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Fig5 Volume meter for measuring the volume of
soybeans (DAIKI soil 3 phase meter,DIK-1120)
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Fig.6 Accuracy of the volume meter(DAIKI DIK-1120 air
pressure type)

BORFEIZ300cm* D AZX ) ¥ =2 LR DE—
OB EDDAR, 5 EIEES W Thofrolz,
EARRE RNTHREOBRRMN S, ZERE i (1 —
v/ v) (VIZESHE v BEMMER X0k
Wiz, LAEORIEL =57 —5 O EBHIED LA,
RDNTHRE RTARERD, /KL OREFRZEHRN
7z, KRG DBPIFEIZ105°C — 24hIEDFEIRIT L - T
ol
2) KEO3IE~THEEKRFPDRAR
F—#BtDF FFH N S0RL DR FZNENIT DN

THKGy % 0~50%d.b.DRIT6 BRFETEAT 38kt
FEEFIPIIN ) FRAERANTHELE. XD
HA RIDK MR 2k 7. K2 D 387 a, b, ¢
@>b>c) &L, BAKTEML THREE (7
6) abc & U TEEMNSRDRZ 1 KIdH7= 0 DOFHD
B EEAREG AW RBIENSEHE L LR
B0 OEMBEOME & L, WMEDHIEITL DK
BEREROEKETo . ISITHRNERIZELD
SMARTATOFRTARE (2.9) NOMEESRTIC
DNTRD, B/NEFRICKD, KyOBEKELT
e300



HE BE—5 KEOBREERARICET 2ME 9

4. FBEREEE
1) Ko EREEORERF
AKsrm (d.b.decimal) KRG OHEEHMEDHAE

8 DL DT HNEZE 0 ~30%d.b. (0~23%w.b.)
DEFIZBNT, WTNORFEITBNTHKYEH
BREOHITRNBERERIERD SN, £z, SfE
DEVZEZEROENISEVEDSNT, 1HT
FUCHERIOERBERTH -~ FREITBT 5ER
BEROEFHEOT IR X YL ARELD B
FHT/NEWEFENA SN DNERANEISENE S 7R
7=, G BIEORIEE O AR R E O HRIZ0.026
(10"3m3/kg, n=5) FEET, KO/mOBRETHEC

1.5
A specific
volume(Tamahomare)
o | -- v=0.771+0.956m
£
ER -—-——-v{(M,T)by Murata
o X
> "’\ regression
©o E1
e e
s o | ==z
o Py
o~ k-
"’ v =1.031m + 0.765
r? = 0.945
0.5 L !
0 0.1 0.2 0.3
1.5
¢ - specific volume(Enrei)
o — - =v=0.771+0.956m
g o -—---v{(M,T)by Murata
o X regression
> ™
o E 1
= —
o © —
o
& V =1.018m + 0.767
r?=0.926
0.5 L L
0 0.1 0.2 0.3

Moisture(d.b. decimal)

7 K8 (gvkvlL, I>Lv) OEBHEEEK
& DR, B & TEREROER

Fig.7 Relationship between specific volume v (dry base)

and moisture content m (d.b. decimal) of soybeans

(Tamahomare, Enrei variety ) and comparison of

approximate equations about specific volume

Murata’ seq.;! n{v)=(am?2+bm+c)t + d m2+e m +f

a=0.1500E-2, b=-0.8745E-3, ¢=0.6032E-3, d=-0.20186,

€=0.9875, f=-0.2294, t = 20(" C)

