yobdig 8y bguw (40,5 Sl Sstamw
Tol5 Sl gugo ) omdy (Ll

oS
Slogbie ol sl et ildae Gelikiy 08,) Ligws SHU S ol Sid St (Gl (ol o
s (Ve gFe e Fr X C) o i glos v gy 5o Gialesl yo,F ooliiul alKile;l oS Sas
St oy sles B (Sas (359wl ) TV adsl Casho, b angd 5l ey gl il 12l LSS e
sl ools p Jow ol aulbre 9,5 Sis ol b )0 Baiges 18,5 59 L oogi Cugh,y Cans ol
5 (XSS e (1) s e )l s o 31 B2 Sl 5 00l (s (sale]
O3S 5 95 3 908 3y (s Je 0 5 caseiie vl az o jlasdly (B3l bl Jae G pslie
s Jos ol g S S5 gl olales 5 085 il Sl St (g5hadend (gl alfaie

QVUPN 5y a0 Jao Lo ools sllas a0 Javgine aln ) 5 G5 a0 0 ¢yt o po 45 030 )5 ool
ol e (40,5 Sis b 0 Cugb ) s Ol aesd (gl aS 0 [ VVE g o/ e e

Stz (g5 ) g (o St St o)l (5 5ldoe 1 gl (g0 lg

UIJ/)J/Q_Lh_»_b&:I_u_gd_)J_gLﬁ.\S pole o Lo HLloo Liw! =



(Luikov, 1966) sg—oi coliwl Jlsie olg
sl 4o s S St ol 5 4057
Sl 00 ﬁl.'{r.i‘ Ooladoe )‘ ooy alwgy iz Jow
Walton et al. (1988), « ;g o Jlo Iy oS

Jayas et al. (1991), Tolaba et al. (1997),
Pabis et al. (1998), Giner and
Mascheroni (2001), and Gasto” n et al.
Sl oolws Sls ) 51 solass 0,5 o Ll (2002)

Sro g Sgb) 4 S fgo S o9 Sl e
i) s g 5l e JUE englia 05 L
Ssby ay (T y3b 4y oole rhans 4 058 0 (28
(dsy (oo (Jolss

00l 3 ool Ygamo Ly SYoles
30 N0g o oolai il als g Ken (55l
S aJolee Casada s Walton YaAs Lo
Sy (y e e (Jsbw LSl ulaly sl
(ol s il 5 ol S 5
Shodsm Sl )o Cgb; jludl ply o il
3 Sogby plp 50 Sgazme Caaglie ojlal bl
Sl ST Ll ases ez dils mlaw
03 yiwS 390 me gl ol S o wlal
Cwgy Dy gl ad Sis sl ools 5l 6l
VAAA Lo o oS g Walton alwg oosS
Jome 5l e Jaw (5l a5 il o 9 28, IS
Jle o ol,sen 4 Osborn el o0 Page
3 g9z sl gl 1) Jao o] V490
992 )50 bigw )0 Casb; (s Cix bl
I Sz ek o Page Juas a5 sls 5158
Slaasl Joe an carus |y aBiole;l sl ool
5 LS I e I
aS 35 F L -oC 5 Sas oo oogume
plosl 149 Lo jo o5 3 Osborn L
=S 1, 2Bislejl sla ools Page Joo o
1 5l ek SLasl Jowe 51 e
Joae 5V AVY Lo yo o, 9 Overhults
Ly o S 7,8 sl Page sus 2ol
Do ,S eolai !
sl ools o3l (ol o Otten, 1983

