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Abstract

To keep up with urgent need of continuous, effective and rapid drying unit, a fluidized bed drying
system with computer controlling air temperature, velocity and relative humidity was designed. This
study was attempted to determine physical properties and some basic experiments of fluidized bed
drying of barley. Also experimental data of the designed fluidized bed drying system using the barely
were compared with those of published equations to confirm the reliability of the system and the
following results were obtained. The physical dimension husked barley were shown larger than that
of naked barley from the experiment. When air temperature, relative humidity and charged amount
were 35C, 30% and 300g respectively, the minimum fluidization velocity of naked and husked barley
were found 1.5 m/s and 1.7 m/s. And the optimum fluidization velocity was shown as 3.0 m/s from
the experiment. The empirical equation of U, in this fluidized system was obtained as follow;

nf-%{—l‘f*’ -‘"—993 &at’(Re, >1,000)

Where HK=0.4881 for naked barley, 0.6649 for husked barley
Key words: fluidized bed drying system, barley, optimum fluidization velocity, physical properties,
minimum fluidization veiocity, emperical equation
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RS : Rotary switch C Column
UT : Digital thermometer UM : U-manometer
MP : Multiplexer S @ Screen
OP : Operational amplifier D : Distributor

1S : Interface system SL : Slide type transformer
DD : Disk driver H : Heater

MC : Micro computer(Apple 1I) B : Blower

CRT: Monitor AD : Automatic dehwmidifier
Pr : Printer VCD: Velocity control damper
R : Relay PR : Proving ring

Vv : Valve DBT: Dry-wetbulb thermometet

T : Thermocouple

Fig. 1. Schematic diagram of experimental system
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Table 1. Physical properties of barley

Variety
Item Naked barley Husked barley
(Saessal bori) (Al bori)
Length(Le, cm) 0.6034 0.8081
Width(Lw, cm) 0.3165 0.3526
Thickneis(Lt, cm) 0.2666 0.2736
Weight(W, g) 0.0313 0.0377
Volume(V, cm?) 0.0244 0.0322
Density(ps, g/cm®) 1.2828 1.1708
Sphericity(¢s, —) 0.6142 0.5286
Voidage(e, —) 0.3493 0.4351
Diameter(d,, cm) 0.3706 0.4272
Moisture(Ww, %) 11.07 10.03
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Fig. 2. Pressure drop vs. air velocity at various charged
amount of naked barely for fluidized bed
(Ta=35C, RH=30%)
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Fig. 3. Pressure drop vs. air velocity at various charged
amount of husked barely for fluidized bed
(Ta=30C, RH=30%)
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Fig. 4. Pressure drop vs. air velocity at various bed
temperature of naked barely for fluidized bed at 300g
of charged amount

(RH=30%)
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Fig. 5. Pressure drop vs. air velocity at various bed
temperature of husked barely for fluidized bed at 300g
of charged amount

(RH=30%)

Table 2. Comparison of U,s from experimental data with empirical equations

Up(m/s)
Item .
Naked barley Husked barley

Experimental data 15 1.7

Modified Ergun’s(Re,>1000)" 15 1.7

Empirical equation Leva's® 1.06 1.07
Wen and Yu's” 1.7 1.8

Ergun's(Re,>1000)" 0.8 1.0

— 3
o, = ey (P PIg B for Naked barley

™ 0.4881 e
b 2o Ovdy . (p.—pJg e’ . o
Un= 6649 o for Husked barley

Cw=C g dp., [oNATR:

W = —d‘%‘z‘—s_%lg—(f{e,,> 1000)

MU= qi‘% . (p‘_pp“)g“"") (Re,>1000)
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Fig. 6. Pressure drop vs. air velocity for fluidized bed
at 300g of charged amount with naked and husked ba-
rely

