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Abstract: One way to use biomass waste is to convertit into solid fuel or commonly called briquettes. To
obtain good quality biomass briquettes. the biomass raw material is processed in biochar through a slow heating
process at low temperatures known as to reflation. One of the efficient heating technologies to carry out the to
refaction process is to use microwave radiation. In addition, thefffurpose of this study is one of the results of
applied research funded by Ristekdikti through DPRM in 2019. The purpose of this study Is to determine the
temperature required by a microwave transformer using the computational fluid dynamics method ( CFD). The

vaf@les in this study were variations in powerof 100 W, 150 W and 200 W with time variations of each power
of 30 minutes, 60 minutes, 90 minutes and 120 minutes. The results showed that the best temperature was
reached by a device with a voltage of 150 W with a burning time of 90 minutes. A good material used for
reactors with low conductivity (glass) produce shigh temperatures (45, 105, 165, 225 oC) at 30, 60, 90, 120
minutes.
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I. INTRODUCTION

The use of heating devices in people's lives is very useful, especially to support food warming [1]. An
example of a microwave heating device used is for heating food. Microwave heating does not occur due to
temperature gradi but to the propagation of the waves. The microwave works by emitting microwave
radiationffdfough food. Microwaves cause the water molecules in food (o rub against each other so they can
produce heat that matures the food. Therefore, foods that have a high water content, such as vegetables, can be
cooked fasterEX).

The use of microwave energy in the microwave includes the mechanism of heat transfer by radiation.
Radiation is the transfer of heat from one object to another, without physical contact, through wave motion [3].
Microwave waves use microwaves and go to the heating chamber. Microwave electromagnetic energy has also
been widely used. Where rapid heating time and volumetric heating are the advantages of microwave heating.
With the development of microwave heating technology. the researchers used it in the biomass toreflation
process [4-7]. Huang et al. [8] found that only the use of energy in a 150 W microwave heater for 10 minutes
can increase energy density by 14% in rice stalks that have undergone a toreflation process. This sifvs that the
use of microwaves in the roasting process has good efficiency. The parameters that lead to oven performance
are air velocity, relative humidity, temperature, time aff) the nature of the coating [9]. The temperature should
be maintained at 250 © C until completely dry. It is known at temperature and maintenance time are two
important parameters for biomref roasting [ 10]. Therefore, the effects of the two parameters on the solid and the
energy efficiency, as well as the fuel properties of the solid product, are investigated.

The purpose of this research is to study the temperature and the distribution of energy required in a
microwave oven drying through a computer model to simulate that it is more effective. The second objective is
to discover what reactor material is effective for uniform microwave temperature distribution. To test the effect
of temperature in a microwave, three powgl variations of 100, 150 and 200 watts are stored in four maintenance
times of 30, 60, 90 and 120 minutes. ThefElain part of this system is a cylindrical reactor made of glass with low
thermal conductivity with height = 310 mm and intemnal diameter = 50 mm. Study of the microwave heating
chamber using the computational fluid dynamics (CFD) method. The dimensions of the heating chamber to be
evaluated have a dimension of 25x25x22.5 em (PxLxT).
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1. BASIC THEORY

According to the results of the research carried out by Febijanto [11], the use of biomass residues has
not been carried out optimally, for example, clusters of empty oil palm fruits simply burn and rice husks are use
as fertilizer or small industrial fuel. This technique is performed by heating the biomass slowly at temperatures
between 200 OC - 300 OC to release the content of non-flammable substances such as hemicellulola and lignin,
to produce biochar products that are low in fiber, easy to form in briquettes and have density values energetic
which is tall [12]. To overcome these weaknesses. it is necessary to give an early treatment to the biomass
before it becomes briquettes. The initial treatment given both thermal. mechanical, chemical and biological wall
facilitate the process of energy conversion and increase the economic value in the use of biomass [13].
Investigate [14] dimensions of a tubular type reactor (screw conveyor) with a@pacity of 5 kg / h,
temperature of 275 C and a residence time of 30 minutes. The design parameters used are density (p) = 230 kg /
m3, rotation speed (n) = 0.5 rp load efficiency (@) = 0.25, step distance (S) = 0.5 D. The results obtained are
dimensions reactor: Dt = 8 in, Dserew = 195 mm, passage distance (S) = 100 mm, reactor length = 1600 mm.
The energy balance analysis shows that the heat requirement for this refraction process is 1.27 kW. Through
energy analysis and thermal simulation with Solidworks software, for an internal reactor temperature of 275 C
and an external temperature of 311 C.