Hutchinson and

dodilo
2 ey sbe als o e 5 (o Lige
s (Duarte et al., 2004) a_sb — k> 50
il oo )l cenlin gl Sl i cugh
LS Sl 5l (S (g 09,5 Sas W
ae 2b S gl il oo Jpaze (nl Cugh,
i lisee Y game (40,5 Seis Wb Bas oyl
ol = Ols b vges giladoe 1 55,5L08
ol Seid a5y, ¢ Jome 5l ael Cewas 59X
Jos gl 5l Gas o 5 st 1) Jeaowe
05.’75 LSH"W ‘6))9LAS &:JY}M L)“'\‘“" S
(Giner and sl o SV game (ol St
Cped—i o ol olaa=e Bruc, 1998)
5 b 2lmlr Gl 4 (05 S sldae
sl 00g—d el QYB_.W BN |9_m G)L.,?‘
(Diamante and Munro. 1993; Ratti and
Mujumdar, 1997)
3 ot SLeals 03,5 iS5 ailecs
S pole (Soponronnarit et al., 2001)
S adly caS S ol Lgw 0,5 S
el &8 Cugb), Sl 258 sl S56
YeoX Jw o ol ,LSen y Wiriyaumpaiwong
S 50 g ol S St a5 il jlad
o s St il (gam 90 o)l T b S
B o casb, &S o 20 Sl s rx
(Fortes and OKos, o,ls g9 aal> olg

2 ool Oygo an g e 1y sy Jow 1980)

0 St gl LUIKOV Jow Loluslys oa

- Two- dimensional spouted bed dryer\



Wiged Hloz Lod mhaw ,o (gl .ol dewle (dLD.
Al S Sy bl cod (05 Y alis
5 5 092d (9 Aged wlusby (4351 s (sl
cels YF b o W 'C glas Ly 5, sl
Joli dlone 510l ()39 0 kg 5 K2 DalS
Sagh) diged S ()9 2 e (3 90 ()
(ASAE, 1982) &1 o conss
Ol s oS uils anlol Sy b oS Sas
Sl A oel )0 00 oSl 0945 b,
SiS a5l g b o Loy Gl Sas
E g ol o s N 4
(Gastén, et al., 2004; Giner and
0395 (339 bl p Cuglo, Mascheroni. 2002)

(Aeds e ) alize slyilej po 45 L
30400 dwlxe 0l (g Sl ad Sas

(o dalign Sy 0395 (539 9l oS Gle
2 Jlwms Go3l5 ) Co S SS
oads ools iolad dae & 5l e 9 Al g0 00ls
8053 la )o (G Lol w5l Langs
B O Sl o deldl 10 ST Sis g oall cols
et o sl 4 10 Ly 0355 53,8 (39 b
e rag S S abwg 0,5 Sis )l
Sbion 9y 0095 (0,5 (139 45 1l B 9 WD se
0395 355 ()9 pledl 5l g 00l Bge (Jlej
S e 5ol o5
(Ertekin and Yaldiz, 2004)
0393yt Sl S (i sledoe

odd a4 o9 ledams bl bgw S5U
alon, 5 LS a ey pl joaS diore lawgs
el 00 oo)si (V) Jgoz y0 g 0,5 bl
b 0> Casb) Cod DS S S5 L
g Oloy Jis piite pollp (s Sas
TR VPO OWIS IRV I PE oW SPSS H38le

by RSO YU PG i

- Dry basis, decimaly
- Chi-square ¥

oz 90 Jos 3l Lgu ot Sts altylos]
JL e Viollaz sKitic .ws,S oolieul o
YAIA KIIMOI 1, Lss (55Llad (55,51 1 9AN
sl o158
b 5 Cagby Slyesd Joe Gdod (pl o
= olhg 8 Lsw S3U S 0395 (ot SCis
g 9% oals b3l o laibwl Joas min el
il pud Sas giladoe sl (Joe (n e

85 Al e sS 5 ooboly Lises

L9y 9 0lge
oS Seas olKiws 1 bl alssl sl
A eolai_wl S35 s 00y G@lf_;p“uﬂ
o8, Seas ¢l (Rafiee, et al. 2005)
e 0 Ol b oolil 5alilys 08 51 g
Pl (Ve g+ e Fe ¥ C) Lo o
s wlnil LS5 o des prlans o (gl g 28,5
5 g 0d bl 0,8 Fev abged O ases o
L ad ools )18 S dly 4 4w I3l
sl et alas g by JoLs asef e baime
2l Gy 5 pastie ke S5y aliwgy
L ool ool o lake .o sawil auaS J5ls
O Aged (33 9 Al Cugb, jladie 4y az gl
el w0398 gy (b B (sln 0ed o
1-°C slas ;s Sl J51s ,5 celu VY b
0395y (SIS sl s WS (55l
L o 00 et dges Hb (paiz Ouw ol b
AS dgii 009 ;0 Pl jabo an Cnghs
4ge o (Giner and Mascheroni. 2002)
Vo) gl atiged 5 sl ao (a5 ¥
oolo] diges Vo olawd amel ;0 0 oS (0,5
S5 ol slm 08 Y aged ja 5l s S
gl bwgie g 0l il p o3y adgl Cusb,
WS=aS Gjg Al ) IV Loy beaiged alS

