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(Fundamental studies on the parallel-current-
continuous-drying of the unhulled rices.)
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Fig. 7-1. The parallel-current-drying

apparatus.
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M, : k7R wet sample weight (kg)

M, s MPEME K E R dry sample weight (kg)

L : HEF55 & accumulated-height (72)

S D WAARIRI G area of dry bed (m?)

v : i air velocity (m/sec)

G T LG air quantity (kg/hr)

W DR EHAES KR moisture content
(wet-base) (%)

E4 k3¢ moisture content
(dry-base) (%)

W, : T ETE

T s AG Wk dry-bulb-temperature
of the open air (°C)
T, T AL IRFRIEEE wet-bulb-temperature

of the open air (°C)

H : HosHE e absolute humidity (kg/kg)

H, : PRI HEEE saturated absolute
humidity (kg/kg)

t : BJAAEERELEE  dry-bulb-temperature

of heat-air (°C)

st g
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Cu : & specific heat of the air.

Tw : ZEFEM H latent heat of vaporization.
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w, SOy 8 equilibrium moisture

content.
sz OliEE drying speed per hour.

|
%
~

clEAEE i EE drying speed of
constant-rate-drying (per hour)
s R iEE drying speed of
decreasing-rate-drying (per hour)
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Fig. 7-2. Drying conditions in parallel-
current- method.

Tab. 7-1. Drying conditions in the case of the parallel-current-drying. (test No. 1~6)

Test ! Test | Test i Test | Test | Test
| Nol NoZ No3‘No4}No.5 N06

"
sample weight M, k) | 1200 | 9.50 \ 7.0 a75| 1200 1200
” M, (kg) 9.56  7.575| 5.572 0 3.771  9.612  9.516
accumulated height L (m) 0.05 0.04 0.02 0.02 0.05 0.05
drying space S (m?) 0.45 0.45: 0.45: 0.45] 0.45  0.45
air velocity (m/sec) f 6.6 . 6.6, 6.6 6.6 5.39| 4.43
air quantity c;(kg/hro 45m?) | 488.8 488.8  488.8 | 488.8 , 399.5, 328.1
moisture content W, (%) ‘ 20. 4 ©o20.2 20. 4 20.6 19.9 ' 20.7
” w, (%) 25. 64 25.35 . 25.64 25.96 24.84  26.10
heat-air condition H, (Ckg/kg) O 0056~0. 0058! 0.0050 | 0.0080 ! 0.0055 0.0051 ; 0.004
” H, (kg/kg) 0.0143 | 0.0136 | 0.0147 | 0.0142 ' 0.0137 | 0.0130
” t o) 41.0+0.5 | 41.0 . 41.0 41.0 40.0 40.5
” [ (“C) 19.5 18.8 1 20.5 19.3 19.0 - 18.2
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Fig. 7-3. Drying characteristic curves of the
wet-unhulled rices in the case of
the parallel-current-drying.



210 62 T . i o]

ZERBAMLTHA. S e R

SRR RN 500 T R KR 1695 DLET L e E s A N B
11, % OV BRI LT, MYF5 0 o 1 T
LM E NG, F ARG SIRICRICEIT S 5 | {y""’/
LA A k#E, Tab, 772 X5 T, —fikic 21.0%~ (FATIT: B e
23.0% HiEiCdh B

2 *ﬂﬂfzrmﬁ‘iﬁh.a’:b‘% MREBINFEE (B) B oo

CHBEIRE A (2O T P I S

(1) k HLU h LiEESXEOBRR

LRI A% (488kg/hr) L, [MDE &% Sem, 01-10°02 03 035 1.1 2 3 45 1010
dem, 3cm, 2emTEEZ UL BERIAE ¢ _ks’h, w
pERgRIL, Rt kb k, hAESE LR Tab. Fig. 7-4. G(kg/hr-m?) v. s. (dw/d6), curve
73 DL > THD. in the case of the parallel-current-

’ | drying.

PIEosiR kY, k=31.74~32.88, ) 32.17,
h="7.45~7.78, 19 7.56 130, k, h - &2 5em EW/R A AP
~2em FREEOHERUROZ RSP L SO LMD k=-25.18 G**! - (7-9)
nas. M KGR OB S b k=Cy OBRICHEZDT h

(2) k BLU B EXRBLOBERF aeky Sz

FUitA L Go (kg/hr-m?) & k & OIEE Kb 57 2518 Gro (710
¥, REIE LS KOO RS AT, ARG & Cy )
sk f-kkE . Fig. 7-4 O kD5 THb. 3. EEMCHBITIHEREREZOALUEER

TOWRPS, G, (kg/hr-m?) & k L DBIRET W RAED D B, AT IC BT A AL (1t

ooy FAUE, 360<Gy<5500 ORI I3 TR DVHR (H,--H), WG o MEAOESE M, (kg), wrihihi

Tab. 7-2. The Critical water content (dry base) and the equilibrium ones in each
drying condition in the case of the parallel-current-drying.

T " heat-air condition ‘ air quantity initial moisture accumulated I critical water t equilibrium
est U (kg/hr content ‘ ~height content moisture
No. | ‘ & s ror content
‘ <t> th> . -0. 45m*) Wi (% 5) L (m) i W, ( 0) | w, (9

e . : . B o L ,_,,_,,,_,e,,_yO), o

1 4.0 | 19.7 488. 8 25. 50 0.05 21.5 9.0

2 41.0 18.8 488. 8 25.35 0.04 22.2 9.5

3 41.0 21.0 488. 8 25. 64 0.03 23.5 10.0

4 41.0 19.3 488. 8 25.96 0.02 24.5 10.5

5 40.0 ' 19.0 399. 5 24. 84 0.05 22.0 9.3

6 0.05 22.5 9.5

40.5 18.2 328. 1 26. 10

Tab. 7-3. Relationship between the drying speeds of constant-rate-drying, the film coefli-
cients of heat transfer, the mass transfer coefficient and the accumulated-height
in the case of the counter-current-drying of the unhulled rices.

heat air COl‘ldl'[lOnS ‘ dry sample ! L (dw/dO) . crp ! h | (dw/dﬁ)c_t,w

; ;

i .
Test |- ——— ight ' 1 (kg//zr (Keal/hr | k=37.1
- (t) | (t,,,) (kg/o Some ) (em) %/hr) | mZAH) CIm¥*C) | H=o. 0087
1 a0 197 9.56 5.0 | 1.30 31.74 - 7.45 130
2 41.0  18.8 7.58 4.0 1. 65 . 33.30 7.57 1. 64
3 41.0  19.5 5.57 3.0 2.31 32. 88 7.78 2.23
4 41.0 ' 19.3 3.77 20

3.30 | 31.78 | 7.46 3.29

notes : air quantxty (G) -488.0 (kg/hr)
(dw/db). : the drying speed of constant-rate-drying (percentage per hour)
h : the film coefficient of heat transfer.
k : the mass transfer coefficient.
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Tab. 7-4. The experimental values of the gradient of drying speed of decreasing-
rate-drying (K,), the equivalent moisture content (W,), and the experi-
mantal formul of decreasing-rate-drying speed (dw/d#), in the case of
each drying condition.

\ l o
Test o) o4, (O i L)  Kieww  Weeo (dw/d6),-
1 a0 197 0.05 0.118 0.105 0.118 (w,—0. 105)
2 4.0 188 0.04 0.135 +  0.100 0.135 (w,—0. 100)
3 4.0 | 19.5 0.03 0.165 0.095 | 0.165 (w3—0.095)
4 | i . 0.09 ( 0.212 (w,—0.090)

41.0 i 19.3 0.02 i 0.212

k, :the gradlent of drymg speed of decreasmg ~rate— drymg
W, : the equivalent moisture content (dry base)

T A K+ Mo — IR O R 0 & R (B KRB E KA 8D Ak,
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Tab. 7-5. Comparison between the theoretical values of the gradients of
decreasing-rate-drying-speed (k,)-;,, and the experimental ones
(ks)-.xp in each accumulated height.

'I{Ieg_t . Lm : Fo=—(W,—W.)
- B |
1 | 0.05 0.215—0. 105:=0. 110
2 0.04 0.222—0. 100==0. 122
3 0.03 : 0. 230—0. 095=0. 135
4 0.02 0. 245—0. 090=-0. 155
My 01 bng Il ’:'z :de" i: 'M
! w, - " | w
t [
N | t, ' ) e
(mﬁ V H, o r———ah,z 1 1 ; H, (——,-]- G,

parallel- curront counter current

Fig. 7-5. Drying conditions in parallel and
Counter-current methods.
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Fig. 8-1. The deep-bed-ventilation-drying apparatus.
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TGO e Y (H— 1)
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SRR E 8—4) RitRATIUE, ki
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Fig. 8-2. Drying conditions in counter-
current in the case of the deep-
bed ventilation drying.
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Fig. 8-3. Drying conditions in parallel and

counter current methods.
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. Vu:Md_(y_v; — )mlog((tﬁtw)/mttw)}
h,(ti—1c)

.-(8-8)
REERE TRk, T

([i_tCD __7Md<wl wc)ru
GO !H
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2) MFEOBE
(A) T
G,.Cii(ti—1) =M (c+w)(tp— twi)
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Fig. 8 4. Counter current
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Tab. 8-1. Drying conditions in the case of deep-bed-ventilation-drying
of the unhulled rices and the wheat grains.

| heat-air condition ’

|

Test I - . S S ke/h G l’ M,

. ‘ o ‘ . ! . J / hr-0. 09m2 o. 2

N O | WO H Ghatke) | Ha Gke/ke) | (ke/hre0.0m) | Cke/0.Dom)
R-T 60.0 27.0 0. 0090 0. 00240 73.62 1.8X16
R-1I 50.0 ‘ 21.5 0. 00037 0. 0160 76. 21 1.8X16
R-III 40.0 i 19.8 : 0. 0056 0.0145 79.35 1.8X16
R-IV 60. 5 25.5 0. 0064 0. 0205 74. 95 2.0X16
R-V 50.5 23.0 0. 0062 ; 0.0175 75.93 2.0X16
R-VI 40.5 18.5 : 0. 0040 0.0135 76. 48 | 2.0X16
W-1 60.5 25.5 f 0. 0064 0. 0205 ‘ 74. 95 2.0X16
w-11I 50.5 23.0 0. 0062 0.0175 75.93 2.0X16
W-II1 : 40.5 18. 5 \ 0.0040 0.0135 i 76. 48 2.0X16
2. BEEERTICHT IBEOS G
CERRR T s A NAE OIS ds b Al R OS5 gk
A ()ILT\ [ i) H— Z) \}['}l’ /J \&O)J!ﬂx& I‘L}:/ﬁ;t{"f H_[”H’}i el «/J\ 10} Test No, R

AR 13, Fig. 8 5~Fig. 8-7 0L 5CH 5. (=500 e

6.0 Test No. KT .8 ST

1t =40.0°C 7%

5. 0f 1 19,8 G/ Md=11.02 g 6 ///5/fzzinld)f10.6
5-4 . P - //(’E/Md)rs_s
w 4 G/ Md=5.¢ = >
3 / Md=5.50 g4 e
3 £ (G/Md=3.5
¥ 3.0t | B
= f//(///:;3h<367 2 (G MD=2.6
" 2.0 ;/—o\

G Md=2.76 20 30
moisture content :d. b

1.0} . .

