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Fig. 1. Drying history of a thin layer of
rice (After Henderson et al., 1968).
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Dynamic
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k/x108 0.914 0. 701
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M: Dryed from middle moisture content
D : Dryed from low moisture content
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WTd Eq. (43) 25 Tlkvi. THBEEESK
BTHBH, iy Tab, LIchR L. 8, LR
5 (1970) FEMFHE KR ONTIR S EHTIC
HWEL, HTRERDTVBY, n=223, F=1.05X%
1075 &, FHEIPEDS OFMTHEEKRITHTID I
EROFZFERBEEEZE TV S, EROZIROMTIC
i, BNEEEKEERCEONEETHSS. 20
R TIE, BIMSEEEKERER V3. L LENEd
BRBECOVTOERFRBEINTE LY, ZHICEE
ELEEDAORFBEHALTN3LIKELLN
5. ZnEML T, BHEESKECHL, 20
Eqa. (43 » 5 00 —HEERZ . LhL, 2
DO¥HERE/KEIC LT 0.25 BOEHEFEET Tbh X
1, EREEXZABVEEDOLDTHS. ik, Eaq
43 olE»S, BE 100 BIADHOIEHNCIE, SE
BHEKRIMRALEEOTLES. ERiCETDkS
BCLERHYVRBERODOT, ZORIKIBHORAN S
BT Epbdrs. HHEKETIE 10~90 %OFHT
HESNTEBY, COfHBATREISBTRES. B
SKETR, HEO LRIZ 5ST% Ths. TTTid
Eq. (43) % M, &2\ TES/NETERLT

M, = exp(0. 409 In{—4. 772 In(1—rk) /T })
0<Th<0.9

M., = exp(0. 409 In(10. 99/T',))
0.9<rh<1.0 44

M,;, = exp(0. 464 In{—5. 36 In(1—rh)/T4})
0<rh<0.9 45

ERAVSE, T=29¥KTrh=0.9cBJ3EIZ 261
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%THB. Eq. (45) FHIEEEKRORNTH 3.
2—2. EIEEERE

Eq. (25) %2R ¢ OB & L THEb L,

2

m/mo=%exp{—(%) Dt} (46>
LB, ERRIHRICONT, BEAsLEc, B
HEKEENEEIC L b, = OEREONRE %
Riuf, Ea. (46) OEHBEHOEKORK

b=(i25) > @
RU

ks = a/ g 48
EMICHET 3 € &K E.

D ky ZEBEEGZE E W, Becker and Sall-
ans (1955) &, CNHEEOBEMTLERIBICBT
% Arrhenius ZIOHFER (K1, 1963) T&bsh
BT EERR U (WERIBCEY 5 —RIBHEE
BECHAITZHDT, 2ik0 Eq. 46) LREUHEE
b5, TFuY—~RHICCORUBEZ SN B.

Henderson (1961) {3 oft, Ko BEio EEH
PRIETHB LD S, WEHECBET 3 Clausius-
Clapeyron ©= (K% - #H, 1971) ORI%E X,
% 7z Barrer OJLERE (spreading pressure) ic B g
R, ROHBRHABICET 2REEA LT3, Th
i, MEE - OBKRT

ky = d-exp(—ky/T) 49

TELENZDOT, —RHT Eq. (49) ORILE L
b1 5. Henderson {3 s$¥#C k2, BT T ©
HHEED, Ea. (49) BE4OBY I b TR
BT LERT LA, TORK d RO f 2HEL
T35, HICWicB L Tid, Allen (1960) 07—
»5, ke PRELITE AREED B Th s
EERLTOVS (Fig. ). LML BEKS, B
EE—EiIcThE Bq. 49 BRIrd 3 EMREsh
Twa. Eq. WD hoHohinkSic, bk FNFO
2T T 2RFELBRER OB TEDING. T
N5RNTND KHFO ABHURF 5205, ke »
SNBHRTTH 2 BEO $8E: EEZ I 23718
V. FERREEED A H=XsD—D2E LT, BED
BB OEHEKEEEZ, NFO%BORE S
BHEKROHMELEZ 2 EPEL LN S, BGK
OB EORBRECRETH 3 Lk ki monT
BD, RA (1964) 3T L2 TELLKZET
3. Fi, EKRICEOTRTINMES, Chis Eq.

~
'T‘ 0.3 [~ Rice
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e
~ 0.2
a4
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a2 0.1} \\
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Fig. 2. Relationship between the drying

constant and the reciprocal of temperature
for rice (After Henderson ef al., 1961).