Research [15] on simulation systems consists of a drying reactor (Rstoic), a torefaction reactor
(RYield), a separator and a separating separator. The drying process is maintained at 100 ° C and the repair at
275 © C occurs continuously in the tubular reactor. The results of the simulation show that the residual water
content of the feed influences the energy requirements of the drying process and the waste refraction process.
The energy requirements of the teorection increase around 1.3 kW - 3.2 kW in the variation of the feed waste
water content from 30-80%, while the production of solid fuels is reduced by approximately 1.9 kg / hour to 0.5
kg / hour.

IIL. METHODOLOGY
The geometry used in this simulation consists of four parts, namely (1) microwave air fluid, (2) glass
sample wall (3) air fluid on the sample, (4) sample. The model is created in Autodesk Inventor software and
then exported in IGES format to be compatible with the ANSYS environment.

A-A

o

Figure 1. Dimensions of a modified microwave appliance

3.1. Computational settings
1. Time: the transient simulation changes the temperature with respect to the time due to the heating
process)Gravity: -9.81 m / s2 (the gravity equation is used to facilitate heat transfer by natural convection)
2. Energy: activated (the energy equation 1s activated to facilitate heat transfer and temperature changes in
all computational domains)
3. Radiation: surface to surface (the radiation model is activated to facilitate the heat transfer of radiation,
as well as for the radiation power input)radiation input: input according to the power (power value entered
to the microwave wall surfaces according to the power variations)
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3.2 Transitional adjustment
1. Time step size: 10 s (the simulation is performed with an accuracy of 10 seconds)
2. Number of time steps: 720 (a 10-second simulation of 720 times was performed, so that a total time of
7200 seconds or 120 minutes is obtained)
3. Maximum iteration / time step: 10 (number of iterations every 10 seconds)

IV. RESULT AND DISCUSSION
4.1. Temperature distribution in the microwave room.

The unit of temperature shown in the figure is the Kelvin unit (K), where the value is the temperature
produced in the microwave heating chamber. In a microwave divided into two chambers, the microwave
chamber is the space between the microwave wall and the reactor wall, while the second space is the space
inside the reactor limited by the glass wall.

4.2. Simulation results with 100 watts of power.

— [ Togarshon

e e~y g
L L) mm
i o raz s e
T et T
Tiama raam 0 s
e aricea =i
el seany o
warm % e i
smr s =
i iz a1
W TH 08 TT2 25
ey arar e
oI atna ey
i3 wzrr e
mawe il L
mam 14 e
el e o an

L] L] ™l

30 menit, 100 watt 60 menit, 100 watt 90 menit, 100 watt 120 menit, 100 watt

Figure 2. Microwave ambient temperature at 100 watts of power

4.3. Simulation results with 150 watts of power.
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Figure 3. Microwave ambient temperature at 150 watts of power

4.4. Simulation results with 2000 watts of power.
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Figure 4. Microwave ambient temperature at 200 watts of power
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Effect of power on reactor temperature
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Figure 5. Effect of power on reactor temperature

Judging by the results of the previous simulation, the microwave space between the microwave wall
and the reactor wall, the results are distributed almost evenly. High and low temperatures seen by the color it
produces, the more concentrated the red, the higher the temperature.

Temperature distribution that oceurs in a microwave heating chamber, as shown in the image above.
The more intense the red, the higher the temperature produced, and the more uniform distribution shows the best
propagation. From the above results, the propagation in the microwave room shown uniformly in Figure 3 is 150
watts of power with a propagation time of 90 minutes at a temperature of 943 © K. These results are the most
efficient, since high temperatures and rapid propagation time produce hiflemperatures.