Fig. 8-6, Heat-air temperature=50"C
T.0 2.0 3.0

moisture content d. b

. o 10r Test No. R ~1
8-5, Heat-air temperature=—=40°C st No.

Fig. 8-5.~8-7, Drying characteristic curves drying condition (i Md=1022
in each G/Md in the case of the ventila- ! 69)“;*'. el
tion drying of the unhulled rices. not v

(1) ‘ERggREE
BilFEER I s v DR i (dw/do) ~exp. &
BWRRANET 21T Kb F4h IS, Tab. 82 k5T
Hb.
(2) BRFSKR (W, R, EHIkE (W) ’
TSR L O MR LT 5, BRREGKEZ I 1.0 2.0 3.0
BRIERE, 30°C~60°C, G/M,—=2.5~11.0 Oy moisture content d. b
EHNT, EYNIE (8-13) RTRI5.

f

o

\\
)

57 f

s ©

5.11

anoy aad paads Huidip

Fig. 8-7. Heat-air temperature=60"C

G/M;>11.0 &4, WHEH, /NECDONTOERY
BRI L, > TRAEGKEEEZ B LB
EHEbhAB.

I SRBIIAR/NEIZDNT (G/M,]] X5

W, X 100(%)=3. 0{1”‘0"1‘56”‘)“} G/M,
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Tab. 8-2. Experimental drying speed of constant-rate-drying in each drying condition.
Test No. | G/M, | 10.225 5.112 3.408 | 2. 556
R - I C(aw/dD) ey | 0.079% 0. 0572 0.0308 |  0.0282
N | G/M, = 10.585 5.202 3.528 2. 646
R -1 | (dw/dD) ey | 0.0680 o vees 0.0379 0.0271
| G/M, 11.021 1 5. 510 3.674 2,755
R -1II LD 0.0530 0.0427 - 0.0305 ,  0.0235
R R )
G/M, | 9. 368 4. 684 3.123 2,342
R -1V (/o) ey 00835 0. 0635 0.0520 0.0385
- | G/M, 9. 491 4.746 3. 164 2.373
R -V  (dw/d0) "y 0.0610 0.0520 0. 0420 0.0310
' | G/M, 9560 4780 3,187 2.390
R -VI | Cdw/d0) ., 00660 | 0.085 | 0.03% 0.0285
— ‘ e R - - — S—— — A“,, — — — S -
‘ G/M, 0.374 | res? | 5.125 2,343
w1 | @w/dn)le, | 0.0658 0.0478 0.0324 0.0228
‘ G/M, 9. 491 4746 3. 164 2.373
W - 11 i (dw/d0)." cxy 0. 0580 0.0371 0.0297 0.0191
_ - ! G/M, 9.560 4.780 3.187 2.390
W - g Cdw /D), s 00438 0. 0330 0. 0220 0.0161
! R - R -
e/, MEHEET) (ty) WEEING. R RAMGKIL Fo 12, Fo=(W W, LTH

S A 5, (t”—tw) L:\[/:"E‘fj:? ’J@T(‘

o b bf‘_%lﬂq = Flg 8-9 O)J:/)

W) LoMFEEs

/V L (t* u)

& ORI O TR DSE U R U e,
W,.=0.2206—0. 08275 log (t—1,,) ---(8-14)
10,0k Test No.W- 1
1=60.0°C
te =255
s ol ~e —
Z 6/ Md=9.3T
3 6.0f
‘ e G Md=4.68
N i
g /"V\(; IMd=3.3
20 Q// /// ' \\ G Md=2.34
A
s
1.0 2.0 3.0

moisture content

d-b;

Fig. 8-8. Drying characteristic curves in
each G/Md in the case of the
ventilation drying of the wheat
grains. (heat-air temperature—=

60°C)
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%, W T 3 A A

Z oMb, BT, IEEEEE LT, M ﬂ‘(unﬁz (t"

ty), Mz EE (G/My) IBEmOLE,

Iz (8

-13) K, (8-14) KpSRATRDH NS

-»}Ao.01{17. 0 (?fl‘ztw1~}—{o. 2206

—0.08275 log (t—1,)}

.(8-15)

(e} 0.13
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0.1

2,
2
0.10f—— 1N
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0.08 \{x\»;./
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10 20 30 4050 70 100
(1=t )C

Fig. 8-9. Relationship between (t—t,) and
(W.) in the case of deep-bed ven-
tilation drying of the unhulled
rices.
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Tab. 8-3. Drying condition in each test.
Test heat~a1r condmon G ’ dry sample accumulated-
No : : (kg/hr-o. O9m2) weight height
) (l""tw) (C) (H —H)(kg/kg)’ (kg) (m)
R - | 33.0 . 0.0150 ? 73.62  1.8~28.8 | 0.05~08
R - II 28.5 ! 0.0123 76. 21 1.8~28. 8 0.05~0.8
R -TIII 20.2 i 0. 0089 79. 35 i 1.8~28.8 0.05~0. 8
W1 35.0 | 0.0141 : 74.95 2.0~32.0 ‘ 0.05~0.8
W - 11 27.5 ‘ 0.0113 3 75.93 2.0~32.0 | 0.05~.0. 8
22.0 i | 2.0~32.0 0.05~0. 8

W -1IL | 0. 0095
— e ‘.H — -

B BN ARN AT RS S UG, 0

RMFTBT B, ke kay Ny RFEEBICONT, Sk
DTHEL T EMBLETH 5.
TR R VR T, TR R, Ckg/hr)

Z/R" C@” ;\Eﬁ{q ‘CiDHEJWuNfﬁ(K”LMJ(}.EZ Rmax J:
D Ny, h,, k. 13RI X D sk e,

= Rpax
_log(_R,, - >

max c
b= NiCnGo
b
ka:-»]—yi}G" ‘ -.-(8-16)
P

(1) EBRFERUEERRM

SRS LT, BERA—EE L, SO
HEE 3% 16 B ar, 2ok 20T, /raz#a
WEROREE (dw/do). %k, MELTER (G/M,) &
LD Ny, ke, koo ZRSF. WSS Tab. 8-3
DEHITH B

(2) BEEMGE (N) &, ZAR G(kg/hr-m?)

& ORB%

W KOV NE 0T, BRI ET 2 N N; &,
B EE DYEAE T 1 v b3S, Fig 8-10-A £ &
Fig. 8-10-B 0 k51T b, HMIARMEEE <, K

DD 5.

WA 2.000<G N,=1723.5G0-92¢
2.000>G N,=1.40
INEEDEA 2.000<<G N,=1113. 8G-0-877

2.000>G N,=1.30

-+(8-17)
Q) BBTEFRY hLKcal/hr-m¥C) &, #R@
& G(kg/hr-m?) & ORME
WRCNE DR DB, WA SR &R
EDBRERD 14512 Fig. 8-11, 8-12 o & 2TH
5. TR, B 1m MOKEES, h, & ORIC
u,m@ﬂMﬁmwént

76. 48 |

[} 60‘:(;
& 507
@ 40C

=R

|
0.5
0.3 I 2
0.2
RY
0.1 \
5:10% 14107 2x10¢ SX10% 1x10+ 2x10+4

G (ke hr-m* Rice)

Fig. 8-10-A, Relationship between N, and
G in the case of the ventila-
tion drying of the unhulled

rices.
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Fig. 8-10-B. Relationship between Niand G
in the case of the ventilation
drying of the wheat grains.
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--(8-18)
W~T, G(kg/hr-m?) 73 2.000 PIF T hhid, A,
ZIE—E IS B,
ko IT2O0TIE, 2R, KEIROBAIZ, k.=h,/
Cx DBRMSEUINCRILG 20T, (8—18) &Rk
ICRUE % 5
4. K*“TT(CB(?%%@@E‘ZE%&
ST BT, ERMENT, e

'h /LJ



220 iR TR

*000)
2000

fre L(A“‘/ ] e
. o 9 i’

1000+ b+ - N
LT_‘_‘L__L
o/ b 0" © ot !

500}~ R L S PP e e R

300 L
200

100 i
1+ 10¢5-10°, 110°2><10° 5100 1100 2 104
G kg hrm-Rice;

Fig. 8-11. Relationship between ha and G
in the case of the ventilation
drying of the unhulled rices.
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Fig. 8-12. Relationship between ha and G
in the case of the ventilation
drying of the wheat grains.
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KbhE¥hs.

daw\ _ G . G
(70“_)c_‘ﬂd_k‘(ﬂw H)—M
k,=(1—e Nt) TR B IR
dw [ dw F
() o= %5). £
K= MR e
W ,=0.2206—0. 08275 log(t—1,)

C
k2 (t—1,
m< )

7 i

(A) |EREEEERY (k) &, ERERRE
(dw/db),
BRI O A BOR BRI (k) M, /hAD
1m3 40 kR Glkg/hr-m®) &0 DA RDIH
11, Fig. 8-13, Fig. 8-14 O L5 ThH 5.

B e LA N N B
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, | i
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el 1]
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1o SN ZEAN
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Fig. 8-13. Relationship between K. and G
in the case of the ventilation
drying of the unhulled rices.
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Fig. 8-14. Relationship between K, and G

in the case of the ventilation
drying of the wheat grains.
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+(8-20)
PLEO&: R Sk ke Ofi%, TEIRTLEEBEE
ERCAAL, BRRASEET LD TE R fadiy (dw/

do), AN G Lo [ARE 7 ey L D,
Fig. 8-15, Fig. 8-16 ©, M, /& HiT G=3000
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Waoss
G<<3000(kg/hr-m?)
dw L _ — 0.76
("‘da"‘)ﬁi 15X1076(t—1,))G
G=>3000(kg/hr-m*)
< g ) =2.3X1074(1—1,)G**  --(8-21)

Ld
INEDB &
G<Z3000(kg/hr-m?)
__(_i_l‘lf~ o N —6(f__ 0.78
(da )c_z.9x1o (t—1,)G

G>3000(kg/hr-m?®)

(%*;) =2.1X1074(1—1,)G**  -+(8-22)

R D S B, (1—1,), Elikt G, SR O
KIEE D B OGRS 2SR T d U (8-21),
(8—22) KXV, (ELDEMI B B IERE M,
H B OIITERWIRNT 51 B GfIEE R K L ASBERE K
5.

T ’7 T ‘ ’_“ﬂm“r:.llv'407‘:
0.1 === 1
10 = =250
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) duy 005 27, =18
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Fig. 8-15. Relationship between (dw/ds),
and G in each (—1¢,) in the case
of the ventilation drying of the
unhulled rices.
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Fig. 8-16. Relationship between (dw/d6),
and G in each (¢—1,) in the
case of the ventilation drying
of the wheat grains.

