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SUMMARY
(JELHF)

I. Title

Development of high—efficiency multipurpose grains and rapeseed dryer

II. Objectives and significance of the research

Circulating cross—flow dryer was used to single seed of grain only in
domestic generally and limited to distribution rate due to operating in
harvest time of specific grain.

Drying of barley, bean, corn and rapeseed in the country was depended
on natural drying mostly. Thus, it i1s a necessity to expand a mechanical
drying method due to a decrease of germination percentage, workforce
increase and quality loss of harmful insects and to improve a quality of
main grain especially rough rice. Also, it is a necessity to develop a
multipurpose dryer in several seeds of grain that is for efficiency
utilization about barley, bean, corn and rapeseed drying as well as rough

rice drying.

Ill. Contents and scope
1) To develop the simulation program of multipurpose dryer
2) To develop the optimal design program of multipurpose dryer
3) To determine the operating conditions of experimental multipurpose
dryer and control

4) To design the testing model, verify the conformity of the model and



investigate the drying factor
5) To develop the pilot scale dryer, actual scale dryer and investigate
the optimal operating method with the efficiency test and economic

analysis

IV. Results and suggestions

The results were summarized as follows:

The simulation model to predict the multipurpose dryer characteristics
was developed and was validated through the drying tests for rough rice,
barley. corn, bean and rapeseed.

By using MATLAB 7.3.0 (R2006b version) to be developed simulation
program of multipurpose dryer that basic structure was consisted of main
program, basic information of five grains program and sub program of
thirteen.

The verification of developed simulation model that predicted result was
accordance with measured result. That is, R squared value was more than
0.9665 accorded well.

Basic design factor of dryer was determinated that by using Box and
Complex algorithm after object function determination of optimization to
determinate proper operating conditions about rough rice, rapeseed,
barley, corn and bean by considering 0.5m height of drying room and rate
of between drying room and tempering room 1:4~6.

The analysis of the drying rate in multipurpose dryer with a capacity
of 70kg was higher than circulating cross—flow dryer.

The analysis of performance in multipurpose dryer with a capacity of



20,000kg was performed that drying rate of grain was experimented to
2.0%,w.b./h. of rapeseed, barley 1.65%,w.b./h. and rough rice
0.98%,w.b./h respectively and used energy was reduced more than 10%
than before dryer.

Optimal design parameters and operational conditions to minimize drying
energy consumptions were determined by optimization methods.

Overall, multipurpose dryer was proved to good dryer than circulating

cross—flow dryer.



CONTENTS

(9 & = )

Chapter 1. Introduction ............................................................................................ 1
A' Significance aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 1
B' Obj eCtiVeS aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 5

Chapter 2. Research development SEALUS veeeeeererremmnnaniiiiiii. 6

Chapter 3. Results and discussions ................................................................... 9

I Study on physical properties of grain and rapeseed, drying

model, predicting model of quahty ........................................................... 9

1. Tt OAUICTIONL +++ veeerereenssseerernnratmtiiasae sttt ttaias e e ettt se s e ae b a s sas s e ae s e aeaatb s sasaatnaes 9
2. Physical DI'ODGI‘tiGS of rapeseed ....................................................................... 10
D1 IVLALCTIALS reeverrrererrrrersensateettmttiiiia ettt et ae e e e e e e se s e ae s bt e 10
2.2 Methods and TESULES «rreererorrrrrerrrromrmiia et 10
3. Physical DI'ODGI‘tiGS of barley, bean and COTTL oo rrereemermrrrromsrrrii., 24

4. Development of equilibrium moisture content in rapeseed and bean and

thlﬂ layer drylng mOdel ................................................................................... 28
4.1 Development of equilibrium moisture content model ««oereeeereeeeaenes 28
42 Development Of thlﬂ layer drylﬂg mOdel ............................................... 36
5. Drying condition and germination percentage relation of rapeseed -+ 46
I Simulation program of Multipurpose drying - 59
1‘ IHtrOdUCtiOH ........................................................................................................... 52



2. Simulation 1800 67<8 5 19 8 BRRR LR LR L L L R L ERLR L LRELRCRERN 52

21 Drylng 007016 1<) BRRRRRRE R D R P PP P PP PP PP PP PR PPLPPRPRRPRY 52
2.2 Numerical analysis ........................................................................................ 55
2.3 Simulation JBI R 67<a 2 100 R L L LR e LT RO EER LR RERRLED 57
3. Verification of multipurpose dryer 531001000 11 [0) 0 NRCRRRCRRRR L LR R PR PP R PPRPPRRPPRPRRRPRREPRR 62
4. Results and 5150 01510 =1 L L L LR L LR RRR L ELReLRLRCERERLERRRERRRD 67

I Optimal design and drying condition of multipurpose dryer

QIITIULATIOIL +++evsvreresvserersensessmssmsesssess st sb s bbb 69
1. Optimization of MUItIPUTPOSE ATYEr e wsesresssrsmssssmsssmsssmmismnisinninissinisinanes 69
2. Drying and quality properties by design fActors e esseessmsesmnismneanens 71
3‘ Detemination Of Optlmal deSigH faCtOf ........................................................ 74
4. Optimal operating conditions in grain and rapeseed of multipurpose
dryer ...................................................................................................................... 75
41 Operating COHditiOHS Of rapeseed drylng ................................................ 75
42 Operating COHditiOHS Of barley drylﬂg .................................................... 79
43 Operating COHditiOHS Of corn drylng ........................................................ 82
44 Operating COHditiOHS Of beaﬂ drylng ....................................................... 85
5‘ Results aﬂd S 80 01510 =1L L L LR L LR LRRR L EELELLECERERLERRRERRRD 88

IV Construction and performance evaluation of experimental

multipurpose dryer ........................................................................................... 90
1. Tt OCUICTIONL ++v veeerrrereenseserennnnntniaiasse ettt aras et e et se s e ae b a st e s s e s e aa bbb saaeaes 90
LY U= 110 6 SRR LR LR L L LT LT T P PP P PP PP R PR PP P PP PR PP PP PPPPP PR PP PRPPRPRN 91

21 Basic design ................................................................................................... 91



22 DetallS deSigH aﬂd COHSthtiOH ................................................................ 95

2.3 Preliminary experiment and SUPDIEMmENEAtion - %
3, RoSults and SUZEESHOR v 100
3.1 Analysis of apeseed drying 100
3.2 Analysis of batley drying - 105
3.3 Analysis 0f COM dryifg - 109
3.4 ARGlysis of bean drying - 114
35 Analysis of fough Tice drying «rr 119
4, RoSUlES AN SUIALY s 119

V Trial production and performance evaluation of multipurpose

QIYET «+evereessseesssss s rsss sttt et 121
1. Development of a trial Procuet « s e resecesnermsmmmmmmesscmssnnmesscessnceeees 121
L1 Basic design et s sssiises 121
1.2 Details design and CONSEIUCHON s s rmsssimsssmmmsisimssimsssssassessnseess 197
0. DIVING EXPETUMENE «+eeesseessseessssessusssmssssisssssssussssimssssissssssesssssssmmsssissssiassssnses 130
D 1 IVLALEEIALS +evsvseresersessrsrsesssmmsmsesassssssessssss et ases et s st es et ssss et as st st as st na e enns 130
D D NIEHROUS +rewrrerseresersessssssmmsmsesasesesas s s s ss s s sess et as st as et e at et an et et as s senes 130
3. ReSUlts and SUSGESHON «« s seressmmmssiumsssimmsssimisiiass s seniees 133
3.1 Rapeseed drying « s e 133
3.2 Barley drying e 137
3.3 RoUgh TICe drying « s eeesssesesssissusssssnssssssmmmsissinississssinsssssssssssasessssssesn 141
4. Economic analysis of mMUIPUIPOSe dryer s s rermimmminimsssmiessnines 145
4.1 Domestic production and Status of market « s esereeencesensencens 145
4.2 International production and status of market -« 146