From reseaf@BJ[16] it is known that the optimum results with the highest temperature obtained at 418
W of power, for the heating rate and thermal efficiency of the reactor, respectively obtained 757 oC, 12.1 oC /
minute. A study by [17] Unlike conventional heating, microwaves generate heat from inside the product, so that
it has the potential to be used in drying, pasteurization or sterilization technology and in agricultural produets in
the smoking process that It replaces chemical spraying.

Table 1. Variations in the conductivity of the reactor material.

High Average Low
Time conductivity | conductivity | conductivity
(menit) | (copper) (steel) (glass)
30 45 45 45
60 75 75 105
90 135 135 165
120 165 195 225

Effect of reactor conductivity on temperature.
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Figure 6. Effect of reactor conductivity on temperature.
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In the previous graph it can be seen that the material of the reactor in the microwave also affects the
temperature distribution. There are three types of conductivity materials used. including high conductivity
material (copper). medium conductivity material (steel). low conductivity material (glass). From the previous
simulation results it can be seen that the high conductivity material (copper) produces a temperature of 45, 75,
135, 165 C at 30,60,90,120 minutes. In medium conductivity material (steel) produces a temperature of 45, 75,
135, 195 C at 30,60,90,120 minutes. In the low conductivity material (glass) produces a temperature of 45, 105,
165, 225 C at 30,60.90,120 minutes. Therefore, it can be concluded that the material with low conductivity
(glass) produces high tcmpcn]lrcs at the same time as the distribution.

According to [18], microwaves enter the cooking area through the openings in the oven. A turntable or
tray is located at the bottom of the oven. Microwaves cannot pass through the metal walls of the oven, but glass,
porcelain and paper, the material used to make microwave-resistant dishes. can penetrate. Research [19] shows
that the greater the power and time spent, the greater the percentage of mortality of Sitophilus zeamais. 100% of
Sitophilus zeamais mortality is achieved at 480 watts of power in 120 seconds and 720 watts of power in 90
seconds and 120 seconds. The use of microwave ovens is more effective than the use of hot air drying ovens. In
microwave treatment, 100% mortality from Sitophilus zeamais was achieved at 480 watts for 120 seconds. As
for the hot air dryer, it takes 25 minutes. The number of descendants of imago after storing rice for 30 days
decreases with the addition of potency and treatment time. The descendants of Sitophilus zeamais begin to be
invisible with a power setting of 24 watts for 120 seconds.

V. CONCLUSION

The results of this study can subsequently be used as an alternative solution to the use of agricultural
biomass waste, to support the development of new and renewable energy, as well as the alternative development
of independent businesses for institutions, governments and communities. Reactors made of glass material are
resistant to high hcamlt heat is difficult to conduct. Causing the difficulty of heat through the reactor wall. At
100 watts of power, 30 minutes, 60 minutes, 90 minutes, 120 minutes of propagation in the microwave room are
not evenly distributed as a whole. The temperature generated in the microwave room is also low, between 300K
and 874K. The temperature inside the re§ibr remains low, between 338K and 453K. This is due to the low
output power. With 150 watts of power, 30 minutes, 60 minutes, 90 minutes, 120 minutes, the spread in the
microwave room is not evenly distributed as a whole. The resulting temperature in the microwave room is also
still low, between 568K and 943K. The temperature inside the reactor is between 338K and 557K. Here the heat
generated is mdfElldeal and the necessary power is low, and the heating time is also low, 90 minutes. At 200
watts of power, 30 minutes, 60 minutes, 90 minutes. 120 minutes of propagation in the microwave room are not
evenly distributed as a whole. The resulting temperature in the microwave room is also still low, between 799K
and 1053K. The temperature inside the reactor is high, between 393K to 698K. This is caused by the power that
goes too high. The necessary power is too high, which causes the reactor to heat quickly and burn the material in
the reactor quickly. The flammable material will cause damage to the material and many substances that will be
lost. A good material used for reactors with low conductivity (glass) produces high temperatures (45, 105, 165,
225 C) at 30, 60, 90, 120 minutes.