- Multiple regression



iz 51,2 (RMSE) Laosls sllas aye
az o Joo gl as ol eolaiul Jaw o yigs
oil ,2eS RMSE 5y 4 oo 17 s
(Guarte, 1996) <ol e Joo

)

2 _ Zizl(M expi M pre,i )2
N—-n

4
M

1& %
RMSE = |:NZ(M pre,i M exp,i:|
=

I8 00 ssaliv Lgw Cugb, M as

exp.i
o by Cusby M ¢ S oslal oyl
slass N ¢g puSo 5ol el 150 Joe 3l oo
S0 ad) I sl olaxi N g (Losls) Slaalive
Lol dolee

2 (V) Joazr Ldoe slgil 5 o jlade
205 dlne (ygam S gy 4 it slales
5l alie polie 4 azgi Lo o 2 ln
e bl Leal g cal,o Jos bl
oy j0 a8 del Casdy ) Sz glos et
b gl Joe o slp Az (ge S,
el Jue (ol le—asls el
Cgb, @llaiz g )55 Joo ;o 0l (asio
g (ahly () 5o,5 Sas ploj g diunly it
ol S n it (alansly L) o s glod
JEe pio (ahanly (2) 5 SaS sles axl
el Joo sloil 5 o sl

- Root Mean Square Error )



Gl 5o ookl 8,50 3L s 0095 ol S ygum S sldoe (V) Jgo

& #J“ Jue pb @3,
Westerman, et al., 1973 MR = exp(—kt) Newton (N) )
Guarte, 1996 MR = exp(—kt") Page (P) Y
Henderson, 1974; Rahman et al., 1998| MR = aexp(—k,t) + bexp(—kt) Two term (TT) Y
Yaldiz et al., 2001 MR = aexp(—kt) + (1— a)exp(—kat) Two Term Exponential (TTE) \
Yaldiz and Ertekin, 2001 MR = aexp(—kt) + (1—a)exp(—kbt) | Diffusion Appromixation (DA) O

el oo slgmli Ki g ko K colo bya n (Min) ol d ok, cons MR -#




elfA e 554, RMSE 4aa7/vy
ay Jlg el Qe g oo Q8 2 AY /- FYAY
SUAB-D e fvvv) wofe N oofs - F] (55
=i 45 Joe (e 4G )0 090 A/AE-0
Ailg oo blos SIS a1y ol S S
209 (TT) ol ol dbox 98 Joo oS (o3l
o mim el 5 <l pe (Soen S5 Joe
L g ol ool (o3l Led Jake yustie wlwly
Sledae yo el 5 cul,mo ldos opols 1,8
Bz G )55 Joe (odd SUAS Sga S
Sty (V) Jooo Joo iy 50 slp ol Sis
55 Rz g8 ldae 23l b o5 el

S 00 05)51 (V) LJSJ'}

OS5 SaS 9,8 e bga adsl o,

b y0 035 Cugh, 4 axg L og (db) Y-
slales ;o by a8 _tolojl fa b Sz
e il sl (V) Joox sldow jl gl
Live C of SKos glos amels j3 opud Sas
)9 sledame Sl 5 culps ol ooliul Ve
a2y L ol oads 00,0l 7Y Jolaz ;0 (o)
slJo—» RMSE 7%t ol _dea,
TT yDA P TTE N i lises g5,
b Cagb) Sl ey (V) Jou
S Gyl 05 il e ) poS S
D)l e i A oo sl bvgie et o
PRANAASERVARYAL VAN 07,8 SEVAVZL V|

QS&.;:..&‘_;L@&.:S‘&J@N@W;)JM%]@5;;\3U;{;LB.A(Y)J5A?

