMAIINTINTeaTEndnelsnTauantn
Wdngndegeunniy dradsauAnen
FNH1AIERT) LACAMEINUTATARNT

NUNINENARIVRULAL
6. LANAITDINDY

[1] Ali M, Abu-Tair A, Kinuthia J, Ryszard

B. Self - healing and strength

development of geopolymer concrete

made with Waste by products.
International Conference on Biological,
Civil and Environmental Engineering;
2015 Feb. 3-4; Bali, Indonesia; 2015.

[2] Evandro M, Denis P, Ramila C. and
Denis, R. Oil encapsulation techniques
using alginate as encapsulating agent:
applications and drawbacks. 2017;
34(8) : 5-15.

[3] Mostafa S, Aydin B (2016). Bioconcrete:
next generation of self-healing concrete.

Berlin

Springer-Verlag Heidelberg.

Applied Microbiology and

Biotechnology. 2016; 100(6): 2-10.



|FEAT JOURNAL

|J&JIII..Z-1W —June 2020 ; 6(1) : 50-58

(4]

(5]

(6]

(7]

(8]

Hana Z, Jii P, Zuzana R, Pavla, R.
Effect of bacteria Bacillus pseudofirmus
and fungus Trichoderma reesei on self-
healing ability of concrete, Czech
Technical University, Prague. Acta
polytechnica ctu proceedings; 2019.
Petraityt S, Sipailien A. Enhancing
encapsulation efficiency of alginate
capsules containing lactic acid bacteria
by using different divalent cross-linkers
sources, Lwt. 2018; 110: 307-315.
Evandro M, Denis P, Ramila C, Denis R.
Oil encapsulation techniques using
alginate as encapsulating agent.
Journal of Microencapsulation Micro
and Nano Carriers. 2017; 34(8): 5-15.
Luhar S, Chaudhary S , Luhar I
Thermal resistance of fly ash based
rubberized  geopolymer  concrete.
Journal of Building Engineering. 2018;
19: 420 - 428.

ana3T0l WUARGL990d, SUINT RUTN
war Uy Auanlseiasy. Study
physical property of fly ash geopolymer
paste. 11981337 1N19AznATulaton
A11NITN NUNANE1aEINTAganUIN.

2556; 6(1).



|FEAT JOURNAL
January - June 2020 ; 6(1) - 59-68

59

: FEAT JOURNAL
, u V/;XFAFI‘ \ FARM ENGINEERING AND AUTOMATION TECHNOLOGY JOURNAL

Farm Engineering And Automation Technology
Research Group , Khon Kaen University

Some physical properties of cassava and evaluation of the performance
in cutting cassava tubers from their rhizomes using manual labor

Chainarong Lomchangkum”, Chaiyan Junsiri*®*" Somposh Sudajan4 and Kittipong Laloon®
'Ph.D. Student. Department of Agricultural Engineering, Faculty of Engineering, Khon Kaen University
*Farm Engineering and Automation Technology Research Group, Khon Kaen University
*Postharvest Technology Innovation Center, Ministsy of Higher Education, Science, Research and Innovation,

4Agricultural Machinery and Postharvest Technology Research Center, Khon Kaen University

Received: 22 January 2020
Revised: 2 June 2020
Accepted: 10 June 2020

Available online: 30 June 2020

Abstract

This research was conducted to determine some physical properties of cassava and
evaluation of the performance in cutting cassava tubers from their rhizomes using manual labor. The
study of physical properties of cassava showed the ranges of diameters of cassava tubers (at base,
middle and end sections) were 4.2-8.5, 3.1-6.7 and 2.1-5.3 cm respectively. The cassava tubers’
lengths ranged between 2.2-4.4 cm, their weights ranged between 0.2-1.0 kg and their average
density was 820.83 kg/m’. The coefficient of static friction was in the range 28.0°-30.0°. The
performance in cutting cassava tubers from their rhizomes using manual labor an average working
rate of 352.53 kg/hr/person, resulting from 163.05 rhizomes/hr/person, and the average cutting loss