(B) REEBEE (dw/db),, RUBREIEEE
Qi (k,) LEBERG

AR AR (ko) & HESE (—tw) 0B
B%, KRS oy  Li-giB% Fig. 8-17 i<
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DEIMC >N THIR T 503, G>3000 D] Ficis g,
ke DEINZZEALEHTHY, FLMIC G=3000
BT BHRMEARICT LN EEZ 5h5 (ERY,
ORI & DW).
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Fig. 8-17, k,; v. s. (t—t,) curves in each G
in the case of the ventilation dry-
ing of the unhulled rices.
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Fig. 8-18, G=1000 (kg/hr-m*-R).

Fig. 8-18.~Fig. 8-21, The calculated drying
characteristic curves in each (t—t,) in the
case of the deep-bed ventilation drying of
the unhulled rices.
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Fig. 8-19. G=1500 (kg/hr-m*-R).
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Fig. 8-20, G=2000 (kg/hr-m3*-R).
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D4 (Fig. 8-22)
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Fig. 8-21. G=3000 (kg/hr-m*-R).
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Fig. 8-22, Unsteady-state drying characteristic
curves of the ventilation-continuous-
drying of the unhulled rices by the
counter-current, which are calculated

by the experimental results, in each
heat-air temperature.
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Fig. 8-23. Unsteady-state drying characteristic
curves of the ventilation-continuous-
drying of the unhulled rices by the
counter-current, which are calculated
by the experimental results, in each
supply of dry-weight per hour.

DOWHE 7 vy b LTl
[']ijlf:.[ﬁ]l‘u Xk -T, l';l J;:‘.\

_ wy _ dﬂ
0(1 “le( —d-’v—)dw
C(Dbﬁ LT, pidicssett, (A), (B) o¥ifics

50K LRI E o PR A AR L AR
Fig. 8-24 & XU Fig. 8-25 T/Rd.

R A 2 ok 5.

WoIU0y adnistow

9 10 11 12 13 14 15 16 17

6 7 8
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. The calculated drying curves (moi-
sture vs. drying time) in the case of
the ventilation-continuous-drying of
the unhulled rices by the counter-
current in each heat-air temperature.
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Fig. 8-25. The calculated drying curves (moisture

vs. drying time) in the case of the ven-
tilation-continuous-drying of the unhul-
led rices by the counter-current in each
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E | /o400
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Fig. 8-26. Comparison between the theoretical
drying curves and experimental ones
in the case of the wventilation-conti-
nuous-drying of the unhulled rices
by the counter-current in each heat-
air temperature.

Tab. 8-4. The drying time calculated by the theoretical formulas
in the case of (A) drying condition.

!
heat-air moisture content the drying t1me (hr)
temp. before the drying | -
o % } m.c.—=24% | m.e= zoy | m. c.=16%
40 26.0 ! 7.71 l 13. 35 l 15.43
50 26.0 3.04 | 5. 66 i 7.10
60 1.30 | |

26.0

G=5000 (kg/hr), M ,=400 (kg/hr).
open air temp.==20°C, absolute humidity=-0.006(kg/kg)
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0.05mC 10 BeHERT L, Fleidn & MR A REIES LG
L7z
TR 2L Tab. 9 1 0 X5 Ch 3.
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U ) EEMEIC &L BEAEH) D ORI
RO R 384, D4y P X101
forse=F— OV, MHIRMESH S L2 T, R
65°C LI F O IK ISR T a4 2 B O A3,
T OJER T 65°C~35°C OEYIC 1 2 1
LU)'.!LL}'&&L.OO\TM:;‘J L.
. EBRER SLUEBEH
IR TR LIS B0, W O BT 4 By
WiCTTte -7, JIRIT B0 204k Tab. 9-4 o
XHTCH B,
2. EBR#ER
BB RIFTIC S0 2B ke (i sss) o
RO LA 0 U Ao 'i(i, Fig. 9-2~Fig. 9-7 »k
STHA.
3 ERL ERBI oE®
(1) WILBERERCHT B, 1 HoESH

Tab. 9-1. Drying conditions in the case of the ventilation drying of

heat-air.

the dyed rushes with high
Test drymg sample
| .
No treatment M, (kg) Wu (OB ("C)
(1 | dyed 05510 75.0  70.040.5
I-2 " I 0.5X10 ‘ 75.0 80.040.5 |
I-3 75.0 90. O+05'

I 0.53<10 |

notes : Variety of rushes : Sazanaml

heat -air conditions

. CO) |H Cke/kg) | H, Cke/ke)| (kg

34,0 0.0200 ' 0.034 1250
36.0 0. 0200 0.038 125. 0

38.0 0.0220 | 0.043 . 125.0

drymg floor area : 0.3m <0.3m

Tab. 9-2. Ralationship between moisture content and drying-time in each bed.

Test | drying . posmons of the bed (helght from the base cm)

No. | time

| Chr-min) , 0~5 ‘ 5~10 | 1o~15 15~20 | 20~25 \ 25~30 | 30~35 | 35~40 ‘ 40~45 f 45~50

1-00 1 O. 647 i 0.901 1.060 | 1.200
-1 2-00 © 0.175: 0.319 | 0.400 | 0.414
(70°C) 3--00 0.120 * 0.183 1 0.220 | 0.255

4-00 0.095 . 0.159 | 0.170 ' 0.199

1-00 = 0. 376 | 0.543 | 0.700 ; 0.833
2-00 0.167 | 0.225| 0.320 0.376
0. 143
0. 117

1-2
(80°C) | 3-00 0.100 | 0.180 | 0.209 |
| 400 . 0083 0.135 | 0.144 |

(<I>ow°c3)‘ 1-30  0.064 0700  —  0.136

1.450 | 1.717 | 2.0405 2356 2.660 | 2.937
0.460 | 0.543 | 0.700 | 0.919  1.120 1.381
0.280 | 0.319 | 0.350 ' 0.383 | 0.420  0.477
0.220 | ‘

0.238 | 0.260 0.279  0.300 | 0.319
1160 | 1.538 1.980 2.413 | 2.740 | 2.953
. ’ 0.502  0.660 = 0.748 | 1.380 | 2.056
0.230 | 0.259 | 0.300 0.333 | 0.420 | 0.500
0.160 | 0. 182 ; 0.200 0.213 | 0.240 | 0,259

— 0.250 — 0471 L3
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Tab. 9-3. Ralationship between G/M, and mean moisture-content in
the case of deep bed ventilation-drying of the dyed-rushes.

Test drying

ratio of air-quantity to dry-sample weight (G/M )

No. | time i !
: i (hr-min) 50 100 : 125 267 250 500
1-00 0. 647 0.774 0.952 | 1.162 1418 | 1.694
I-1 2-00 0.175 0. 247 0. 327 0. 385 0. 491 0. 643
3-00 0.120 0. 151 0. 194 0. 229 0. 263 0. 300
4-00 0. 095 0.127 0. 155 0. 177 0. 201 0. 223
1-00 0. 376 0. 459 0.612 0. 857 1. 191 1. 522
1-2 2-00 0. 167 0. 196 0.272 0. 335 0. 427 0. 685
3-00 0. 100 0.121 0. 157 0.186 0.218 0. 266
4-00 0.083 0. 100 0.119 0. 136 0.153 0.172
I1-3 1-30 0. 064 — — — — —
Tab. 9 4. Drying conditions of the dyed rushes under lower heat-air.
Test drying samples \ heat-air conditions 1 G
NO- ireatment M, (ke) W, (%) 1 (C) 1. () H (keg/ke) Hy (ke/ke) | (1—1) CC) m*/hr
| . i ! i I
- o cT o ey o N T T ‘ T | e "“"’"71"" T T T i T T
II-1 dyed 0.5 X4 76.5 50.0 ‘ 25.5 1 0.0105 ‘ 0. 0205 14. 5 | 150.0
-2 ” 1.0 ¥4 71.5 64.0 | 29.0| 0.0140 | 0.0270 35.0 106. 0
11-3 ” 0.75X4 74.2 55.0 28.51 0.0140 @ 0.0250 26.5 160. 7
11-4 4 0.75X4 68.2 52.5 ‘ 27.0 1 0.0130 ‘ 0. 0225 25.5 145. 2
-5 ” i 0.75x4, 69.5 48.0 ' 27.0° 0.0150 1 0. 0225 21.0 155.8
11-6 4 | 0.75¥4 72.0 34.0 ‘ 22.3 1 0.0125 ! 0.0170 11.7 140.0
notes : Variety of rushes : Sazanami, floor area : 0.3m:<0.3m
—T—4 0. SN
6(i)0
\ @ 5
(=}
150 2y
£ 0.2
2000——#—500—*\ L E \
| 1 g
> | M=2.0kg
== -\ z
= / M=1.5kg
n @ @ ® 6O® g L M=1.0ke
43
) Blower @ Air flow pipe 3 Pitot tube 01 FM=0.5kg
(@ Heater box (& Rectifying actor
6) Temperature controller () Drying case \
Fig. 9-1. The apparatus for the ventilation-
drying by heat-air in the case of N \\
the rushes. \
W EITIE N, RS IC BN E 1, LT 0 ] > 3 4 5

AUk Ute ko0, ek R R ie i LT L

NGRS (dw/do)y 13,

5.

o e S o bR 7
g ll‘jjl.'l‘ft!;fﬁ)u)l}yﬂ?

SERT RIS TR D &AL

drying time (hour)

Fig. 9-2. Experimental results of test
No. II-1,

Fig. 9 2~9-7. The experimental drying curves

(,dw_) 1, 8(t— 1)1 (W10, 10) (1072
do /a

(moisture vs. drying time) in each accumula-
ted weight in the case of the ventilation dry-
ing of the dyed rushes.
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Fig. 9-5. Experimental results of test
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Fig. 9-7. Experimental results of test
No. II-6.

B (dw/dB) - exp. 35 JOMHASTEOREFRE (ko) &
g aut Tab. 9-5 Ok HTHbH.
TOfHE (k) & (G/My) EoBRE Y ny T
AUf Fig. 9-9 ok HiEenh, RoOMENK T 5,
G/M <170Ckg 'kg-hr) k. ==0.50

G/ M,=110(kg kg hr) k. =-11.4(G/M )"

e (9-1)
'ﬁ'tkb? G/M, »s 110(kg/kg-hr) PIF 1L, k. O
MEIT - RO R KL G (H,—H) |
e bfh‘?m“ b3, G/My H3 170 VY Licts 5 L,

k. oOffilz 99— AokHic
WbF s,
(9-1) K&, MG O—HOTHEITRO X
NCHD.
G/M ~<170(kg/ kg-hr) D55

(4p) o Yo

G _c,,>
(9 (S o
G/M ;>-170Ckg/ kg-hr) OLi4

dw G 3.39
(*;@‘)C 4( g, ) D

ST 4(1\2 )“-”(c,, )(z~z,() (9—2-b)

7

SM, OB T

~(9-2-a)

Fho ZOMHIEENT,
W. $THMTHITUETS

SRk W A S BRAT K
T i (0 rhikat

/_,___]
2.0 - "
drying condition
|
1 S(I)A(]“C
1. =36.0C
{ dw
(46) /
1.5 - #
FG/Md ) =500~ 4
& G/ Md '—250\\ \ /A
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Fig. 9-8-1. Drying characteristic curves in
each G/Md in the case of deep-
bed ventilation-drying of the,
dyed rushes.