(Ta=35C, RH=30%)
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Table 3. Experimental values with charged amount and air velocity for fluidized bed

of naked

barley

(Ta=35C, RH=30%)

z(a::lf)rugnet(zg) Item Experimental values
100 Uy(m/s) 0 0.5 0.8 1.0 1.3 1.7 2.0 24 28 3.2
Ld{—) 0023 0031 0042 0075 0092 0113 0121 0145 0210 0.245
Rey(—) 0 109 174 218 283 370 435 522 609 696
ed—) 04897 06214 0.7205 0.8435 0.8724 0.8961 09030 09190 09441 0.9521
200 Uym/s) 0 0.5 0.7 1.0 15 2.0 25 2.7 3.1 33
L) 0043 0050 0080 0095 0.125 0154 0170 0192 0212 0260
Re,(—) 0 109 152 218 326 435 544 587 674 718
ed—) 04541 05306 07066 0.7529 0.8122 0.8476 0.8619 08777 0.8893 0.9097
300 Ui(m/s) 0 05 09 1.2 1.8 2.1 25 29 3.0 3.2
Ld(—) 0068 0071 0080 0092 0.123 0156 0.180 0240 0270  0.290
Rey(—) 0 109 196 261 392 457 544 631 653 696
ed—) 04823 05042 05599 06173 0.7138 0.7743 0.8044 0.8533 0.8696 0.8786
400 Us(m/s) 0 05 08 12 1.7 2.2 2.5 2.7 2.8 3.0
L{—) 0088 0092 0098 0.132 0151 0210 0245 0280 0305 0310
Rey(—) 0 109 174 216 370 479 544 587 609 653
el —) 04666 04898 05210 0.6444 06891 07765 0.8084 0.8323 0.8461 0.8485
500 U,(m/s) 0 0.6 0.9 12 1.5 1.9 2.2 24 2.6 30
L{—) 0107 0115 0135 0155 0170 0240 0290 0300 0325 0325
Re,(—) 0 131 196 261 326 413 479 522 566 653
ed—) 04516 (.4898 05654 06214 0.6548 07555 0.7977 08044 0.8194 0.8194
600 U (m/s) 0 05 1.0 15 17 2.0 21 2.2 2.3 2.7
Li(—) 0129 0160 0205 0294 0330 0350 0370 038 0380 0380
Re,(—) 0 109 218 326 370 435 457 479 500 587
&) 04542 05599 06565 07605 0.7866 0.7988 0.8097 08147 0.8147 0.8147
700 U,(m/s) 0 05 0.8 11 13 1.4 15 15 15 16
Ld{—) 0.148 0150 0.180 0230 0270 0317 0330 0330 0340 0340
Re,(—) 0 109 174 239 283 305 326 326 326 326
ed ) 04450 04524 05437 06428 06957 07409 0.7511 07511 0.7584 0.7584
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Table 4. Experimental values with charged amount and air velocity for fluidized bed of husked barley

gHelet AHeef f
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(Ta=35C, RH=30%)