was 0.22%.
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1. Introduction

Cassava (Manihot esculenta (L.) Crantz) is
one of the essential economic crops in
Thailand, ranked after sugarcane and rice.
Thailand is the second-largest cassava
producer in the world after Nigeria. In 2018/19,
the area of cassava plantations in Thailand was
approximately 8.6 million rai, with an average
yield of 30 million tons / year (fresh cassava).
Cassava is planted in various areas of Thailand,
except the southern region. The region with the
largest cassava plantation is the north-eastern
region, followed by the central and northern
areas. The most popular cultivar grown in
Thailand is Kasetsart 50. Cassava can be
harvested throughout the year, especially from
December until July. Fresh cassavas produced
in the country is processed as raw materials for
several industries, such as cassava starch for
the paper and textile industry, pellet form for the
animal feed industry, tapioca for the ethanol
industry, and other industrial sectors. About 25-
28 percent of cassava production are used
domestically, while the remaining 75-80 percent
are exported. Thailand's major export markets
are mainly Asia, especially China. [1, 2] The
current method of harvesting cassava begins
with cutting stem and leaving the remaining
stem about 30 cm from the ground. Then the
ground-attached stems are pulled by human

workers or dug by machine and gathered in
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pile. Cassava tubers are cut and separated
from their rhizome by human labors or a cutting
machine. The only method for loading
harvested cassava tubers into trucks is relying
on human labors to gather the tubers, put in the
basket and weight in to the truck. It needs about
7-10 people to operate each time [3, 4, 5, 6].
Since fresh cassava must be delivered to the
factory daily to avoid the rapid deterioration,
which causes decreasing of starch yield and
affects the buying price of fresh cassava tubers
[7]. The cassava harvesting, especially the
procedure of cutting cassava tubers from their
rhizomes, has been studied by many
researchers. They presented the guideline for
development and research about cutting and
harvesting machinery, such as saw blade
cutting, pressure cutting or pile harvesting
machines. The prototypes of these machines
are in the initial development and have different
working principles [8, 9, 10]. Necessary
physical behaviors such as the shape of stems,
rhizomes and tubers affect the loss and
efficiency in cassava harvesting. The research
has not studied the physical properties of
cassava regarding the shape of cassava stems,
but could be found in machine's data collection
only. Therefore, the research and design of
agricultural machinery for cutting cassava
tubers is very important, especially the process

of cutting cassava tubers from their rhizomes
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that relies on human labors. This research focused
on some physical properties of cassava and
evaluation of the performance in cutting cassava
tubers from their rhizomes using manual labor.
Moreover, the results from this research will be
useful for further research in developing tools for
cassava tubers separation and cassava harvesting

machinery for agriculture in Thailand.

2. Materials and methods

The determination of some physical properties
of cassava and evaluation of the performance in
cutting cassava tubers from their rhizomes using
manual labor were carried out for designing the
tuber-cutting machine and cassava harvester.
Preliminary study on physiological  activity
indicated that the shape of cassava stem in the
planting plot before harvesting could be
categorized into 6 groups: T1 — single stem without
side branches, T2 - single stem with two side
branches, T3 - single stem with three side
branches, T4 — a two-stem type, T5 — a multiple-
stem type, and X — a miscellaneous-stem type.
From physiological activity, the stem shapes of T1,
T2 and T3 were found to be more than 76.0 percent,
whereas stem shapes of T4, T5 and X were just 24.0
percent. Thus, the focused study was performed on
the stem shapes of T1, T2 and T3 and separated
into two experiment steps: 1st step — studying
physical properties of cassava tubers, and 2nd
step — testing and evaluating the performance in
cutting cassava tubers from their rhizomes by
manual labors. Cassava cultivar of Kasetsart 50

and 10-month-old tubers grown in Khon Kaen
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Province were selected for the study’s experiment
as shown with details and methodology as

followed.

2.1 Physical properties of cassava tubers

This step was the study on physical
properties of T1, T2 and T3 tubers, including the
number of tubers per rhizome, size of tuber, density

of tuber and coefficient of static friction.

2.1.1 The number of tubers per rhizome

Cassava rhizomes were separated
into 4 levels: 1-5, 6-10, 11-15, and more than 15
tubers/rhizome. 1,000 rhizomes with the stem
shapes of T1, T2 and T3 (Figure 1) were randomly
sampled from allover 5 plots (200 rhizomes per
plot). The data on tuber number were analyzed for
mean and percentage values according to the

experiment template.

Figure 1 Physiological difference of cassava stem
shapes in T1, T2, T3, T4, T5 and X groups.

2.1.2 Size of tubers

The data of this step were used as a

ggideline for considering a design and outlet of tubers

after cutting for continuous feeding. 200 tubers per plot
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(5 plots) were randomly measured for their diameter
(at base, middle and end part), length and weight
(Figure 2). The data were analyzed for mean, minimum
and maximum values. Measurement tape, vernier

caliper and digital scale were used for data collection.

() T (b)
CE> ; Q
¢> R

A .t

()
Figure 2 Size measurement of cassava tuber. (a)

base; (b) middle; (c) end part; (d) length.