£57, EE1 10 3m3¥kg) IKEWMEERS T,

ZTNENDFREOEIREROMDBE k nEEH D
PV o B Lo THAE V. (1073m3/ kg 2ET &
km=0.956 £0.065 (10-3*m3/kg) (2.16)
V=0.771£0.013 (107 3m3/ kg (2.17)
Va=Vio+kn'm=0.771 +0.956m (2.18)
(r2=0.92, £iIBAF, 5SEOHEEMEDFELE
DEFRETD)THY, ZOXZUTORTEDOHEA
FRICBIT DHRRIBRICE S 2.1) REUKTH &
Vo=1/040+ (v 0w m
=Vo {1+7 (040 0w m} (2.19)
712U, 0WldKOEE, 0w=10103kg/m?3), £
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Fig.8 Relationship between specific volume and moisture

content of soybeans (Fukuyutaka, Tachinagaha variety)

and comparison of approximate equation of hyperbola to a

linear equation and Murata’ s eq. about specific volume

Approximate hyperbolic eq.;

Va=({(m/pw)?+2vo(m/pu)tv2)?

vo=0.771 (1073m3/kg), v o.=0.746,

P widensity of water) =1.0(10 3 kg /m 3%)
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F£1 XEOEMEETOELKHE BHrUERK, BTAE, RTARBLKSEOBER (ERERN) HLUBYEE
DEAFHEOEZLKETHERAV »=0.956 m+0.771 DFEE EIRE

Table 1 Relationship between dry base volume, dry base bulk volume, rate of volume, coefficient of volume rate « of

soybeans and moisture content ( linear regression fomulas ) and significance of testing hypotheses of eq.v=0.956 m

+0.771 of speciffic volume.

variety dry volume  dry demsity  dry base speciffic volume  dry base bulk volume rate of vohure coefficient «
(10’ m/kg) (0 kg (10° ni/ke) (10° mi/kg) (1— ¢ ) 6(1— e YVr

Fulkuyutaka 0.780 1282 0.3 m+0.771 (*=0.94) 1.876 m+ 1.446 (*=0.89) — 00238 m-+0532 — 0046 m+ 1016

=16 0771 (123 m+1) (t=— 0.624** 1446 (L2977 m+ 1)

Suzuyutaka 0.788 1.269 0.891 m+0.779 @=0.95) 1.704 m+ 1.480 (f=0.84) 0.0021 m+ 0.526 0.004 m+ 1.004

=15 0779 (1144m+1) (=— 397 1480 ( 1.151 m+ 1)

Tanmehomare  0.783 1.277 1.031 m+0.765 (*=0.95) 2269 m+ 1474 (*~=0.88) — 0.0627 m+0.517 — 0.120 m+ 0987

=16 0.765 (1.348 m+1) (=3.09) * 1474 ( 1.540 m+ 1)

Fored 0.785 1.274 1.018 m+ 0.767 (*=0.93) 1.704 m+ 1475 (F=0.82) 0.0767 m.+ 0.520 0.146 m -+ 0.994

=16 0.767 (13282 m+ 1) (=2.83)* 1475 (1155 m+ 1)

Tachinagaha  0.785 1.274 0.899 m—+0.775 (*=0.82) 1.951 m+ 1455 (*=0.78) — 00681 m+0533 — 0.130m-+ 1003

=27 0775 (1161 m+1) (=— L58** 1455( 1341 m+1)

average 0.784 1.275 0.956 m+0.771 1.901 m+ 1.466 — 00152m+0.526 -— 0.029 m+ 1.001
s 0.003 0.005 0.065 0.006 0232 0.015 0.059 0.007 0.112 0.011
Sa1 0.6 0.042

s?; unbiased variance of varieties (n=5) S,..%;unbiased variance of dry volumes (n=5)

€ ; rate of space volume m; moisture content (d.b. decimal)

t;t-distribution value of eg. 0.956m+0.771 of speciffic volume, t(n-2,0.05)=2.16(n=15),2.145(n=16),2.06(n=27) t=(Keeg-ko)(11-2) = (m-Myer)?
**:5% level of significance of testing hypotheses of eq.v=0.956 m+0.771 of speciffic volume *;1% level = {Vi-Vierkeg(m-meed)}?

