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Data and Equations for the Analysis of

e =

C, =%%e H#(ki/kg K)
Cr =99 H#(kl/kg K)
Cs =fa%e H#(kl/kg K)
D =K% #kHHE (m'/hr)

DELM = 1 Bl 1REF Ko¥ 4 & (45, db.)

DTIME = 1 [El#i#% #§65H (hr)

Ga =72%.° FiR (kg/hrm')
he =HHBMEEY (KI/m' K hr)
he =¥ 8] K5 KBS (kI/kg Hi0)

I =233 f#HMT)

k=M HERE(W/mK)
M =&KE(%, wb.)

Me =8KE (&5, db.)
Ma = &KE (%, db.)

M. = FH&KE (%, db.)
Mo =#IaKE %, db)
P =7RE (%)
Ap=EBNET (Po/m)

q =2FY ##(m'/s m')
Ry =Ko SMEREE (m)
R, =% SHEEEE (m)
R, =A% SMERFE (m)
RH = HIBRE (&)

RHP = #%HRE (%)

T. =252 HIREEC)
Tax =2H° EHEE K)
T’n —%19134 ﬁrlﬂu'lr)

*AFaeE e Fokd g 5ol 7)A g st

Rough Rice Drying

L
D. H. Keum

t'n =¥ 7 KfH (min)

a =B B EE (m'/hr)
pr =HHBE ke/m’)

pr =REHE kg/m’)
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Table 1. -The size and shape classification
based on the brown rice kernels (22)

Average
length/width
ratio

Average

Grain type length (am)

Short grain 5.50 or less Up to 2.1
Medium grain 5.51 to 6.6 2.1 to 3.0
Long grain 6.61 to 7.5 Over 3.0
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Table 2. Dimensions of brown rice kernel of principle rice varietiés grown in Korea(6)

Length (zm) Width (mm) Thickness (mm)

Variety A B % Entry No.
Seolagbyeo (4dats) 5.20 2.93 2.05 1.77 2
Chiagbyeo  (3]%h#) 4.92 2.94 2.11 1.67 3
Reimei (e44) 5.05 2.98 2.07 1.69 4
Sobaegbyeo  (49¥) 5.03 2.95 2.03 1.71 5
Odaebyeo (ooie) 5.33 3.09 2.20 1.72 6
Daeseongbyeo (s]43¥) 4.95 2.93 2.19 1.69 7
Fukuhikari (B3) 5.27 2.90 2.04 1.82 9
Nongbaek (5 ) 5.09 2.98 2.14 1.71 10
Dobongbyeo  (E-44%) 5.07 2.86 2.16 1.77 20
Kwanakbyeo  (3h2}¥) 4.82 2.92 2.16 1.65 21
Jinbu 1 #%13%) 5.0 2.8 2.1 1.79 24
Jinbu 2 (A%23) 5.29 2.93 2.02 1.81 25
Sangpungbyeo (AH5¥) 513 3.00 z.11 1.71 30
Gihobyeo (7139) 5.12 2.94 2.08 1.74 31
Oosora (=) 5.09 3.02 2.05 1.69 3
Jinheung @ F) 5.53 3.06 2.18 1.81 36
Paldal @ o) 5.00 3.10 2.1 1.61 37
Pungok & ) 5.16 2,91 2.06 1.77 38
Akibare FA4) 4.95 2.91 2.02 1.70 41
Nakdongbyeo (4%%) 5.05 2.94 2.00 1.72 42
Dongjinbyeo (F2ly) 5.07 2.97 2.15 1.71 43
Seomjinbyeo  (4131¥) 5.28 2.96 2.01 1.78 44
Milyang 42 (o423 ) 5.59 2.74 1.99 2.04 176
Milyang 30 (Uok305 5.32 2,65 1.93 2.01 177
Weonpungbyeo (%4 5.15 2,72 1.95 1.89 187
Jinjubyeo (ZF4) 5.08 2.98 2.08 1.70 350
Tongil E 49 6.4 2.9 2.0 2.21 157
Manseokbyeo (ak4{¥) 6.26 2.82 1.78 2.22 158
Raegyeong (9eF293%) 6.6 2.3 1.9 2.87 160
Saetbyeolbyeo (4#H4) 5.6 2.2 1.7 2.55 163
Taebaegbyeo (e{®i) 6.67 2.62 1.86 2.55 164
Chupungbyeo (F%54) 5.88 2.23 1.84 2.64 165
Baekyangbyeo (#¢f¥) 5.89 2.79 2.04 2.11 166
Gayabyeo eo  (7}of#) 6.04 2.60 1.9 2.32 167
Pungsanbyeo (F4H4) 6.37 2.59 1.89 2.55 172
Shinkwangbyeo (413-4) 6.15 2.7 2.03 2.27 173
Samkangbyeo (4F7H4) 5.71 2.66 1.88 2.15 174
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Nampungbyeo (d-F9) 6.30
Sujeongbyeo  (+34) 6.43
Yeongpungbyeo (3%1) 6.24

