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Abstract

The research studied the effect of the fluidized bed drying technique on drying kinetics and fissure of
rice kernel (Suphan Buri 1) using hot air at drying temperature range of 85-130°C. The three-dimensional
mathematical model was developed to simulate the evolutions of the moisture content, temperature and
stresses within rice kernel during drying. The simulated moisture content and temperature of rice gain
were favorably in agreement with experimental results. The simulation results showed that the maximum
moisture and temperature gradients within rice kernel occurred at the drying times of 35 and 6 s,
respectively. The moisture and temperature gradients were found to decrease with increase in drying time.
The magnitude of moisture gradient was remarkably higher than the temperature gradient and thus the
moisture gradient was a main cause of fissures in rice grains. The maximum stress was found near the
middle region of kernel and had the value of stresses about 118 MPa.

Keywords: Brown rice; Drying; Effective Diffusivity; Finite Element; Cracking
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Aawin luneass st unssimzdfenliidu
P1INKD LLﬁaLLﬁﬁwqm%Qﬁ 35-37°C Lﬂﬁmuﬁﬁnﬂ
4 T lagannszniinTy 36 Talus azfiatanaas
30N PEINNNTZLIRMINTIIETANUTH
52 %dry basis MniwihgInNgasIenNaLLRS
LLUUWgﬁ"Lme@@T’Jslmmﬂ%”auﬁiaqm%nuﬁ 85, 100
Waz130°C ﬁﬂamgdm@ 8 cm uazANNLTIVaY
2INABLLAY 3.9 mis I@wgwfiﬂummﬂﬁaaﬂ
NnRBIaULAINaUIN|TT8a2 80 WAIKNRNAL

ANIALINANTILAY 20 LA IRAMNTAUANATIIN

]
ad v

@Tqmﬁgmmaamiﬁamzvlmmeﬂﬁaaaml,ﬁd
ihteenaninIasauuisniaaeg 9 uydly
‘mﬂ%mmmm%mmzqmwgﬁmﬁﬂiﬂUmﬂd
éﬁamaLiﬁ"l,ﬂum%uzﬂ@ﬁ'ﬁmammmzaa@mﬂ
maﬂwﬂ”ﬂLflavz]”w"l,ﬂnm‘lmﬁ"a'?@qmmgﬁ NRIN
ANMUTUAARIAITZAL 1920 %dry  basis T
naassaniiivluzialva 30 wif tNeannw
LANAIANNTH wazthdsanmawageusn 30

U AUAMNTURARIDITZAL 13-15 %dry basis

3. LUUIRDIAHAAITAS
3.1 JUseaEnzing
mﬁ@“ﬁnlmmuﬁmaaLﬂugﬂmﬁ'ﬂﬁ (Prolate
spheroid) LNAATIAVWIAAMULID (WNW Z) NI
(WD X) LRZWUW (N y) WAL 7.58, 2.21 LAz

1.71 mm @yudaU I@ﬂ@‘mmm?@ﬂuﬁﬂmomﬁm



matszguinmueaietneimnsmiaiasnauislszinalng a3 28 (1) E 4

MNETT28

Wha x, y uaz z Aewviniueud Swnefiuud
YAINFATIINANYINNY 9057 LadNuIulaBLunG
' c?n ada . A
ARIWNAITTWIIINITG Mesh independent test <4
A o A o A A o o &
LBNIIWIU mesh ﬂuawq@ﬂm’t%mmmmmu
A8V NAATI U As w8l A 1% frual
WA U9 mesh 1w Triangular uaz138193 mesh

vuUY Tetrahedral @9 LLﬁ@ﬂ%gﬂﬁ 1

Eﬂﬁ 1 ;Jﬂ*hdmﬁm”n

3.2 LUUFIABINITAYNANINTDUUATNINETS
FUNINITNLNNINYBINEATIINABIFINTD
uaadldasaunngmaianusauseaisos

(Fourier's law of conduction)
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(Fick's second law)
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A A a_ ¢ v o ¢ ] o v . =
laaf [D]  AouniSndanuaunusszninennu WA FWINAULAY (Stress  Field)  luluda
\W-ANULATEAYRITRqHanE s (Elastic  Stress- 177 §IUNIFUWIUNININIIATINDEIA A9