(46> ODD FEHTuHL FIFio 22 KB 2L
2, BHOEEME 2 OHREOEC ATEL il
D 2 FRTFORIRESTEE 3D, —F5, REE
SD_FICFEHHIT B C AR kS BEE
P65, ks PRIBECEKTHECLRBEHTE 2.
LpL, RIBL 7B - K (1951) ORO%1hs
BERTERNES 7 7 ECTHEHBERD, SKRKEE
EHHTHENBHEREEZTH S, COZDORF/S
B0, HREKEOHMOMELEZ D, kRO
BER, NTOBREEDOESKROHEMEKRE LLF
SEBHDERNIEOTHAS. chid, gIfIaK
Re—EE LIGEI, FEEKRRIBRNEAKE
TROLBEHEKBICEOTEEZC L, 251LTH
HEKEPET NITHR OB KR EIROES 312
{, ZDOEGEKBRPFEESKRIC I DTS L EH
T 5 EEEZNTHESDL.

Henderson and Pabis (1961) 258 L7~ Allen
(1960) o@mXicix, rice KT 3 7 — 2 BEEET L
7e¥ic, BIF L7 Henderson o7 —# (Fig. 2 &
R 28O TC rh KT AEEBAL, CORETH
B ORAEREREE LTk 5.

ky = d exp ( 4;3) 49

d = (0.93413—1. 03792rk) X 105, 50)
rh<0. 90
=0, rh>>0.90
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ky = 3.7277X10%, rh<0.665 [€)))
= (0. 1037037r~2—0. 135919) X 0. 55555X10°,
0.655<rh<1.0
753, Smith er al. (1967) @ Geometry Index
itXo>T

b= G127 &)

ThHBDo, TNEMCETIHELHESHOT—4£
£

I
GI-z2
MBESh3., o Eq. (53) @ k, OFEHIE, Eq.
UD © D OFEPRTFORERESOERTH BT
EPSHSIEESIE, PRVEEREZXDOEHETH
DT, BKREO BLREOTHEDIEENTZETH
"B, UL, CoOumBEE D OA4ELOR BRI
OB ERETHY, EHEAHTEZZI.

2—3. B =k;=a/g

D B ODERBRFEF-BRCHDOTE1ITHY, B
REZRICHOTE, HIGHTHALILLS K, 1#
FHERD 7 — ) BB ORI OBRESE L, WF
OEIET OB TRESKRERROERTH S, C
NIRRT R, BRESKEENRE EicE o7
BRERIC 0T, ERBEREE Lo ko
TR OEOCMI BB EKEICHT 5 E L TERIIC
B TEBRICRY 3 2 k5. ORI 31
LT, BIZED - BKOF—2035 b oHiak
REEFLTCN B0 THEEZEATHEL, 20¥Y
fEE LT

by = /2 = 0. 8861 CL))
Rl 3B, chkd Eq. Q9 iKk>T

Z,=0.2022, 7 = 2. 381
k¥ 5. p2 ik Eq. (47, Eq. (53) kb

D= ky =0.2815X107%%, 53

ayp 1 7
(_f) = o asTerios = 0 3552710

LT
pr= [ f] 0. 35527 107

MHELN 5.
2—4. BfmEX
ANHE (1973a) 23R cHERER

. _h_ 2/3__ 0.41__
=G P3=0.1/(Re 1.5 ¢S

13<Re< 2136

ZH0 3.
RO EEER >0 T HIE L7 Flik Sz
%5, Boyce (1965) SAKZEiIC2WT

W = ayh = 144. 6G°¢ (56>
%R, & Spencer (1969) T h%E

W =ayh=5.136[GT ] %5 oD
DOCHRL, /NEHERRE © wagst B FIA L 2.

Boyce DRIELEFERED EEEREE(E FAL
7cd DT, FHEERIANE (1973a) PHOBERORE
BEREAE Licb0d: £ ALTHS. <KL, av
ZAELTOEY. ChidEEFACE> T, AL
HEACBEFICREEDORLNEDTHS. Lirl,
B OBEENEL BB, REBREERIED 2
DT, 20 ERHT20REHRTH 3.

ER 60°C T/ 0.1m/sec it DNT HEL /-5
BTk

W =0.1m/sec. = 360 m/hr.
v = 0.196X10"*m?/sec.
0, = 1.026 kg/m3
G =1.026X360 = 369. 36 kg/hr-m?
2a,=0.333X102m
P, =0.241kcal/kg-°C
Ty =273460 = 333K
ay = 1089 m2/m3
Re =17.0
& LT, Eq. (55 Tz
' = ayh = 1089X6. 6 = 7306 kcal/ms-hr.°C
Eq. (37) Tk
k' = 5891 kcal/m3-hr.°C

Th0, Boyce ORTHEL ZEREIANE (1973a)
PEAERE KEEL EZ RT. PN LTSH,
AE (19732) 2 #E L7 DeAcetis and Thodos
1960) OFERICH~NF /1085 TH DT, EHETE
HATRELN T 3 —ROREERICI, BDE
EERBBD TNENEDTH BT LGRS Z
3TH 5.