2.1.3 Density of tubers

Bulk density was defined by the ratio of
fresh-tuber massto container volume. A cubic
container of 20 x 20 x 20 cm sides was weighed to
measure mass of container, and weighed again after
filling with fresh cassava tubers. Mass of fresh tuber
was obtained by deducting the weight of empty
container from the weight of container filled with
tubers. Triple repetition of measurement was done
and the data were used to analyze for the density of

cassava tuber (Equation 1).

62

Figure 3 Container of 0.008 m®volume

for defining the bulk density.

M
o=|— (1)
\
where o = Density of cassava tuber (kg/ms)

M = Mass of cassava tuber (kg)

V = Volume of container (m?)

2.1.4 Coefficient of static friction of

tubers

This step was needed for designing
the angle of outlet for continuous flow of post-cut
cassava tubers. Tools with four components used
in the experiments included an oriented strand
board, steel sheet, stainless steel sheet and rubber
sheet. 10 repetitions per sample were performed
with two experiments (tranversal and longitudinal
modes) according to Mohsenin’s method [11].

Data were recorded and analyzed.

~

(@ (o)

Figure 4 Tools for measuring coefficient of static

friction. (a) transversal, (b) longitudinal.
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2.2 Experiment and performance evaluation in
cutting tubers from their rhizomes by using
manual labor

Cutting tubers from rhizome by human
labors was generally done by farmers. The
experiment was separated into 3 steps: Step1 —
picking pre-cut tubers from a pile, Step 2 -
separating tubers from rhizome with blade, and
Step 3 — disposing of post-cut tubers. The
experiment was done by three persons with 100
rhizomes per person. Data on working rate and
cutting loss after tuber-rhizome separation
(Equations 2 and 3) were collected throughout the
experiment and then calculated and analyzed

respectively. The experiment items included 300

cassava rhizomes, stopwatch and digital scale.

Figure 5 Cutting cassava tubers from rhizome by
human labors, a general method for farmers.
m,

Cp = )
txn

Where Cp = Working rate (kg/hour/person).

M, = Total weight of post-cut tubers

(kg).

63

t = The total working time of cutting
(hour).
N =The number of working persons
(person).
The cutting loss after separating tubers from
rhizome according to Nasr et al. [12] can be
calculated as
L = ™ 100 (3)
m, +m,
where L = Cutting loss (%).
M, = The total weight of post-cut
tubers (kg).
M, = The total weight of unsuccessful
cuts (tubers incompletely cut

from rhizome, kg).

3. Results and discussion

The physical properties of three tuber groups
(T1, T2 and T3) from 5 plots (200 rhizomes per plot)
showed that the stem shape of T2 provided the
highest average number of tubers (43.4%), and
cutting machine, whose actual usage would
followed by T1 and T3 (33.6% and 23.0%
respectively) (Table 1 and Figures 6, 7). A lower
number of tubers in T1 and T3 could be due to
cassava cultivar, soil conditions and environmental
factors. The high tuber number or high rhizome
weight could cause post-harvest loss when using
stem-picking and cutting machine, whose actual
usage would need further studies and researches

on this factor.
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Table 1 Percent of tubers per rhizome of stem shapes T1, T2 and T3.
Physical behavior Number of Plot
of stem shape tubers Plot no. 1 Plot no. 2 Plot no. 3 Plot no. 4 Plot no. 5 Mean Total mean
(group) (tubers/rhizome) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
15 11.0 12,5 13.0 18.0 16.5 14.2
6-10 70.0 68.0 715 69.5 73.0 704 336
N 11-15 35.0 47.0 37.5 46.0 405 412
>15 9.0 8.0 10.0 85 95 9.0
15 12.0 15.5 17.0 21.0 18.5 16.8
6-10 84.0 87.0 85.5 87.5 89.0 86.6 43.4
™ 11-15 55.0 57.0 67.5 56.0 66.5 60.4
> 15 10.0 9.0 1.0 95 10.5 10.0
15 9.0 10.5 11.0 13.0 12,5 11.2
6-10 54.0 57.0 60.5 56.5 56.0 56.6
3 11-15 25.0 27.0 285 26.0 245 262 23.0
>15 7.0 6.0 7.0 7.5 7.5 7.0
: ngu The study on size of cassava tubers showed the
g 80
= following results: diameters of three tuber sections
g 60
; j’ﬂ B (base, middle and end part) were 4.2-8.5, 3.1-6.7 and
-;, 30 W
§ ?E @ 2.1-5.3 cm respectively. Their lengths ranged
5 0 m
. 0100 . - between 2.2- 4.4 cm and their weights ranged
Number of tubers (tubers/rhizome)

Figure 6 Number of tubers per rhizome in

groups T1, T2 and T3 of each plot.