2.80 1.85 2.23.25 181
2.83 1.97 2.28.28 186
2.51 1.86 2.49.49 319

M. uo| MmiRey 51%

1. 37|

¥ 9 Asle Ao, B ¥ FAZ Jehia
o] F& #33k o] | FKEKS EME FRsch

# 394 Morita % (13) & fEREM 2] &oke] o]
sk W& BRES (At WESHAS =, Wratten
(26) & Rzt RHIME o] 2 10EE sHAs
AA3 vto]aR 0§ FIAZS o]9] £alo|st
WS WEste] ko] FigAlolsl WS BEsHc

Table 3, Dimensions of short, medium and long grain rough rice

Grain Dimension Regression equation r! Range of M Range of
type (em) dimension (cm)
short* Length 0.7318+0.00122 M 0.98 11.21~21.89 0. 746~0. 759
grain Width 0. 3358+-0. 00989 M 0.99 11.21~21.89 0.346~0. 356

Thickness 0. 2187+0. 00089 M 0.99 10.40~22.59 0.223~0.239

Length 0.7747+0.00127 M 1.00 12.00~18.00 0. 790~0. 798
Medium** Width 0.302+0. 00076 M 0.60 12.00~18.00 0.312~0. 318
grain Thickness 0.184+0.00089 M 0.89 12.00~18.00 0.196~0. 201

Length 0.894-+0. 00584 M 0.96 12.00~18.00 0. 968~1. 003
Long** Width 0.239+0. 00165 M 0.96 12.00~18.00 0. 259~0. 269
grain Thickness 0.177+0. 00114 M 0.85 12.00~18.00 0.191~0. 198

* Morita and Singh(13)

6)

** Wratten et al.

N FAE 2F G Tl
msE sk,

Steffe (17) £ BHM= & K2 BFon, BKR
11.2~22.9%, wb.$12 = 2| FHMHe MEH
¥, e WREHAR (SaR) o286 Bk, R
% ol g SERERE Tk gow, 2ghe
ohgsh 2o,

Ra=1.58%10""m
Ry =1.66X10""m
R,=1.77X10""m

A9 e 4A 9 AR By FAL
0.08"* 2} 0.11** & vjepiic),

Bakker-Arkema % (2) -2 Steffe (17) 2| %%
ekl HRUEM S EK, ZK 3 e SHREE
& ohgsh o] Bk

Rs=0.142X10""m
Ry =0.150X10""m

L EET TS

B

Rr=0.161X10"*m
2. W

#e] WS K4 Air-comparison pycnome-
ter & FlIfAste JESl, Steffe(17) 2} Wratten
(26)2 72 RS PR RS Fa o) 7
o] @kEe] mWE #ReHch Kim(11)S $2lu
2loll 4] Al == Japonica 9l Akibare 2} Indica®
ol woF233 9| MRS # 4 dl4el o] RS}

3. MEE

42 BHEEE JYelie HBAL %59 2ok

BHEE: —RHoZ BN 4T JdE 5 B
HE AP FAE sk Fissn], 5694
Morita 2} Singh(13) ¢| 7% EHMol o3 &
& AR HE A9 208) FEH4 BAZ o
& 7Z%old, Wratten%(26) o] #Rg ddufEist £
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Table 4. Volume of rough rice (m’)