EHNIE LIS

Vo =0.784 +0.003

0 d0=1/Vo=1275=0.005 (2.20)
RN, ThE (2.18) OVLORICRATSE

V=078 +7-m .21)
20, X 2.17) ROE—HOEEEIIHT 1/

0 d0,7 DEDH0.956 £0.065 T LITIEWEE IR 72

HAEREE (2.18) R TRTHAOEREDOEHINIEY
DHABEVET NS RMEO BB ERANSE XD
EREICT2 D EBDbNS. ERERK D ROZELEHD
SEEQ.771 ZREDV o & LTV R (1073 m/kg) %
Va=Vo+ 7 -m=0.771 +0.965m
(040=1/V=130%0.02) (2.22)
TEL, KTV, ToULA, FFFHN, 77
AF HOGHEIT DN THEREEOHRE TR L 264
R K7, 8O—FHROERTERIN, EAMEDOIE
W &SEIL 72,
—RFE DG OEHIISREZTT D 728, )
HEQHAE Vv DA MNBN kl+k2.m;, o0 2)
RS ELTEEED (n;, vi) OOHOHEEMN

ZNRFRAZXAY HTHEETH 7.

(3.22) RDEETEREHINEBKES D TREL /=
R TraAYH, FFFHNTRRGUIRL L.
FOMDFETIIA XY H2RE | SDKETHR
MU= GRD. ZOEBROBIEREEOHHE TIIHE
U7 AXAH A 2BR< 4 BEOLARICEL T3z
REDLENRWEEZISNS, ZITHESOHE
*ﬁ@ﬁ 19

0 nVa=@mbm+c) t+ dm?+em+f (2.23)

a=0.150 X102, b=—0.8745 X1073,c=0.603 X103,

=—0.2016, =0.9875, f=— 0.2294
t=20(C) (fE:> 0¥ L) TELEZBONHT, 8O
BT H DA 12%db AT TETFEMEL, (222)
ROGNREFARNVEE 2505 E B IZHRE ST —
BLTBY, Ks3H310~30%d.b. D#iFE TIZEM L
1 (2.22) KTHEABNS. 10%d.b.LAT DK T
IEREOMERNT (2.23) RITESL, ARG
EFEL - T BEBbNS, (2.5) ROMHRIT
PROBEE, (2.22) ROV =0.771 (10~3m?3/kg),
Voe=0T46E LTI S TICELEREEREDH
BTRUE. 12%d.b.LAUF QKD T HEEE &
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Vm =0.75140965m (r 2=1.00) (2.24)
FRLERE FFFHN) OEYLAEFRIIV =
0.746 £ 0.06 TH D, IFITEFEROUTIFITEL L,
mMOBEBHBIFE QIORIZHELNEZZENE. 2D
BEEVe=0.746 & L7z (2.22) ROGNEBUEITIE
<, IKGOEIMZDONT (2.23) R K B EITEEHE
FODBHBRELIZD7 ZHUTLLTV,=0771,Vo.
=0.746 & U 7= FERERID 2.5) L, HIDEK DI
BB THEAEL, [HWKS SR CTEANEIZEM
L,(2.23) KL O BRBEBOELEE L THEYTH S
ZENHERTE .

2) KM KDKEFERND 3@~TEDE(L

Bl—#EDOS0RIDOKE (¥ FFH/N\) FIFALS50
B DWTKNT & B 3l-HEE R~ THRIEL,
Z OO ERDEREICK D —RENRERT
plin DRy sat =

2
O specific volume
————— v=0.746+m -
P ——--v(M,T)by Murata 3
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Fig.9 Relationship between specific volume and moisture

content of water absorbed soybeans ( Tachinagaha

variety ) and comparison of approximate equations about

specific volume

a=8.57+3.98m=2857(1 +0.464 m) (r? = 0.935)

(2.25)
b=7.98 4+ 1.77m=7.99(1 +0.222m) (r2= 0.590)
(2.26)
c=6.72+1.03m=6.72 (1 +0.153m) (2 = 0.673)
BAL; (1073m?) 2.27)