2.0 T
drying condition
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Fig. 9-8-2. Drying characteristic curves in
each G/Md in the case of deep-
bed ventilation drying of the
dyed rushes.
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Tab. 9-5, ( 4o )c-exp and (k.) during the constant-rate -drying
in each drying condition.
Test heat-air conditions
No. G/M, (tty)  (He—H) (@/d0. .., k,
e (kg/kg) ‘
I-1-(1) 500. 0 36.0 0. 0140 1. 800 0. 257
2) 250.0 36.0 0. 0140 1. 40 0. 400
3) 166.7 36.0 0. 0140 1. 19 0. 502
(4) 125.0 36.0 0.0140 0.93 0. 530
(5) 100.0 36.0 0. 0140 0. 66 0. 470
I2-(1) 500. 0 44. 0 0.0180 2.35 0. 261
(2) 250.0 44.0 0.0180 1.74 0. 387
(3) 166. 7 44.0 0.0180 1. 49 0. 497
(4) 125.0 44. 0 0.0180 1. 16 0.515
(5) 100.0 44.0 0. 0180 0. 83 0. 461
-1-(1) 1490. 6 24.5 0.0101 2.07 0. 139
(2) 741.0 24.5 0. 0101 1. 61 0.218
(3) 494. 0 24.5 0.0101 1.35 0. 272
(4) 370. 5 24.5 0.0101 1. 14 0. 303
notes : (dw/df._,,, : experiméntal values of constant—ratevdrying—speéd
k. : the cofficient of constant-rate -drying speed.
( Lo v,
1.0 T70°C /”C/
® 80°C )
) & 50°C ./ Ve
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0.2 \‘\ 0.5 o
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~ G/ Md)=500
R TV 500 1000 2000 // |
G/Md kgl hr kg 0. 25 y G/ Md) =200
Fig. 9-9. Relationship between K, and G/Md /
in the case of ventilation drying of
the dyed rushes, h T o) 3G T 20
(t-tw)
0, == T ’G/A”/;l OZ/(LH i Fig. 9-10. K, vs. (¢ t,) curves of each G/Md
1. 4(G/M )" *(H .~ H) during the decreasing rate drying in
L W (93 the dyed rushes.
11.4(G/M )" (Cy /1 )(t—1,) ' o
(B) iz IR G/M ,~1000( kg 'kg-hr)

AT 50T (G/M,) k15 BB,
T O VB BRI B L T kb 3308, (G
M) HUNTIS BT DR = O R EIE i
5 ERDS. ORI LU EY, G/M,
=120~150 [HETH B, G/M, A3 120~150 D) F o
BRCET 2 ky & (1) OYRE G/M, =4
vay b Uk %, Fig. 9-10 4.

TEbb, % G/M, LD k, & (1—1,) & DR
123, IKORIEAS B CEAIRIE 10°C(1—1,)<45

k4722, 38(1—1,,) <102

G/M,~ 500(kg kg hr)
k=2, 16(t—1,)> 102 1.0
G'M,~ 200(kg’kg hr)

~ £, )>1072-43.0
-(9-4)
ZOMRMIC S BLED T ARE WK1 B sk
FEZ RO BITIR IR S NI R O, WOk Er 4y
L ko 2 RDIKETIA LT, TR 4175,
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Tab. 9-6. Experimental values of moisture content range (4W) in each
G/M, in the drying of the laying-down rushes.

ratio of the air-quantity to the dry sample weiglct | drying
TGSt NO. R Tt - T T e e e e | time
736.3 ¢ 368.2 . 184.1 122.2 92.0 73.6 (hr)
-1 20,0 28.0 355 435 £5.5 650 | | gs
t==70C 0 8.0 15.0 23.5 35.5 45.0 -0
1-2 200 | 25.0 33.0 45.0 60.0 69.5 40
t=80°C 0 ; 5.0 13.0 25.0 40.0 . 49.5 :
[-3 20,0 27.0 34.0 43.0 | 545 655 0.6
+=90°C 0 7.0 14.0 23.0 | 34.5 45.0 :
dw 100y I
e P— 'W
( d0 )a d 1 1 0 t::|70°()
G/M, 73 120~150 DI T DB A, 50 \, 4| t=80C

ZOBAIE ko~W IS EHRNTHZDT G/
M, Hifil- T HAuT 4 OB HROMZRRAUEH]
sk,

ber, par=250F (1) BT DR, MCRIE Y
bea, Par=20ME (2) W BIER, MORTZHUEL
Ute s - T Bt R X 0TS o MRS IR B0
%, % (G/My) =& O RFHEIFERDTE &,
RGN T & O, TERGHEE (o) 2K (9
D) ZAWTRONL, EEOKE Witk s,
MR R, bar=0a1(Bc2/Pc1) £V BIEMES.

3) HWTADOHZEOKTEE

A AN A Lo g %, sl A Lc B4,
1, FEOKSEEMNE LS LIET S, TiEZEil
AU, T XA TRE, B XUk NH D,
LB AR ARARAE S S ARAE T (T EE M L, T
iz b L LABET.

Lz 8 » T/ Bigp ST UIREE S Tt 9 2 B0y
Tl okoRa 209 GREEE) o g, RREMICK
Lol (AW AR LT 5 - Tab. 9-6 DXL
2725,

Tab. 9-6 L DAMIASRIHTET 2 FRIGKRRE R
o KRR (AW) % 7 oy 3L Fig 9-11
DEHCIY, EROBIEIE, TR AL
FEpiEnz iz &, (G/My) DMK THS.

FREEAE LT, TSR 20% OBARO
B0 KEE X DKM AW (%) &, G/M, L O]
FRRETRD SNLS.

AR (1=70°C~80°C, G/M ,=70~400

AW (95)=11208(G/M )" +-(9-5)

\QL o[ T=90°C

N

20 30 50 100 200 300 500 1000
(G/Md)

3

Fig. 9-11. Relationship between the moisture
content range (4w) and G/Md in
the case of ventilation drying of
the dyed rushes.

Lot - T Ao ED 10% DINTHh s, (G/
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300 D) LTS A LUIND B,
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Ve BRI & AEREE OEE

I AT B B RRIE, B KUY, A L,
AEPHIT L O TR DY, INTRREE B A iR Lz,

1. EBREE HSLUBREHS

Jrigi g 1, 11 L[ YRR IR RS, B
DEAFE LTERT, Y27 vELT, Hib
XA 6 XA Uiz, WO XIEL Tab. 9-7 DX
HTHD.

2. EBRER

KRR ST 5 B ORISR D I RS U I
Fig. 9-12~Fig. 9-16 ® X5 Th 5.

3. ERHEROBELLUER

(1) REBREHETCOEREREE (dw/db),,
EREIBEERY k., BIUHRTERY h,
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Tab. 9-7. Drying conditions in the case of the ventilation drying
of the dyed rushes and the undyed rushes.

| . i | sample weight initi B,
Test | drying position, heat-air conditions ! (kg) g "(kG lllsltlfllrael 2(1)‘1)1_
No. | treatment 0 ! B N N U N €7 4
| T 1O 1 CO)H Cheke) Ha ke/kg) wer | dry )| tenL QWD)
I -1 {dyed, upper part i 75.0 | 325 | 0.0145 { 0.0325  0.56x60. 17x6 127.7  68.5
III-2 dyed, lower part | 75.0 } 32.5 | 0.0145 0.0325 1 0.74X60.200x6 110.3  73.0
III-3 wundyed, lower part 75.0 | 3825 . 0.0145  0.0325 0.74X60.1946 110, 3 73.8
IlI~4:‘dyed,upper part , 60.0 | 30.0 =~ 0.0145 | 0.0270 | 0.56%60.179%6 132.3  68.0
III-5 dyed, lower part  60.0 | 30.0 0.0145 | 0.0270 |0.74X60.206x6 132.3  72.2
0.3 3.0
WM%:Mﬂ

0.2 (G/?ld»rlei,Z ;20 ~“4d)f:110'3

2 M - /va) =137.9

z (G/Md)=150. 2 2 e

g 7 I E 1) =183.8

3 (G/Md;=187. 8 A |

5 7 ! 5 ) 2758

g G/ Md) +-250. 4 3 |

2 @ fC/Add) 375I . >-"551.5

e (G =375. 6 =

%01 - G/Md) 7511 310

& z

o4 =

g :

NS

N \\\ e
V] 1 .4 5.0
\ \ dryving time hour)
0 1.0 2.0 3.0 4.0 50

drying time (hour!

Fig. 9-12. Upper-part of the dyed rushes,
heat-air temperature : 75°C, (test
No. TII-1)

Fig. 9-12~Fig. 9-16. The drying curves
(moisture vs. drying time) in each G/Md
in the case of the ventilation drying of
the rushes.

FERAT U 0 oRD P E AR IS (dw/dO) —exp. T
O, TRRRERI k., BN N, BERR
¥ h, Ry 7-4E0UT Tab, 9-8 DX > Th 5.

(2) RBERHLUERRAEDOLLE

Fig. 9-17 %, MJil 75°C B3 24, JEL Y
DATLDORIEIT D T O (dw/dd), L0 k., -
(G/'M,) DM %E7ay LicddTh3E, Thic
FBE, B E R OWEGEIE I, EREH
EHoNT, DT IR YD, WOFLETH 5.
Fig. 9-17 X0, JEiiged, o1 s T, (G
/M) & (k), (dw/dD). ORITIZIROITIRER A

Fig. 9-13. Lower-part of the dyed rushes,
heat-air temperature : 75°C, (test
No. II1-2)
' AYA
(G/M) » (k) -ONi%

MU A OB (RGBT, B0

. 0.0
(G/M,) 140, k,ff*lO.S( jg) "o

(G/M)-140, k,0.50 -(9-6)
DL £ DB

(G/M;)>140, k.==14.3(G/M,)~"6

(G/M)<140, k,==0.52 e (9-7)
7o (G/M,) & (dw/do), DORNC IR, JEI
&SI PNNZIR O PG T 5.