Grain Type Regression equation r Range of M Range of Volume
Short grain* 19.294-0.1684 Mdp 0.93 11.20~22.99 21.688~24. 024
Medium grain** 9,734+0.508 M 0.95 12.00~18.00 16. 059~19. 173
Long grain** 15.404+0.229 M 0.95 12.00~18.00 18. 353~19. 604
Akibare* 22.689+0.262 M 0.95 7.35~26.92 24.615~29. 751
Milyang 23* 22.591+0.320 M 0.97 7.42~26.95 24, 965~31. 215
* Steffe (17)
** Wratten et al. (26)
* Kim (11)
Table 5. Bulk density of rough rice (kg/m')
Grain type Regression equation rt Range of M Rang of bulk density
Short grain* 583.6+4.2TM 0.95 11.24~20.95 632. 0~664. 0
Medium grain** 499.7+8.33M 0.99 12.00~18.00 598.4~648.7
Long grain** 519. 4+5.28M 0.94 12.00~18.00 585. 8~615.2
Akibare* 537.59+1.222M 0.98 7.35~26.92 546.6~570.5
Milyang 23* 529.19—1.104M +0.010M*  0.99 7.42~26.95 526.5~571.7

* Morita and Singh(13)
** Wratten et al. (26)
* Kim (11)

Rfiiel A9c | <dha AYE A9 gL &
gk Folct,

4. HE

w o HES Jeble HEAL 63+ Pl

#6014 ERMNS 7A9E Toluen s FIM
%+ Pycnometer = BGER zhel=d, rhiuflizl EfH
¢] 7%= Air-comparison pycnometer o] 2£|3}e]

fuEsl ghelch.

Table 6. Specific gravity of rough rice

5. WMz IR

# o] REHS WEAE &2l 47ba Hikel #
A=l gle

HiE1 : Wratten % (26) o] (AT Hikez o @
o8 2kt 3 o|]F Microtome % {3l 15k
o] gFe MWim o= YNTTHcl. VMR WS WS
2 zZhEEkn #llel R#sl EwEe 2ol § MRS
2 pisEste e E0lE WHEch R MHEE

Range of specific

Grain type Regression equation r? Range of M .

gravity
Short grain* 1. 421 -0. 00564 M 0.94 10.83~21.50 1.359~1.299
Medium grain** 1.465-0.0076 M 0.94 12.00~18.00 1.374~1.325
Long grain** 1.436-0.0042 M 0.95 12.00~18. 00 1.384~1. 358
Akibare* = = 14.00~22. 00 1. 037~1. 021
Milyang 23* = - 14. 00~22. 00 1.032~1.024

* Morita and Singh (13)
** Wratten et al. (26)

* Kim (11)

_95-.
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B Adtq T
Fth 2 . Hosokawa 2} Motohashi(8) 7} (/g

Jigo 2 we A WA olF FFHaA FF o
& ol 1Y EKS Planimeter 2 BESC}.

J7EE 3 : Morita 8} Singh(13) o] #&3 HEEos
9| FiEdl A& £719] A4, BE Y 2T R
FERGS FAstd MEstz, £719 BRE £5
3 BRE Tihed o] &7 RERS HHT
o, =8 E7] o7 AREe 4A S EAER 3
B RATRE S/ ME Tod H9 @K A
At

Jitk4 : Bakshist Singh(3)] (EAT Hiko =,
—Ee Het XEHME ¢ Ut T KA
o yAE sl2n RS A AR 2o
FAE waste ¥o] EEMS WiHc

Hik13k HEE2 R AEY EES k@ £7
+ nesla) gorvz ¥ Jobo| BREN Aol
se, HE42Z RHT &S FRAG SARES
nEta gone ME] Y Ao HEsx
2l=k(19).

