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Drying of Wheat by Spouting Bed

Masao Kuco, Noboru WATANABE, Osamu UEMAKI
and Toshiharu SHIBATA

Abstract

Drying rates of wheat were measured by using the spouting bed of which the basic
conditions, such as the initial spouting velocity, pressure drop, and residence time distri-
bution were also evaluated here.

The initial spouting velocity (U..s) was represented as

Dy Uns i _, <D> < Py > <L > < Dy 0% g >
M ! Dp Op D]? ﬂlf

where k%, is a shape factor which was evaluated as 3.70x10°* for spheres, but 2.45x10"*

for wheat which is rather different from the sphere.

The pressure drop showed the minimum value in the range where the value of D;/D,
corresponds to 0.1~0.2; the value of pressure drop during the lower region was estimated
as 0.5~0.7 of that in the fluidized bed.

The residence time distribution as shown in Fig. 12~14, could be considered as almost
the perfect mixing where the value D;/D. is more than 0.05.

The drying rate of wheat by batch spouting system was obtained as

W—TW,

= —0.00065 wi 56

1og

0

from which drying rates for the continuous spouting dryer were calculated by applying
the volumetric efficiency of continuous reactor as the mixing is almost perfect {Table 10).
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Fig. 2. Experimental apparatus.
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11/44 vF HFAERNCBICHBHEELBL, TOMIARIOV, 1kW D=/ oiaiirskx
AATH D, MBABEGREOBMBELRRABLID ) AT, COWMTIZT 5 v I BINT
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Fig. 3. Noazzle of Air Inlet.

Cork

Fig. 31zRY, AW/ X REN 75mm, 105 mm, 12.3 mm,



98 AMER WL F - B B RERE 4

150 mm DOPEHTH 5,
22 EBAE

1) EBRERBEURFCHBEEORNERE

MEREOKTABENICRBLTEE, —ERBICHGLALBROEE T/ AVviE@B L TE
PIC & ATy, DBRTERORBEZXBHENI SNBSS EEMERD </ ¥~ 4~ THEELE
KB, RTFBETRECE LS BN TFOEREEZREL, R THEKATEZ KB IC
LI THEOTRHEFICRT, ZOXHIUTHIEL o # A ER K OB E Fig. 4 00
{777 THEDL, BB 4P B X UOHERALHIEHEE w.s Z3RD 2, WBZEEZTRDO BRI

SR BT B EEETHIELTE S, INEERBIOEINNTHRTOAIC X 2 ERKEK
D5, |

2 HFORSKEONEER ,

FrEBONEEBENTHETEORECE > TEERBO o —F )~ T4 ==~ LD b —
= R R R CER I NI A L, BEROBHE XD ERNKRTFERD BT, C
DX NEFREZR LB BOP MR T2 1 5Fcy v 7)) v LT kR TFhicgEE s v
V= —HTFOEEERD, CNERATY FHETHETLERBCBY 2R T ORGREE RS
Lz, Pr—H—RFELTREFEOQLUINERFERL

@) BEBRBELCKBNEOLIERE

ML EROELRAEENCBEL T REE - REBE Y, TIEORECESTLY
B, IR TTHUER U TBW I IE & ORI E sz B PIC BN USEBRBIAIE & 3
B, 20O%105E 13 15 HEIENEDE 15 g oSFERRAEYy v 7Y v 7 L, Kett FI 8k
SRR GE RO THRE OSKERERET S, EBSE B RER2100°C 2L EOBA I
90 4, 100°C DL F DA 120~180 5T 3,