5 434

Percentage of tuber in each group (%)

Physical behavior of stem shape in each group

Figure 7 Average number of tubers per rhizome of

groups T1, T2 and T3.

between 0.2- 1.0 kg (Table 2). Average density of

cassava tubers was 820.83 kg/m”. (Table 3).

Table 2 Tuber average sizes from 5 plots.

Properties Diameter Length Tuber
(cm) (cm) weight
(kg)
Base Middle End
Maximum 8.5 6.7 5.3 4.4 1.0
Minimum 4.2 3.1 2.1 2.2 0.2
Mean 5.6 4.8 3.4 3.0 0.6
SD(#) 0.7 0.7 0.7 0.5 0.5

"The numbers represent mean values and * indicates the standard

deviation
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Table 3 Average density of cassava tubers.

Replication Box's Box’s Tuber Bulk

weight  weight + weight density

(kg) Tuber (k) (kg/m®)
weight
(kg)
1 3.04 9.44 6.40 800.00
2 3.04 9.54 6.50 812.50
3 3.04 9.84 6.80 850.00
Mean 3.04 9.60 6.56 820.83

Fresh cassava tuber on rubber sheet surface
had the highest coefficient of static friction (40.0-
42.0 degrees), followed by oriented strand board
and steel sheet surfaces (35.0-38.0 and 28.0-30.0
degrees respectively). The lowest coefficient of
static friction was found for fresh tuber with
transversal and longitudinal drive modes on
stainless steel sheet (25.0-27.0 degrees).
Therefore, steel sheet with 28.0-30.0 degrees was
considered suitable for actual usage in designing
machine outlet for long-term usage and high
strength (Table 4), according to the principle of
engineering design of Shigley and Mischke [ 13]
and the principle of agricultural machinery design

of Krutz et al. [14].

Table 4 Average coefficient of static friction for

fresh tuber on various material surface

Coefficient of static friction

Longitudinal/t Oriented stainless Steel sheet Rubber
ransverse Strand sheet ©) sheet
direction Board © ©

©)

Longitudinal 35.0 25.0 28.0 40.0

Transverse 38.0 27.0 30.0 42.0
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Experiment and performance evaluation of
cutting tubers from the rhizome by using human
labors indicated that farmers usually dug tubers
or pulled tubers out of soil and then separated
tubers from rhizome using a knife. The sampling
rhizomes had anaverage weight of 2.50
kg/rhizome with an average tuber number of 9.56
tubers/rhizome. The result showed an average
working rate of 352.53 kg/hr/person or 163.05
rhizome/hr/person and average cutting loss of
0.22% (Table 5). The three experiment steps
showed that Step 2 consumed the longest
average time (7.55 seconds/rhizome), followed by
Step 1 and Step 3(2.56 and 0.65
seconds/rhizome respectively) (Table 6). Step 2
needed longer time than other steps because of
the difference in rhizome size and higer tuber
number which would take longer operation time

for cutting, 3-8 times per rhizome.

Table 5 Average working rate and post-cutting
loss for tuber separation from rhizome by

manual labor, in accordance with farmer

practice.
Working rate post-cutting
Person loss
(kg/hour/ (rhizomes/h
(percent)
person) our/person)
1 360.50 168.21 0.25
2 350.34 170.31 0.22
3 346.77 150.65 0.20
Mean 352.53 163.05 0.22
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Table 6 Average operation time of tuber separation from rhizome by manual labor, in accordance with

farmer practice, classified by procedural steps in each operation.

Person Average time SD(#)
Operation procedure 1 2 3 (seconds/rhizome)  (seconds/rhizome)
1. Taking pre-cut rhizomes from stock pile 2.56 2.55 2.56 2.56 1.52
2. Cutting tubers from rhizomes by blade 7.55 7.53 7.56 7.55 1.30
3. Disposing of post-cut rhizomes 0.64 0.65 0.66 0.65 0.21
Total time 10.76 3.03