Fk3ol He HEHE 7 A AHYE + e
oz 425ch(19).
Wratten % (26) & Hik1 & FIAstY &K% 12%,
wh. ¥ 18%, wb. 9] shiufs o REKS FREHe
77} 0,4019cm* ¥ 0.4245em’ 2 #1453} 9 e}

Morita 2} Singh(13)-2 53 & FIAHstY KR
18%, wb.ol fERifli+ o] EEHE MESS 0.8723
e’ 2 @&l o] 2 HE1Y Hk2E &
MY a2ch 80~100% A E Z zhelch,

Table 7. Porocity of rough rice(%)

o) HREHN-C B BDONE ZERC2 PR
e 79 1038.5m'/m'(24), RRfise AS
1060. 0m*/m’ (27) 2.2 #&5 v} Uc

6. TRE

PRRL o Koz s

P= (1 o g.i) X JO00 s+eessrerrsssnsansnraaraneas ( 1)

Wratten % (26) % Kim(11) 2 ¥ 2] 22K S £7
3 o] WAk,

N. #55%

1. HM
Morita 2} Singh(13), Wratten %(26) & #@it&
FlAst 251 REte Bawe) BEEBLE MEsH
o e s HEse BAES RS,
Kim(11) & 7|7} —2% FiRs BES —EsHi
FR A7 SHAKHP s, PR hRilel &
WEHNREE MEst He| kg Ftashdc
el el #8alk Ztr),
ASAE Bl A= Bk, Lk 2 He| ke
&& oh&3t 7ol #Rshalch
Cs=1.1805+0.0377 M
Cy=1. 201440, 0381 M +erererereresarancrnns
C,=1.1093+0. 0448 M

(2)

2. MWNENE

o] B iiMEe] BFENE Line source ik
o] —Mmo T ERSEl, o Kk ¢RvFoR
o W) hLws —BEHES Migd WD R
e Mol Yo F —ERe] BHE Mol 5=
Al sk 2 o] HES] EEAEOZ (MY o M
WEAES W(LE WEsd RE MEARS N
s Fikolch.

¥ EyMmERRS %99} 2ok

Grain type Regression equation ! Range of M Range of Porocity
Medium grain* 69.05—0.885M 0.99 12.00~18.00 58.5~53.1
Long grain* 65.55—0.475M 0.95 12.00~18.00 59.6~56. 9
Akibare* 49.67—0.227M 0.99 7.35~26.92 45.0~43.6
Milyang 23* 49.38-+0.0646M —0.0099M*  0.96 7.42~26.95 49.3~43.9

* Wratten et al. (25)

* Kim (11)
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Table 8., Specific heat of rough rice(kJ/kg K)

Grain type Regression equation r! Range of M Range of specific heat
Short grain* 1. 2692+0. 0349M 0.93 11.23~23.68 1.666~2. 026
Medium grain** 0.9213+0. 0545 0.81 12.00~18.00 1.599~1.993
Japonica* = == 7.35~28.09 1.517~2.378
Indica* — - 6.39~27.88 1.526~2.398
* Morita and Singh (13)
** Wratten et al(26)
* Kim (11)
Table 9. Bulk thermal conductivity (W/m K)
Grain type Regression equation - Range of M Range of conductivity
Short-grain* 0. 99999+0. 01107M 0.66 11.23~23.68 0.113~0. 127
Medium grain** 0. 08657+ 0. 00133M 0.87 12.00~18.00 0.102~0.113
Akibare* 0. 5662+0. 0013T— 0.76 11.52~28.75 0.0912~0. 1864
0. 0004M —0. 0107P
Milyang 23* 0.3527--0.0019T+ 0.84 10.77~32.20 0.0861~0.1774

0. 003M —0. 0058P

* Morita and Singh(13)
** Wratten et al. (26)
*+ Kim (11)

3. R R B
EhREEENE oS RAQB)o=2 FRsch
k

a = .P_-r.-c'-:-.-.-............................u"u.u--(3)

¥ o] iR %105 el

4. BREASR AN

Wang % (25) -2 #& 15em, zlo] 30eme| [Hfol
FREHE 25 Zol7kx Y& F M-S XMl
<+ = HHtisls PR RES MEsd BRos