_10_



Chapter 4. Research goal attainment and contribution to related area -« 148

Chapter 5. Plan for application of research results e 151
Chapter 6. Informations of foreign science technology «««eoeeeeesen 153
Chapter 7. References ....................................................................................... 155

_11_



10
10
10
o4

A% 4ol

A1 A AFADFA Y T L oo

28
. 98

o
K
oy
R

0

e

j2)

4 FAEA D o

36
46
)
52
52

_12_

UF, HFEZ 7120 T ED ZJHE e ess st sttt
A2 doEd Adx AEdeld Zea



o2

55}
or

3H/q

]

!

i+

FZx

¥l

g

xj'z

4 A7)

Jiq

ki3

wdoj4lel 9

Az7] A

XA
b S|

A 34 o}

90

90
9]

t A A

.

el
=0
B
<

91

95
e'e)
100

2}

A

=1
=

&

K
ol
<

ol 1]

o
B!
K
,ﬂl
puit

_13_



100
105
109

e
N

e

(-
ofr

114
119
119

o
=K

i
puit

121

=K

A5 A v Az AR AE

121

121

7F 7| B A
L AR A

127

2}

A

=1
=

o

—

Nd
e

130
130
133

G
!

—

<N

o
B!
K
,ﬂl
puit

133
137
141

7]_‘ _ﬁ_jﬂ%_x]_ Z—_]}_

145
146

.
a3

.
a3

148

RN N R L L —

151

_14_



A6 F AT aAAANA Y = A=A R 153

_15_



A7l et e I

1%

H

A 1A AME

Fol AxAE

A A S

el

No

Ho

bl 414, 7

S

R8s

B (Keum 5, 2008).

K

= ~
=25 T

gl

Ho=g

XL
==

AZ7} 56.5%, HAAE 17.0%,

N A=

S|
ax

s}

T35 14.7%, o]%o] 6.1% L A7} 4.8%FE AFFAANA 7FF BE oyXH

7F Ag T 1 9=

o | A]

, 2FFE 60%0]

T 24%

1
s

, 1992; Keum &, 2002; Sosle &,

=
[e)

A o]t} (Bake and Vas, 1994; Brooker

2003).

2006 dA 53%= ot

KeN
-

o) NAstE
wla) Agdow Azl Wb ey A%

e

=
- =

A =2
98% o] 4ol
71 Al 3HE

Z] o]
b B4

71 Al 2kl

Holil

=
=

|

FA

7}

15%% <

Sl =

]

Fed 1990 ©

S

=
S

do] wrh 2™ ol E 9

=
[e)

17 aas 7t

5

Els

°of 9

=
3

3

ol e}

71 A1 A

st b2 A ek
ol

7] Hlgez <l

. -
. -

ZIAA Azl AREH

A

s



32 5} (Han 2006).

AFE3

el
=

W Axzzdel 50%4 =7 A

Hr

(e}
(& fixed—bed type),

Hr

cross flow

i,

(5

(€]

=
I

(€]

o

=
=

(M, counter flow type), ©]

concurrent flow type), Wrojubakel &k

v x] 2] (batch type) ¥}

s

=
=

(continuos flow type)o.& & 4=

71 =Wl A e ARS-E AL

on, Fx+ dxA(drying chamber), ¥13 %4 (tempering

7

chamber), =& 38 H

Al

Hj

2 FAHel gk 2ey 7)E

Zike.

=z

]
=~

=z EE7]

FRU AL F oA

2854

3L X O
=

T3 Aol 2190l FR)el T

w1l
=~

te=, A

S

L
o~

FAE A

49l

E

Bl

[

ko] 011

]
=~

A
Hr

FElyEel s Fo ArkE =

<

of o&Esta ok a2HY

121

X
4r

Asto] A

F %)

i



a4

gl

A7) 7]

Aol et &

% o} 5

FEEE

(€]

A A =,

T BHow T

0

N
el

=K
7o

il

Az719 Bhede] A7)

(€]

=
I

(€]

2149

Hj

E

Ho

N/

nd

Folue} AzT g A

u
RS

o
Nd

(=, 1990). ®Ee] 7|AAZIHS 72 9

= ddHer &rtes

gl

=z

SIESI TR

=271

85 A8

Al Q.
&

EEE RS

= O
o5

e HE A2 78.4ha(2001) 4 105.4ha(2005)°) ©]

cl

—_
fife)

oA FE AZ7A

N
3

R

|
mj

A

R0 11.5 ~ 13.5%

2008). 28y, -yt 7]

710l =

S

=z

e 5

ah=

of oy VAHAXE o &

sk 7] 7}

7



[<X)

=

A

webA, sl B,

bt

S

o) 24 4 A

=
[e)

Lxg

3 =2

W7t AF e
o] gol Ax7] BEEI ul$ ol miFe] A@A ol wepA,

s}
o}

ez ZIAA =Y o

7}s

=
[}

o]

N

N
el

o
TO



Hr

N

o FApo] HAZd] o]&

shol o}

°©

5]

S

v A= HAd

K

=13
=

29 7Y

Ry

] A
- 1

o
1l

gl

A

O
il

17e)
2) 424 Azr] A4 A7)

1) v

7o
op
0

N

1o

i
_

,.EO

=
[e)

3

o]

S

AA, A

=
=

5) t=4 Hdx7] 271



Al 2 =de] Ted d%

Hr

t}(Brooker ‘&, 1992).

Content, EMC)o]2} 3t}

ool th(Gustafson

S

and Hall, 1974; Kameoka, 1988).

il
Him
o

= Al

Keum(1988)

el

|

Tl

40.4~60.9C W9 35

Kim(2003)

el

EREMEREY

Al E# oA

Els

Az71el o

N5 =2 5 5711
=3 HR{Y 3=

KeN
-

(1977)

=
[e)

Bakker—Arkema

(1973)

=S
[e)

Baughman

iy

o

| & o]

wA
el

0

B
N

N

o
mo



—_
110

—

o
el
njp
;o#

o7
THo

mjp
;o#

o}
Ko

o
=

= 0o
TS

701-

(2001)=

=
[e)

Barrozo

A

el
il
il

K

1
4r

(Mixed flow type)

(¢}

S &=
=3

(2001)=

=
[e)

Courtois

——
110

0
i:’
el
X
Hin
l

—_
110

il

Ej 7]l A A

1
s

Doymaz(2004)

(Fix—bed type)d =z

(2007)& ®HEYE o

=
[e)

Markowski

(2001)

=
[e)

Soponronnarit

140C <]

1.7%°] I3

w1l
=~

G

27% 2]

23}

Els

=z

gl

ol A

ale-

6.8MJ/kg—watere] A AH| &S YERH AT

5(1978)<

Brook

napus

FAE4 B,

(1999)=

=
[e)

Correa

(Equilibrium Moisture Content, EMC) 292 7}

WA &

(1993)&

=
[e)

Schoenau

298 544

Els

B. napus LE& o]&

=
K

(1993)% H-A=#

=
[e)

Calisir

B2
110
Ho

B. napus L&& °]&3 2%

=
K2

(1999)% H-x=E#

=
[e)

Correa

—_
110

N
e

0
o
mo

4r
B!

v

110

ojo

il

P
‘%"T"T'

1
s

Bakker—Arkema (1981)



Agatgon, 7E

=
=

A dELEE 232~288T

1o &= W37} glok

o
-

(1977)

=
[e)

Bakker—Arkema

13%

=
=

S8 17%,w.b.¢l B

o

s

AT7h o

340

Aelsh b2

|

7

Az

Fod = <]

°ls

Azx7] JE=E

oAt}

ExwN|
==



Al 3 A7NEsd e R A

N F Al A3

Hr

IH(Kim %, 2006)