EERE , RviR, ERHEEEE, EE, MEOMBEKE, HBRREE T A~2~L 1
THIRFEICE T2 OaKROE/AZMEL, ENIOEBEEEZRDTUT ORI A
Wiz, TR B UK OHIREA DR 13 60~180°C, Z¢&,DH B LA R 5135 f
HIZ BT 1900~3000 (kg/m?-hr) iz, / ZAFREAEN92mm, 127 mm, 161 mm O=D
DBHEILDNT, FI/NEOPMEKRILRERPRY TH o0 d T OHBIRESES
CERTEY, FIEKE0.200~0.450 DFEEI CHREZ B T 1io o,
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RO BEE RS OPNES 150 mm, / XvEH 127 mm T, HIEEE % 70~145°C, /hED
VI G KEE 0.200~0290 Ic EAL SR THBE B T 13> 7o, NEDHMBMERHH 20~30¢
TH5,

BBERIC BN KL OEEIZ 0.005~0.008 [kg water/kg dry air] TH 0, COBEOE
HCRZBEMNERORE OWIBHEE~DOEFIMNML 5 2 O THIBHEEORITOER D & w1k
REROWEEE O,

2:3 % B H
HIRSEENIC VTN E B LUK OBBERIC A0 8B T Ok % Tablelic /79,
Table 1. Properties of particles
Particle Mesh size Solid bulk density Solid apparent density
coke 20~3 1/2 0.664 ‘ 1.420
Kokonoe 6~ 4 0.625 1.125
Neobead 8~ 4 0.973 2.240
Al-catalyst 10~3 1/2 0.811 1.769
wheat * 0.820 1.356

* Equivalent diameter of wheat 0.410 (cm)
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Table 2. Data on Pressure Drop of Spouted Bed (1)

Al(rcmvzlz;ty Re\?eligiiyalr Pre:;xs:lzc)lrop Reduce(ﬁoyz)ressure State of bed

26.5 0.269 11.6 1.25 Packed bed

325 0.330 15.9 1.72 »

38.0 0.386 18.8 2.02 ”

404 0.410 20.9 2.25 »”

45.7 0.464 23.8 2.56 ”

48.6 0.493 26.2 2.82 ’ »

50.8 0.516 28.2 . 301 »

62.3 0.633 16.2 1.74 Internal spouted ked
71.1 0.722 11.7 1.26 »

76.7 0.778 10.7 115 ”

87.9 0.892 8.5 0.92 ”

96.2 0.976 7.6 0.82 ”

100.5 1.020 7.1 0.77 »
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Air 'vélé-ci& Reduced air |Pressure drop {Reduced pressure State of bed
(cm/sec) | velocity (g/cm?) } drop

102.7 1.042 7.3 0.79 Internal spouted bed
1034 1.050 75 0.81 »

107.4 1.090 5.8 0.62 Spouted bed

114.6 1.162 5.6 0.60 ”

123.0 1.249 5.7 0.61 »”

111.8 1.134 5.7 0.61 »

106.0 1.075 5.8 0.62 »

102.0 1.035 5.9 0.64 »

98.5 1.000 5.9 0.64 »

96.2 0.978 7.4 0.80 Internal spouted bed
87.2 0.885 7.3 0.79 »

81.1 0.823 7.2 0.78 ”

70.3 0.715 7.2 0.78 »”

54.6 0.555 6.8 0.75 ”