2—5. WOEFOMOYHIERE

NEA (19732) PRDIEREBRE S / A—R T
LBED B,

ay = 1107 m?/m? M=119%>
" S/V =ay/(1—f) = 2670m2/m? (M=11%)
S =48.64X10"*m?2/a grain (M=11%)
V =17.71X10°m? (M=11%)
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[ =59.7% (M=11%)
=61.7% (M=0)
2a = 0.761X107m (M=11%)

26 = 0.357x10~?m (M=11%)
2] =0.215X102m (M=11%)
2a,=0.333X10?m (M=11%)>
os(1—f) = 578 kg/m® (M=11%)
ps = 1434 kg/m3 (M=11%)
05 = 1360 kg/m3 (M=0)

FhE =22.90 gr M=0)

‘ 25.40 gr (M=149%)
¢, = 0.26541.07 M/(M+1) 58

ZRAV35.
2—5. ATOYEE
W%&U%nmAiﬂémﬁ%@ﬁEii<mbﬂ
TBY, ROEROEREHS.
pp = 3. 412—1,25% 1075906, 32— T )T kg/m?
(€D
¢, = 0.241 keal/kg-°C
TK,=0.0029454-0. 65 10-4T ;kcal /m-hr-°C

(60>
y={—0. 006867-0. 1249 X 10-5T (T ;- 154. 383}
*10-4m?/sec 61

P,=0.7T1
(PLk, B - AZ (1960) 1w X3)
¢ = 597.3—0. 559(T—273.19) (PYH, 1965)
(62)
Pu= ey ke/omt &
Inp,® = —18. 1973(To/T g—1)+5. 02808 In
(To/T¢)—3. 1813107 [exp{26. 121
(1—To/T D}—11-+18. 72651071
[exp(—8. 039(T /T ;—1)}—1]

+0.03247 (5742, 1964) D)
L Ty=373.16K
rh = p,/ps OK%& - 128, 197D (65)
i = 0. 2417 ;- H{597. 3-+-0. 41T ;)
(PIME, 1965) keal/kg? (66>

3. B A = B

SR ET - 7K (1951), Boyce (1965), Hen-

3) REEEIVRKHTIDI.
4) HEfni kg/cm?

derson (1968) % tf Spencer (1969) O &istElE
BodFnd, HEEBO®E (Deep-bed dryingd 4173
DEEBEHOLRICET 0D THS. COEERHE
I, BRTEKRNER R LRSI L 7808 &8k
BEEET 50T, BENAS LY, BOEREE
BETL, BPROKERELEETS. COwBDS
B, FRPKREVEEFIE, WOREPHBIK &EDT
DML OIS, JEROERBAOEERZER
TR, BREKTHR2EEZBALRB §oCc&icko
T, COHBHOLERIET A HENELNTE . &
OxpFE, T - KH (1966) I XD TR UH THSE
Ehe. Fhicks s, R LOEUHEREL
7B Ecid, HEMDKIBTETEbREALLT
W ZEMIIESH TS, L L—F, ZRICiER
ENP2TE, -ERICIESEZDOUEBELTS
TEBBRNENTVS. FILEERTE, SBDOHE
oM BEICHYLENBEOBRADL > TH 3.

Zhsnckd, EhPZoMmOBTIRICK B3
BLUTEHORES LY, FREKLDOTHET S
LREIZONHBNTENPD, ZEREOSIRRIDTOH
Rk EBbi s,

ST, LOMBRELLEDILTIHELLT, BE
HWLTaCE, MEERELTBLENDS. 0WTH
b, MAMBREKERRERESOBERVREDE
NS ERBTEEBRELTVS. T, BHAE
T 3HOEKEIGEOKEREE b oRR (Kigg
EBEOEELER) KEoT, ENHERT L ER
203, LhL, chdiday 4 vIENRELT

AERREOBBNGTBEELFETSH0TH 5.

BABHER, HEECBOTE EE ShTnk
CEHOREARII) KT AE%E sRhEEIC kD
THESY, BEEHKE, TRTORFHRREUCAE
AEDBIICLEBDOTHE. THFTBZEKLED
T, TRTORTFRAECEZREHFCEINEZNE,
PIEIRELKDOREONENEASBRE L LDHTFO
iRk R R o, RS 2L Ui, EE
CEBEAERNIREEEL C L IRE L EZ OB,
BEAICEERD O EN LTSRS, HETRE
AEBICTRT BRI 270K IL, TOH
KREBEBEHEZGDOBDLEEZOND. I TREMEN
1REERE L, IROEF VB DOTENT 5.

3—1. EAauE0ET/I (Fig. 3)

5) HEOEHEL, =v2rYolE%E 0°C Tk, 0K Tk,
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D) ERegE AL S HOKEST 3 TTERYOK
TR, BENSELBENSBDLTE. TubbE
ﬁu&%mC§%ﬁMC§£ﬁT5 TDE, HEREE

DOEELHALTH 3.