OEREENESNZ(K10). Ky DREIIRKES®
DELDBEDTH o Ihk DHEAEELITR
HENDEFEEIV=(n/6)abc kD
V=0.241 (1+ 0.839m+ 0.208 m?+ 0.016 m?)
2.28)
1Rrg DOMRFEZERD Th/NE Tt L 7= E AR Bl
KV, BER KB 0 OFLIEHEO.305 (10~ *ke)
TEo ARV (1073 m3/kg 13 '
V=0.241 (1+0927m) (2.29)
v=0.791 (1 +0.927m) (2.30)
THole. —H, BRBGEHICED I FFAINDOUE
BOBERERRITIRIOLDIC
v=0.787 (1 +1.161m) (2.31)
THO, 2.30) XEERFEOHATALIL THD,
3 EHEDRIEIC X 5 EATEOSEE & KPEITIZ
EEBIUZBRTH B EEZENS.
3) RAUEFRICOVT
o ksrm (d.b. decimal), MEEIIZBEATEMY
ODENIHEVL 107 3md/kg 2ED>TTY

15
la =8.574+3.980m
=8.574(1+0.464m)
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o
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< A A 7 904+1.670m
2 5t =7.994(1+0.200m)
[ ] =

- 1o £ 6.7%21%20m
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0 0.2 0.4 0.6
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Fig.10 Variation of average values of three principal

dimensions of soybeans (Tachinagaha, variety) with

moisture content
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Fig.11 Relationship between specific bulk volume v’ ,

rate of kernel volume of soybeans (Fukuyutaka,

Tachinagaha variety)( 1 — ¢ ) and moisture content, and

comparison of approximate equations using coefficient

k’ of rate of kernel volume

v =v/ (1—e) 6v/k’ m=6voyan (k' =),

1—e=nk’ /6, k' =1.00—0.029m

AF K EFFFHNDEERT 5T THBEN

LD KD ITHKITH 0 ~30%d.b. DEPHITH W TIE,

FEARFRICEEE U TN T Y FIRI KR ED o T2 hVK T
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V=V 7n=1446+1.876m
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Fig.12 Variation of coefficient k of rate of volume

calculated from three principal dimensions of soybeans

(Tachinagaha variety) with moisture content k =abc,/

((a+b+c)/ 3)*
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Fig.13 Variation of coefficient of rate of volume of
soybeans(Tachinagaha,Fukuyutaka variety) with moisture
content and comparison of approximate equations using
coefficient k' k”
k’ =1.00—0.029m, k” =0.986—0.044m
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ZERRER) T2 EKE DR ZYERIZ DV THER
WWERL, TS OWEREEERNZYEE Y
BEEE BTAURE SKyOBEHRELTELE.
X SICHAFRICE U Tldk o mEIC L HELE
IR, BRI MEIKS IR T DR EEERE DD
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L REEZ, u; ERETOEKDHEE, R.;
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R.OBE% & L TROIUT, HERENICHLTO
EHEEZHRETEIEMNTES. RAIERES
(oDv/Dt) &I (LAV) DETEREIHN
LD TR AREVHENTIEEHOFENKEL,
PUNIEEIZEHI U (Stokes DIEHUERD, #IZR.
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BEORFDOZTBHNIN-F-f (g) &BDT,
RhoEWmEEzZS, RX2L ET3LENERA
P, BXUNIZLUTOXTERINS.

AP=N'F-f(g)/S (3.4)
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LERING, 21EL, o TR TORIREE. f(e)
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(FHih, AMERE) (3.3)
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— =Cp (3.8)
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BROBE, Navier-Stokes HREERITHEH DI Cp D#EHA
i




16 HRBERAHA L 5 —HERE

24 3
Co=— {I+
R. 16R.
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DE—HE D24 /R JIBH TOIRDOEHE DHIIHR
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L0, R EADBOEDEZERBICHEICELST
FARBZEICED, APZEVDERTRKECHR?
OBERASRD NS, (3.9) RlIEEMmEE RO THE
T5&
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C D— -+