S

Aol tl@ A7 Z8

o
Mo
il

e

o
T

d

}‘\l_

Ty =elA A

1 1996339 7§

F71 18

& 543
A

=9
o

3-8 F1 hybrid #

AF%

o

ol 3}Ezel 84055—B—10

=
o

EZCGMS9]

il

=
S

|

tel F1 hybrid =35

S

A

]

o

=)
4=

A

e}
5

(¢}

s

I
—3—-1—-6< uHj

1,

fleloll A A

3|



il

K

%7 A Anz A

B
—_
110

el

7}, BAA R

A

FIDE SHo2 @A HuelA A

s

e

W

Fa = 1996390 7

S

F2 84
o sH2

] =28 F1l hybrid =&

o 2

S

84055—B—-10—-3—-1-6

A4

23

=
[}

). 1997 ~19984d

}el F1 hybrid 2%<

kS

t} 50%0]

il
—_

o
&

o

o

1=

1997d5-¢ 274

o] 369~486 kg/10a® ‘}E}RETE.

il

Fol 130C—-10g—4A3H

S

31.3%,w.b.o|H,

O O
=

H(ASAE standard, 2004)0. %

T& 10.03,

1
=]

AF A

bl

EERIEES

Pl fistel &

xg S

[e)
= X

>~ 0
T

1
k=]

=z]
=

JoH

Al
=2

33
—_—
file]

jans
Np

14.91, 20.07, 25.06, 30.12 %.w.b.2 65 =<

_10_



o1

0He Aoz Adeste] F@eld ZeFxal S48 on, 2t
sto] SAskdn. 7lstetd 54 ARgHE AS7Ie Y
2~(CD—-15CP, Mitutoyo, Japan)® #7433 @4 SAH3 F o]
TEE, T G A4 2 29 AAtesit(Nelson, 2002).

A A71E AAs] fste] SAE T Avies P M) ew HFYsta
HAafs A D)o= Hosidlon, SAHA A 4 e o8t HA
A7, T9E, AA, 2HAS O ZFS A3-1~4F o] &3eto] ALtsltt

(Mohsenin, 1970; Jain and Bal, 1997; Sedat =., 2005; Dursuna -=.,

u

2007).

D,=(D*L)®  (mm) (3-1)
TH(0) :
Dg
@:T (dec.) (3—-2)
AR (V) -
y___ 7L’ Cmm®) (3-3)

6[2L— (DL)"?]
FHA(S)(McCabe 5., 1986) :
S:’]TD; (me)

(3—4)

A7IA, D = EA A7 (7 ) (mn)
L = A Aol (%7) (m)

_11_



B A2 o] S el wet 2.17~2.31m=E F7tskes A S 2 e
womn ole} e A= Baryeh(2001)9 717 233} Karababa(2006)2]
24~ % Mwithiga and Sifuna(2006)2] A}&< 233} FASHA e
b FAFAe FANAAL 43-52 YERJTH (2™ 3-1).

D, =1.9761+0.0219M, — 0.0004M 2 (R*=10.984) (3-5)
A7IA, D, © FA A FA 7 (mm)
M, FA T2 & (%,w.b.)
E 230 e
E
2
E 235
E 220 *
s
& 215 Predkbied
L] Wiaasunad
b L T T T T
] 10 15 20 25 0 35
Moisture content {(%w.b.)
a9 3-1. g8 g & 7lskE a2

TEELE d4go] Fheol wel 0.946~0.9272 #AsE Aoz e
wom, o] FUhe wel WA Frkek= dAVE gl FEYE
Artste 3] AWAG A S A3-63 ZAoh(1d 3-2).

& =10.9613—0.0016M, +1.55x 10" °M?* (R*=0.972) (3—6)

_12_



A7IM, @ ¢+ A TR TG

Q250

M, A EAY FrEE(%,w.b.)

0.2945

0.240 4

Q955 4

Sphercity

a3l

Q923

—— Predited
®  Measured

a.azd

T T T
10 15 0 5 30 35

Moisture content {%w.b)

a9 3-2. gl wE st

GHAA S gagol Sl wel fA4 A @y AlHLE 5.58~6.88

ohe Aom veitom, FA Fae F4E% ©

AR BA= A3-73 22 22F FAFARAAE YERRATH(ZH 3-3).

V=13.9612+0.1859M, — 0.0029M> (R*=0.984) (3=7)

oA7IM, v o A A S A ()

M, © 72 FAE] FFE(%,w.b.)

_13_



7.0
Lamas
E
E &85
o
E
=
2
o 6.0
o
1]
(<]

5.5 4

- Wiazssuned
5.0 : . T . .
3 10 15 2 735 30 35

Moisture content (% w.b.)

a9 3-3 el e FYo Az

oy ZHAe o]l SISl et fA T dHe ZHAS 147
6~16.77mf= B]APFH o2 FItsleE AR YEgon, fa T2 &

Iy wdAe] A A3-83 22 23k AR el tH (LY

S=12.1074+ 0.308M,— 0.005M? (R*=0.986) (3—8)
oA7IM, § ¢ A TA GHY EWA (mr)

M, @ FA SR FEE(%,w.b.)

c

_14_



Surface area (mm™)

L ]

165
1640
155 4 5
150

— Predicied
1435 & Mezsured
140 T T T T T

3 10 15 20 25 30 35

Moisture content (%w .b.)

&o| S7hgel wet 2
&o] Skl w2

S5 (%,w.b.)

10.03 14.91 20.07 25.06 30.12

2.11%£0.114 | 2.15%£0.123 | 2.20+0.132 | 2.22%£0.139 | 2.22%0.145

2.29%£0.098 | 2.35%£0.114 | 2.43+0.117 | 2.48%0.127 | 2.49£0.133

2.17%£0.106 | 2.21£0.117 | 2.27+0.126 | 2.31+0.132 | 2.31%£0.141

0.946%0.017 | 0.941+0.018 | 0.936%+0.015| 0.928%0.018 | 0.927£0.012

5.58%0.786 | 5.98%£0.901 | 6.54+1.041 | 6.87%£1.102 | 6.88%1.182

14.76+£1.448 | 15.40%+1.641 | 16.30£1.806 | 16.77£1.892 | 16.77+2.017
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Z
vl

o, SAL deEEE 53 w&Este] SAsIeH,  AAA=(R420P,

CRABAE F5El

O
o,
oo
ol
s
2
k)
of\
filo
|\
o
ol
38
v

sartorius, Germany)<=
7kl wel 5.04~6.46g0.% AYPA o2 Frlste AoE YEyon (&
3-2) FA T2 & HHTY A= A3-99F £ 12 IAYAHA

o= e AT
Giooo = 4.5287+0.0433M, + 0.0007M° (R*=0.998) (3-9)
A7NA, Gy ¢ A TR HHF(g)

M, © 72 FAE] FEE(%,w.b.)

i 3-2. g W] WE MY

S+=8-(%,w.b.)
T
10.03 14.91 20.07 25.06 30.12
AHEs(g2) 5.0440.080(5.2940.098|5.71+0.072|6.044+0.087|6.46+0.063

>
o
1=
=8
rlr
=

il
o,
—
wm
)
=z
>,
o
1=
=8
|\
o
ok

ol 140mne] Zuwj7lol] A FTAE A, Zuwr] ot 50mm Hoizl 3t
2174 110mm, Zo] 100mm, &3 1000 mle #HS =03 & Zuj7] 35 9l
= Edtol= AlolEE do] TAE At H8hAIA 1000 ml el 7FS A9
HE A AAST A AEs AT T FAE SAc] AELE

E Ate, AEEEE 4959 95(10.03, 14.91, 20.07, 25.06%,w.b.)

of tisle] 53] WkHE ZASISTE FAEAe] AELEE g0l S g
579.3~549.2kg/mo. 2 AFPH o7 7tasls Ao Ve om(E 3-3), &
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A FA FoEv ABUEY AL 43-10% 2e 14 AP om

i

LHER AT
; 240 :
il

1m

2
40

¢ ' i

+110 1w

% 3-5. AR SAEA A 2 gdHE
Pourr = 601.4134—2.0544M, (R*=0.995) (3—-10)

047]}\1, Prulk - %;‘(H %Z}Q} ﬁ%ua]l::—(kg/m*)

M, © 72 FAE] FFEE(%,w.b.)