2) BHRFWCREALTVSODT, %@ﬁ%w%ﬁ
BAMOMEBEIEBKLIZL. LiL, BEOREE &
HICEKERRIBDT 3. dubbENoREBEE-MD
BHTH 2, NEOBE TR,

3) HTFOEHBEEEIEERNORNBEICLDOTE
2505, ﬁ%bﬁAiéfmc%@®?ﬁEEﬁ%@
SEHERY, PECERLSY.

4) BFORELAEERIEEBRNORIBICLD
TERZY, NTPRET 3 -DICEROTEEER
Z QYL 12D, FEIBEFKRLE.

zo (3 & ) 2HEKNcHEbLTLE

g
oM __ 1
o1 Rax 0

.
_%J Ridx (68)
0

Thb O R E R IEHIREE SBEE RREET,
ZOMNBICEY ZRTFORE (FKE - RE) ¥R
G ORE (B - BE) oB¥cdhs. KNToRE
ZALE QBB TR0, EROREEALE OBEU
OT, R/ R & R BAEOBHEL 2.

753, TTTt OIS NIEE Z 2RV

o— O —»
O [0} - O 0
Heated Air
nteres

1. Heated air absorbs moisture from
grains, and its humidity increases.

2. Grains are sirred always, and their
temperature and moisture content
are independent of their position.

Fig. 3. Model of drying procedure of

rough rice in mixing dryer.

o7k, Eq. Q4 hoMHERE X5k, Z 2R
RECTET 28 D #8%, COBEHEYTHELDD
Th 3.

3—2. EBEeuRBRoEBFER

51458 4 TR LI HER Eq. 39 kU Ea.
(40) OAAIFREZD RECEKTHOT, Eh
13 DEAMEICR Lk S IchE x OB TS 3.
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F#L
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¥7, NF ORI EKOHETREZET, S,
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PESNB. ¥, Thikk>T Eq (67)

oM
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15,

wic, Bq. GO »5
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Th5.
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L35,
T, Eq. (71 & Eq. (7013,
y=x/l (76
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v ay._{gﬁ»éggv}R-_R/Gu a1

e 'kafq G
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BELNE. ZhAOFERIKC x ZBICADTHIE
VS, Ea (72) KX AEREHLBMASOHELTZ
Fisn. ¥, x QHIfR U 0B, CoEHICkD
TINTOFEREE U CHFHEMNEEY DV EERE
BLUEOTHEAS. ¥z, ¥y OBRERZ 05 1 THo
TV OBBYEALS. FEERE G b, HAEE
MYPRABERLOTHELS. LW >TRAERICE
VTR, HREKOEBETROLLESBEOE S IE
BT, WREEREE T QBRBAAEY D 0/
BOBET 5. L, BARERE BEHO B,
5, ZOHEICREEDSLETHY, COMKTIRE
HEAEART 3.

Fizbb, EREAEIERECERLIVR, 20
S AN D F— 25 Bk BRd 3. LpLES
B, 7c&ZiX Fig. 3 wRg L.S.U. EREHEE
Tk, COREOHE D CTHRETH 5.

3—3. ERFEAORMERER

BIA G- BB FEARE, —EoRESHER
THDOT, TNEEFNTBCLICKDTELIT LD
Hkz. 250LC, 2ORBER 4 RU 4y #/h&L
THRLELEDCEDBCENEES. LirL, T
SEREED TRE L, FEEAREROERZAT
AVEaA—~ZRKDTHBODTKELNRD, COHE
EOMEAEERLTLE .

T, COMEOERMMCERIXSI, 2oL
HEOBMIZED - BKICXoTHEDbNI, Z0EE
ONEHEE 4t = 0.33hr(20 mind &\ S HEH THN
SDTH2bhrbbod, MELRZENESH
T3, LhoT, HED/ T £ — 2 BIaIckE R

fLEhThd, XD HEEFTERERELSTEC

LTHRABOBENEONZEEZOND. zOTE

13, ElREE OB LM EIER LT
350TH5B. UL, ZOWMEDEEITIE, Bz
BERBNb D 2N X 3FEEEREL, k2o
HIMEZBD TRE . ESHER, T022REA
THEBE—E LTS, chiddic, —BLARE3X
HICAENEEZ/DPES LRTFRER SRV T &2 EwT
5. LieisoT, 2OEIRIE, HEOEEEIK
EFVEENELLETNER SR, 25 L1,
FERERENRERICIEZIZT TR, FEE2ET 3.
ZOFETHIL, FHEEER 0K ALTHD>T
WEDI, ThE—EETIEMFEESIRE L,
BEZRBEXO AL, $-8B2EE 253G
MBEXDSIETTECENDS. CNRELOFHE
TREBLICETHS, TOXSIREEEHEL, &
ERERE L F B30I, T TRHOERSER
EZOFEEMLES, BIRWAFEEHRAT 3.