R. YR,
DFEPXTEEINDIOT (ZORDOE1EHHIZ
Stokes IFLIC K B ERDIBEDBHROKMHEIETH 0,
STHEHEIZIBHBIETH ), HRIGEWEROBNROM
BLOCprZR OB E L TR FORTET
ZEizT B,

+04 (3.12)
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(3.13)
R. VR

EBRORTDHA, (3.12) ROETEMTHEFHRT

EDHDT, TOBRLHGHED TI DR TDHSIRE
CoD/INT A—HFab,c ZERIVDHEETS. iR
EENS CoMERTH TH DD Tab,cl3IR, #

%35 (20033

BOHDBEKERD. BIaAZ (3.8) KD Cpiz24
R.+0.4 Z2RAT D &(Z T a=24, b=0, c=04 D
B THMIE S IBHIEOMICHENT ) BEEOED
EHEEORE L THLNSErgun DRXMNE SN S,

AP (1—¢) %2-p-u
=150
L £3:¢.2D,2

(1—¢) %2.p-u?
(3.14)

+ 2.75
g3+ Dy

ZORDBEHMHITDONTHRIFL THS. (3.8) A&k
DCpaRDB &

4¢3 (AP/L) ¢.D,
CD=

(3.15)
25(1—¢)?p-u?

k720, (3.13), (3.15) XM SEBRICHIEIZLD (3.13)
Kok a, b, c2R/NFEIII>TKDS.

2) HBAE

(1) EREEHBRFGE

WRE HEEEIED D DEBEE # X 141RT.
NEE20cm, & 35cm OMEBORREMES 2/
LTEBHEIDO TS, FAKOEZ—-NF T bEST
L CHRRBAEDERMEE D ERT 5. Ao
EEI-BEEORMNOBNOZEZ BTS20,
AEst M O EGE &R HEREERRIEY 5451
Lol Thhbb, EEKLD 15cm OALE & 25¢m
DOHLBIZAZOBEMICERE 6 mm D& HlT, B
DVEE P RAHEICREE 5 mm O ME 2 TN ENEE
K—ERICRDEDITHAL, Eb-E, EZ—)
BEN L TEIARRDOWZEES (Setra Systems Inc.
Model 261, 7)V L > 2 6227Pa, 63.5mmAq) IZHEkE
L, 10cmOMOBEEZRET 5. £, EHKD
20cm OB ICEHERIEHOME LA K D ITEHR
RoOFE#E 2y L, TOHFHOREEERE L 7Z.
REENICAEN (TH) LEEYL Y (TDKEE
) BEAL, BRAZERORE, BEEZREL
7z, EHEFERESOHARX - YRV O-FIZ
BHL, BREE0~1.2m/s DEFETEX, &%
WEEZ R B 1245 FE %k L BELGEE & DOBR 23
Nfz, ZOEBROBIRNSRDEERECH & (3.8)
ROFEMCp(a, b, R.) MEB/NFTEIZLD, a,
b EROE., FENETNRBEIMORBR KGR F%
FINWTZERRR ¢, BRIAMERD ,= 6 V/ ) V3, BT
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Fig.14 Experimental apparatus for measuring pressure loss of materials

AEROREY T, kpEEZ (39 XLVCHrD
B ERNz
(2) HBHMH

KEFHOEPE TR L 72K DRIZDHRAE,
BIMEAKSD/NRERE (EBDIZFFFHN) 2l
BiEE UTHERALE (R, HBAMEISORO 3
Hho~tTEETFOY IV ) FATHEL, 3ETiEkD
(3.18)~(3.20) HITH ETNWT 1KY~ D DEFEV,,
EBEES 2k, 1R T OB EEEa 258
HU7 272U, ZOHETIIHREEREEOEL
RICKBEREN2EITMDSDTHETKDZS,
REMHETORMBEIHREL, ThEEIEXD
BE{RREST (DAIKI,DIK-1120) & DBEIEL MK
&) OB L I RIE T ORI TE - TRO K

17

Weight

(Tout,Hout)