42,7 0.433 6.2 0.69 Packed bed
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Fig. 4 izBW\T B ACHAL O NS RREBEDMEIZEAL Tk Leva® OFFIED LI D
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Table 3. Data on Pressure Drop of Spouted Bed (2)
Nozzle diameter| Bed weight Air velocity Pressure drop |Reduced pressure
(cm) (@) (cmjsec) (g/em?) drop
0.7 250 67.5 3.0 0.907
0.75 400 77.3 3.9 0.735
0.75 550 875 5.6 0.768
0.75 700 96.8 7.6 0.818
0.75 900 104.0 9.8 0.843
1.07 250 76.7 2.4 0.725
1.07 400 92.0 3.0 0.565
1.07 550 98.5 3.9 0.536
1.07 700 110.0 5.9 0.635
1.07 900 116.0 8.4 0.703
1.23 250 80.7 1.8 0.544
1.23 400 92.8 2.5 0.472
1.23 550 105.7 3.7 0.508
1.23 700 . 111.8 57 0.613
1.23 900 118.4 7.9 0.662
-1.50 250 - 86.2 3.1 0.936
1.50 400 108.0 4.3 0.813
1.50 550 119.6 6.1 0.838
1.50 700 126.3 8.4 0.906
1.50 900 129.0 11.0 0.928
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BRTFORMEEICETHEALTLED, LED> TCOBAIELE LN BHI T 3 F —
JANVEDNSNSDRBERSCBY, EBEGMNT S, COXSIKHEFEBOLERKE 01<
Dy/D,<0.3 ORI CEANEE S D, Lichio TEEORI KL TRIFBEMSENE S X
31/ ZAVEERE LB I NS 0,
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BHIAIERE & W00, Fig.d T3 E SickiM T 3298503 Th 5,
C@%ﬁw®ﬁib%E%K%M?éC&@%E@M%,&ﬁi%b&fﬁ%mc&f%
D, THEBRCEELERETA2E60 N R EHRBEHRPIEHEELZLEL L THEINSE, £
T CRITCIENT % B T 15> THETILPHIGEEE 2w 2RO ZREZHNTH B,
— I R BT
20 < (Rep)ms < 600
DRI T, TREN LB .y 1
u’m,f — 1.64 D(};929pg.6430;0.357u;0.286

THZONBE®,

BEHE B D354 b TR LB IR R T ld 300> (Rep)ns>100 TH D, MEFLBIEEE X tuy O
BA L U CRTE Dp, WT-OBE 0, WIADE Op R 1r BLOEENLER TS
JAWE D, FaEL ENRKETOMEE ¢ OB TE S EEL, o OO
He QRO XS iEBETEDLL TA 5,

St

Ums = kl D;’Dng‘pgpiﬂigh (1)

TR IR TEEY 5 &

Dtz _ <D >b< L ) ( ) <D3,,p >
Y k Dp O M @)
21585, QRDELD DpttnsPsfpw BV A/ IWZETHY, HAD Ditiglupld HY VAT
H5, QYROBE R R D, ¢, d, h ZRDBZDEBREBCIE> 1, FOHE%L Table4d

Table 4. Data on Minimumn Air Velocity Required for Spouting

Column diameter 9.8 cm
Angle of column based cone 60°

4-1 Effect of Bed Depth

! Nozzle Particle . . . .
Material Bed depth | diameter diameter Particle density] Air velocity

(cm) | (cm) (cm) (g/em?) (cm/sec)