%9 Eq. (70) %, ZNhic53 35 x— 2 OF
DN ENDT—FLEL

R=0ON_0N 0Z 4y an

ELUTHEE, t+4t K§F 5 N+4AN 2R$DT AN %
FHEL, R=—AN/4t LT ‘

2
1=7=Zt1Z]

R=— z 1) CM—M.>/ 4t
-7 412
asy
z=S D1 Qb
v
Z,= %/ DGFD a9
z< 7,

¥, zoRid, Ea. (1) oF@%E 4 RETY
NT—EETBHAKKL, BESZO. chid, R
% At REAOEFIOE TR { FHEIGENE T Y
EPOTHS.
Fitsic, Eq. (69 »b,”
R = (M—M)(1—exp(—k 4D/ 4, Z= Z,
(80)

BESNE. %7, Eq (718) KiELT
2
R =[Tg— T5+L1{r(% Vv 5)

=5/ PLey) o |
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X (1—exp(—Ly4t)/4t

~L.8 /PPLar UG+ )

— 1Y/ 4,
72<Z, 8D
SRBICEDNS.
zcic
=72l 82
T
_ ¥
L=coa— @&
Lo—=2Lyt 85
THhAbH.
ki, Eq. (80) kKWL T
R = TGk ar
[ {rerm geiegs =m0
ak
X (A —exp(—L,4t)) + CT(—E'—Z—E{) ‘
(M—Me)cl—exp(—kzt))]/dt,
A4 86>

PESNB. i Eq. (1) RU Eq. (74) &Y

R
AH = e )
. Cs o
di= oy R4y ¢1))

%7, Eq. (66) kb
i 4D—597. 3CH - 4HD

AT e = =0 281 CHE 4H) 0, 241
i—597.3H
~ 0,44l H+0. 241 )
BEENS.

%7z, Eq. (67), Eq. (68 /5

AM = —33(R4D 4y IC))
AT = SI(R/ 46 4y oD
PRGN 5.
4. JSHEES (ERLEHEE
D HER)

Fig. 4 W \ERBAEFRA A Yz vx—2 iCf§
WoNTVDS A I 7 F REREGEREEL R (RF
5, 1969). ZnRZOFEEN» L HEM LS,
HEHRRBATERT, B E8»oANLh, BT
BELEHOHIESN, RSO OcET 3.
BHOWHRBIEII 42/ ¥ a VIS DN, KLBEEDR
RE, BB, AEZ5Z3CEMNHE3E. Likh-o
T, b3 —EOWBICEFE L TEREZLNE, 0
BB —FEE, b, ey sy icBET
B4, MALBZORE, §72bbEREEBE/LT
3. L7ehDT, 20Xk G EHRFEELT—
ERHBEICERSHEER Lz 55w, Fig.
5 RU6 O E&iz, Table 2 © k51 HAZKDOIR
e bicE s, R/ URBIMFRAL Y P L N—

Inlet of Air

Y

IARARARRRNRNY

%

Inlet/%
Rir R

Outlet of Air

Duct

~——Heated Air

VE/ELET A

“~outlet of Rough Rice

Fig. 4. L. S. U. type dryer (After
Morino, 1969).

Table 2. Drying condition.

Section Unit Symbol 1 2 3 4
Atm. Temp. °C — 21.2 21.2 21.2 21.2
Air Temp. °C Terin 60. 0 60. 0 54.0 54.5
Air Hum, kg/kg’ H;, 0.0154 0. 0155- 0.0154 0.0154
Exh, Temp °C Zrout 29.3 34.0 33.0 32.7
Exh. Hum. % Hoye 89.5 71.7 72.5 67.0
Air Flow Rate kg/kg-hr Gu 2.798 3.290 2.670 3.970
Time min t 40.0 80.0 120.0 160. 0
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Fig. 5. Comparison of observed character-
istics of L. S. U. type dryer with calculated
results by this theory (grain).

FEBRBIC OV TBERINERS (1968) MEAIL
feF—4ThH 5. Mhopsd, $ETRNTCEE
WMEHNNT A ZEROTHELLERTSHS. CO
BERE v ZE5Z SN TOVRODT, BdEERDEHE
KHWBEELT 0.1m/sec ZFRE Lic. E7/o B
MEEMYDEBRHOADTEEL 1 ALY 100k
LUTHHELLEELDT — 2%, GEEEPOLE
FEECHELT2EELE Lcb DRV,
CNFEEOBE TR (EFF=1.2) L LTAQ
7o Fio, BEEH) S HizE#E (heat transfer
rate, Spencer, 1969) ~DEE DRI B WOEE
BIRBEROEMEL/S &Lz, CThIEABORET
RHORRBBEOIKE SEML, EBRICEREAD
RBHBT RO TV AEBERBD T/hSWEHEESN
BDOTHS. .
SKBOETEABETH 2 52BR0T, KEick
WTEL —HLTHESEA S, Fig. 6 BHKEEL
BSIBETH 245, HRBEEY 30~40 FicBWTEF
BEBED TET LTV 50K T, HEAESER