r? K (C) Lo
“IAF\S oYY Y-
-IAFA0 ofs+¥aY ¥
CIAPYY oo YFP b
VN4 N N %
“AYYA PRI V-
oS Sis slod S8 4 P g I Joe oy g ol polie () Jyor
r? n K (C) Les
LN CSAYYY SIS YFAD 7
+[A9AY AV N4 «[+YYYA \E
+[A9AY < [FYYAS «[+Ya%- I
NERY72 SIFTVAY S YYEY 5
-1345F IS R AT\ 'z
oS Sz glos SIS A.fTT ‘5,9.\_..,;) Joe colps g col polae (F) Joux
r2 K1 B Ko A (OC) Loo
AR YAYS o[+ +\YY SAARNAY <[+ YYY) <IYOYYN Y.
+/44v4 o[+ YA¥ <IY-0VY «[+YYVYY ARANAR ¥.
</A9A- <[-YVYY¥ <IYVYYYA o/« +YYY < [#A5YY O-
</A9AY o [+YYY- </yYay-f <[+ +Y0A <[FAEY O I
<[A9AF RN <IYAOAN o[+ YA <JYAYF Y.

e ol Ggae Sy Je el g olpd oy
Ao b alBislesl sla oslo b os5 35l

O ly g Sas gloools TT Jow asol b
oo an (Jy o5 il At g ales SSS



Joeecs s aP yDAPP N TT cloe
Sk 0 S oo (gl Al ) (6 e S
CIPAYY i e Lo s o 0 4 S
adlog +/29FA 5 - /297N /A9 F (/A7 F
2 slp Jae b))l Gleasls sl 4 azgi b
P Jos 09 gl Loyis P g DA Jos g0

Al ol S el g ol o el

Slas asll Les g ey Jotue glopusie 28,5
ol Jol Aoz (g 55 Joo calple
sdal Cewds ol 4 4z b s canba TT

5o sledae 5l 2 DA G P Jos () Jsor |
Oy e o 93 bl 1) Cugby Covns
ol 5 cwlil 50 sldos 5l asBous

oS Sid slos SIS 4 TTE S5 )5, Jao culps 5 sl polie (0) Jsoo

2 K a C) Lo
AT R TR PR 2L NAALES Y.
ATV [AYFY SANIN A i
<AL +[+)FAQ AYNZ.Y4 AR
JAFAT o[PVYY ARYAMA 7.
SJAYYY  a[aYYYY ARV i

gméuaw@DA S9S y Jde ulpo g Gl polie (F) Jeux

r? b a Kk Lo
ALYy o[+ oYYLEY oYY Y.
+/44Y¥ [FEYY  <IYAYF. o[- YAVY Y.
ARNAY <[+FAYD  o/¥AFeY  o/eYVAY O+
ARV DEAERA AR RV SRV AR AR I
<[2AF <[YAYF < IYADPA o[- TAAY v

(V) Jgoz obolp bgw S5 fm 0395 ol SUUS g )5 sledoe (b))l slene (V) Joor

DA TTE TT P N b)) sle b
-/398A -/a%-f - IFASY -/398A AV RS r2
ofees NERSL! [+ YYA .o RN ZZ
<[NP -1~ fYF AT [N\ F -[-V¥q RMSE




BN

Coeb

oLl 00el Casy S35 2y 0355 S,

035 Cusb g (F aloles) Alain (g S, Joko
y.°C oS Sas sles o Glesl sl Lol
(\)Juﬁd"\—‘j“j‘bsb)‘)v’ 97 &
F VO] IO SN TR JUPRCON PR W N O

L Ggeme)S 5 Joe Jelods g o (ulsl
lod 5l (ol )90 0 Ll gl (ol 13
5, L (0l SaS ales Joe S Ses
el (oo Sy Joe olol el

D)

sleo L Lol pr( mwé&p(&oo 51T ))t (0.699651041—0.004608549T+o.0000613T2))

45 johailan ol oads 3> F-°C 5 S
l;.o.x..';} oals U'“")‘)" S dg..i)tsnou\ioﬁ)o
ey b ool Suop allilel sl ool
e 0395yl S Seiiew Joe (V) S
5 S Ve g8 X C labes sl Lgw 3L
P 6-C slod 1y g ‘Sﬁu&ubj sl ools