BT RR vndo M WHMEERNE HH
shelos, thg (B)RoE WRakish
he=0.00718G." +errerrersarsansansanssnssnsanses (3)
Walker (23) & R fid el o3t chg @A
#rskgicet,
he =0.672G5**" - eeeiinnans e me iy g (4)
5. B{o] KoFHERM
Zahed (27) & Zuritz (28, 29) 7} #n%t 10K =
fuiiso] A FEESKRHTEA 43 Othmer
(142 FHEe EASS Rl o3 KiERE

Table 10, Bulk thermal diffusivity of rough rice(m’/hr)

Grain type Regression equation r! Range of M Rarge of a

Short grain* 4.51x107*—5.85x 10~*M 0.99 10.00~22.00 3.95x107'~3.24x 10~
Medium grain** 4.86x 107*—8.96x 10-*M 0.99 12.00~20. 00 3.79x107*'~3.08x 10*
Japonica* - - 7.21~31.80 2.54%x107*~4.66x 10"
Indica* = = 5.64~32.20 2.61x10"*~4.41x10"*

* Morita and Singh(13)
** Wratten et al. (26)
* Kim (11)
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#2 )X o (A2 #Rsgch
T.<43C :
he = (1626.25—1.546To) Mz """ evvennnne

T.=243C :
hys= (1862.45—1.757Tc) M

(6) K3k (6)Rell oJsh BKR 15~20%, wh, &
B 10~60TC H4lo] o KFARMEMS MilEe
B 1.049~1. 1862 2473~2939%J /kgH,0
7+ ek,

Brook 2} Foster (4) & Chung-Pfost 2] F#i4k
FHERQ K@) & FRst o2 (NXE 7
shsct.

h s = (2495.76—2. 38T.) (1+2.4962 exp
(—21.73My))

V. FaakEHEX

Plost % (15)& «12] ¥ fiffic] o3t o2 o=}
ol @RY PHEKRERE FMSA o2 (8)
Azt (9)KRe HEAE Bk}

Chung-Pfost & :
M. = (0. 325535—0. 0460152n {—1. 987
(T.+35.703) - £n (RH)} ) X100 =+----(8)

Henderson-Thompson % :

_ fn (1-RH)
1.918x10~* (T +51.161)

Me P (9)

Zuritz % (28, 29) & HEXH:#RE (salt solution) &
st hrffiso] H¥ PEEAkRS HESS
oh& (10) Re= #Rssich

M| —Soe e e R

1
{—fn(1—RH) } -Tﬂ.] C-Tax

A (1—%)'

o714, T.<43C 4
A =2.667X107"
B =—23.438
C=4.0x10"
D =—2.1166

Te243C ¥

A =1.798x10""
B =-10.178
C =451.658
D =—0.938

_98_

Kachru 2} Matthes (10) = {REF 18.8~37.8C, &
FE 5~90% HHol4 REfEH g FHIKES
5 (1) Aoz WiRstgeh

M. =4.51-+0. 069RHP +8. 837 (RHP) **
—0. 015 (RHP) ®* Tgy--eeerensernesanses (11)

VI. K4 HRERm

Steffe ¢} Singh (20) & fEffEY 2HE ¥ =+
EX, 44 3 $ARSE o]fojal ML K2 7}
At AR KR Fick o #HEMEGE
fliol] ZAT KyBoghihRAs BREE s
Hhs ERs #llo| s} 7ho] R 248, 4
A9 ARl T KHEREE REEES &
B2 Jebt+ Arrhenius o2 Bynddch

Wang (24) & ¢} 2 FEg @Aste i
o gt AW ENE Elld Mgl o] #Rstd
e}

Husain % (9) & » el 42 #4 9 7K 54 AL
T il el BAAHO] ¥ ASBKERE
HESH KRS @K (12) X3} o] Wrstach

D =Aexp (BMyp) +++sssrererrass reesnsananiannn (12)
7] 4, A=9.8787X10 exp(—7730.65 (1.8 o))
B =8.833x10*(1.8Ta) —0.3788

VI. WWERAER

Agrawal 3} Singh(1)-& &HEE 32~51T, #H%
HREE 18.8~85% WSlollA Ao B3t WL
RS THst o129 Page® HEA S #7e}
ek

Mo —M,
M.—M.

o714, X=0.02958—0.44565RH +0. 01215T .