Time (min)

Fig. 6. Comparison of observed character-
istics of L.S.U. type dryer with calculated
results by this theory (air).
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202~206: BB EZ bhcKBEIKE LD ZHIC moisture content to the initial free
HET 3 HBRERO ZHEHMH5Abh5. N moisture content
%, ROBHEICET LI TTORGETHRED G : Superficial mass velocity of fluid (kg/
Tlebh 3. mz-hr)
209~211: Kl e WELESKERCHESEHR S GI : Geometry index (—)
na. Gu : Mass flow ‘per unit mass of solid or
213~214: HBEKEEHEL, HASBENSOYBEMI grain (kg/kg-hr)
B3r3THERERBEIITMD, £Z0F H : Absolute humidity (kg/kg’)
TOREBTERT 5D 5. k. : Heat transfer coefficient of packed bed
215~219: BEBIAN LI—BIRODWTEBHER (kcal/m?-hr-°C)
BHEE, ThLEEBROBTEMDRLD, 2T A’ : Constant of heat transfer in Eq. (55)
TEHELR HELLIC KO BO GEHETE (kcal/m3-hr-°C)
5. I(#) : Function of ¢ defined by Eq. (80D
217 : Eq. (90) RO H. i : Enthalpy (kcal/kg)
218 : Eq. (91) RoOFH&. j  + Colburn j factor (—)
220~221: £EO FHO BB L BELRM HES K : Drying constant (hr-1)
n, HOEKRLBEENSTHEINS. k  : Constant in Eq. (43) (CK-1)
222 : BiRAAs 4t EDHDBRB. k' : A constant in Eq. (42) (—)
223~228: R OBEBA L ERXOREIT AL k; : Defined by Eq. (4D
HESRE, edRE, EYEELS HESh ks : Defined by Eq. (48)
3. BB Z BHRSh S, ky : Constant in Eq. (49) C°K)
229~230: BN EZ bh kb BR2EHICET 2 L, : Deflned by Eq. (78)
T, CORHBERRELCTRDbR, BRI L, : Defined by Eq. (79)
FELLDODROHBMELEB>T, ROBEHDE Ls : Defined by Eq. (81)
HETRD. [ : Characteristic length or minimum axis
231~232: BEADRKCBEHEOR, HENETTSE of ellipse (m)
TEHEXTEbh, KTT 3. I’ : Temporary depth of drying grains for
convenience (m)
Nomenclature X
M : Moisture content, dry base (a decimal)
a : Semimajor axis of smaller model ellipse M, : Equilibrium moisture content, dry base
(m) (a decimal)
a, : Equivalent spheric radius (m) m : Free moisture content, dry base (a
ay : External area of solid particles of beds decimal)
(m?/m?) N : Temporary local moisture content of
B : Coefficient of the term in series grains for convenience of computation
b : Semimajor axis of larger model ellipse (a decimal)
(m) } N, : Tempory local equilibrium moisture
C : Concentration (kg/m?3) content (decimal)
¢ : Specific heat (kcal/kg-°C) N; : Temporary local temperature of grains
D : Diffusion coefficient (m2/hr) for convenience of computation (°C)
E : Function of position vector n A exponent in Eq. (43)
F : Defined by Eq. (A-4) in Appendix Pr : Prandtl number (—)
F, : Defined by Eq. (22) (—) R : Local drying rate (hr-1)
[ : Fractional void in beds (—) R’ : Local temperature rising rate (°C/hr)
f(2) : Function of Z, meaning a ratio of free Re : Reynolds number (—)
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rh  : Relative humidity (a decimal)
S : Surface area of a particle (m?)
S : Surface region
S’ : Transformed surface region correspond-
ing to x/, ¥, Z/
T : Temperature (°C)
TK : Thermal conductivity (kcal/m-hr.°C)
TT : Function of time
t : Time (hr)
V  : Volume of a particle (m?)
x, y, z: Coordinate (m)
x’, ¥/, z’: Dimensionless coordinates
Z : Dimensionless time defined by Eq. (24)
Z, :Value of Z determining boundary of
adaptation of two different formulae
«a, f: Constant in Eq. (25) (—)
r : Coeflicient of the second term of Eq.
Q@7
4 : Finite difference
: Eigenvalue
vy : Kinematic viscosity (m?/hr)
: Density (kg/m3)
o : Ratent heat of evaporation (kcal/kg)

Subscript

d : Dynamic

g : Gas or air

i :Ordinal number of the term in infinits
series

0 : Initial condition

s : Solid or grain

st : Static

4 : Value at -4t
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Summary

The rough-rice-drying process in a mixing type dryer was analysed by the theory of

thin layer drying.