Wheat 10.7 0.75 0.410 1.356 57.2
13.0 0.75 0.410 1,356 70.0

15.7 0.75 0.410 1.356 78.8

18.3 0.75 0.410 1.356 85.8

224 0.75 0.410 1.356 93.2

Wheat 10.7 1.05 0.410 1.356 70.6
13.0 1.05 0.410 1.356 81.8

15.8 1.05 0.410 1.356 89.4

18.3 1.05 0.410 1.356 97.2

22.4 1.05 0.410 1.356 104.2

‘Wheat 10.7 1.23 0.410 1.356 73.8
12.9 1.23 0.410 1.356 86.2

15.6 1.23 0.410 1.356 94.0

18.2 1.23 0.410 1.356 98.5

22,4 - 1.23 0.410 1.356 110.5
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Nozzle - Particle | . R . .
Material Bed depth diameter diameter Particle density] Air velocity
: {cm) {cm) {em) (g/cm?) {cm/sec)
Wheat 10.7 1.50 0.410 1.356 82.2
12.9 1.50 0.410 1.356 95.5
15.8 1.50 0.410 1.356 107.5
18.3 1.50 0.410 1.356 115.0
22.4 1.50 0.410 1.356 117.1
Coke 10.5 1.05 0.395 1.420 95.8
14.0 1.05 0.395 1.420 109.1
17.0 1.05 0.395 1.420 128.7
20.8 1.05 0.395 1.420 138.9
24.8 1.05 0.395 1.420 153.5
Coke 10.5 1.05 0.234 1.420 60.1
14.0 1.05 0.234 1.420 71.3
16.9 1.05 0.234 1.420 76.3
20.8 1.05 0.234 1.420 84.9
24.8 1.05 0.234 1.420 97.3
Coke 10.5 1.05 0.117 1.420 30.8
14.0 1.05 0.117 1.420 33.4
16.9 1.05 0.117 1.420 37.8
20.8 1.05 0.117 1.420 41.8
24.8 1.05 0.117 1.420 47.4
Alcatalyst 9.5 1.05 0.280 1.769 82.4
12.0 1.05 0.280 1.769 98.2
14.6 1.05 0.280 1.769 107.2
17.0 1.05 0.280 1.769 115.0
4-2 Effect of Nozzle Diameter
Material dli\i(r)r?éir Bed depth (g:;ii;tfr Particle density‘ Air velocity
{cm) (cm) (cm) (g/cm?) {cm/sec)
‘Wheat 0.75 10,7 0.410 1.356 572
1.05 10.7 0.410 1.356 70.6
1.23 10.7 0.410 1.356 73.8
1.50 10.7 0.410 1.356 82.2
Wheat 0.75 13.0 0.410 1.356 70.0
1.05 13.0 0.410 1.356 81.8
1.23 12.9 0.410 1.356 86.2
1.50 12.9 0.410 1.356 95.5
Wheat 0.75 15.7 0.410 1.356 78.8
1.05 15.8 0.410 1.356 89.4
1.23 15.6 0.410 1.356 94.0
1.50 15.8 0.410 1.356 107.5
Wheat 0.75 18.3 0.410 1.356 85.8
1.05 18.3 0.410 1.356 97.2
1.23 18.2 0.410 1.356 98.5
1.50 18.3 0.410 1.356 115.0
‘Wheat 0.75 22.4 0.410 1.356 93.2
1.05 22.4 0.410 1.356 104.2
1.23 22.4 0.410 1.356 110.5
1.50 22.4 0.410 1.356 117.1
4-3 Effect of Particle Density
. .| Partcle Nozzle . .
Material Particle density; diameter Bed depth diameter Air velocity
(gom?) | fem) fem) (cm) (em/sec)
Kokonoe 1.125 0.395 14.5 1.05 1157
Coke 1.420 0.395 14.5 1.05 120.3
Alcatalyst 1.769 0.395 14.5 1.05 138.1
Neobead 2.240 0.395 14.5 1.05 158.2
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4-4 Effect of Particle Diameter

Partick Nozzl . . . K
Material di:xlrrnlect:r diacr)xftzatzr Bed depth |Particledensity] Air velocity
(cm) | (cm) (¢m) _(g/em?) (cm/sec)
Coke 0.117 1.05 105 1.420 30.8
0.234 1.05 10.5 1.420 ) 60.1
0.395 1.05 10.5 1.420- 95.8
Coke 0.117 1.05 14.0 1.420 334
0.234 1.05 14.0 : 1.420 71.3
0.395 1.05 . 14.0 . 1.420 109.1
Coke 0.117 - 1.05 -16.9 1.420 37.8
0.234 1.05 17.0 1.420 76.3
0.395 1.05 17.0 1.420 128.7
Coke 0.117 1.05 20.8 1.420 41.8
0.234 1.05 1 20.8 1.420 84.9
0.395 1.05 20.8 1.420 138.9
Coke 0.117 1.05 24.8 1.420 47 .4
0.234 1.05 24.8 1.420 97.3
0.395 1.05 24.8 1.420 153.5
Alcatalyt 0.197 1.05 12.0 1.769 65.1
0.280 1.05 12.0 1.769 98.2
0.395 1.05 12.0 1.769 128.2
0.514 1.05 12.0 1.769 160.8
. DpUms
R T
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e P }/
S
~ +/+/
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_Table 5. = Data on Fraction.of Feed Material at Outlet