Charged Item Experimental values
amount(g)
100 U,(m/s) 0 0.5 0.7 1.2 1.7 2.0 2.5 3.0 35 4.0
L{—) 0018 0023 0024 0130 0140 0160 0190 0.200 0.220 0.250
Re,(—) 0 125 176 301 426 501 627 752 878 1003
el —) 0.2857 0.4410 04640 09011 09081 09196 0.9323 0.9357 09415 0.9485
200 Uy(m/s) 0 0.5 0.9 1.2 1.7 2.3 2.7 3.0 3.6 3.7
L(-) 0.033 0043 0045 0074 0105 0140 0175 0200 0260 0270
Rey(—) 0 125 226 301 426 577 677 752 903 928
&(—) 02205 04019 04285 0.6525 0.7551 0.8163 0.8530 0.8714 0.9011 0.9047
300 Uy(m/s) 0 0.5 0.8 12 19 2.3 2.6 3.0 3.3 34
Ld—) 0051 0068 0071 0.101 0.180 0200 0220 0260 0310 0320
Rey(—) 0 125 201 301 476 577 652 752 827 853
ed—) 02437 0.4327 04567 06181 07857 08071 08246 0.8516 0.8755 0.8794
400 U (m/s) 0 0.6 0.8 1.0 1.5 19 2.0 2.3 28 3.1
Ld{—) 0070 0088 0.092 0102 0150 0190 0220 0250 0290 0.320
Re,(—) 0 150 201 251 376 476 501 577 702 777
el —) 02653 04156 0.4410 04958 0.6571 07293 07662 0.7943 0.8226 0.8392
500 Uy(m/s) 0 0.7 1.0 1.5 2.0 24 2.5 25 27 3.0
L{—) 0088 0107 0110 0130 0380 0382 0382 0390 0392 0392
Re,(—) 0 176 251 376 501 602 627 652 677 752
el —) 02695 0.3992 04156 05055 08308 08317 08317 0.8351 0.8360 0.8360
600 Us(m/s) 0 0.5 0.9 1.3 1.5 1.7 1.8 1.9 20 3.0
Li(—) 0.105 0.129 0.132 0.151 0315 0390 0410 0430 0431 0431
Re,(—) 0 125 226 326 376 426 451 476 501 752
e —) 02653 0.4020 04156 04891 0.7551 0.8022 08118 0.8206 08210 0.8210
700 Uu(m/s) 0 0.5 0.7 1.0 15 16 1.7 1.8 19 19
Ld{—) 0122 0.148 0148 0149 0350 0360 0370 0371 0.371 0.371
Re,(—) 0 125 176 251 376 401 426 451 476 476
e —) 0.2623 03919 03919 0.3960 0.7428 0.7500 0.7567 0.7574 0.7574 0.7574
— B M A A AReet 2R Uys 1.5m/s
W 1.7 m/ssd o™, Levarlel 2jgh 7 42] Zt7k 1.06
soF 45 min m/s ¥ 1.07m/sE A x|} A= 4 dAEA] o
- /25min_ gheh gk gre o) AHee T°r-‘*< 74‘01111 A& 2| 9}
SO - e Ty o) A5k oAt e M4 55 ol Bah ARl
r ———O——— g g_0- \_8min. L W aw =
g o-e-o \_6 min. ol
] - - W-8-8-  Jmin . 3
2 . . —aie o tmin U= 2 PR B s 1000)
5 Hk P
a0t o] Aael 44 Hki #uel 9 @nez} 42t 04881
0.6649%i .
101
Nomenclature
0 e i A i) P -
° 20 “ 50 8 0o e A * contant (—)
Bed height (am) A : cross-sectional area of bed (cm?)
Fig. 9. Bed temperature distribution of various bed hei- C,i . coefficient of minimum fluidization (—)
ght for fluidized bed of naked barely C * specific heat (cal/g,, C)
(Ta=45C, Wb=300g, U,=30m/s, RH=30%) v - Sbecllic hea B
D . digital value (—)
D, : diameter of column in fluidized bed (cm)
X 15m/s ¥ 1.7m/seied, A4 §53 S5+ 30 d, . particle diameter (cm)
m/sith. d.b.  Idry basis ()
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. acceleration of gravity (980 cm/s?)
. gravitational conversion factor (980, g., cm/gn,

$%)

. constant (—)

. length of barley (cm)

. height of a fluidized bed (cm)

. height of a fixed bed (cm)

. bed height of minimum fluidizing conditions

(cm)

. thickness of bariey (cm)

. pressure drop (mmAq.)

. Reynolds number (—)

. Reynolds number at minimum fluidization (—)
. particle Reynolds number (—)

. relative humidity (%)

> air temperature (C)

. air velocity at entrance (m/s)

> fluid velocity at minimum fluidizing conditions

(m/s)

- superficial fluid velocity at optimum fluidizing

conditions (m/s)

air velocity in fluidized bed (m/s)

> volume of varley (cm®)

> mosture content of dry basis of barley (—)
. moisture content of wet basis of barley (%)
. weight of barley (g)

. charged amount (g)

. voidage (—)

. voidage of fluidized bed (—)

: voidage of fixed bed ()

. voidage at minimum fluidizing conditions (—)
. viscosity of gas (g/cm, s)

. kinematic viscosity of air (cm?%/s)

. density (g/cm?)

> bulk density of bed (g/cm?)

. fluid density (g/cm®)

> density of solids (g/cm?)

. sphericity of a particle (—)
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