The drying period of rough rice in the dryer is assumed to be a pre-heating period,

and a heat balance equation is introduced as one of the basic equations.

The Becker’s

equation of moisture content, the Henderson’s equation of equilibrium moisture content,
and the equations of air and vapour characteristics are used for the analysis with a

slight modification.

The drying process in mixing type dryer is assumed to be as folloes:

1) Drying air increase its humidity and reduces its temperature by absorbing the
moisture of the products through the mixing layer from the inlet to the outlet.
This means that the state of air changes with drying time and grain position as

in deep stationary bed.

2) The state of grains is independent of their position, but dependent on drying

time.

This is due to constant mixing,.

3) The drying rate of grains, averaged by constant mixing, is independent of their
position although the local drying rate varies with their position.

4) The heating rate of grains is also independent of their position.

same situation as in the drying rate.

This is the

The equations on the misture content, the temperature of grains, the absolute hu-
midity, and the enthalpy of drying air are being derived. The numerical method of
solving these equations is given together with its computer program.

Results computed with this theory agree well with the measured values with the

practical apparatus, L. S. U. type dryer.
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12=1~CS/GU*K1*DY .o

GONFao TG2=(12=597.3%H2)/(+441%H2+4241) .

SATURE(TG2+v552) 4

@CIF 1.033%H2/(H2+.622) GO PSS2 ATHEN EHBEGIN
HZ2=.622%PS52/(1.031-PS$2) s ©GO ©TO GONE GEND.«
elF Te2 PLS TS RTHEN @REGIN T62=TS.s R1l=0.1

H22(1=0241%TS)/(59T43+.441#7S) ©END»
R=(H2=H)*LU/DY« s
H=H2+s [=12.y TG=TG24+

@END CAL.o

©PROCEDURE WRITE(X)e»

®ARRAY X1
@BEGIN SPACE(5)

wFOR [I=1 @STEP 1 @UNTIL IN DU @BLGIN
OUTPUTO(20S Re*X¥@@) oy
OUTPUTL(20CmeB=DBeAsI1) .y
OUTPUTO (200 s RE¥=%0@) « v
CUTPUT1(206 4 @eB-.DDDD@-DDBeE s XCIT)) s
SPACE(2) + s

CEND o

CRLF«s CRLF @END wWRITE..

READ(J) o s
JJ=0.4
KURT o0 JJ=gJ+l.s
READC(HK) «
READCEFF), o
PREPARE ++ @REGIN  READ(MU) +»
READ(V1)+» READCDTAU) 44
READCTIME) «s  READ(N).s READCIN) GEND
@FUR [1=1 @STEP 1 @UNTIL IN ©DU @BEGIN
READCJIKANCEI)) .o READ(TGOCI
1))es READCHGCII))wo
JIKANCIN+1) =630
F=.59744
AV=.110704.
SPACE(20) . »
OUTPUTGC2UC +@e¥MIX DRYING OF UNHULLED
RICE¥@e) oo
CRLFo+ CRLF.+ CRLFs+ CRLFes
OQUTPUTO (200 ,@e#MO=¥C@) 4 »
OUTPUT1(200 +@eB~+DDDDE=-DDBEE 1MO) +
CRLFor CRLF. .
OUTPUTG(20CRE¥#TSO=¥0@) 4+
OQUTPUTI (2G040t~ DDDOE=DDBE@ s TSC) oy
CRLFss CRLF.v .
OUTPUTU (200G ,fe¥TGO=¥8E) 4o
WRITECTGO) + s
QUTPUTO(20C 4@ %¥HO¥8B) o«
SPACE(2) .+
WRITE(HO) oy
CUTPUTG(2GG \ae*GUO=¥@E) « o
WRITE(GUO) 4
®BEGIN @RLAL DZBsF1XsF2XsF11F2+F1lysF2y
TDGAsL s
IB=4754 4
GAMA=.3.4
BE=Cle0=F)#x2/AV**2%.35524€7 4
AL=.8861%BE.
GO vy L=EXP(=BE*ZB*%¥2) .4
F1=.8861%L~1,0+1.12837%ZR=GAMA®ZB**2.
200%AL¥7R#L+1,12837=2.G*GAMA*ZB .4 s
F2es ’
F2X==2 O%AL L +4 . OXALXBERZB®* 2%
~2.0%0AMA,
FlY==2B%%2.,
F2Y==2.0%LB4 s
L=F1X%F2Y~F1Y#F 2X. s
DGA=(F1*F2X=F1X#F2)/L ¢+
DZB=(F2*F1Y=F1%F2Y}/L+s
ZB8=2B+DZB.
GAMA=GAMA+DGA . +
©IF ABS(DZE) @GR @-3 @OR ABS(DGA)
@GR @=3 @THEN RGO@TO GC.»
GEND s
OUTPUTUC200,0e¥ZB=%Ca) +»
QUTPUT1(20( +@eB=+DDDD@=DCBECIZB) + »
ChLFes CRLF. o
OUTPUTG (200 +@@¥GAMA=¥8@) + +
QUTPUT1(200¢ +@@B=+DDDDE@=DDBER + GAMA) + »
CRLFes CRLF.s CRLF+s CRLFss
SPACEC48) 4
OUTPUTG(20C «@@¥EXHAUST CONUITIONS@e) s
CKLF.s CRLF.»
SPACE(4) oy
OUTPUTO(200+@e*TIME¥@@) « o
SPACE(5) s+
OUTPUTO(2GC+@E¥RICE MOIS¥€E) 4+
SPACE(3)«+