E 3-3. dE W] mE AbEiE

=8 (%,w.b.)
T %
10.03 14.91 20.07 25.06
AHE = (kg/m') 579.3 £ 2.06/573.0 £ 1.31|560.1 + 1.93]549.2 + 1.65
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1 7F AA8 &

G

EOESES

0~70°

o] FHw

olgsto] 7

213-11%

A ()=

2 ] m}

o

9;]\

—_
10

2ol

X
.Z__l

110

ojo

wjp
E

op

(3—-11)

tan (¢)

My =

1714, ¢

g vtgH AP wep o 2A e

A=

s

A}

AsE tehon, get

3} e

27}

A whe ot

e, ZEdH 2

7}s

=
¢}

7}gholl wet 0.337~0.432%
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¥ 3—4. Fg5& Wl wE vz 9 AHepEA g S5k
)
TR NN N ) PO R ) = i o}z 3
(%,w.b.)
10.03 15.26 + 0.329 16.50 £ 0.308 18.64 + 0.416
14.91 16.08 + 0.217 17.20 £ 0.442 19.58 + 0.460
wjzkz}
20.07 17.52 + 0.396 18.58 + 0.512 21.08 + 0.295
(degrees)
25.06 18.36 + 0.351 19.46 + 0.456 22.20 + 0.308
30.12 19.46 + 0.365 20.90 + 0.381 23.34 + 0.422
10.03 0.273 + 0.0062 | 0.296 + 0.0058 | 0.337 % 0.0081
14.91 0.288 + 0.0041 | 0.310 £ 0.0084 | 0.356 % 0.0090
AupA = 20.07 0.316 £ 0.0076 | 0.336 = 0.0100 | 0.385 % 0.0059
25.06 0.332 + 0.0068 | 0.353 + 0.0089 | 0.408 + 0.0063
30.12 0.353 + 0.0072 | 0.382 + 0.0076 | 0.432 + 0.0087
FrAlEALe) vhd2tah GupRafe] BAAe FE 3-594 miuke} o] 1
2 I ARAFA R 7T e, a9 3-72 e mE AupEAs
o] WstsE =2 eERdH Aot
% 3-5. FAEA s Wbl wE wpaRzE 9 HupRA o] A A
TR np 2z} R’ el A 5 R’
A H 27T o= 13.0820 + 0.2123MC| 0.994 | uS= 0.2309 + 0.0041MC|0.995
e o= 14.1219 + 0.2199MC| 0.986 | uS= 0.2498 + 0.0043MC|0.985
ol d % o= 16.1807 + 0.2389MC| 0.997 | uS= 0.2877 + 0.0048MC|0.997
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0.986
0.978

35

SEATAKS B

30

1

Moisture content {%w.b.)

¥

mptjing anglke of repase
liing angie af repose

-
F

A& (wind column)

=

de = 24.49170 + 0.1683MC
Of = 21.9345 + 0.16863MC

ee 9

30 4

(sasubap) asodeuyo a)b iy

—(:;l.

bt om,

°o]-&3s

o
=

e
X

—

¢
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L
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fife)
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B

A Al 97| xE= 18T o)

=
=
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S

A}
ATH Duc &, 2008).
1t} Giiner, 2007).
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T

_22_

]_O

S

0.927~0.9460.2 7 -9}

0]
39

°o]-&

(¢}

?_



(3—-12)

2mg
Ci=—
vtpaA
A71A, ¢, ¢ FEAF(FAD)
m : A= (kg)
g %9 7EE(m/s2)
p, + &7 Br(kg/m)
At EHA(m2)
hdesh
EEs
Probe of —, | ey
anemometar T I
) Wind
Fan revalution distribution Hl””
spaed control unit
handie
Cantrifugal fan T
e
T 11_'/
29 3-10. FREE SA 4A) gUE
FAEAE FEgo] Z71Ee wet ST 3.47~3.91 m/sE AE A
SR Utk Ao vERoy, gEAes 1.84~1.64% AP AR 4
23k Aoz YElgt
¥ 3-88 Fad 2UEEe} PuASRY 54 23E vhehd Aol

_23_



N —
o~ ©
™~ < <
— o o
=) + +
135) — <
3 <
o3 —
— ™~
o~ ©
© < <
S o o
Ie) + +
N 0 i)
o~ <
o3 —
—~
- — <
= o~ ©
S| >~ < <
SEE=] S o
~ o + ._h
N —
o = <
{+ > I
ToR
o o
N N
— < <
=N o o
< + +
— D <
2 o~
o3 —
S o~
o) o
2] < <
= o o
S + +
— o~ e
= «
o3 —
—~
g
E A
1 <
4r i

(3-13)

3.2715+0.0211 x M, (R*=0.991)

Uy

(3—14)

0.999)

C, = 2.152-0.0374 X M+ 0.0007 x M2 (R*

S8 (%, w.b.)

M(J :
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24 542 A(1987)0] Il A= Hele] =4 3 <

=
4 EAel WF AT ARE ol getith B4 54 F40 AW e F

T A=A GG 1985l e Aufete] FEe HR e

o] & - FE(20£5C, 70£10% RH)NA b= A4stuA Aol AL8st3

9, A%, BAYA, FRE, WF, duy] 98 GFE 5o BHS 54w
A ® 3-99 gon, BAAG Frawwe AunnAs 4] 98 4
SR 54 ghe 87 BAste] TE AAWANS E 3-100% v}

u
=
2
o
o
AL
a2
J[m
oX,
rlo
do
:¥£
o\
Y
Ay
o
A=)
offl
ne
rot
ok
)
o
fru
S
ot
ol
3
o
R
s

o], un], Frle] F% @uelst Aneun gel zow dues w
g =R FR@we Fr wek 1 gel Agsd, ol ge AFe

Wratten 53 Morita®} Singh®] Wl gt Ag-A3kel FASHA ek o
Argle] wate] ARyt 1 kel Zvbgo]l ¥ AA vehdtia Basg
c}.

32
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i 3-9. 2R 2 #AHe g4l 2454
Moisture
content 14.82 | 19.11 | 24.49 | 29.31 | 36.84 13.71 | 17.73 | 24.66 | 33.85
(%,w.b.)
o]
(cm) 0.808 0.81 0.812 | 0.816 | 0.821 0.603 | 0.612 | 0.619 | 0.628
HH]
(cm) 0.353 | 0.357 | 0.363 | 0.368 | 0.374 0.317 | 0.332 | 0.355 | 0.359
(_,;r?]) 0.274 | 0.279 0.28 0.285 | 0.292 0.267 | 0.273 | 0.278 | 0.285
o
“(rg7j] 0.038 | 0.039 | 0.042 | 0.045 | 0.052 0.031 | 0.034 | 0.035 0.04
2y
5 5 A B
F;;) H 0.032 | 0.035 | 0.038 | 0.041 | 0.048 ) 0.024 | 0.028 0.03 0.036
" e (Sa
(Al ess
A e - al
(;}me) bor | 1.188 | 1.114 | 1.105 | 1.098 | 1.083 — 1.292 | 1.214 | 1.167 | 1.111
i) bor
= i)
17 0.427 | 0.432 | 0.435 | 0.441 | 0.448 0.371 | 0.381 | 0.394 | 0.401
(cm)
TEE
(=) 0.529 | 0.533 | 0.536 0.54 0.546 0.614 | 0.623 | 0.636 | 0.638
B ==
(]_vé)— 1.378 | 1.352 1.29 1.271 | 1.264 1.356 1.35 1.342 | 1.283
AKr7]
1= 0.703 | 0.679 | 0.666 | 0.659 | 0.671 0.844 | 0.751 | 0.718 | 0.716
(g/cm)
VAN
E](—C;;)—L 40.83 | 39.05 | 39.73 | 39.98 | 38.04 34.68 | 38.14 | 38.48 | 35.55
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# 3-10. 2R % AR 4G9} gl AN