ACKNOWLEDGEMENTS
This research cannot work without problems without the support of several parties, this time the
researcher would like to thank:
1. The Ministry of Research, Technology and Higher Education has fully funded this research.
2. Universitas Muhammadiyah Ponorogo, which has facilitated researchers to participate in competitive
grants from Kemenristekdikti.

REFERENCES
[1]. Pitchai, Krishnamoorthy, Electromagnetic and Heat Transfer Modeling of Microwave Heating in

[Pmestic Oven, Dissertation and Theses in Food Science and Technology, 2011.

[2]. Puryani. 2007. Aplikasi Gelombang Mikro (Microwave Oven) Dan Gelombang Ultrasonik Sebelum
Proses Maserasi BuahVanili (Fanilla Planifolia Andrews) Hasil Modifikasi Proses Kuring. Institut
(2 tanian Bogor.

3] Soesanto, H. 2007. Pembuatan Isoeugenol dari Eugenol Menggunakan Pemanasan Gelombang Mikro.
B kripsi]. Bogor: Departemen Teknologi Industri Pertanian. Fateta. IPB.

[4]. Gronnow M.JI., Budarin V.L., Masek O., Crombie K.N., Brownsort P A., Shuttleworth P.S., Hurst P.R.,
dan Clark J.H. 2013 Global Change Biology Bioenergy5 144-152

www.ijlera.com 2019 ILERA — All Right Reserved 29 | Page




International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137

calume —04, Issue — 11, November 2019, PP — 25-30

[5].

[6].
[7]
[8].
[9]).

[10].

[11].
[12].
[13].
[14].

[15].

[16].
[17].
[18].
[19].

Ren 8., Lei H., Wang L., Bu Q., Wei Y., Liang J., Liu Y., Julson J., Chen S., Wu J., dan Ruan R. 2012
[EEkrgy Fuels26 5936-5943

g Y.F., Cheng P.H., Chiueh P.T., dan Lo S.L. ZOl'm)p]_ Energy204 1018-1025

g Y.F., Sung H.T., Chiueh P.T., dan Lo S.L.. 2017 J. Taiwan Inst. Chem. Eng.70 236-243

ang Y .F., Chen W.R., Chiveh P.T., Kuan W.H., dan Lo S.L. 2012 Bioresource Technol.123 1-7

Blotta, W.E. Stewart, EN. Lightfoot, 2011, Evaluation of speckle-interferometry descriptors
ancasu ring drying-of-coatings. Signal Processing, 91, 2395-2403.
Chen W-H, Wu Z-Y, Chang J-S. Isothermal and non-isothermal torrefaction characteristics and
kinetics of microalga Scenedesmus obliquus CNW-N. Bioresour Technol 2014;155:245-51.
Febijanto I 2007 Jurf@@Bainsdan Teknologi Indonesia9 65-75
E’lzalcs-]?crnandcs C.. Sialve B.. Bernet N., dan Steyer J.P. 2012, Biomass and Bioenergy40 105-111
Almeida G., Brito J.O., dan Perre P. EUanmrcsourcc Technologyl01 9778-9784
Fariz, M., Mesin, J. T., & Lampung, U. (2017). Perancangan dan Simulasi Termal Reaktor Torefaksi
Kontinu Tip@ ubular Untuk Produksi Bahan Bakar Padat dari Sampah Kota.
Trivadi, D. (2017). Simulasi Proses Torefaksi Sampah Sistem Kontinu Menggunakan Software Aspen
Plus.
Mesin, I. T., Teknik, F.. & Semarang, U. N. (2016). Analisis Karakteristik Termal Reaktor.
Mikrowave, T. (2009). T'rend Teknologi Mikrowave pada Industri Pertanian. (54).
ErRSW5A4519.pdf. (n.d.).
Anas, K. (2007). Pengaruh Perlakuan Daya Dan Waktu Oven Gelombang Mikro Terhadap Mortalitas
Serangga  Sitophiluszeamais (Coleoptera :Curculionidae)Dan  Kandufff Pati  Beras. Skripsi.
Hmeramam, eu1l 21(235), 245, Retrieved from
http://repository.ipb.ac.id/bitstream/handle/123456789/1 1770/F07kan.pdf?sequence=3 &isAllowed=y