(G/M,)-<2190, < dw >0:¢0.0444<_5;>)n$w

db M,
- (9-8)
(G/M ;)>190, (~52; )_:%0.785(cznn4;)041
+(9-9)
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Fig. 9-14. Lower-part of the undyed rushes,
heat-air temperature : 75°C, (test
No. I1I-3)
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Fig. 9-15. Upper-part of the dyed rushes,
heat-air temperature : 60°C, (test
No. III-4)

(1) RRABECHIZBTL ERBMOLBRE D
f2d i3

it 4

3.0
2 zok\ /(G/Md> =107.0 ——
E (Viga) =128.5
é (“410) =160 6
g <(. Md):N‘H
é‘; ((J/MJ>:3211
E‘ 1.0 ((/Md>'—“642 2 1
0 .\

1.0 2.0 3.0 4.0 5.0
(

drving time (hour)

Fig. 9-16. Lower-part of the dyed rushes,
heat-air temperature : 60°C, (test
No. 1IT-5)

FAGE IR 50T, 1 60°C OB, (G/My)

L, (k), (Aw/dB) —exs. EOMFAET Vv FTHUT,
Fig. 9-18 M X H 7, eI BT (G/My) &
(dw/db), X (ko) LoORNTIE,

(G/M,)=260 Cit,
" dw . 0.20
(2 )o 5(G/M.,)

(G/M,)<260 13,

( {fiyf:‘)p:"z_"o-0153<G/Md)“"“ (9-10)
(G/M,)=>200 G2,

(k)17 1(G/M )
(G/M)=200 i3,

(k) 0. 50~0. 52 o (9-11)

F fo L CEIT BT,

(G/M =300 “Gi1,

() 0.5(G/M

(G/M,)~<300 ~¢i3,

dw . 0. (9
(dﬁ ,>C___o.014z(_G/M,,) 2 ...(9-12)

(G/M,)=-220 i,
(k. )==11.5(G/M )"
(G/M,)<220 T3,
(k.)==0.48~0.50 -+(9-13)

DIFINE D
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Fig. 9-17. Comparison between the dyed

rushes and undyed ones about
K, and (dw/d6)..
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Tab. 9-8. Experimental values of the coefficient of constant-rate-drying-speed (k.),
the number of transfer wunits (N,) and the film coefficient of heat trans-
fer (h,) in each drying conditions.
Test No. G/Md (dw/dﬁ)céexﬁ (Hw_Hl) kc Nt ha
mI-1- (1) 725.5 2.16 0.0180 0.165 0.182 1239.5
2) 362. 8 1. 99 0.0180 0. 305 0. 364 1239. 5
3) 241.9 1.71 0.0180 0. 393 0. 500 1135.1
(4) 181. 4 1.39 0.0180 0. 425 0. 554 943.3
(5) 145.1 1. 17 0.0180 0. 448 0. 593 807.7
(/) 120.9 1.01 0.0180 0. 464 0. 623 707. 2
M-2- (1) 551. 5 2.06 0.018 0. 207 0.231 | 1358.9
2) 275.8 1. 65 0.018 0. 332 0. 400 1176.5
(3) 183.8 1.42 0.018 0. 429 0. 560 1096. 1
(4) 137. 9 1. 19 0.018 0. 480 0. 652 958. 9
(5) 110.3 | 0.99 0.018 0. 490 0. 673 791.8
6) 91.9 | 0.83 0.018 0. 504 0. 700 686. 3
I-3- (1) 568. 6 2.07 0.018 0.202 0.224 1317. 7
()} 284. 3 1.72 0.018 0. 336 0. 410 1206. 0
@) 189.5 1. 45 0.018 0. 424 0. 550 1078.5
(4) 142. 1 1.24 0.018 0. 483 0. 660 970. 6
(5) 118.7 1.08 0.018 0. 527 0. 747 878.9
6) 94. 8 0.93 0.018 0. 547 0.790 774. 6
II-4- (1) 751.7 1.90 0.0125 0.202 0.223 1573.5
2) 375.9 1. 68 0.0125 0. 358 0. 440 1552. 3
(3) 250. 6 1. 38 0.0125 0. 440 0. 580 1364. 2
(4) 187.9 : 1.08 0.0125 0. 460 0. 615 1084. 9
(5) 150. 3 i 0. 90 0.0125 0. 476 0. 645 910. 2
6) 125. 3 i 0.76 0.0125 0. 485 0. 663 779.7
ImI-5- () 642. 2 ‘: 1. 88 0.0125 0. 227 0. 225 1799. 3
2) 321.1 1. 59 0.0125 0. 395 0. 501 1767.5
3) 214. 1 1. 30 0.0125 0. 486 0. 664 1561.7
(4) 160. 6 1.05 0.0125 0.525 0.745 1314. 2
(5) 128. 4 \ 0. 88 0.0125 0. 545 0.785 1107. 8
(6) ‘ 107.0 ‘ 0.75 0.0125 0. 561 0. 820 964.3
5.0
5.0 J
dw
7 2.0 ()
2.0 < o
// i
\ dw\1.0
Ke 1.0F (dﬁ)
() 0.5
0.5 0.4
0.4 ~g
3 0.3
0.3 1 \n\ 2
0.9} —— U DU . NG I 02
. L ™~ 4050100 300 5001000 2000
4050 100 200 5000 1000 2000 G
(%1a)

Fig. 9-18. Comparison between the lower-
part and the upper-part of the
dyed rushes about K, and(dw/d8)..
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B & W @

PILEOKER, (G/M,) »3 300 PLLo¥E, WHO #% (G/My) T & OV KILORRINZE L, X

FEELTII LA EIRODY, 300 PITICs 5 &, XD

BRI, TORRERIMIC TR, € 910 OE5THZ.
DHEEHIIKD LS TH 5.

(f_i!?
db

[ERIV] &£FL (—BFL) REALORE

) —( dw >f_R:o.0016(G/M,,)0-82
c—L

T

3. EBRRBEROER

CHERUE © & O W REIES KR OIETIZLI: Tab.

AT UVIREDA A B3, —fic 20%~30% L b 10
%~14% BEF CLhdicig T 408 b 5. L

--(9-14) o THET A DEE, SFHOEGKEROEE & HITE

G/M, ZLDL, THEOWRERLZEPRBELE 5.

KHGIREFTIE T, KK 30% BEEICIE -7 A4 (D BRALEVRCEITS (G/M,) SHERE

FATOWT, EEAR T RSB AT Y BA 0%
HERTRE, aRJEE, BJaUREE &CHREE & OBRIC D0
T, RICHEE OB ORGSO TG L.

1. EREE SLUEREHG

BRI TR T SRR ORE R A L, R ROLEMBTS 5.

X, $ 0.5m TZORAE 10 X4 LT »7-.
WARZEDOKI&IT Tab. 9-9 DX S5 TH 3.

AW =336.7(G/M,)*"%(%)
(2) ETFTLREN ORCIEEE

AT U ARTEDS © WARd 2 A, TIEa/kEH 10%
15 51T B B o KB E O RSHE (AW) %
7oy b Lk #5443, Fig. 9-19 k5 T BJRRE
70°C~90°C DR TIR, (G/M,) &, 4W roRdicid

-(9-15)

2. EBRER T OFEBROEAATIE, = Owidsitid, eem
Tab. 9-9. Drying conditions under the finishing-drying of the dyed rushes.

Test ) ) ! heated air condition sample weight G mlcr)lilgéﬁie
No. | drying section o s | [ (kg/hr)| content

: 1CO) |ty CO)| H (ka/ke)| H (/) My, (kg)lM, (k) e
IV-1 | lowerpart (30cm)| 70 | 45.0 | 0.0140 ‘ 0.065 | 0.2X 1010. 1610 92.04 20
V-2 ’ 80 48.5 0. 0140 0. 079 0.2X 10‘0. 1610, 92.04 20
V-3 ” 90 50. 5 [ 0. 0140 ‘ 0. 087 0.2X 10‘0. 14X 100 92. 04 30

Tab. 9-10. Relationship between moisture content (W,) and drying time (8) at
the each bed under the finishing-drying of the dyed rushes.

Test drying time | positions of the bed (height from the base)
No. hr-min O~5cm | 5~10cm | 15~20cm | 25~30cm | 35~40cm | 45~50cm
V-1 1-00 4,90 6.16 8.11 10. 01 11.23 12. 49
2-00 0. 60 1. 83 3.09 4.93 6.16 8.11
IV -2 1-00 3.75 4,93 7. 41 9.29 10. 62 12. 40
1-30 1. 21 2.46 3.73 5. 60 6. 84 8.70
IV-3 0-50 3.42 4,71 6. 38 8.70 9. 89 11.73

Tab. 9-11. Experimental values of the misture content in each G/M,
(=ratio of air-quantity to dry sample weight).

Test drying time ~ratio of air-quantity to dry sample weight
No. hr-min 575.3 287. 6 ‘ 143. 8 } 95.9 71.9 ! 57. 2
IV -1 1- 00 4.9 % 6. 16 8.11 10. 01 11. 23 12. 49
2- 00 0. 60 1. 83 3.09 4.93 6. 16 8. 11
V-2 1- 00 3.73 4. 93 7. 41 9. 29 10. 62 12. 4
1- 30 1. 21 2. 46 3.73 5. 60 6. 84 8.70
G/M, 657. 4 328.7 = 164.4 109. 6 82.2 65.7
IvVv-3 !
0- 50 3.42 4.71 | 6. 38 8.70 9. 89 11.73
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Fig. 9-19. Relationship between the moisture
content range (4w) and G/Md in
the case of ventilation drying of
the dyed rushes,

POWRZBDOLE, 2ROFERELD, ZOHE]
BROBIRICET 5, WHEREES KRS IR L O
i, log(Fi/F)=k,0 OFEHH 0,

70°C T3, k,==0.37(G/M,)0-19

80°C Ti2, k,=0.39(G/M,)o1°

90°C Ti2, k,=0.40(G/M,)** -++(9-16)
TRDOENDE. LEh->TAHKE F KB 30084
B, BLU F, 5 F, $ THET 2108 3575
iz

70°C DL

(1) =eusF=0.37(G/M 058
do /a

L i lOECIa/IG)
@)= . log = 0. 37(G/M,)oi
1(9-17)
80°C D&

( dw ) =k, F=0.39(G/M,)019F
do )4

_ 1 — log(F\/Fy)
=, 1oe(F)= o 39(G/M )1

-+ (9-18)
90°C DA
(%‘ag')d:kmF::O- 400G/ M 1)°°F
1 _ log(Fl/Fz),
(0)=- 1Og(FE>“ 0.4(G/M)o-17
-+(9-19)

(RBRV] 7T RREN S D51E

A FIBOCE R & ic < <L, Sdeiiicissico
NTHARERE IR RO, CoBEERIRA LT, #EAD
ICHROCEZ, MIOehisBase 2 &5k, KR E

A BEHFTICE B LD LT, TR T AEANEZ S
ha. ZOFERTIE, OGS TTARECET 3
BREIRIT OO THET L.

1000 @

2000 600 J

® @ ® @®e ®

@ Blower (@ Air flow pipe ® Orifice
@ Heater (6 Save-heater (%) Recifying
actor (@ Dryer (8 Slanting door
Drying-sample

Fig. 9-20. Apparatus for the standing-up ven-
tilation-drying of the dyed rushes.

FEEREE T Fig. 9-20 it R+ ko1
VENTBRIZA BT ETIGER T2 L9 1c L, %ig
FILIKIER] 0.12m2, filfr 1.0m TH3, %72, -
TTHDOERIZIERLD L 3T DT, 1
FEZLYY, BROH—txi3h - 7=,

1. REDEEDOLS EH S OE

() R4

KERRFIC ST 2 AR Rh3, Tab. 9-12 0k 5 Th
3.