Y =0.13365-+1. 93653RH—1. 77431RH*
+0. 009468T.

(13) Kol 4 FHAKE M.t (9)7%4 Henderson-
Thompson & st F§ ztols},

Wang (24) & BB 30~55C, HIBHREE 15~95%4
Hell A drpifie o] T WREBRRRS +85e] 4
e Emhek 2d¢ Y £ 2 4¢=EE A
% Azt KSPHEDL 237 222 Ffe 2
gale, ohf (14) ~ (16) K2l 3709 2ol A& 79
e TFY 227 wAskal, 18 ke o] 40
+ LTF7E e AzAgd o] dolAE (14)RY 2k

=exp (—Xty) rreerersusrnsransensne (13)
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Table 11. Liquid diffusion coefficients for rough rice and rough rice component,

D =A. exp(B/Tak) (m*/hr)

) Constants
Grain type Materials A B
Short grain® Starchy endosperm 2.57X10°* —2880
Bran 7.97X107 —5110
Hull 4.84X 10* —7380
Whole brown rice 0.141 —4350
Whole rough rice 33.6 —6420
Rewetted starchy endosperm 1.29% 107 —3430
Rewetted bran 1.82 —5400
Medium grain** Whole rough rice 9.83X10°° —4151
* Steffe and singh (20)
** Wang (24)
GHA 29 fe] ANxe Az Aze ASE
9160 whakAsteba Hiesahsich, Wang (4) o) HRar VI tHO| SEEIEH

37bA RS WREREY-E oS3k 2ot
Quadratic equation:

MR =1+4C,ty +C:th B )
C y = _D‘ mlzoa'r:.llll’_ RH-O.I]If
Cg _0_ mzs'r:,"dll_ RH—o.uu
Page's equation:
MR—exp(—Ptg) earssnssssneneesnseneseaanns (15)

P =0. 01579+0. 0001746 T —0. 01413RH
Q =0.6545+0.002425T +0.07867RH
Single term approximate :-
MR = exp (—Btg)-seeereremramiasansnnniannnnns (16)
A =0.96—8.826 X10""T.+0.02324RH
B =0.002814+1.267 x10*T.
—0. 00262RH
Mg, —M,
Mo —M.
@9) o] =& A& (EAsth

Eig &l MR= ol=, M.t Zuritz

1—RH=exp [ —( 1—‘%)“%1‘&?‘1& ]
siigiesaii )
n=—26.1911
k =4.49488x 107"
a=2.2244x10*
b=—2.4160

—-99—

BEEE HFE EEYE o dolve ENRET
€ 2¥13 2k 2912 Hol £¢s RHHs)
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Y19 148 BpEe] dh=lA 4 ak%
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HERERS Jebll 7o o/ & BoaRESE W
Afed Asbes ofgal e

A p =5402,598q" ", r* =(.997 - +w+e+ (18)

Zahed 27) & o}& RE& RRsigdcl

& p=10357. 8qMT ceerecnimersessassssnssnnnns (19)

X. ZhERAKE

HE FEEAY BREEEHRT o dolve o
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PRESSURE DROP PER FOOT OF RICE (inches water)

Fig. 1. Resistance of Rough Rice to Airflow

(A) Calrose, medium grain, rough hulled (with trichomes), 24.4% MC wb 0.66% foreign matter.

(B) Same as A but 12.7% MC wb; (C) CSM3, medium grain, smooth hulled(glabrous), 27.6% MC wb,
0.88% foreign matter. (D) Caloro, short grain, dry(exact MC unknown) clean. (E) Same as C but
12.7% MC wb; (F) Bluebonnet, long grain, 13.4% MC wb, clean. (G) CSM3, dry (exact MC unknown),
clean. (H) Belle Panta, long grain, 15.2% MC wb, clean. (I) Nato, medium grain, 16.5% MC wb, clean.
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