AP

350mm

00

BRAENBERAED 72 0 DEREREE

BHEEEELELE. A Y- (KR
300cm ®) 12X RN EREZBIEL, IThEEHR
FEETD HIRO KRR 52U 2R ¢ 23RO, BRAEY

BEED D &ﬁijﬂ%&d} ¢, 4a p@ﬁ?ﬁ‘cpi
S, wDy2/ ¢ 6
a,=— = = (3.16)
Vs, ntD,%,/6 b Dy

DRERNHBHDT, ¢cDpy=6"a,LEBEEH
ha. LEs->T3.8) A

AP 25(1—¢€)a,pu?
—=Cp 3.17)
L 24 g3
EEED, F, Vo, S, 7, S, IRKROBERT
H5.

=2 BEBMHE (K8) OMRKEMiEE

Tabie2 property of experimental materials 8soybean0

Label Species Moisture Weight Volume 3 length

(%db)  (10%g)Vem(10°m’) a10°m) b ¢

Volume Surface Specific S Diameter Const. Space ratio
Vi(10'm)S: " (10° mDap(m™)  Dp (10°m) ¢ €

soy.sl soybean  13.1 0.197 0.138 692 651 537 0127 0123 978 623 0984 0.442
s.d” 0.69 043 025 043 0017 0010 45 025  0.080
soy.ml 134 0260 0207 814 758 629 0204 0169 833 731 0986  0.460
soy.mh 241 0378 0305 942 858 7.0 0302 0220 733 832 0983  0.460

1) Approximate surface area by calculation 2) Standard deviation of 50 samples soybean (Tachinagaha)
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Vo=(mt/6)abc (3.18)

mtab

SD =

24 1—b L2/ /az

Xsin"' (¥ 1—b " 2/a?)+nb 2/2
(3.19)

wab

SD// —

24 1—-b” 2/a?

Xsin"!W 1—b”"2/a)+nb”2,/2

(3.20)
IR DORNTIR DBERASEL D 3 D.
S, <S,<K8 (3.21)
a,=5,/V, (3.22)
7=7L, b =(b+c)/2,b” =(3b+c)/4
alZBIL T3k DB E LT
ap=apy (1+7-7y,m) ~1/3 (3.23)

iU, vIZEARKMRE, 7 IIMBIORET

EEh-EZANS O BREZREKZDOHS,

K 13%w b LA F TIIEE—E T d . =0.98~0.99
BRETHS. LV KEDOEERELD(G.16)FKIC
RALTEKEM (d.b.decimal) Da,  Z#HEETE

15
la =8.43+4.82m
=8.43(1+0.572m)
r? = 0.96
10 |
_’_’-_,_I_L___l—,——"/’l
:_M
Ib =7.95+1.59m
5 F =7.95(1+0.200m)
r’ =048
lc =6.69+1.44m
=6.69(1+0.216m)
r? = 0.83

Length (10°m)

0 g 1
0 0.2 0.4 0.6

Moisture content (d.b. decimal)

15 X8 (#FFH/\) O3 #hTEEKRIOBRK
(20° C, 20%1F#)

Fig.15 Variation of average values of three principal

dimensions of soybeans

(Tachinagaha, variety) with moisture content

%35 (2003.3)

5. (3.17) ROBREESHRFICBEHRT D OYE
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DEIEBRZTI 1 DLNTTH S, #>o TEREORIE
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o ZEREBIZELTEBIND1I-—e¢=nk./ 6,
k =1.00 —0.029 m(m;d.b.decima ) DX FHTE

10 5
s = -2.04m + 7.87
s R r’ =089 {a
-~ \V’“&-&-\Q
E
o & — 5=8(1+0.956/0.73%m)™*/? 8 &
- E
2 T
~ (=]
E —
T4 T S=1.34m + 1.85 12 3
2 v? = 0.97
«\
2 v=0261m+0233] !
r? =097
0 = . ()}
0 0.2 0.4 0.6

Moisture content (d.b. decimal)