(2) EBFER

%, L, o, TECE DR KROREEEAERIE L
7okE 5, Fig. 9-21~Fig. 9—23 O L5 TH 3.

Q) EBHROER

() EREES LOIERTERR

72 TY BRED S OMRFAR AT IS D BA, S8
R CHIEIAZDTNT, KL & &I 124 KRIC
BHLTHAD L, 2 0mgikilsiz o o0 3 idsk—
BoOERELD

UTet - THEBRA R, S, KRBT BT 2 Mok
WEAR ks ZRDIAFIZ Tab. 9-13 0k 3ici
3.

A ORI IICE T 3, BRHOAKSEEITEY L
T 30°C, |E 60%~70% WETHBDT, 12TH
ARIETOMKIRICE T A, FEOLGKK F o
B RERL, REAEEE LTEZNE,
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Tab. 9-12. Drying conditions in the case of drying of the standing-up rushes.

drying sample heat air conditions
rll\}e(ft T e R G (kg/hr)
Ctreatment | My (kg) | Wu (%) | 10O) |t (C) | H Cke/ke) | Ho Cke/ke)
V-1 | deyed | 90 | 8.0 650 a8 | 0.016 0.032 185.0
V-2 ” i 12.5 | 73.0 | 75.0 32.8 ‘ 0.016 0. 034 185.0
V-3 7 ! 14. 1 79.0 85.0 34.5 0.016 ‘ 0.037 185.0
! _ BN
T
1
0 .\ dryving condi:ion 3.0 drying c«m}:lilinn
t=85.0°C 1=775.0°C
[0}
* ~ upper part
%2.0 _— middle part 5 2.0 \
g lower part %
- g g upper part
;; 45 g /// middle part
. § /// - lower part
;; \ s (s -
1.0 O\T_— ;1.0 K/ \\
\ (
(\ B A
é\\ \Qa\e\
~ ) Qﬁ.
0 1 2 3 4 5 0 1 2 3 4 5 6
drying time (hour) drying time (hour)
Fig. 9-21. Heat-air temperature : 85°C, Fig. 9-22. Heat-air temperature : 75°C,
Fig. 9-21.~Fig. 9-23. Moisture content vs.
drying time curves of cach part in the
case of the standing-up-ventilation-drying.
30— - ——
i drying condition
|
1=65C D& ( d”w) =0.241F ¢ =65.0C
db Ja
o dw \ _
1=15C DB (QF)d_o. 334F 4
1=85°C DA (%’g") —0.350F  ---(9-20)
d o
TEPMESSbEhs. 2 N
T - I [ upper part
if:ﬁ7k7*z (';'Z {\?1,/}:1{.\(%[—) Wl ﬁ}b WZ i —C i?‘é‘}:‘%—éﬂ < \‘ 7 _middle part
% Ed BT, @\ ~lower part
ot i 1 w 3\
1==65°C DYy 0= 0-241 10g<,W; )(hr) ‘ \"%:
0 1 2 : 4 5 O
1 W drying time (hour)
“1sC oty 0= Lt0e( W )
t=75C D4 0'33410g< W, (hr)

Fig. 9-23, Heat-air temperature : 65°C,

Tab. 9-13. Experimental values of the gradient of decreasing-rate-drying-speed
(k,) in the case of each drying condition on the standing-up rushes.

Test k heat-—a;r condltlonr

G (kg/hr)
VA 1 65 27.5 185.0
V-2 75 29.0 | 185.0
i 0

V-3 85 32.0 185.

,k,d
upper part ‘ middle part lower part
0. 183 ‘ 0.219 0. 241
0.232 1 0.293 0. 334
0. 256 ! 0. 310 0. 350
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(i) |TEEBPOKIEE
FERINF ORI T, ekt th 0 1)
CEER DR

ﬁ:696’1ﬂi,10g(
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t=85C T3, log(

TRbEh3.
7k% Li)(?.l..

C O,
Hig AARBEIT B L0,

W,
W,

W,
W,

A
W,

(iii) 7=THFALCHITIMER

HERIIC I R BT
Bal A% 4 A

BN THE—IT

1o Lo
z Rz h

$ ke p s,

%1 )(hr)

~(9-21)

R DM ICE X
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) -=0.2524-0.064 0

) =0.049+0.089 ¢

- (9-22)

2 B —ICRAAL, IEATHETH .
2. ETFLREM O
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Tab. 9-14. Drying conditions under the finishing-drying of the dyed rushes.

sample heat -air condltlon
'ﬁeost . . s G (kg/hr)
* | treatment | M, (kg) | W, (%) t (°C) ty, (¢ C) (k/kg) H, (kg/kg)
V-4 .. 4.1 28.8 65.0 31.8 0.016 0.032 140.5
V-5 %gng”‘ 5.3 28. 8 75.0 32.8 0.016 0.034 140. 5
V-6 (d :3? 5.3 28.8 85.0 34.5 0.016 0.037 140. 5
V-7 y 5.3 28.8 90. 0 35.0 0.016 0.038 140. 5

Tab. 9-15, Ralationship betwen moisture content and drying time in the
case of each drying condition. (the standing up-rushes)

Test 0 measuring position
No. 1 (0 Chr-in) T
upper part ' middle part | lower part
0-00 14.0 | 14.3 16.6
V-4 65 1-00 7.6 | 8.0 7.3
2-00 6.6 | 7.0 6.8
. o000 18.0 | 27.0 28.8
V-5 75 \ 0-30 13.8 ; 12. 4 12.3
| 1-00 11.0 | 10.0 8.2
. 0-00 20.0 26.0 28.8
V-6 ! 85 ! 1-00 4.7 . 4.5 6.1
0-00 20.0 26.0 28.8
V-7 } 90 ‘ 0-50 4.7 2.6 I 4.2
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Tab. 9-16. Relationship between the physical properties of
the rushes and the drying methods.

cross-section . strain |coefficent | cross-section the -
dry-treatments l area s&':al)n per of area. s o}ilzleit elastc E;Jr%l:lh?hg
1 (mm)? g 1(mm)? expansion (mm)? Y| force g
0800 | so | s8 | 103 |OFEOTD | 8o | 545 | 440
heat-air-drying | O.90~1.00 0.90~1.00
(o) 09| 40 | s 0. 90 ol 0 | 91.7 | 540 | 528
1. 00< 1.00<<
o Lo3s| 55 5.3 | 0.87 M 1057 | 950 | 611 66. 4
0800 | 50| s8 | os |ORTOI0 ) 954 | 659 | 587
sun-drying 0. 90~1.00 0.90~1. 00
(aress | 87 | 60 1.02 %0 | 984 | 59.7 55.9
1.00< 1. 00<<
M-tom| 54| 59 Lot | MORE | gp | 928 | 546 | @0
0. 85~0. 90 5.3 | 6.1 .09 | 080~0.9 | o35 | 553 | 518
: M—0. 874 M=0. 857
o 0. 90~1. 00 s.4 | 5.7, 1os |%0~L0O 918 | 522 | 555
sun-drying M=0. 946 : : M=0. 963 : ’ '
dved) 1. 00=< 5.7 5.5 o7 | 1190< 93.1 | 52.9 57.9
- M=1.043 ' ' M—1.030 | % S
085090 | 47 5.5 0.98 |80 | 86.3 | 446 | 419
drying to maxi- | 4 g0 0o 0. 90~1. 00
mun with -90~1. 46 | so | os | &N~ 90.6 | 49.9 | 49.0
. M=-0. 949 M=0. 952
heat-air 1.00< ) 1. 00=
O Los| 50 | 48 | 0.9 o Losa| 891 | 50.8 | 515
08090 | 55 | 63 | nos |ORTO0 ., 926 541 ar8
heatgﬁgﬁj@g&gg O 0, | 54 5.6 oo | ORELO0 1 99 | 519 | 50.3
1. 00 1.00<
- ) S ogsz | 56 | 55 1.00 Lo | 933 | 56.7 66.5
08090 | 48| 54 | oo |[OBFOH | 25 513 | s0.2
sun-drying 0.90~1. 00 5.6 | 5.8 ot | 9%~LO0 1 9 ¢ | 5.8 | 53.6
(un-dyed) M—0. 954 M=0. 948
Lo Loy 52| 50 | oot [MO¥E o lesz | 483 | 8.0
BisR D, EEE, BE, W, RO T 2. EBER

BlE Lte. BIEAMIER, 1 HEORITLD, 30cm~
60 cm o b DA L.

(2) #HRAAEOMEHX

(A) Byaliaip—HaEE 75°C <, BT UEE (&
KE 10%) TTHBRLICED (BEDH A E)

(B) HJA\rigkasr—MEREE 75°C THKEO F
THAE L7z b D (Jeged 1 F)

(C) MR, KHAJHA—HEE (75°C) T LEFOD
2B (BKE 20%~15%) FTialg U DI R Bzl
Lich D (BHsd 1 &)

(D) KHEH—RKHTEFUEEITERLLD
D (JBlesd 4 &)

(B) AJRGZRIER Geb—JEIR desd A1 BA A DTk
Tz LIz b 0.

(F) RKBWgERIEy—IERGEY 1 E2DOKE
TR LIt D,

1) (EoOWERIRKOLE
FREOISTCRUE LA B DOWT, Bk, ik
B, OB, WO, #TIREUL A AIE Lo R, Tab.
9-16 DL > TH 5.

(2) #IFME(CBHEEST IROFKE

Jdnd U EDTE LD 15 em~60 em ([ToW
T, 10%~13% FBEOGKEL O L, KT
REAEAL, BROAU & & OGKFEL AEL
fo. BRI 90, oKX L.Omm~1.5mm T
BRI S X HEHH L.

3. EBRFEROER

1) EBRFREAEOYEM

ERER Lo b DI, (hOFERIEE Ui & DI~
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Fig. 9-24. Moisture content at cracking of
the rushes.
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Fig' 9-25. Apparatus for the standing-up
ventilation-storage-drying of the
dyed-rushes.
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Fig. 9-26. Apparatus for]the laying down
ventilation-storage-drying of the
dyed-rushes.
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Tab. 9-17. Ventilation and preservation conditions in the dyed rushes.