14

Column diameter 15.0 cm
Angle of column based cone 82°
5-1 Effect of Gas Velocity
RUN NO. 1 RUN NO. 2 RUN NO. 3 RUN NO. 4
Experimental Experimental Experimental Experimental
conditions conditions conditions conditions
U/Ums=1.02 U/Uns=1.07 UlUms=1.16 UUnms=1.23
D;/D,=0.11 Ds/D.=0.11 Dy/D,=0.11 D;/D.=0.11
L/D.=0.60 LiD.=0.60 L/D:=0.60 L/D;=0.60
#=26.7 min. 6 =26.5 min. 0=27.1 min. =271 min.
8/6 F(6) 0/8 F(o) 6/0 Flg) 8/6 F(6)
0.04 0 0.04 0 0.04 0 0.04 0
0.07 0.010 0.07 0.010 0.07 0.016 0.07 0.005
0.11 0.032 0.14 0.071 0.11 0.047 0.11 0.040
0.14 0.061 0.22 0.148 0.19 0.119 0.18 0.112
0.19 0.104 0.28 0.200 0.26 0.179 0.25 0.176
0.26 0.144 0.34 0.226 0.33 0.236 0.32 0.264
0.34 0.240 0.41 0.312 0.41 0.317 0.39 0.316
0.41 0.284 0.56 0.389 0.55 0.397 0.46 0.325
0.49 0.377 0.64 0.450 0.70 0.520 0.53 0.392
0.56 0.393 0.78 0.554 0.85 0.584 0.68 0.461
0.71 0.498 0.93 0.567 0.92 0.622 0.75 0.499
0.86 0.532 1.02 0.631 1.03 0.658 0.82 0.529
1.05 0.645 1.05 0.638 1.18 0.707 0.89 0.613
1.12 0.714 1.21 0.692 1.29 0.753 1.00 0.626
1.31 0.736 1.31 0.728 1.44 0.779 1.25 0.733
1.46 0.785 1.46 0.763 1.51 0.809 1.49 0.790
1.57 0.818 1.54 0.786 1.66 0.828 1.85 0.851
1.80 0.838 1.69 0.829 1.77 0.840 2.00 0.867
1.95 0.859 1.81 0.848 1.92 0.860
2.10 0.883 1.92 0.863 2.06 0.884
5-2 Effect of Bed Depth
RUN NO. 5 RUN NO. 6 RUN NO. 7
Experimental conditions Experimental conditions Experimental conditions
U/Unms=1.07 UlUps=1.07 U/ Upms=1.07
L/D.=0.78 L/D;=0.69 L/D.=051
D;/D;=0.11 Dy/D:=0.11 Di/Dy=0.11
8=40.2 min. 6=33.4 min. 6=230.5 min.

4/8 F(0) Q/@ F(0) 6/6 F(e)
0.03 0 0.03 0 0.05 0.003
0.05 0.008 0.06 0.005 0,11 0.004
0.08 0.030 0.09 0.035 0.16 0.058
0.12 0.068 0.15 0.089 0.27 0.165
0.17 0.115 0.27 0.195 0.38 0.264
0.27 0.200 0.33 0.239 0.49 0.347
0.40 0.321 0.48 0.358 0.70 0.495
0.47 0.344 0.69 0.499 0.81 0.525
0.57 0.410 0.81 0.556 0.92 0.551
0.67 0.491 0.90 0.585 1.03 0.642
0.87 0.584 0.99 0.615 1.14 0.654
0.97° 0.606 1.05 0.643 1.24 0.682
1.12 0.676 1.17 0.723 1.35 0.742
1.29 0.730 1.35 0.741 1.51 0.766
1.39 0.765 1.44 0.770 1.73 0.807

- 1.59 0.793 1.56 0.807 1.89 0.847

1.67 0.804 1.62 0.810 2.00 0.913




5-3 Effect of Nozzle Diameter
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RUN NO. 9

