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Abstract

In the small-scale palm mill industries, the processes have produced low-quality crude palm
oil. The oils have high free fatty acid content (FFA) and low deterioration of bleachability index
(DOBI), classified as grade B oils. Since, the palm fruits are being treated with hot air for too long
time for pretreatment, drying and pressing. In this research, a microwave will be used as a heating
source for pretreatment to shock the fresh palm fruits by rapidly increasing the temperature.
Microwave heating can inhibit the action of lipase in the reaction hydrolysis to decrease FFA content.
At the same time, microwave heating will melt crude palm oil in mesocarp, increasing DOBI. To
develop microwave heating system, microwave propagation in the waveguide and cavity are modeled
and simulated, therefore optimum dimensions of cavity and positions of waveguide installation were
obtained. At the optimum conditions, the electric intensities of 2.45 GHz microwaves are strongest
at the position of palm fruit placement. The optimum dimension of the cavity is 33 cm x 33 cm x
33 cm. Verification of the microwave field distributions in the cavity was consistent with the
experimentally heating profile of the water load. And analysis of CPO from oil palm fruit heated by
microwave, FFA decreased to 1.5+0.3 percent. DOBI increased in lower power microwaves and fell

in higher power microwaves.
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1. Electromagnetic wave equation

vx,,,-'(vxi;)-k;(g, L ):o

0g,

v

2. Geometrical model

v

\

3. Define the specific properties of
the material and boundary conditions

J

v

4, Determine element

v

5. Finite Element Method

L 2

6. Solution £=F(x,y,z)

Figure 1
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Flowchart for the modeling of the cavity by COMSOL Multiphysics.

Funeudl 4 MuuavUIAveIBALA (Ele-
ment) neluretirdunaznielusiesniu lay
sausasiieudarudulasimidie (Mesh) B4
daudlvuadnagyinliauisamulamnauny
Tl daziBuniu LLasgﬂﬁaqmﬂsﬁu

Funeudl 5 uauniseduiidenlutuneu
7 1 warldiFoulvvoummiiomarvesaulndagi
funisinanaeluriethadusaznneluiesndudie
se suislnlundaiun

Suneuit 6 uansevosaulin (£) 9

Auntseinge) Tu 1 67 2 968 wse 3 46



Ui 30 avuil 4 nsngInu-Aavinu 2565

5a15mermansiasinalulad

2.3 wuu1aa93Uie (Geometric model) uaz
1997894
wuudaseguisvesglalasnildlunis
Anwinisideuiivesedulilasnnluiethaduuas
Turiesrduiidnuase (Fisure 2) Inermuslviosnau
\Wugnuiedeun L x L x L cm® uagiiviethndy
TUIA 5.5 x 9.6 x 10 cn’ $1U3n 1 ioRnfisumis
Ainansveatsiesnd tnevesrdunaziernnduyi
Pnuudnshilddianumunwas lanusumiu
adululasivivun TE, AUE 2.45 GHz fds
800 Jndazgnnszduigafanansasinuusnuesie
iheduliedeuiuriethadudiluluiesndu Tngld
WUUT18893UTNUALRUUTIA0IMIARINANEN T DY
adulalasan worluss COMSOL Multiphysics 4
annsodaszimavesaunalwihilidutunan
fisumilannagneluriethedusazansluiesniu
diendn L fimungauuasmudnaiifiouiaves

2.3.1 11591800 W9NIYUINYIIRDIAEY

asdspaululasneud 2.45 GHz 910
wiasiiliandy undnsew) diuviethaduuun
wnsgrudmiuluun TE dludsasadunuy
daflnum (Multi-mode cavity) Useansninlunns
ﬁqwﬁaawuﬂﬁuiuiﬂsLaWaz%uagﬁumuﬂmmaaﬁaq
pAuLazlndlannselnan (Dielectric load) nely
Wourdy osnnndnuvesrdululasnnudsiu
assfvaulnihenidaes B2 lurasiivunnves
Wosrau (L) wazlnaniinaselnuanisiinslouuus
(Resonance modes) sanauiisneluriosnau a9
Mldanuduvesausniwessazluualivin
fu Fehdsimssiasaiiemauinveiesnaud
ﬁﬂﬁﬁmumh\lﬁﬂﬁﬁmmL‘ﬁmqqqm TnennsiUasy
yunvesesndulutag 32 - 34 g fmuanden
(Resolution) 0.1 @3 LarazyinN15IN@a99 2 NTAD
dlofuresrduinaddr (Empty cavity) wauidu

aunulnihasiniae inspduniladiansinivan anvzduagladian
AINFUTNNTINTEUDN 1NBYNFIUNUIAINA1DY
03 - - R
Microwave generator
55 om [ ‘\5—3
9.6cm -~ 10cm
% Radius (r)
I High (h)
n e
- Tength () ==
2 02 -
s’.Lx o 0 o O‘ength o2 =

Figure 2 The 3D figure which including a cubic cavity of L x L x L cm’, load, waveguide, and microwave

generator.
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Figure 3 The 3D figure which including cubic cavity of 33x33x33 cm’, load, waveguide, and microwave

generator for study of the wave field distribution.
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Experimental setup for the study of microwave field distribution.
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Figure 5 The dependence of total electric field (Total E?) on cavity size for no load.
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—%— 40 [em’]
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load height 5 cm

1000 . :

Power absorption [W]

33
L [cm]

325 33.5

a

—*— 40 [em¥]
—®— g0 [cm®]
—+— 80 [cm’]

load radius 5 cm

800 . .

3
o

400

300 -

Power absorption [W]

200 7

32 325 33.5 34

a Load’s height is 5cm b Load’s radius 5 cm

Figure 6

and (b) load’s radius is 5 cm.
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Power absorption when the load’s volumes are 40, 60, and 80 cm3 for (a) load’s height is 5 cm
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Figure 7 Dependence of electric field intensity on frequency.

3.1.4 n5nsz1giavavauIlnin
nsnsgaemvasauulnii E (xy,z) nely
NOIAAUIZLANINA1TTIUAY (Superposition)

m
E, = E,qcos (—
mrn

yoSin (—

E
L

y:

e m, n uaz p usuawiy Taei E_uag
E, | PouawddgauedE uas E, AUAIRU mauﬂmuwﬂ
I‘wm (m, n uag p 1m LLa ﬁ]Jme E*(x,y) =
(Zm,n,pEx)Z‘l' (Zm,n,p y) [26] (Figure 8)
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Figure 8 The values of E* on xy plane when z = 0, 1, 2, 3, 4, 5, 6 and 7. The electric field intensities are

expressed by color bar, dark blue and dark red have lowest intensity and highest intensity,

respectively.
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Figure 9 The variations of normalized E* and measured temperature on x-axis when y = 10, 15, 20 and 25

cm when z = 0 cm for the water load.
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Figure 10 Dependence of FFA on microwave power after heating of fresh palm fruits.
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