www.ijlera.com 2019 ILERA — All Right Reserved 30 | Page




Analysis of Temperature Distribution and Reactor Material in

Microwave

ORIGINALITY REPORT

22 17. 9 14,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to University of Kufa

Student Paper

Sy

E)

digilib.unila.ac.id

Internet Source

2

Quang-Vu Bach, Wei-Hsin Chen, Shih-Cheng
Lin, Herng-Kuang Sheen, Jo-Shu Chang. "Wet
torrefaction of microalga Chlorella vulgaris ESP-
31 with microwave-assisted heating", Energy
Conversion and Management, 2017

Publication

2

mafiadoc.com

Internet Source

1o

Paisan Kittisupakorn, Patsarawan
Lipikanjanakul. "Simulation Study of
Temperature Distribution in the Thermal Drying
Oven for a Lacquer Coating Process", Elsevier
BV, 2015

Publication

1o

link.springer.com



Internet Source

1o

=0

www.scribd.com

Internet Source

1o

Anne K. Starace, Robert J. Evans, David D.
Lee, Daniel L. Carpenter. "Effects of
Torrefaction Temperature on Pyrolysis Vapor
Products of Woody and Herbaceous
Feedstocks", Energy & Fuels, 2016

Publication

1o

etheses.whiterose.ac.uk

Internet Source

1o

RN
(@)

repository.ipb.ac.id

Internet Source

1o

—
—

pesquisa.bvsalud.org

Internet Source

1o

-
N

es.scribd.com

Internet Source

1o

RN
w

research.library.mun.ca

Internet Source

1o

—
N

ibimapublishing.com

Internet Source

1o

-
&)

Submitted to Universitas Negeri Semarang
Student Paper

<1%




Submitted to Waipahu High School
Student Paper p g <1 %
Mahmoud Amer, Mohamed Nour, Mahmoud <1 o
Ahmed, Shinichi Ookawara, Sameh Nada, °
Ahmed Elwardany. "The effect of microwave
drying pretreatment on dry torrefaction of
agricultural biomasses", Bioresource
Technology, 2019
Publication
Submitted to The University of Manchester
Student Paper y <1 %
hdl.handle.net
Internet Source <1 %
Submitted to French American Int'L High School
Student Paper g <1 %
S. Kalamatianos. "Bifurcation Behavior of <1 o
Premixed Hydrogen/Air Mixtures in a °
Continuous Stirred Tank Reactor", Combustion
Science and Technology, 11/1/1995
Publication
docplayer.info
InterneFt)Souyrce <1 %
Submitted to Lincoln Park High School <1 o

Student Paper

www.foodlandindia.com



Internet Source

<19

eprints.umpo.ac.id

IntFe)rnet Source p <1 %
www.jdmdonline.com

Internet SJource <1 %

Nhuchhen, Daya, Prabir Basu, and Bishnu <1 o
Acharya. "A Comprehensive Review on °
Biomass Torrefaction”, International Journal of
Renewable Energy and Biofuels, 2014.
Publication

H. HayklrleF:ma, S. Yaman. Burnlng <1 o
Characteristics and the Fuel Properties of the
Dry-Carbonization Chars of Sewage Sludge",
Journal of Thermal Science and Engineering
Applications, 2019
Publication
Submitted to Sequoyah High School

Student Paper q y g <1 %

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



	Analysis of Temperature Distribution and Reactor Material in Microwave
	by Ghulam Buntoro

	Analysis of Temperature Distribution and Reactor Material in Microwave
	ORIGINALITY REPORT
	PRIMARY SOURCES