Property Husked barley Naked barley

Aol (cm) 0.7980 + 0.00060 M (R=0.9849) 0.5892 + 0.00117 M (R=0.9872)
YH](cm) 0.3380 + 0.00099 M (R=0.9986) 0.2934 + 0.00209 M (R=0.9309)
7 (cm) 0.2618 + 0.00081 M (R=0.9873) 0.2554 + 0.00090 M (R=0.9927)
FA(g) 0.0275 + 0.00063 M (R=0.9891) 0.0261 + 0.00039 M (R=0.9846)
53] (cm) 0.0212 + 0.00071 M (R=0.9938) 0.0169 + 0.00056 M (R=0.9850)

1.2167 — 0.00398 M (R=-0.8377)

1.3845 — 0.00838 M (R=-0.9652)

0.4136 + 0.00092 M (R=0.9938)

0.3537 + 0.001457 M (R=0.9676)

0.5181 + 0.00074 M (R=0.9964)

0.6013 + 0.00117 M (R=0.9330)

0.7108 — 0.00141 M (R=-0.7180)

0.8811 — 0.00551 M (R=-0.8094)

AR 7|5 (g/em)

1.4492 — 0.005541 M (R=-0.9315)

1.4125 — 0.00356 M (R=-0.9288)

A ARl A TR T%whE EoR SHIAY. S5 L
NEHEEA EA4ol: tha Aok QAR AEUE W QrAZe A 5o
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% 3-11 S5 9 F9 7|8ty A, d&, H2 7t
- ) § e} e = 2] A =
R R R B T Sl - B A e D B 0
(em) | Cem) | Cem) |y | ey | (gl | (%) | (deg.) | (deg.)
L - - - - | 1300 | 721 | 40 16 27
2 | 0897 | 0797 | 0.638 | 193.18 | 237.53 3111350 772 | 48 16 29
4 FASA 2 29 WYFFE L 9302 29 Y
7} A 5 g
HEslEge X3 JdgNy F7|(FFd7] 7 A# A, HK-BI025,
Korea)& ©o]&3to] 2AHE AHA2AHFY &7 Fo ARE =3A7]« 4%
H(static method) & o]&3sle] A3 oM, ¥ 3—-12¢ AFe 2188 &
Aol FHe ¥ dE&A FHY 2= HAdFEE Uekd Aot
(Greenspan, 1977).
% 3-12. Ay AE8E FE8H FH 8T 28 AUk
Temp. Relative humidity (%)
(C) | ma |cmeook| ma, | Kco, | M(NO), | KI Nadl Ka
30 11.3 21.6 32.4 43.1 51.4 67.9 75.1 83.6
40 11.2 20.4 31.6 43.2 48.4 66.1 74.7 82.3
50 11.0 30.5 43.2 45.4 64.5 74 .4 81.2
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e e e e B e
A r;—j-:;-_ iz
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Fupsont |

FAZA A
2 £0.001g &

o

Ao

}

1

]

193-11.
o

AN (T-TYPE,
ol

(7327, DATASCAN, UK)® =A3}

°©

o] AdHFE(11.0~83.6%)E FA3t
A& % 2~3

Germany)< 9|

A1 0.002g0]

ERREE
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N

e

10g—130C—4A]ZH(ASAE standard, 2004) %
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Chung—Pfost, Modified Halsey, Modified Henderson ¥ Modified OswinX&

ae Hustgi.

(1) Chung—Pfost Equation :

RH=exp|— ﬁ exp(— BM)
M=E—F In[— (T+ C)ln(RH)] (3—15)

(2) Modified Halsey Equation :

RH=exp(—exp(A+BT)M ©)

1 1

M= [exp(A+BT) ¢ (—InRH) € (3-16)

(3) Modified Henderson Equation :

RH=1—exp[— K(T+ O)(100M)"]

In(1— RH) LV _
TR(T+C) 0)] (3-17)

M= 0.01[
(4) Modified Oswin Equation :

RH = 1

1
(A+BT/M)N +1

M:(A+BT)(ﬂ)N (3—18)
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(dec.)
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)AO

RH =
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4719 HYP st 9 =, Modified Henderson, Chung—Pfost, Modified
Halsey % Modified Oswin 229 3| AAGF (2 E44)9F RMSE= % 3-14
of Zow, B AAAL ZF Bl o3k oS Alo]e] RMSE+
Modified Halsey %] - 0.281%(d.b.)& YERH] 47) = T 7HF ¢
S e YeERdY. dege SHALE ayste] A5 2 o5 3548 AL
ol°] RMSE®] 3&+FS 0.5%,db.2 HAT w, Modified Halsey X3
Modified Oswin E¥2 3&FFS 58l o1y, Modified Hendersont
Chung—Pfost B2 &0 Egslx] Zstn=z F nEe A 9sgltt,
BEd5E 2o AAAS(RY)E Modified Halsey 292l 49 0.99 o]
o] F2 @S YESlen, 1 ¢ REER 0.95 oo E YElgon At
9] _1}1_1:410] 7(4%1-}\-]0] l-:.oh:],'

BEdEFEe] AAAS} oS5 Apo]e] RMSE+« 3 3-140A4 ¢ o],
Modified Halsey ®®°] 1.909%% weto] HgHdol ml-- A veste
Chung—Pfost =2e] A9+ 4.479%, Modified Henderson =29 H$=
4.661%, Modified Oswin 29¢] %= 2.986%2] & e o] Modified
Halsey R€lo] H]gto] tha %8 & Yepddloh 2A3AlF= 449 =d <
Modified Halsey X@o] 0.990]4-& YERATH
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3% 3—14. Chung—Pfost, Halsey, Modified—Henderson, Modified—Oswin

=9 o) ek 4PYS W RMSERY A

RMSE R?
1=R=IPN| A& AFZ=
— o T
- vl RH - EMC | py | gMe
(%) |(%,d.b.)
A B C E F
Chung—Pfost 4.479 | 0.653 |0.9667| 0.9559
391.7 [27.885(44.1262(0.2196| 0.0385
3= A B C
1.909 | 0.281 |0.9936/ 0.9925
Halsey —4.9758 | —0.0132 1.8755
27 K C N
4.661 | 0.682 |0.9619| 0.9564
Henderson | (000282 | 38.3729 1.7844
Z=7] A B N
. 2.986 | 0.496 |0.9846| 0.9816
Oswin 0.0861 | —0.00048 0.3775

9 3-12~14% €% 30, 40 @ 50CoA &AZ=2e AZY3}45E A
Aot 44 Halsey o] oJgt g ZX& vlagh Zlolt}, 1A K
2ol 2% 30CY A AuEsEe e 54 Halsey ZE=Z o 53 HPg

E
Fee AAHoE YA T AAFAO, H0CTANE FHFE 50~
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Equilibrium moisture conternt, %,d.b.

9 3-12. 2% 30904 FAExe] HE

Equilibrium moisture conternt, %,d.b.

-
i
1

-
(=]

o

— ModMed Halsey
- Wezsuned

40 &0
Relative humidity, %

Edlo] o5t o SX]E H|

—— Modfled Hakey

15 « Measured
10
3
a . . ; :

Q 20 40 ] a0

Relative hunnidity, %
° SHI =S & §l2~0

25 40CoA A=A HPsta A

Edlo] o5t o2& HlaL
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= —— ModFled Hakey
e +  Measured
o e
E
o
E
(=]
o
E 10
H
(=]
E
E
_:
& 51
=
i
a T T T T

=]
(2]
(=]

40 &0 &0 100
Relative humidity, %

19 3-14. €% 50CAA FAEA) FFF5E AAA} 574 Halsey

=

mle] oF o 5% vl

Predicted-30T¢ Il
— — —  Predklkd-40t
——————  Predicied-50T f
15 4 - Measured-30T -":.-
" Measured-407c i
Miegsuned-507C

Equilib ium maisture content, & d.b.