16 K& (2FFHN) O 1HH 1Y) OFHE, REE,
FHILREH &K S DRRER

Fig.16 Relationship between particle volume, surface area,

Specific surface area of soybean (Tachinagaha) and

moisture content
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5. RE (FFFHN) 20RDFNENE—RLITD
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V, =0.261m+0.233  (10~°m?) (3.24)
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ERDT
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2) BREE EEHBEROBEEF
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U DRFREBITEWETHEML 2. JEHSEIT
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HIHEZROEE L2 EOEDERETEINS
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BTHEHIODEDIZP=176u?+2668u—6.9
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Fig.17 Relation ship between volume,surface area,specific

surface area of dry mater 1kg soybean(Tachinagaha) and

moisture content

= 12.7(mmAg/10cm)
. 1245 (Pa/m) .

6.35 (mmAg/10cm) ==
6227 (Pa/m) e
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Pressure Loss (Pa/m) g

O s T T T )
Velosity of air

18 KF (2 FFH/vsoy.m)DBREAFEHBEROERT —
S (kR 0.46, HFHLLRERB3Im2/m?, &Kk
13.4%d.b.)

Fig.18 Experimental data of pressure loss of

soybean(Tachinagaha:soy.mij
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%EE 2 ROERRE FAWT2.75131.303, 1501
346 ERHIE L85 R, IR ERAME & —BK L7z (K19).
BREEMBETSZ & G13) ROCrDREED =
0L Ta, cz2ROBILITHSLEL, ROHED
D CHrDFEEZER DR E L THREZ &ITkD
DIED NSNS DBENEL 25,
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A soy.sl
= - — by Ergun's e.q
\E 400 F o soy.ml
6‘: a  soy.mh
% 300 F Cd=24/Re+5.49/{ Re
P4 - - - -reg(u2)
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Fig.19 Pressure loss of soybean and comparison of

approximate equations of Ergun’ s eq.

and eq.(8) of using resistance factor C D
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and approximate equations and comparison of friction

factor (C =5.47 R ,~%%) estimated from the velocity of
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20(mm (Tin,Hin) Computor Table 4 Experimental conditions and results for soybean
drying in a laboratory (Exp.1)
1T
Fan }
Weight Moisture content  Height of bulk  Velocity of air
30 HIBSRRREEEIEE (F%1) _ (kg (%,wb.) (m) (m/s)
Fig.30 Scematic diagram of experimental apparatus for Initial 4423 200109 0.35 0.159
Final 4.053 12.7+0.7 030 0.171

drying(Exp.1)

=5 EBRIVIAL—YalORERKNIA—%
Table 5 Principal parameters to simulate for dryingTable2 property of
experimental materials 8soybean0

Dry density  Bulk density ~Coeff.space ratio  Specific surface area  Specific heat
pukg/m’) plukg/m) k=6(1—e)n a(m'/m’) (K/&kg-K))

1300 681 1-0.029M 753 1.637+0.0193 M

M;Moisture content (d.b.decimal)
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Table 6 Experimental conditions and results for soybean drying using a
stationary dryer in a vinyl green house (Exp.2)

Weight Moisture content Height of bed Velocity of air  Velocity of air in bed

(kg) (%,w.b.) (m) {m/s) (m/s)
Initial 1160 21.0+09 0.86 0.22 047+0.04
Final 920 11.8+0.3 0.61 0.30 0.641+0.03
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Study on Drying Processing Techniques for keeping
the Quality of Soybeans

Keiichi Inoue™ ,Kanji Ootsuka™, Noriyuki Murakami', Mitsuho Sugimoto™ and Lei Bun™

Summary

The production of soybeans increases every year owing to the increase of demand for the domestic
soybeans among the consumers in Japan and the rate of use of combine for harvesting soybeans increases
because of a labor saving harvesting method. But, drying processing technique for the high moisture
content soybeans harvested by combine has been retarded, and the degradation of soybeans and the heavy
labor work in the process of drying become a problem. The efficient drying processing technique keeping
the quality of soybeans harvested by combine, has been strongly required.