. . o lal v A l;/ q‘l: v v lﬂl a v
Strain Matrix) lunsdwimazisulasmsuiauns wialuduamsnultnmsudaunsi (10) uids
(16) tWad I {dn}annnudsldaunsn (1) fndnaau sumslasltsndo v inludlafiauned

Y o A @ ™ . . .

lunmamn  {de} uadsltaunian 8) lumawa ¢eldsunsy COMSOL  Multiphysics ~ Version
{dgp}l,wdaﬁﬁvlﬂlm“luaumsﬁ (12) §RIUMT 3.3

= ' en Y = °
AN 1 maum\‘mdmwmaumaammﬂﬂ"ﬁlmmumaaa [4, 5]

RUNI GIV’J Wiy AMMNRNY

(17) Ca C, =1.00926E3— 4.0403E — 2(T) + 6.1759E — 4(T 2) —4.097E - 7(T %)
(18) Kq K, = 2.425E — 2+ 7.889E —5(T) —1.790E — 8T 2 —8.570E —12(T %)
(19) Pa pa =101.325/(0.287T )

(20) Uy 115 =1.691E — 5+ 4.984E —8(T) —3.187E —11(T 2) + 1.319E —14(T %)
(21) Dya Dy = —2.775E — 6+ 4.479E —8(T — 273.15) +1.656E —10(T — 273.15)
(22) . Re =pa-U-Dp /i,

(23) S Sc = #a/(Pa * Dya)

(24) Sh S, =2+ (0.6R§-5SC°-33)

(25 hyn = (Sh x Dya /Dp )

(26) N, N, = (0.46R§-5)+(0.00128Re)

(27) hy hr =(Ny -ka)/Dyp

(28) hig hg = (1+(2.496exp(-21.733)M ))x (2502 — 2.386T ) x 1000

(29) cy ¢, =1.883E3— (1.6737E — )T + (8.4386E — 4)T 2 — (2.6966E — 7)T 3
(30) Cw Cy = 2.8223E3— (11.828)T + (3.5043E — 2)T 2 — (3.601E —5)T 3

(31) M, log(L— RH) (1/2.66)

Mg = (1/100){ [6]

(=3.2184E — 6) x (T +198.143)

We ¢, =auiausuwizvasenme (JkgK), k, =amsianusauluanmea (Wm-K), Pa =ANUAWIUUBV

8 (kgim), ya=é’wﬂ3z§ﬂ§%mwﬁmaommﬂ (kg/m*s), , Rg=Reynold number, S.=Schmidt number,

oot a A€ et a Af v
S, =Sherwood number, hy, =8NU3EANTNNIWINIA (m/s), N, =Nussel number, hy =FNUIERNTNITAIANNTEY

2 Y a d a 4
(W/m™K), hgg=anusauudinamaszing (Jkg), T =gampilladoasormeameluiue (C), Taps =amingiliade

yasenmeamalwua (K), ¢, = aAnusauduwizadlasiluanmea (JkgK), ¢, =anusaunstwizaanin (J/kg.K)

AN 2 MFNLANINAMUTIBUESNIINMENTNYBIT [6]

FUMT  aawls

ﬁ@Jﬂ’]iLaﬂJVLW%ﬂuﬂ LazANAIN

(32)
(33)

(34)

Pr
Cp,l’

Kr

1719
Cpr =1202+38 M
' 1+ M
M

k. =| 0.0637 +0.0958 0.656 —0.475 M
1+M 1+M
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(35) U 0.385-(0.005xM) [7]
(36) Vv Vi =1+ (L.435E - 2)M +(5.26E - 4)T,