(=]

T
a 0 40 &0 &0 100
Relative humidity, %

a9 3-15. &4 Halsey 99| 30, 40 % 50C9] &Zo|A9 oA <}

Al
=2

v

A E W]l

_35_



o
o,
=
R
i‘—l‘z
a2
o
fr
>,
ot
rlo
=8
3o
i
o
&
J
o,
ok
i
By
o
o,

me] YEFon el YRAAE WA ¥R AYHES S
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727 A ES stglom, A o T4 57 A dgte] F

LA (VELCICALC—PLUS , TSI, USA)Z SA3s¢om, 0.56m/s(iE

MN
[-‘L"l
2

o 27|5% 160g9] FAZTAE WFo = Ao, Agde THS
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Lewis (Lewis, 1921)

MR = exp(— kt)

Page (Page, 1949)

MR = exp(—kt")

Modified Page (Overhults &, 1973).

MR =exp(—kt)"

Henderson and Pabis (Henderson and Pabis, 1961)

MR=A exp(—kt)

Modified Henderson and Pabis (Karathanos, 1999)

MR=A exp(—kt)+ B exp(—gt)+ C exp(— ht)

Thompson (Thompson, 1967).

t=A (exp(—kt)+ B In[(MR))?

=

Approximation of diffusion (Sharaf—Eldeen &, 1980).

MR=A exp(—kt)+(1—A) exp(— Bkt)

Logarithmic (Temple and Boxtel, 1999).

MR=A exp(—kt)+C
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(3-19)

(3-20)

(3—-21)

(3—22)

(3-23)

(3—24)

(3—25)



Two term (Glenn, 1978).

MR= A exp(—k,t)+ B exp(— kyt) (3—26)

Two term exponential (Sharaf—FEldeen s, 1980).

MR=A exp(—kt)+(1—A) exp(— Akt) (3—27)

Wang and Singh (Wang and Singh, 1978).

MR=1+ At + Bt (3—28)

Verma & (Verma &, 1985).

MR=A exp(—kt)+(1—A) exp(—gt) (3—29)

Moisture diffusion (Crank, 1975).

=(6/n") Z (1/n*) exp(—=n’D,;m’t/1?) (3—30)

n=1

M, : HE3s$E(dec,d.b.)
M, : 27185 (dec,d.b.)
t - AZRATH = h)

A, B, C, g, h, n, k, ky ky : "j7HHAF

Doy SRS AS(m? s )



WA = ay+a, (T,)+ay(RH,) + ay(T,)* +a, (T, - RH,) (3—31)

}

i
o2
0>.’
5

047]}\:" Ay, Q15 Ao A3y Gy :

T, : AZX%=(T)
RH, @ Fd5%=(dec)

T

AFAAFE9 %3S SASe] PROC STEPWISEE o] &3l AAs G o,
ShaH] Akt wdlo) 9%k oS3k Alole] A A2 RMSE(Root Mean

Square Error)E& 2@ HAd o]&3}3lt).
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1.0 5
2.8 4 —a— 40°C - 30%
—f— 50°C - 30%
08 e BOC - 30%
_ . — - 4%
a7 -—— s0%C- 4
IC- _. . ceeeeees BORD - 45
E aed ik —&— 40°C - B0%
= =._ —&— 30°C-80%
- R et BOOC - BO%
2 3
g 04
= :
0.3
azd e e e e s e L a—o o
a0 0.5 1.0 1.5 2.0 5 30 35

a9 318, §) BAe) AUGE B Axewnd daavel W

o

¥ 3-15% Z+Zto] AxrdEe] Rg? 9 RMSEE vER Aold, 137]¢]
nd Fo A pageRPo] AAAL(R?)S ol 7ME =a(HY 0.9924 ~

0.9966) RMSE 9] ko]l 7Fg vA e T (9] 0.0169 ~ 0.0296).
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3 3-15. 1370 Ad=md Zzke] AHGA S (R?) B RMSE

Drying

. R? RMSE R? RMSE R? RMSE R? RMSE
condition

Henderson and

Lewis Modified Page Page .
Pabis

40C-30% 0.9807 0.0503 0.9821 0.0511 0.9930 0.0219 0.9758 0.0449
40C-45% 0.9696 0.0565 0.9713 0.0548 0.9932 0.0201 0.9613 0.0481
40C-60% 0.9299 0.0828 0.9610 0.0895 0.9966 0.0227 0.9076 0.0729
50C-30% 0.9917 0.0319 0.9922 0.0324 0.9962 0.0169 0.9887 0.0294
50C—45% 0.9832 0.0408 0.9833 0.0406 0.9924 0.0239 0.9775 0.0426
50C-60% 0.9504 0.0776 0.9765 0.0984 0.9927 0.0232 0.9332 0.0718
60C-30% 0.9932 0.0263 0.9928 0.0274 0.9963 0.0186 0.9934 0.0255
60C—45% 0.9937 0.0226 0.9928 0.0249 0.9943 0.0296 0.9938 0.0229
60C—60% 0.9939 0.0258 0.9965 0.0608 0.9945 0.0222 0.9939 0.0290

Modified Henderson Approximation of

and Pabis diffusion Thompson Logarithmic

40C-30% 0.9954 0.0383 0.9981 0.0168 0.9975 0.0152 0.9917 0.0390
40C—-45% 0.9958 0.0875 0.9974 0.0244 0.9769 0.0464 0.9968 0.0194
40C—-60% 0.9684 0.0911 0.9931 0.0213 0.9471 0.1184 0.9961 0.0246
50C—-30% 0.9994 0.0962 0.9970 0.0687 0.9958 0.0211 0.9966 0.0327
50C—45% 0.9981 0.0898 0.9971 0.0791 0.9926 0.0274 0.9971 0.0149
50C—-60% 0.9437 0.0675 0.9755 0.0839 0.9570 0.0971 0.9935 0.0244
60C—-30% 0.9976 0.1010 0.9916 0.0311 0.9923 0.0281 0.9980 0.0291
60C—45% 0.9941 0.0856 0.9910 0.0346 0.9915 0.0407 0.9879 0.0421
60C—-60% 0.9931 0.1415 0.9884 0.0479 0.9726 0.0629 0.9857 0.0599

. Two term ,
Two term Wang and Singh . Verma &
exponential

40C-30% 0.9995 0.0337 0.9782 0.0451 0.9942 0.0309 0.9985 0.0242
40C—45% 0.9996 0.0354 0.9796 0.0657 0.9882 0.0298 0.9916 0.0489
40C—-60% 0.9909 0.0689 0.9420 0.0724 0.9533 0.0601 0.9855 0.0782
50C—-30% 0.9927 0.0618 0.9920 0.0324 0.9983 0.0185 0.9985 0.0245
50C—45% 0.9901 0.0989 0.9895 0.0369 0.9929 0.0244 0.9907 0.0644
50C—-60% 0.9810 0.0715 0.9510 0.0828 0.9567 0.0570 0.9546 0.0592
60C—-30% 0.9948 0.0563 0.9943 0.0238 0.9985 0.0158 0.9978 0.0799
60C—45% 0.9929 0.0638 0.9972 0.0240 0.9950 0.0212 0.9926 0.0656
60C—-60% 0.9883 0.0888 0.9986 0.0112 0.9944 0.0265 0.9922 0.0270

Moisture diffusion
model

40C-30% 0.9942 0.0243
40C—45% 0.9893 0.0294
40C—-60% 0.9415 0.0558
50C—-30% 0.9885 0.0362
50C—45% 0.9833 0.0439
50C—-60% 0.9480 0.0584
60C—-30% 0.9801 0.0457
60C—45% 0.9598 0.0663
60C—-60% 0.9647 0.0684
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¥ 3-16. AYAAS o]&3F Page T2 w7