RUN NO. 8 RUN NO. 10 |
Experimental conditions Experimental conditions Experimental conditiori;s
UfUnms=1.07 UfUnms=1.10 U/Unms=1.05 !
D;/D.=0.04 D;/D,=0.06 Di/D,=0.085
L/{D.=0.60 L/D.=0.60 L/D,=0.60
6=25.2 min. §=25.8 min. 6=26.1 min.
0/6 F(0) 0/6 F(o) 0/0 F(0)
0.04 0.002 0.04 0 0.04 . 0
0.08 0.005 0.08 0.017 0.08 0.003
0.12 0.037 0.12 0.046 0.12 0.036
0.19 0.133 0.19 0.106 0.19 0.100
0.28 0.166 0.27 0.161 0.27 0.146
0.40 0.257 0.43 0.290 0.38 0.272
0.52 0.341 0.50 0.379 0.50 0.328
0.64 0.446 0.62 0.436 0.61 0.434
0.75 0.507 0.74 0.478 0.73 0.487
0.91 0.545 0.89 0.601 0.88 0.580
1.07 0.652 1.05 0.642 0.95 0.621
1.19 0.699 1.16 0.683 1.03 0.664
1.39 0.760 1.36 0.746 - 1.34 0.711
1.67 0.792 1.51 0.767 1.49 0.776
1.79 0.829 1.63 0.806 1.72 0.810
1.90 0.842 1.86 0.840 1.88 0.840
2.06 0.887 2.02 0.881 2.15 0.892
2.22 0.907 2.17 0.894
F(a)
1.0
o.s [ Cpbieee
Plston flow
Observed
° :
o 0.5 1.0 i 2.0
Reduced time 08/8
Fig. 11. F(6) Diagram.
Table 6. Fraction of Holdback
Reduced air Mean
RUN NO. velocity L/D, Di/De residence time Holdback
(—) (=) (=) (min.) (=)
1 1.02 0.60 0.110 26.7 0.883
2 1.07 0.60 0.110 26.5 0.908
3 1.16 0.60 0.110 27.1 0.931
4 1.23 0.60 0.110 27.1 0.906
5 1.07 0.78 0.110 40.2 0.908
6 1.07 0.69 0.110 33.4 0.915
2 1.07 0.60 0.110 26.5 0.908
7 1.07 0.51 0.110 30.5 0.878
8 1.07 0.60 0.040 25.2 0.841
9 1.10 0.60 0.060 25.8 0.878
10 1.05 0.60 0.085 26.1 0.871
2 1.07 0.60 0.110 26.5 0.908
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Table 7.

7-1 Effect of Inlet Air Temperature

Data on Wheat Drying by Batch System.

111

Inlet| Dep. Ratio Moist. content of wheat (kg/kg)
RUN | air | of |Massvel /], o Time of drying (min) -
No. [temp.| bed | Ot ar | p  — N :
C) | (em) (kg/m?-hr)| (—) 0 10 20 30 40 50 60 75 90 120 135 150 180
1 60 | 14.0 2900 0.085] 0.266 0.242 0.216 0.192 0.179 0.163 0.154 0.147 0.136 0.131 0.125 0.120 0.118
2 100 | 14.00 2900 | 0.085 0.274 0.230 0.192 0.168 0.150 0.140 0.130 0.119 0.111 0.105 0.101 0.101
3 140 | 14.0) 2850 | 0.0850.2890.213 0.177 0.136 0.115 0.099 0.087 0.082 0.078
4 170 | 140 2830 | 0.085/0.2760.183 0.130 0.094 0.079 0.070 0.064 0.057 0.053
5 | 180 | 140| 2800 | 0.085|0.2760.1820.117 0.091 0.074 0.064 0.054 0.046 0.044