PN - PN PN S [ W Wy 1 I KW

L oS Sas (b jo pley po 50 0398 Cagh,
Joe 6,55l 0gei colain] canlie poss &l
5l e bl oS tylesT (sl ool Ly
)l Slmazls bl (57 Sis sles

| ooyo.;w&@li&%u)'l sl osls 5 . =RMSE -/- )¢ r2-987/5A
i S 2
W‘Jg,.ﬁb)yo ‘Z =‘/“‘\

1.00

¢ T=30°C: Akl s ol & T=B0°C: Al sla sl
0.90 - x T=60°C: aluila)i sle sl & T=T0°C: Al sl oia

A T=30°C: jae lb 220 — - - T=50°C:Jas sla saia
0.80 - "‘% — T=60°C: i b 22l — - — -T=T70°C: Jas sl saia
A
Yok
0.70 - “~<< ¢
&
a\Ie
LY "
0.60 SN Sy
5 “\ 2
$ Ak, +
i i *
050 - K] :‘h,“ ‘e
iy 3 & ’0
a\“\aA \ Xl}s‘ : ‘.
0.40 - Na o = .,
& - %, "}*_ + b Q”
*
z\.“% X, :Hli‘b, .
0.30 Ao, %y Sy * 5 4
m‘&& 4 l‘n_ * &

Caa, %% are e,

0.20 : . ias R O o
0 100 200 300 400 500 600 700
R NIVE)

P s Gmli;:.iuj sools Loluly ad SLis  sovine auglas (F) JSS



@ Hloj Jiis yaiio b Sgeuw )5, Joo =Y G S A

Jome sl o5 St slos S8 S S 089 (i KiE i )

sbos odlo dedus 4o 51 2 TT slales I Sy sl selilis bs

S0 3l 1y pEkgles Ve gfe de Fo e C s Sas
oo S_is alfuin Seew S, Joe oY s TTETT PN Joszn wlaly
5910 ey Jom gy 5eliliy o5 s o osls  J:3 6 a5 L DA

&Lﬁ oolo)_g ‘59_‘> S8 l_' UJ
A edls il alKiles]

A edls sl aliles]

&lw

ASAE. 1982. Moisture measurement: grain and seeds. ASAE Standard S352. American
Society of Agricultural Engineers, St Joseph, M1 49085, USA

Duarte, C.R., Murata, V.V., Barrozo, M.A.S., 2004. The use of a population
balance model in the study of inoculation of soybean seeds in a spouted bed.
Canadian Journal of Chemical Engineering 82, 116-121.

Ertekin, C. and O. Yaldiz. 2004. Drying of eggplant and selection of a suitable thin layer
drying model. Journal of Food Engineering. 63: 349-359.

Fortes, M., Okos, M.R., 1980. Drying theories: their bases and limitations as
applied to food and grains. In: Mujundar, A.S. (Ed.), Advances in Drying.
Hemisphere Publishing Corporation, Washington, pp. 119-154.

Luikov, A.V., 1966. Heat and Mass Transfer in Capillary Porous Bodies.
Pergamon Press, London, UK.

Jayas, D.S., Cenkowski, S., Pabis, S., Muir, W.E., 1991. Review of thin layer
drying and wetting equations. Drying Technology 9, 551-588.

Gasto'n, A.L., Abalone, R.M., Giner, S.A., 2002. Wheat drying Kinetics.
Diffusivities for sphere and ellipsoid by finite elements. Journal of Food
Engineering 52, 313-322.

Gastén, A.L., R.M. Abalone, S.A. Giner and D.M. Bruce. 2004. Effect of Modelling
Assumptions on the Effective Water Diffusivity in Wheat. Biosystems Engineering.
88 (2): 175-185.

Giner, S.A. and R.H. Mascheroni. 2002. Diffusive Drying Kinetics in Wheat, Part 2:
Potential for a Simplified Analytical Solution. Biosystems Engineering. 81(1): 85d97.

Giner, S.A., and D.M. Bruce. 1998. Two-dimensional model of steady-state mixed-flow
grain drying. Part 2: Experimental validation. Journal of Agricultural Engineering
Research (71): 51-66.