MR = exp(—kt")
T (C) RH (%) k n
30 1.09401 0.75798
40 45 0.98914 0.71620
60 0.79361 0.59702
30 1.47942 0.83385
50 45 1.28340 0.83001
60 0.99671 0.74876
30 1.99099 0.90972
60 45 1.70381 0.94381
60 1.32597 0.90050

% 3-162 WAL o83l Page wele] WSS TF @S
Bl Aol e Rk E a0 B udagch A¥AFE S48

e e 2rH(A 4-18~19).

k= 0.02246 + 3.2428 - RH+0.0006308 - 7°-2.01481 - RH>-0.06077 - T'+ RH

(R*=0.9949) (3—32)

t=0.60932-1.72018 - RH*+0.02529 - T+ RH (R*>=0.9864) (3—33)
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(3—34)

MR = exp(—kt")

k = 0.033 + 0.0003 - T
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(3—37)
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2
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DolE (%)% 2EG) , AHEFEG)

M RHJ+a3 M

T, +ay

Gy =agta -
A7, G,

j =
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’

(Z = 1’...

5, 3)

) 7] =

g, a1, Gy, Gz Ay, Qs -
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CVa(%)
2.53
2.68
2.32
1.96
2.57
2.24
2.29
2.48
2.33

uF 2o} A7k
(MGT)

Mean (day)
2.82
2.60
2.37
3.12
3.04
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1.30
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=
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Ely
92.00
94.00
95.44
86.22
88.78
91.00
75.00
80.22
84.00

RH (%)
30
45
60
30
45
60
30
45
60

Temp. (C)
40
50
60

T B N Wy T
_ |
T & RN
- T 2T
g % = T
< X
S o & e el
V X <
o M "Moo %o
= = <
S A 2 e =
> B = TR
20} (=) Lo
G - m o o
b & BN =
= X w Mo
1
T D el
2o 5 o 3 M &
o B S 2 T
T N £ S B
o = 5 5 S 5 oo
= T X ~
~ NS el H X
s T R g g Nk
— — nCY . N K
X xO N ,D,I % = U‘.# ,91‘._ OT
7 W O
,.:JL Ju dr ,Ul u X % N 7T N
=) - A b J o w =) Oﬁc En_
N [ R TS = © oo
B = )\ M A ° ol n
: = &Y s 5 U F=
s &o o ) + LC el
~ wm.o | b~ N JXH_ —
Q 3 o = N ™
oF = ) [ - N
a I s
" Y ] TR
x =N T o
o FFon

58.7C HT} o}

4 3-40%} om,

h=d]
=
j

ol, 54.5

1

s

_49_

ASE 30, 45, 60%Y AL Axew

[e)
T



(3—40)

= ¥ 3-239 YeERIT

Tys < T=146.1+11.667 - RH+15.556 - RH> (R*=1)

el

(3—41)

MGT=1.16167+0.07283 - T -3.1222 - RH -0.00053 - T° +0.04333 - T+ RH

(R?*=0.995, RMSE = 0.00024)

Wkt P—value<0.05).
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{ Stop ]
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U 550 kg/

ofo
ot
o
1
N

|5k A3} oF 0.036 m' FFo|gon, V)& He] AEd
85

m'd AF A Al 20.0 kg, FAFAZ B4HA] 560 kg/m'Y 20.3 kg
ol Atk
_ Ax718F (ko)
Az7) g5 = —=lleel 3-53
I8 ] o) A2 = (fg/ ) ( )
AxE &4 = (AxFE&4) + (M3 ALH — w3 HAAZE4)

= [0.25%0.25%0.25] + [{0.4%0.25%0.25)—
( 0.14x0.121X0.5%0.25%2 )]
= [0.015625] + [0.025—0.004235]

=0.03639(m")
> W= g4EA] 0.03639 X 550 = 20.0kg
D> SR 4] 0.03639 X 560 = 20.3kg

E 3-51 R E R dxd A 7 x

B g5 (0.375%0.375%0.25 m, LXWXH)9 €82 0.046(m')o]g o,

B 2 G2 FFo g 3Aeld 53 kg FaolQquH (18 3-51).

_92_



0.010713 (m')

/\]_7_}_133

> w2 {FAEAZ A = 18 ke

= 0.375%0.375%0.25(DXLxH)=0.0352

o 84

1

K

ey

R

btk

°©

ol A7

> o W FAEAR SHAA] = 35 kg
[e)

108 7|02

o
s
4

(kg/hr)

171.4
150
133.3
120
109
100

o
Top
\d

=34 % (m/hr)

(o3

A

6.42
5.63
4.49
4.09
3.75

24 ~25m /min-m’ 4=3=0]

ok
2

10
11
12

o

T

2~ 3L
ST

a

S
-

A% 7l

30m/minms 7]+o =2

il

o]

—_
110

&
2 70kgol o

B!

el

&l 1.87cmm FFo®

S

=
K3

0.5m/s

ST A~
el

Al 0.45m,

o F
| AxFe Ax}, 148.77mAq G50

3|

o

g, ¥ <

0] =
PA -

PN
T

Foz PR
3—54¢] <

1

A

Ko

I~
3

‘O/]
u o

e 1.87cm¥ A 148.77TmAqE 2tE &3

%ﬁo
N

4o

gk,

Ak &=

Al
&

o))
=

el

Fxo

_93_

o] & 4 3-55= AXst AF 0.1kW



9] HAY 2322 0 30 m'/minm2

>
> &3 30x(0.25%0.25) = 1.875 cmm
> g

AP = 9.8 X 653.54 X V1.2727 X ( D + a) (3—54)
= 9.8 X 653.54 X 0.51.2727 X (0.45 + 0.1)
= 1457.94 Pa(148.77 mmAq)

1.875
o714, V= AxH dH7] £ 0.0625 % 60 0.5 m/sec

A= zx7] @4 = 0.25 X 0.25 = 0.0625 m2

D= 34AxY 5= Fo] = 045 m
@ = ®H EAHE, FE2) = 01
> 37 59
- P.Q 1457.94 < 1.875
_ =y = st = = -
=5H 0.6 0.6 60 75.9 W (3—55)

(53719 38 60%)
— 24 A}eEE = 759 WX 1.1 = 0.1 kW

WU = Ao of 110CH

s
Q72 E 10CE 7HAE 4% Ho 71dg=2 3,960 kcal/hro]

g
[4-9{_5
0%y
ol

FNA ALl o] EF
st A3-56=2 AAksk Az} 2

70 k o
(8,400kcal/L)E Alg3lE AoR 7MAHS L A5ARHEHS U} 2]3-57%
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=0.4398(m3)

> W= g4F A] 0.4398 X 550 = 241 kg

> FAlEAZ 24F A] 0.4398 X 560 = 246 kg

N\
/

O 3-76. BAH O Axd d4d Fx

B g5 (0.375%0.375%0.25 m, LXWXH)¢ €42 0.171(m')o]gom,
W 2 fAEA FHoR SAkeld 95 kg FEolATH(LH 3-76)
ST S 84 =IAE-Z2A 2
=0.171408 (m3)
> ¥ R FAFAZ A A = 95 kg
g g &4 = 1.0x1.0x0.5(DXLxXH)=0.5 m3
> ¥ R {AFAZR B4 A = 277 kg
FolEEs gdst f3tEEstol A3o] VMestes AxRE TS
10 782 sto] AAlstgon, 40| 7Msstes A skt
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Az FIAIZHE) T34 = (m/h) &% (keg/h)