7-2  Effect of Initial Moisture Content

Inlet Dep. | Mass vel.| Ratio Moist. content of wheat (kg/kg)
RUN No. |omp. [of bed| of air |De to Dof—— Time of drying (min)
€C) | (cm) |(kg/m?-hr) (—) 0 10 20 30 40 50 60 75 90
6 140 | 9.0 1980 0.085 | 0.205 0.155 0.126 0.101 0.088 0.085 0.079 0.073 0.071
7 140 | 9.0 1980 0.085 | 0.311 0.223 0.177 0.136 0.115 0.099 0.087 0.082 0.079
8 140 1 9.0 1980 0.085 | 0.324 0.224 0.170 0.136 0.114 0.097 0.092 0.082 0.078
9 140 | 9.0 1980 0.085 | 0.360 0.242 0.177 0.136 0.114 0.097 0.087 0.083 0.079
10 140 | 9.0 1980 0.085 | 0.442 0.296 0.208 0.155 0.138 0.106 0.095 0.085 0.078
7-3 Effect of Nozzle Diameter
Inlet . Moist. content ot wheat (kg/kg)
: Dep. | Mass vel.| Ratio = : :
RUN No. | g of bed| of air ~|Ds to D, Time of drying [min)
°C) | (em) | (kg/m?-hr) (—) 0 10 20 30 40 50 60 75 90
11 140 | 9.0 1980 0.065 | 0.324 0.218 0.166 0.130 0.112 0.099 0.093 0.082 0.079
12 140 | 9.0 1980 0.085 0.324 0.224 0170 0.139 0.114 0.097 0.092 0.082 0.078
13 140 | 9.0 1980 0.110 | 0.324 0.230 0.174 0.134 0.111 0.102 0.094 0.081 0.077
7-4 Effect of Mass Velocity of Air
Inlet . Moist. content ot wheat (kg/kg)
air | Dep. | Mass vel.| Ratio Time of drying (min.)
RUN No. ternp. of bed| of air |D;to D :
€C) | (em) |tkg/me-hr) () 0 10 20 3 40 5 60 75
14 140 | 115 | 2300 0.085 | 0.279 0.195 0.150 0.121 0.103 0.088 0.083 0.075
15 140 | 115 2650 0.085 | 0.285 0.199 0.151 0.112 0.092 0.086 0.081 0.075
16 140 | 115 3000 0.085 | 0272 0195 0.152 0.117 0.100 0.089 0.078 0.076
7-5 Effect of Bed Depth
Inlet . Moist. content of wheat (kg/k
air | Dep. | Mass vel.| Ratio Time of dryin (mixi )g .
RUN No. temp. of bed] of air |D;to D, g :
€C) | (em) | kg/m?-hr) (—) 0 10 20 30 40 50 @O 75 90
17 140 | 9.0 1980 0110 | 0324 0.230 0.174 0.134 0.111 0.102. 0.094 0.081 0.077
18 140 | 125 1980 0.110 | 0.321 0.220 0.165 0124 0.101 0.091 0.087 0.076 0.074
19 140 | 14.0 1980 0110 | 0.321 0.224 0.170 0.133 0.112 0.097 0.087 0.080 0.076
20 140 | 21.0 1980 0.110 | 0.325 0.222 0.177 0.136 0.114 0.097 0.087 0.083 0.078
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Table 8. Values of Overall Coefficient of Transfer