Figure 6 (a) Post-cut rhizomes by human labors, and

(b) post-cut tubers by human labors.
4. Conclusion

The study of physical properties of cassava
among 3 stem shapes, T1, T2, and T3 from 5 plots,
with 200 rhizomes each, indicated the highest
tuber number belonging to shape T2 with an
average of 43.4 %, followed by stem shape T1 and
T3 with 33.6 and 23.0 % respectively. As for the
tuber size, the diameters of tuber for all 3 sections
were 4.2-8.5 cm for base part, 3.1-6.7 cm for
middle part, and 2.1-5.3 cm for end part. Tuber
lengths ranged from 2.2-4.4 cm and the weight
was between 0.2-1.0 kg. Average bulk density of
tubers was 820.83 kg/m°. The coefficient of static
friction for the steel sheet in the longitudinal and

transversal directions was between 28.0° - 30.0°.

performance in cutting cassava tubers from their
rhizomes using manual labor an average working
rate of 352.53 kg/hour/person or 163.05
rhizomes/ hour/person, with an average of 0.22 %
post-cutting loss. Among 3 steps of operation
procedure, Step 2 was the most time-consuming
operation in each cycle. The reason for the longer
cutting time taken in this step was because of the
large number of tubers to be cut and separated,
at values about 3-8 cutting times for one rhizome
or an average of 7.55 seconds per rhizome, whilst
Steps 1 and 3 spent averagely 2.56 and 0.65

seconds/rhizome respectively.
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Abstract

This research aimed to evaluated the durability of two diesel engines, four-stroke, single cylinder.

The diesel and B40 were compared. The continuously exhaust gas for 300 hours at 1400 rpom was

inspected. The results show that, the agricultural engine using B40 emitted exhaust gases at an

average of 8.3 °C, higher than the diesel engine. The emission test, the engine using B40 showed

averages of CO, CO, and O, close to the engine using diesel. NO and NO, of the engine using B40

average was 189.87 ppm, which was 48.13 ppm higher than the diesel engine (Not higher than

standard). Engine using B40 (Yang-na fuel) emission black smoke are average 2% higher than

diesel. All test results indicate that B40 can be used to replace diesel.

Keywords: Yang-Na oil, Exhaust gas, Diesel engine, Dipterocarpus Alatus Tree
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TafMUUARMNIN ANIIFIEIN WATFIY dniuegnauIngau B40
1.AYNNAUNE W 15.6/15.6 °C 0.81 <x<0.87 ASTM D 1298 0.92* 0.87
2. fildinu Taisndn 40 ASTM D 976-06 27 4
3.Aunile (ruialang) 1.8 <x<4.1 ASTM D 445-15a 4.7* 36
4.qnlwawm ('C) lidgenda 10 ASTM D 97-16 -39 -6
5.Muztu Gaaazing ww.) Taigandn 0.005 ASTM D 2622 0.00 0.00
6.N13NANTRULEUNBIUAS ldgendnvuneias 1 ASTM D 130-12 1 1a
7. 8fasnwsanafiaUfisaneendindis o
B Taiganan 25 ASTM D 2274 27" 118
(nTu/au..)
8.1ndu (Fazazing W) Taigandn 0.30 ASTM D 86-15 0.00 0.2
9.4 (wn./nn) Tadgendn 300 EN ISO 12937 270 182
10. & lmtowianun (un./nn) Tdgendn 24 EN 12662-2009 473* 13
11481 Gaaazing wu.) Taigandn 0.1 ASTM D 482-13 0.0 0.9
12.4a01W (C) Tadpndgn 52 ASTM D 93 104 78
13.119N8U gungRnnauls o
o Taigandn 357 ASTM D 86 257 338.2
TaetFunmnsludnsnfaaas 90 ('C)
14 In@landn ezlanndnlalasasuen o
. Tadgandn 11 IP 391 1 4.8
(Fezazlng i)
15 luTedmadsmuiaesnas (% vol.) 35<x<7 ASTM D 14078 0.00* 6.7
16.AnuaNTRNTUARAY sa8TAT9u o
1NQQHQW 460 CEC F-06-96 168 348
(lulmsims)
17.8
17.1 10n1093 RN ASTM D 1500 VLN VLN
17.2 Andueesd Tdgendn 5 15 15
= - 3 o o
FNFINN 2 ﬁwlmﬂﬂ?zﬂ@ummmuum\ﬁmﬂ@u
s1edAlszneay Auta [21] Karanja oil [22]  soybean oil [23] 1suEN9uINAY 115334 B40
Carbon(C) 81.82 74.20 77.40 84.74 82.99
Hydrogen(H) 17.57 12.90 11.50 18.28 17.85
Nitrogen(N) 0.003 3.900 0.001 0.004 0.003
Sulfur(S) 0.220 2.000 nd. 0.254 0.234
Oxygen(O) 4.633 12.80 10.50 7.055 5.602
H/C ratio 2.580 2.670 2.620
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