Program and input data,

READ(TS0) o+

READCGUOCTI)) €END



280 N 4
189 OUTPUTO(20L@e¥RICE TEMP¥@E) «s
190  SPACE(4) s START
191 OQUTPUTC(20G,@E¥ATR TEMP¥@E) +»
192 SPACE(2)+s initial m.c. MO, drying time
193 OUTPUTG(20Gpe¥AIR ABS HUM¥G@) . s ?;:&g ntl;:x;a%nterval l’JTAUyang number
194 QUTPUTO(ZGU,Re*AIR RELAT HUM¥GE), . of thin layers N, etc.
195  SPACE(10).s ’
196 OUTPUTO(20C,AesZ¥e6) s }\
197 CKLFas CRLF.s CRLFas
198 TAU=0.. . . cgs
199 DY=1.0/Nes I;ead value of inlet air cond1t10n—l
200 M=MO/(1.0-M0) s
201  TS=TSG.s
202 HANPL .. @FOR I1=1 @STEP 1 @UNTIL IN M—>MO
203 @00 eBEGIN @IF TAU @GR JIKANCID)
%gg @AND TAU eLS JIKAN(I1+1) @THEN 1
@BEGIN COND(IId.o .
206  @GURTO PIN MEND @END ., LGive uniform m.c. to all thin 1ayer:l
207 PIN «« NN=U,,
208 RR=RR1=0.,
209 OUTPUTL1(200+@eb=DDDDE~DDBE@TAUY o+
210 QUTPUTL1(200Geeb=0DLDDE=DDHE@ M/ (1. 0+M)) , o
212 OUTPUT1(20U.@eB=.DCDNE=NDBEATS=273,16) ., [€
213 HANP2.. FUNl., €IF RH 8GR .999 ©THEN
214 ece aTo Tor., Calculate equilibrium m.c. ME from
215 CAL+» the temp. and rh. from the air before
216 NN=NN+1.0., thin layer and calculate drying const.
217  KRR=RR+R*DY*DTAU. s X from the temp. of the layer
218 RK1=RR1+R1*DY*DTAU.s
219 @IF NN L5 N eTHEN ®GUTO HANPZ. s l
220 TOP++ M=M=RR., - -
221  T5=TS+RR1..s Calculate drying rate and reduction
222 TAU=TAU+DTAU.» of mass of the thin layer
223 OUTPUT1(20C,€B=-+DODDE=DOBEC s TG=273.16) 4 I
224 OUTPUT1(200.@@B=.DDDD@=-DDBEGsH) - +
Calculate the increase of hum. and
225 QUTPUTL(200466B=.0DDDE=DDBEE + RH¥E2) « 5 temp. of the air passing through the
226  SPACE(5).+ layer
227 ouTPUT1C2CC 1@EB= DDDDE=DDBEE 1) oy
ggg CKLFay CKLF, s
€1t TAU BLS TIME @THEN GOeTC HANKL.
230 EdeCT .y o¢ NPLe
1 @IF UJ 6LS J eTHEN ©Go @7
232 KUKI @END.. ©
DATA
2
.02
1.2 " Sum the reduction of mass of the all
*264  294.16 layers, and calculate the ratioREo
0166667 3.¢ the weight of total dry matter
10.0
Y 3
0 333.16 .0154 2.798 u -
+6667  333.16 L0154 3.290
1.3333 327,16 .0154 2.672
2.0 327.66 0154 3.970 [ Print the results—l
102
1.2
«30 299.66
.1016666667 o Inlet air cond.
: 3. ies ?
ioro varies
4
0 323.46 .0154 3.63s
1666667 318,66  .0154 3.732
1.33333 328,26 .0154 3,538 No >
2.0 318.36 ,0154 2.916 TAU reaches TIME ?
Fig. 7. Program and input data (continued).

Fig. 8. Flow chart.