£p =ANURUUUBNEATY (kg/m), M =aMuTuaiy (kgkg d.b.), Cp,r =A10NUTAUTUNNZBITIV (Jkg'K),
k, =fnsinanusausaduaatIv  (WimK), kg =mmiﬁﬁmm§aumam?jaﬁmuﬁﬂ (Wim*K), =867
sauthsmas, Vi =1J‘%mm°uaa’;”a@;aml,ﬁqﬁl,aml@SJ m’), T =ganniiuandni (C)

- i R . NS AT IIRVRIANNTUARD vl
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_ _ . . NARIVBIANMNTUIZTIRININTIILTA
aumgwﬂunmmewﬂs:mumimum

v v s o t;’
TIINVDINAIW

(2]
o

1. Wwaatuduital@eani (Homogeneous

o
o
r-

o 85°C
o 100°C
o 130°C
— Predicted

material) uaslauuaidu Isotropic material 2.

I
o
.

AMNFUNWTUBIANLALAZANULAT LA LLLUA®

TdunnuBduauaEnIveIga (Hook's

Moisture content (%d.b.)
N w
o o

equation) LLazLﬁ%{aqgmaaﬂ (Elastic material) 3.

=
o

I
T

NNI9LURAY Lﬁ@w;;}ﬁ"l,m LITWO RN LFUBLNAATID

NENAWNIDY (Well  mixed)  ¥lAanuTuuas 0 [ s S e S
) 0 1 2 3 4 5 6 7 8 9 10
QUNDALUAANAUNIIA19 molwuaianyinn Drying time (mir)
@ & @ a X d o & & [ v A A
4. MIUANTNVBINAATIINAT LT BAINLEAT 3N 2 IBUMEAINTIAULAITIINGDINA WA
. . a . IR o o
muluiidnganiienaudnssfiva (Failure A9NY LEWNLLNBNIYIWILIINLLLIREY

tensile strength) 5. MsanenuIaMuliaaT? A . 4 « 4 .4

- s & - ¥ 4 37 3 uaasgunnfiiadvanianddowly

NAIMNMIUNIVBIE LS TWIANUTULNAYUN , I ca

- . . & . i W gunpdinduetunaiilugn 1

NIUBIURATIYINUL 6. MINIANNIBUIN a . & nA 4

o o ¥ aa . . . ¥ wifiusn natnuugnnlaziiouasf lag

IMAFLNAANAYUNHILAZNMIUNANNIBUN AU a e A, - .
y anDALanITdsdInIa MR ToMAaULAY

Meludatin . , - .
1/5zanmh 15-35°C ’l,umaqamnuummﬂsau 85-
Aa P o A v a '
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[ { A ' 90 1
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S 80
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v A A X & < g
DUUWY LilognpiliAnTw ANNTUNB LR g 0 -
o « X \ & A 4 A S o 85°C
TIVLANRILIIVY A1VDIANVTULRRINAURA < 50 1 o 100°C
q U S
' ' ' o o, @ 0] B o °
6149 danuuandsatinefivaday (P<0.05) 0 130°C
B . v . 30 § — Predicted
T I9WINVBINITALLIS Luﬁwnﬁmm%ugdﬁw ol
IANNI TR AN N TN LS AILNES LD o 1 2 3 4 5 6 7 8 9 10
& da p K , v Drying time (min)
ANMUTUNRANEANARIAINIT 20% d.b. sinwlu 4 o A c o e e e
3UN 3 grunpilladuvasuaatninded dwiuae

I3 g ' v @ a o
LUANITADE "]LLW?"i]’]ﬂ@]'T%SL%E]E]ﬂN’]ENN'J%E]ﬂ gip 4. Y .
FRWNNIWIEQIBLTTINND

. g o a a &
mMIuwnszasaNNTRINAeluaanugIfAadn
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