In the drying processing of high moisture content soybeans, there occurs the risk of swelling in
soybeans when the air ventilation in the layers is not sufficient. The activity of microorganism or mold
increases when the temperature of the air exceeds 80% humidity and over 20°C temperature. It is necessary
to adjust the temperature and humidity of the air ventilation to be out of this dangerous zone. In the
meantime, it is necessary also to control the drying rate of soybeans so as to avoid the occurrence of the
seed-coat cracking or the wrinkle of soybeans. To develop the effective artificial drying method keeping
the quality of soybeans, the investigation on the physical properties of soybeans relating to the drying
processing and the analysis of the drying process of soybeans are indispensable. However, the study has
been retarded in comparison with the study of rice or wheat.

In this study, the fundamental properties of soybeans relating to the drying and the characteristics
of the pressure loss in driers such as flat bed driers equipped with the bucket conveyer or dry stores were
clarified and a drying simulation model for analyzing the process of drying was developed and investigated
and the mechanism of the generation of coat cracking of soybeans and the effective treatment of the
ventilation air to minimize the coat cracking were cleared. Through this study, the fundamental techniques
for drying soybeans harvested by combine were developed.

In the first chapter, the significance and objectives of this study were described based on an outline
of soybean production and studies on soybean drying...

In the second chapter, the dependence of physical properties as specific volume, bulk volume, rate
of volume on moisture content of soybeans(tachinagaha, tamahomare, fukuyutaka, suzuyutaka, enrei
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variety) was theoretically considered and determined as follows with principal properties of specific volume
of dry matter V o, coefficient of rate of volume k of average soybeans.
Va=V,o+7 -m=0.771+0965m 0.1<m) , V,= (m*+2V,.m+V,? " (0<m)
Va=Va./(l—¢e)=6V.,/kn, k=100—-0.029m
values i.e m ; moisture content (d.b. decimal), V .; specific volume based on dry material(10~° m */kg),
V' ; specific bulk volume, 1 — € ; rate of kernel volume, Vo= 0.771(10 *m*/kg), V,.=0.7460 ‘
Hence, physical properties of soybean for a drying simulation model were shown with principal parameters
of Vo, V., k.

In the third chapter, the pressure loss of soybeans was examined and the data was analyzed using
the non-dimensioned Navier-Stokes equations for forced air in accumulations. And resistance factors or
friction factors of soybeans were expressed as the function of Reynolds number, to esteem a pressure loss in
air forced layers of soybeans by calculation. We could get an experimental equation of resistance factor that
was applied for generally to pressure loss of soybeans, in 40<Re<200 ranges which is used with usual
forced air drying. We could express characteristics of pressure loss of soybeans, as the function of space
rate, ratio of surface area and velocity of air by using an experimental equations of the resistance factor or a
friction factor. The characteristics of pressure loss of soybeans were able to be approximated with high
accurécy.

In the forth chapter accuracy of a simulation model for drying soybeans that takes into account
moisture transport in gas and solid phases under an inconstant condition of air flow was investigated. It was
found that temperature, humidity of air passing through a deep bed of soybeans and the moisture contents
of accumulation layers of soybeans using different soybeans and two different types of experimental dryer
were able to be estimated correctly by using values of the fundamental drying properties such as density,
specific surface area, space ratio, equilibrium moisture content of soybeans, and specific heat, and mass
transfer coefficients of soybeans. '

In the fifth chapter,seed-coat cracking of soybeans occurs easily during the process of air drying. In
order to determine the relationship between external air temperature/humidity and distortions in seed-coat
cracked grains, the rates of seed-coat cracking of soybeans subjected to mono-layer drying were
investigated under various air drying conditions of different temperature and humidity combinations, and
the critical distortions were estimated. Based on the results, the required temperature and humidity
conditions of air passing through deep bed of soybeans for minimizing coat cracking and preventing
swelling due to high air temperature were clarified.