7 4.3 2,091

3 3.8 1,830

9 3.3 1,627

10 3.0 1,464

11 2.7 1,331

12 2.5 1,220
R

TEFE OF 24~26m/minm'FFEo| oY, 2] AxV]e] 5E&S 1
#3te] FH 30m/minm' S 7|Fo R dlow, HE 9 {fATA FF
2,000kgel thate] 30.0 com FFo= AGsHTE Hx7]e] FFATS W H
A5 $3ATeR 72T & dedl, M T 7 0.45m, ¥ 0.5m/s¥
ol o} 2 3-599] o8 Ak A}, 148.77mmAq ol I, T
30.0com3¥} A< 148.77mmAqE ZtE £33

%
the A 3-602o.2 AAke A3 1.3kW FFo] AT

> a9 WY 5% 0 30.0 m/min'm’
> &Z= 0 30.0x<(1.0x1.0) = 30.0 cmm
> EEA
AP = 9.8 X 653.54 X V1.2727 X ( D + a) (3—-59)

9.8 X 653.54 X 0.51.2727 X (0.45 + 0.1)

= 1457.94 Pa(148.77 mmAq)
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7|4, V= AzR Any] &w = O

060 0.5 m/sec

1.0 m
AFE A = 0.4398 m
D = AZxY 3E5F ¥$°] = 045 m
a = F71 &AHE, 3=) = 0.1
> &7 o4
) PO 1457.94 < 30
—=%8 = st = = 1.2 —
%3 06 3660 kW (3—60)
(53719 38 60%)
=2 A AH85H 1.2 kWx 1.1 1.3 kW
HUY = Y oF 110CHEE FsA1d F Ae 8952 7[Fo =2 31%om,
75 10CE 74 A% A 7M1g9E=de

FPlA A gt ol

A
st A}, 84,480 kcal/h®] 7HE-&=%Fo] HQsalon, W
S (8,400kcal/ L) E AME8HE AR 7M43lal AEARFS U 4 3-62
= 7% A% 10.0L/hZ =7 ekl

120C7HA (AT : 1107C)

o) Hugy = ORCGEL -

60><30x1.2>x0.24 X110
n

0.9 (3-61)

= 63,360 kcal/h
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¥ 3-412 AxAQ0YAE YERH Aot} dEAH| s 11,520kJ=

Eltor 572 8,800 kJ/IE AE3 A3} 11,346,885kJE AH|eA T Al
AE FEEHS o] &3 oYX 2| HFe 3,473kJ/kg—water® AHF A EAZ

719] o YA Au|E 5000k]/kg—waterH.t} 2F 30% oA A7Fo] 7}53)

32

I 3-41. FAFEAY 28N

7 2n] 5 frranlgd | AA" FEF | FoluAAn=
(kJ) (kJ) (kg) (kJ/kg—water)
M)
o147 11,520 11,346,885 378.8 3,473
(kJ/kg)

¥ 3—42% Pols WHIE YEeRH Fojn oA} o] Wol& 92.1%

2 oobd Havh T9%E B3 TobE 5.0%HUe v F4 &L A3t
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Moisture content, %,w.b.
-

[=]
[

L
o
(=]

3E 3-432 AxagduAE YEd ot dHAR"S 6,480kJE U
Elgkon, 59 8,800 kJ/i€ A&g A 6,246,801kJE AT AA
H SRS o] &3 Fo|ALH|HE 4 553k]/kg—water2 Ky dAx7]|o
Al gt dUA7F AvE e dHS Bad 5 e, duk FEH xR

9] o YA AH|E 5,000k]/kg—waterE T} ¢F 10% o|YA] A7to] 713t Tt.

3 3—43. HE 71x9 &894

7 An] 5 frranlgd | AA" FEF | FoluAAn=
(kJ) (kJ) (kg) (kJ/kg—water)
M)
o7 6,480 6,246,801 159.1 4,553
(kJ/kg)

E 3-44% Wobs WHLE hEhd Roln, EMsh o] Wol e 96.6%
2 Wolg A 34%% B Wold 5.0%uT WA et ReE )
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O3 3-902 AFRAYe we| FustE ekl Zlolm, adeAet 2
o] AF %7] & 17.6CoIAT. Ax7t WAHHEA HFap F7lste] £33

fol] =g ] Hauo F2o] yetgon Ho 36.3C7HA F71stla
3

1_4

o

a9 3-91e ARAY F oY) HUSES vhehd glolu, 1A
s ol w7l vel AulnEE Ao 9% % UEdon, A% % 4a pad
27k 2 UEt w)

o 65%7HA] AasdY. Ax T o= Qslo]

o

o] st AAH 0w B vhebe
& 2 27 g5

MEE e 2

a9 3-92+ Ax = g

- 141 -



22.3% w.b.olA HEISLE 15.0%7H4 71%8=d 8.047Fo] A
NE2HEE 0.98%/h= YERETh vE4 A7 el &1 Akt

A9 e, F5E 19.0%,w.b 7= A&l 1.0%/holdo.
=

N
N
I
o
o
)
4
=
ﬂ
)
=
co
N
~.
=
il
N
Lo
olft
e,
rot
AL

a0 4

60 4

10 4

Drying Air Temperature,

Crying Time, h

- 142 -



10 4

T T
(=] (=
a 4

o, aneleda ) uelg

10 4

a

Cirying Time b

110

100 4

a0 4

g ALY BniE|ay

60 4

50

= h

Cirying Tim

19 3-91.

- 143 -



-
o4

o4
4

[=] ] =] -+

o S — =

g uauoD adngsiow

4

Dirying Time,h

6,020kJ= 1}

o
-

2R

3

0

3,287,790kJ S 4H]

1
s

oy A]

4,405kJ/kg—water= 7]
719] Z2goluA] 5,000k]/kg—water® T} AL 4,405k]/kg—waterZ L}EFL O

KeN
-

Ul

sttt

o] 7V

1.

A
el

&

o ok 11% oYX

(kJ/kg—water)

4,405

(kg)

87.3

(kJ)

3,287,790

RERL:

(kJ)

6,020

Jo]

SISkl

(kJ/kg)

ob&2 96.7%

=13
=

ol™, ol ol

il

- 144 -



FEow e,

Germinated seeds

o X
it S T T B
= &
o] o
ﬂ7_H (@)} 0
TS| ok
N | N
CERNOe

4 9EH Az7) AAR BA

7h =W AEARS R AR E%

B

2717k B E A ol fAF xR A

Hr

el

2010 A 77,8307 REE o,

e AT (s A S, 2010). OF

A %491 grazt vhehA]

sA7IA=

=
T

Hr

1,500t 7} A4k g =

oF
2

s

e gl A,

e

J

i

A

HEAE7I7E AREE AL 9o, Beo A

wele] ARz =

°of #

Ao}, o)

-

90% =

I ok 3.1%¢

3|

A, BYAZR7] AR E d3F oF 700 =

- 145 -



T, ST, Al AL 113,000%, 64,0008, 7198024, F5
& 52%)4% Bxz & A$ d7

o} webA, OEE FEAZR7)9 A AR

o

=l oF 1,000 2 FA )

. =9 AFAN L A A%

el F8 Ad=The $9(28.2%) R 1(14.7%) & oMot w7
A, Al AxZE Ths R ATl AR AAelth o ARl v o
& Ax7le HA2 fHuEE aEd A, Wk SolA &t gleH,

SFE 78k FAlC Q)

F 3-47. 78 7P AN AN - RkE)

T l‘ﬁ: 2002 2003 2004

A A A A 34,249 36,617 46,365(100%)
= = 10,552 11,420 13,040(28.2%)
A o ot 4,407 6,771 7,728(16.7%)
°o] = 5,083 3,918 6,800(14.7%)
= 4 3,849 3,638 5,277(11.4%)
= Fa 3,320 3,361 3,969( 8.9%)
¥ = 1,468 1,771 1,612( 3.5%)

25 Al PsEdATY, 2005
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Thin layer drying rate

and loss of viability

Agricultural Engineering

EMCE Y 4 ] Research 74(1):33—39
modelling for rapeseed
FANE olge axr A o M
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