] the | venti- | .. floor air conditions

accumula- lating . -
,Z_, ting i&‘gggﬁ? time [duantity area temperature (°C) humidity (%)
I — .
S methods (kg) ;(/"‘ min) (kg/hr) |(m) X (m)| max. min. mean | max. min. mean
1 |standing up| 84.6 36-00 3750 10.45X1.22 35.0 24. 6 29. 2 88.0 47.0 63.2
2 ” 50. 5 25-00 3750 |0.45X1.22 34.0 28.0 30. 5 80.0 51.0 65. 3
3 {laying down| 25.0 36-00 3750 10.453x1.22| 34.2 24.2 ! 28.6 94. 0 47.0 62.8

nots : Initial moisture content : test No. 1 ; 75.6% (wet base)

test No. 2;74.0% ( ” )
test No. 3;72.0% (  » )
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Tab. 9-18. Effects of the natural-air-ventilation to the rushes qualities.
Test methods of ventilati- qualities
No. solidity. ng ume ‘“edistance | ‘e ' elastic | | push-matt
accumulation (hour) strain | solidity force | ,,,7_,,0010r | quality
1 standing-up 36 5.0~5. 8 85~86 | 47~51 quaite a good 40
2 ” 24 4.3~4.7 85~88 40~48 good 35
3 lay-down 24 4.7~4.8 87~88 52~58 inferior good 33
notes : measuring section, inside and outside of a bunch.
Tab. 9-19, Relationship between moisture content (wet base) and drying
time (hr) in the case of each accumulating method.
drying outside of a bunch inside of a bunch
TeSt tlme - S, — — - .
No. (hr-min) | upper part | middle part 1 lower part upper part | middle part | lower part
0-00 75.6 75.6 75.6 75.6 75.6 75.6
3-00 64. 1 69. 4 70.7 72.6 67.1 75. 6
1 9-00 52. 6 65.5 65.5 58.6 65.6 66. 6
24-00 45. 6 50.9 51. 4 53.7 63. 4 63. 6
30-00 30.5 35.0 35. 4 45.7 40.9 53.1
36-00 14. 4 18.0 21.1 21.0 24.8 24.8
0-00 74.0 74.0 74.0 74.0 74.0 74.0
5-00 49.0 56.0 62.0 64.0 67.0 68.0
2 10-00 43.0 50.0 56.0 64.0 66.0 67.0
15-00 34.0 43.0 50.0 61.0 63.0 66.0
25-00 30.0 38.0 47.0 55.0 57.0 60.0
0-00 72.0 720 | 720 72.0 72.0 —
3 6-00 57.5 63.0 65.0 56.0 63.0 —_
12-00 50.5 57.0 62.0 50.0 59.0 —
24-00 38.0 50.0 57.0 43.0 53.0 —
2. ERER 3) BERERIIBIIEREE
(1) HEESHENAIEORKECHLITTE SRR IE B A OBE 1.0 [9%/hr), 12TT

HOHA 1.05(%/kr]) 1T HOEEBESR.

HEAL ASKEBLAEOFEM

XIHL - THE G Ui A B, Hlc 2 bic K Bk
BT M, REAMOE &, S0k UT—RiIL
WAETTID, RioRIEZESEENES CHbE. £
BRI AT D B A T H AL O K 5 WhEH OB HE»
5, —WHAURT AT I8 D LD B B.

T OBR T 2 O EEE THGE UIc G O RAY
PR DUV THRET L.

1. SRS LURERY

YD RO A BiA, HAMNMAKHEE LENE
PHRE T i LT L, 24 B3 208 48 B
B Lz DicoE, BUOKHERETE > THREZEN
U, ERERCBY 2SR, BXOBIIER
Tab. 9-20 L5 TH5.

2. EBRER, BLIUEE

B e, A EREE
DLHITH5.

A UfcbRid Tab. 9-21



BIEYOBBERRECET 5% (B24H) 241

Tab. 9-20. Methods of storage.

toring | drying ~ air conditions . .
Test |50 : e moisture content w. b (%)
time time the open air in storage room - o / -
No- 1wy | ey | 4 (“C) ( ) t (°C) R (%) lafter drying afte1 stormg‘ 5{‘&’;{3‘;’5’6
1 24 1 3.5 | 635 | 24 0~30.5 | 63.5~76.0 62.3 64. 1 +1.8
2 24 2 30.5 63.5 | 24.0~30.5 | 63.5~76.0 51.0 51.6 1-0.6
24 3 30.5 63.5 | 24.0~30.5 | 63.5~76.0 41.3 39, 4 ~0.9
4 24 4 | 30.5 63.5 | 24.0~30.5 | 63.5~76.0 34.0 32.3 —1.7
5 48 1 | 3L.0 | 62.5 |22.0~32.0] 60.0~75.0 57.5 64. 3 +6.8
6 48 2 | 310 | 625 | 22.0~32.0 | 60.0~75.0 46.2 42.2 —4.0
7 48 3 | 310 | 625 |22.0~32.0 60.0~75.0 34.7 36. 2 +1.5
8 48 4 t 31.0 | 62.5 | 22.0~32.0 | 60.0~75.0 21.0 22.4 +1.4

notes : Initial moisture content==72. 09

Tab. 9-21. Relationship between rushes qualities and each storaging mothod.

moisture | storaging | .
geost content in [ time strain | solidity | e}lgrs&c color | qualities
storage | (hr-min) C
1 62.3 24-00 3.48 % | s6 14 39
2 51.0 24-00 5. 60 92 58 4 40
3 41.3 24-00 5. 82 92 66 | 4 40
4 34.0 24-00 6.13 93 i 61 i 45 43
5 57.5 48-00 | 5.34 89 | 52 | 42 35
6 46. 2 48-00 6.24 91 | 57 42 38
7 34.7 48-00 6.11 92 | 59 +3 1 42
8 21.0 48-00 | 5.76 9% | 6l 43 | 45
standerd’ — — |58 | 92 | e | 45 45

Tab. 9-22. Drying conditions in the sun-drying of the dyed rushes.

Test | natural—air—temp (°C) relative humidity ( %) insolation
No - e - value
’ ‘ max. ‘ min ‘ mean | max. min. mean (cal/cmz)
1, S ‘ 34. 2 J 28 5 31.0 60.0 74 3 | 65 6 335.8
2, 6, 9, 13 E 34.5 28.7 31.2 52.0 74.0 61.0 364.7
3, 7, 10, 14 r 33.0 28.0 30.5 58.0 74.0 62.3 296.8
4, 8, 11, 15 ‘ 34.5 28.5 31.3 55.0 71.0 59. 2 345.8
12, 16 | 33.4 28.9 l 30. 8 56. 0 68.0 | 59.0 299. 2
Z DAL, RS A B SR AE L, GBI 2. XHERCET I EaKROBRBIZL
24 HEPL Be BT, WEBAIRICIE T 2 KA TO R AREDOISINE L, AT LTI
EOHI AMHEOXBEIRCEYTIHEE Fig. 9-27, Fig.9-28, ¥} L iz Fig. 9-29, Fig.
A B MRS & Bl A, TRH, RIS 9—30 DLHTHB
ARIC DT, KREWATTIE 5T, & OHed4% i 3. £ B
Ufc. KHEGBIZIFKBEOBI G TR Hhd b, ¥IH (1) RBRY, FERFED A EOEREE OHLE
DEKHE209~30% % Clckd s 0% M+ L], A DIRIE TR Y, B IUERY S A EIC >0 T
HEHOE EFEE TEFLL L, dicHiFLE R—4F TR B ETTIS 5 70 b DI DN T DI,
715 5T 3. WA LTA B &, Tab. 9-23 DL 5icizy,
1. RB#EBCHIT LR VRGO DSIETR G W il LT YEry 1. 8(%/hr), W5 1R

RKEWGEORZIIFFIMNL D 15K, MR D, FHRE UTHETE D 7 DRSO T DA &
TH20HM» 5 7 H24HC, 2 DOWHC B0 52 WZEMEZONB.
Tab. 9-22 O L5 Th 3. (2) XHERICHITIEHEIRERE
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Fig. 9-27. Test No. 5~8, drying of the dyed time
rushes from high moisture. Fig. 9-29. The finishing drying of the dyed
Fig. 9-27.~Fig. 9-30. Drying curves (moisture rushes.
vs. drying time) in the sun-drying of the
rushes. % © 24 day
© 23 day
i x 22 day
100 20k \ o 21 day — 1§
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Fig. 9-28. Test No. 1~4, drying of the dyed Fig. 9-30. The finishing drying of the
rushes from high moisture. undyed rushes.
Tab. 9-23. Comparison between the dyed rushes and
undyed rushes about mean-drying-speed.
drying day
treatment
20 } 21 | 22 } 23
dyed 10.0 9.4 9.6 9.5
un-dyed 8.2 8.4 7.3 7.3
difference ‘ 1.8 ‘ 1.0 ~ 2.2 ‘ 2.2
U A PO S e
Tab. 9-24. Equilibrium moisture content of the dyed-rushes (Temp. 25°C)
relative humidity (%) 90 1 80 ‘ 70 60
equilibrium moisture content (%) 12. 90 11.78 9.95 \‘ 9. 16
JRYud 4 EOK BRI EEET LOBE, RO 25°C ITHBNT RHEARE & A HORE S KEE N
avFy sy TR 6% Hitk & Rftsh 3. 4 U7cks s Tab. 9-24 X5 ThHB. Licdi->T

3) MEOFHEKR EFLiisnThbakRIZ 109 LITICERY 5405
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Studies on the drying methods of the pasture
with heat-air.

(Fundamental experiments on the deep-bed
ventilation-drying.)
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Tab. 10-1, Drying conditions in the case of the deep-bed ventilation-drying

of the pastures.

heat-air condition

initial mo- sample weight

Test | sample Bt quoeiqyisturecontent | " (ke)
Mo pwtures | (¢ |1, (O | ket Ha Charks) U i) “RSGIREST toral | ary
X-1! milk veches |40+0.5| 25.1 0.0134 0. 0204 158.4 | 81.1 4.30 | 0.8%6 10.151%6
X-2 ” 60+0.5| 29.8 | 0.0140 0.0275 158.4 | 83.3 | 5.00 |0.8%6[0.134<6
X-3 ” 80+0.5 34.0 0. 0146 0. 0343 158. 4 80.8 ‘ 4, 20 0.8X6 0. 154 X6
X - 4| radino clover | 40+0.5| 25.9 | 0.0156 | 0.0213 172.8 | 79.5 3.88 | 0.8X6 |0.164X6
X-5 ” 60+0.5| 30.9 | 0.0154 0. 0286 172.8 | 83.6 | 5.10 |0.8X6 |0.131X6
X-6 " 80+0.5| 33.2 | 0.0126 0.0324 172.8 | 86.8 | 6.58 | 0.8X6 |0.106X6
notes : drying floor area : 0. 09m?
accumulated-height : 0. 6m
(B) HWEHICRT D A, ki N,
(4) Tk %/‘i’(‘i lu} ”ﬂ BT 5 %Miﬁgg 4 0&\ drving condition
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Tab. 10-2, Drying conditions.
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|
Test heat-air condition air J initial sample
No sample grass | quantity | moisture weight
. I‘ t (°C) ; t, (C) (kg/hr) J content (kg)

7 milk vech | 40.5 26.3 | 160.0 78.0 0.8%6
8 " i 60. 5 29.8 158. 4 80.5 0.8X6
9 ” i 80.5 34.8 162. 3 80. 5 0.8xX6
10 radino clover; 40.5 26.6 170.5 78.5 0.8%6
11 7 60. 5 30. 2 182. 2 79.3 0.8>6
12 ” 80.5 34. 2 173.5 80. 5 0.8Xx6

notes : drying area : 0. 09m?
accumulated height : 0.05m
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Fig. 10-27. Comparison between the theore-
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Fig. 10-28, Comparison between the theoretical
drying curves and the experimental
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Tab. 11-1, The coefficients of constant-rate-drying-speed (k.) in the case of the
deep-bed ventilation-drying of the respective farm products.

range of o " coefficient of
farm product heat-air temp. ;erlnég;e/‘,]\g(&g//iz f';;)) | constant-rate-
49) TV algrRE . drying speed.
- | eed.
unhulled rice 40~60 g ;g;gg ‘» 59(7)' 22(;—0.84
; ~ \ B
wheat grain 40~60 | g ;52’88 Py ;8(;,0_7,
G/M,<< 120 o "
rush 40~90 | G/fo 120 130 (G/M,,) 0-62
milk vech 40~80 g?%di g;g 1 88~ 3 CG/M ) 0-86
o ; )
1 i} o ;
. | G/M,> 380 50.1 (G/M,)~0-75
radino clover ‘ 40~-80 /Md< 380 - 770" ?O a
pyrethrum ‘ 40~70 G/Md< 200 | 0.745

notes, G: air quantity per m?