Diamante, L.M. and P.A. Munro. 1993. Mathematical modeling of the thin layer solar
drying of sweet potato slice. Solar Energy. 51: 271-276.

Ratti, C. and A.S. Mujumdar. 1997. Solar ddying of foods: modeling and numerical
simulation. Solar Energy. 60: 151-157.



Giner, S.A., Mascheroni, R.H., 2001. Diffusive drying kinetics in wheat. Part 1:
Potential for a simplified analytical solution. Journal of Agricultural
Engineering Research 80, 351-364.

Guarte, R.C. 1996. Modelling the drying behaviour of copra and development of a natural
convection dryer for production of high quality copra in the Philippines. Ph.D.
dissertation, 287. Hohenheim University, Stuttgart, Germany.

Henderson, S.M. 1974. Progress in developing the thin layer drying equation.
Transactions of the ASAE. 17: 1167-1172.

Kitic, D., & Viollaz, P. E. (1984). Comparison of drying kinetic of soybeans in
thin layer and fluidized beds. Journal of Food Technology, 19, 399-408.

Hutchinson, D. and L. Otten. 1983. Thin layer air drying of soybeans and white beans.
Journal of Food Technology. 18: 507-524.

Osborn, G. S., G. M. White, and L. R. Walton. 1991. Thin-layer moisture
adsorption equation for soybeans. Trans. ASAE 34(1): 201-206.

Overhults, D. G., I. J. Ross, G.M. White, and H. E. Hamilton. 1973. Drying
soybeans with heated air. Transactions of the ASAE 16:112-113.

Pabis, S., Jayas, D.S., Cenkowsky, S., 1998. Grain Drying — Theory and Practice.
Wiley, New York, USA.

Rahman, M. S., Perera, C. O., & Thebaud, C. (1998). Desorption isotherm and
heat pump drying Kinetics of peas. Food Research International, 30(7), 485—
491.

Ratti, C. and A.S. Mujumdar. 1997. Solar drying of foods: modeling and numerical
simulation. Solar Energy. 60: 151-157.

Soponronnarit, S., Swasdisevi, T., Wetchacama, S., Wutiwiwatchai, W., 2001.
Fluidised bed drying of soybeans. Journal of Stored Products Research 37,
133-151.

Tolaba, M.P., Aguerre, R.J., Suarez, C., 1997. Modeling cereal grain drying with
variable diffusivity. Cereal Chemistry 74, 842-845.

Walton, L.R., Payne, F.A., Ross, 1.J., 1988. Diffusion of moisture as a function of
Fourier and Biot numbers. Transactions of the American Society of
Agricultural Engineers 31, 603-607.

Westerman, P. W., White, G. M., & Ross, 1. J. (1973). Relative humidity effect on
the high temperature drying of shellfd corn. Transactions of the ASAE, 16,
1136-1139.

Wiriyaumpaiwong, S., Soponronnarit, S., Prachayawarakorn, S., 2003. Soybean
drying by two-dimensional spouted bed. Drying Technology 21, 1735-1757.

Yaldiz, O. and C. Ertekin. 2001. Thin layer solar drying of some vegetables. Drying
Technology. 19: 583-596.

Yaldiz, O., C. Ertekin and H.l. Uzun. 2001. Mathematical modelling of thin layer
solar drying of sultana grapes. Energy. 26: 457—-465.



Abstract

In this study, drying kinetics models of soybean (Viliamz) were compared according
to their coefficient of correlation to estimate drying curves. A convective type
experimental dryer was used to in this study, the thin layer drying behavior of soybean
with initial moisture of %30 (d.b.). Drying experiments were conducted at inlet
temperatures of drying air of 30, 40, 50, 60 and 70°C. Five different thin layer
mathematical drying models were compared according to their coefficient of correlation
to estimate drying curves. The effects of drying air temperature on the model constants
and coefficients were predicted by regression models. Goodness of fit of the models was

based on coefficient of multiple determination (RZ), Root Mean Square Error (RMSE)
and Chi-square ( y®) Out of the five models considered, Page model was found to be the

most suitable for describing the drying behavior of the soybean for each temperature
during drying. Multiple regression method used for calculating for simulation of moisture

content during drying for each temperature values with r*=%99.68, y°= 0.0001 and
RMSE=0.0116.
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