Inlet air |Initial moist. Bed denth Ratio Mass vel. |Overall coeff.
RUN No. temp. content P D; to D, of air of trans:
Q) (kg /kg) (cm) - (kg/m?-hr) {1/min)
1 60 0.266 14.0 0.085 2900 0.0250
2 100 0.274 14.0 0.085 2900 0.0340
3 140 0.289 14.0 ] 0.085 2850 0.0472
4 170 0.276 14.0 0.085 2830 0.0517
5 180 0.276 14.0 0.085 2800 0.0563
6 140 0.205 9.0 0.085 1980 0.0439
7 140 0.311 90 0.085 1980 0.0472
8 140 0.324 9.0 0.085 1980 0.0492
9 140 0.360 9.0 0.085 1980 0.0500
10 140 0.442 9.0 0.085 1980 - 0.0502
11 140 0.324 9.0 0.065 1980 0.0492
12 140 0.324 9.0 0.085 1980 0.0492
13 140 0.324 9.0 0.110 1980 0.0492
14 140 0.279 11.5 0.085 2300 0.0468
15 140 0.285 11.5 0.085 2650 0.0468
16 140 0.272 11.5 0.085 3000 0.0468
17 140 - 0.324 9.0 0.110 1980 0.0485
18 140 0.321 12.5 0.110 1980 0.0496
19 . 140 0.321 14.0 0.110 1980 0.0491
20 140 0.325 21.0 0.110 1980 0.0487
G <
E;- 1o _o.ok
» 2 L
< 5 C
bt t - oo
« 0051 s 0.05 - /O/&o’/
o ~ h
. [+
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Inlet alr temperature (*C) Initial alr temperature(’c)

Fig. 25. Effect of Inlet Air Temperature Fig. 26. Effect of Initial Moisture Content
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Table 9. Data on Wheat Drying by Continuous System.
Experimental Conditions
Mass velocity of air 1980 (kg/m?+hr)
Bed depth 14.0 (cm)
Ratio D; to D. 0.085 (—)
. s . Moist. Mean c (B
RUN No. | temp. | contome | content at | residence Vol eff. | {65 oo
C) (kg/kg) {kg/kg) (min.) {—) (=)
1 70 0.238 0.168 43.2 0.635 0.815
2 100 0.286 0.182 33.4 0.647 0.908
3 100 0.266 0.157 42.1 0.560 0.753
4 100 0.250 0.154 45.4 0.588 0.867
5 100 0.239 0.149 42.3 0.568 0.772
6 100 0.208 0.142 41.7 0.603 0.853
7 100 0.300 0.178 35.7 0.605 0.805
8 120 0.263 0.152 38.0 0.583 0.870
9 145 0.300 0.146 33.7 0.542 0.755
Table 10. Comparison with Calculated Mean Residence Time
Observed mean ‘g‘iflﬁceiifc Calculated mean| Ratio (feov. to
RUN No. residence time efficiency residence time oJeale.
(min.) — (min.) (—)
1 43.2 0.727 46.2 0.934
2 33.4 0.742 32.1 1.040
3 42,1 0.643 48.9 0.864
4 45.4 0.675 455 0.998
5 42.3 0.653 48.2 0.880
6 41.7 0.692 426 0.978
7 35.7 0.694 38.6 0.925
8 38.0 0.668 38.1 0.998
9 33.7 0.622 38.9 0.868
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Nomenclature

D: Yield of dehydration (—) -
D.: Column diameter (cm)
D;: Nozzle diameter (cm)
D, : Particle diameter (cm)
E: Volumetric efficiency (—)
F: Solids bulk volumetric flow rate (cm®/min.)
G: Mass velocity of gas based on empty column (kg/m?-hr)
. B: Holdback (—)
k,: Constant (—)
k: Overall coefficient of transfer (1/min)
L: Bed depth (cm)
P,: Spouting pressure drop (g/cm®)
P;: Fluidizing pressure drop (g/cm?
P,: Reduced spouting pressure drop (—)
t: Temperature (°C)
U: Superficial gas velocity (cm/sec)
U,s: Minimum superficial gas velocity for spouting (cm/sec)
U,: Reduced superficial gas velocity (—)
v: Particle velocity (cm/sec)



120 ABMER - L F - B B REHEE

V. Volume of bed (em?)

w: Moisture content of wheat (kg-water/kg-dry stock)
w,: Equilibrium moisture content (kg/kg)
w,: Initial moisture content (kg/kg)

¢: Void fraction (—)

¢: Time (min.)

f: Mean residence time (min.)
ur: Gas viscosity (g/cm-sec)

0r: Gas density (g/cm?)

0s: Particle density (g/cm®)

¢ : Shape factor (—)
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