Tab. 11-2, The gradients of the decreasing-rate-drying-speed (k,) in the case
of the deep-bed ventilation drying of the respective farm products.

! range of ! . . )
T range G(kg/hr-m?) | Gradient of the decrasing
farm product | heat LSO or G/M,Cke/kg-ki) rate drying speed (k)
— U A | S [ -
G = 3000 K ye. 5(1—1,)1:25¢ 1073
. G = 2000 k=6, 8(1—1,,)1*15 5 107
unhulled rice 30~60 G — 1500 k:_7 1(,,_121)1,“/\“0_3
‘ G = 1000 k=7. 8(t »»»»» 1,)10031073
wheat grain | 40~60 G/M,= 1.10 (34, O(Hu, H)¥04.0.054) (G/W 0. 24)
G/Md--— 1000 ko =2. 38(1 1) 1072
rush 40~90 G/M,= 500 k=2 16(1--1,)X 10724 1.0
G/Md< 200 k,=1. 94(t~t,4) {10724-3.0
G/Md 1000 k=2 O6(t “t,) X 1072
milk vech ! 40~80 G/M,= 500 - ka=1.901—1,) 10"
3 G/M,= 200  ky=1.56(1--1,) X107
G/M = 1000 kg =2.08(1 -1,)>1072
radino clover 40~80 G/M = 500 | ky—2.15(¢t w)\/lo 2
| G/M ;= 200 i ko, 84(t 1,)X1072
pyrethrum 1 40~70 | G/M,=100~400  ky--(0.203G/My1-6.4)(1--1,) % 10
. L1y
ym—si— 7060 ! L
BN KL Wy Ing W, & iiad 340 g 2 i T praain-ger M 0CkrY OB FEER
P HE e/ ’-
) 0By 15, re W nt e WL WO
Ly o W,--3.0 <o 1y 3.0 TEOMIE
oy ¢
0.63(G/M,)(H,—H,) Gy k- 0-63(G/M ) (H,—HY)
" ¢ 3.0
g0 —sN— O, w,—0.29
“ 0.60(G/M,)(H,—H)
J 1 —iN—
Yy sz - L -
(2) Jﬁﬁgﬂﬁﬁ(‘_ blj%ilﬂﬁﬁﬁ 0(’11‘) iﬁ_li, nd'w‘ekdz() a{) k‘?\”llwi 0(]”) Onllo)q\ y'ﬁ

TOROEKE W (CHT DB E
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Tab. 11-3, The critical moisture

contents in the case of the deep-bed

ventilation-drying on the respective farm products.

range of range G s o -

al ge G(kg/hr-m*) Critical moisture
farm product | heat ALIOmP- | or G/M,(ke/kg-hr) | content (d. b) (%)

30 ] g/M,,_z. 8~5.7 W,=22.2~27.2

. 40 M= 2. 8~5. 7 W' —=19.0~26.2

unhulled rice 50 L G/M,=2.8~5.7 W' —17.0~23.8

60 | G/My=2.3~5.7 W=16.0~22.0

40 G/Md=1 3m2.7 1 szo 2~18.5

wheat grain 50 G/M;=1.3~2.7 W, =18.5~16.9

60  G/M=13~27 Wi—=17.2~18.2

rush . 40~9% | G/M,~368~73.6 | W,= 1.5~ 2.0

pyrethrum l 40~70 { G/M,;=11.9 W.= 3.0~ 2.4

milk vech | 40~80 G/M =200~500 W,= 3.0~ 4.0

radino clover \' 40~80 ‘ G/Md~200~500 \ W,= 2.8~ 4.0

Tab. 11-4, Drying condition

heat air temp open air 1
Drying sample . temp. G/M,
£CO) | 1 (O | 1 (C)
J— v_i — S .“ — S
milk-veches and 28 \ gg'g gg ; g;g
radino clovers 80 31.0 2 270

. t—t, W KW DLE
Py 060 e B
G kge= 60<G,/AQ>Q<H,Q~H1>,

(3) BMEYPRICHTO,(hr) TTOM, HLU
Bk W. he, W, T (FfE 0. (C6
(334K TTOFRHRAYE (1,-.)

- 04(Chr) FTONIM
kd.0d
Ta-m= 0d k,, (1—e ) EUES

Ly kg = 0.63(G/M )(H,—H,)

3.0
7 a—s3— Kk4p=0. GOCG/Md)(Htv"HID

W.—W, W.roW,gThH

Ta-n =Ty og W, W, EERGE

(4) KL W, o W, TTERTIHEOF

vy
w=0.63, W, —W,
((W,3.0)+3.01log (3.0/W2))
7 —sN—
7_=0.60 Wi W,

(W, -2.9)+2.9 log 2.9/W)
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Fig. 11-1, Fig. 1122 Ok TH 2.

F fop gt Es Tab. 10-1 @ Test No. X-1,
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H 0.6 1.720°C
5 Hoe==0. 0085 ke ke
3 G/Md <270 7
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=y b te T 8031 °C
0.3 / :
= 1
m
5 / :
0.2 X
)
0.2 0.5 1.0 2.0 3.0 50 10.0

moisture content d.b.

Fig. 11-1. Ralationship between the theoretical
mean thermal efficiency of the dry-
ing and the moisture content (d. b)
in the case of the ventilation drying
of the milk vetches,
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Fig. 11-3. Comparison between the theoretical
thermal efﬁciency curves and experi-
mental ones in the case of the
deep-bed ventilation drying of the
milk vetches.
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Summary

The following five items on the drying of farm products by heat-air were reported in this
second paper published in accordance with the results obtained by the studies which have been
executed since 1959 :

1. The continuous-drying of the unhulled rices by the parallel-current method.

The ventilation-continuous-drying of the crops.

The heat-air drying of the rushes.

The heat-air drying of the pastures.

. The thermal efficiencies of the deep-bed-ventilation-drying on the respective farm products.
The summarized results obtained of the items are as follows :

1. The continuous-drying of the unhulled rices by parallel-current.

(1) The drying-characteristic-curves of the parallel-current-drying under the various drying
conditions were ascertained experimentally, and, then, according to the begotten curves
under the given drying conditions, approximation formulas were conducted concerning the
following values : the constant-rate-drying-speed (¢.), the decreasing-rate-drying-speed ($a),
the mass transfer coefficient (k), the film coefficient of heat-transfer (4) and the critical
moisture content (W,).

(2) Under the given drying conditions the approximation formulas calculating, in the par-
allel-steady-flow-drying as well as in the parallel-unsteady-flow-drying, the drying-efficiencies
were conducted.

(3) The drying-speed, during the decreasing-rate-drying term in the parallel-current-drying,
decreases, provided that it is within the practical moisture ratio, in right proportion to
the moisture ratio, its critical moisture content being 20%~23%.

2. The ventilation-continuous-drying of the crops.

(1) The drying characteristic curves of the deep-bed ventilation-drying under the various
conditions were researched experimentally, with the conduction, made under the faculati-
ve drying conditions, of the experimental formulas calculating the coefficient of the cons-
tant-rate-drying-speed (k.) and the gradient of the decreasing-rate-drying-speed (ko).

(2) A conduction was made on the approximation formulas concerning the values necessary
for the calculation of the drying-efficiency and for the designing of the drying machines
in the execution of the ventilation-continuous-drying of crops ; namely, the capacity co-
cfficient of heat transfer (k,), the capacity coefficient of mass transfer (k,) and the num-
ber of the transfer units N,).

(3) The calculation of the possible drying-efficiency in the cxecution of the ventilation-con-
tinuous-drying under the unsteady-flow was carried out through the facultative drying
conditions.

3. The heat-air drying of the rushes.

(1) The drying characteristic curves in the ventilation-drying of the dyed rushes were res-
carched experimentally under the various drying conditions, with the conduction of the
approximation formulas concerning the following values : namely, the coefficient of the
constant-rate-drying-speed (k.), the gradient of the decreasing-rate-drying-speed (k,) and
the drying time (6).

(2) When the accumulation method was not identical, comparative examination was carried
out on the drying speed and the unevenness of the drying degrees.

(3) The examinations were made on the effects of the respective methods on to the physic-
al properties of the rushes.

(4) Comparative examinations were made on the drying speed of the dyed rushes and the
undyed rushes between the heat-air-drying and the sun-drying.

(5) The effects of the natural-air ventilation-drying on to the temporary storage of the dyed
rushes were examined.

4. The heat-air drying of the pastures.

(1) Concerning the milk veches and radino clovers used as the samples, the drying charac-
teristic curves of the deep-bed-ventilation-drying under the various drying conditions were
researched experimentally, with the conduction of the respective approximation formula
calculating the coefficient of the constant-rate-drying-speed (k.), the gradient of the dec-
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reasing-rate-drying-speed (k,) and the critical water content (W,).

(2) 1In case of the ventilation-drying of the pastures clarification was made on the relation-
ships between the capacity coefficient of heat transfer (%,), the capacity coefficient of mass
transfer (k,) and the air quantity, employed.

(3) In case of the deep-bed ventilation-drying of the pastures, conduction was made, under
facultative condition, of the approximation formula for the calculation of the drying time.

(4) In case of the ventilation-drying, a theoretical formula to calculate the moisture content
range was found, with the comparative examination executed between the theoretical va-
lues and the exerimental ones.

5. The thermal efficiencies of the deep-bed ventilation-drying on the respective farm products.

(1) Under the various drying conditions, with the conduction of the theoretical formula
calculating the thermal efficiencies of drying, the following experimental values of the
respective farm products necessary for the calculation of the thermal efficiencies of dryi-
ng were ascertained ; namely, the coefficient of the constant-rate-drying-speed (k.), the
gradient of the decreassing-rate-drying-speed (k,), the critical moisture content (W,).

(3) It was ascertained that the mean thermal efficiency of the deep-bed ventilation-drying
was dependent on the coefficient of the constant-rate-drying-speed (k,) and the temperature

of the added heat.



