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Mass of 1000
Kermnels Moaisture Content
Mo M
Seeds {g) (kg H,O/kg dm) Relerence
Barley =33 0.10 Martin et al. (1976)
Beans 2006 + 101 0 Bilowicka (1974)
Corn 240 -280 0-0.15 Muhlbauer (1974)
Fava beans 440.0 + 23.0 0 Biowicka (1974)
Flax =41 0.10 Bekasov and Denisov (1952)
Lupine 1198 + 54 0 Biowicka (1974)
Qals =33 0.08 Martin et al. (1976)
Peanuts 333 1000 0.06 Martin et al. (1976)
Peas 1718 + 13.6 0 Bilowicka (1974)
Poppy seed =55 010 Bekasov and Denisov (1852)
Aice =15 0.10 Martin et al. (1976)
Rye =25 0.10 Martin et al. (1976)
Sesame seeds =5 0.06 Martin et al. (1978)
Soybeans 77-167 0.08 Martin et al, (1976)
Sunflower =77 ooy Martin el al. {1976)
Wheat =29 011 Martin et al. (1976)
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Seeds

Specific Heat

£}

-kg™ " KT)

Helerence

Alfalfa sepd
Barley, Canna
Beans

Corn

Com

Corn

Qats

Dals

Oats, Tiger

Hice, shalled
Fiice, unshelied

Rye, Tero
Sorghum
Wheat

Wheal, Caribo
Wheal

Wheat
Wheat, HRS

172
1245
1263
12471369
2035
1534
993 1278
1277
1282
1553 1569
1637
1157
11049

1276
1287 -1299
1185-1260

Bern {1964)

Muihibauer and Scherer (1977)
Mdahibauer and Scherer (1977)
Konschatzzy (1873)

Pabis and Handerson (1962)
Kazarian and Hall (1965)
Brooker et al (1G74)

Haswell (1954)

Muhlbauer and Scherer (1877)
Mihlbauer and Scharer (1977)
Alam and Shove (1972)
Hagwell (1954

Haswell {1954)

Muhibauer and Scherer (1977)
Sharma and Thomp
Kazarian and Hall {1
Mahlbaver and Schacer (1977)
Beooker et al (1974)
Mohsemn (1980)

Muir and Viravaruchan (1972)

(k]

35)

HRS = hard red spon
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Crop Formula, Range of Application”

{Method) x{m?/h} Reference

Chickpeas 2= 4,788 10 -3.04 10 °T Dutta et al. {1988)
(indirect) +5.04 210 *T%

+1.3644 x 10 *M

~1.3788 = 10202

- 4,068 <10 *MT
0.125 < M = 0.265
203 < T< 307K

Rice bran 2=317%10 "+1.78x 10 *M" Sreenarayanan and
+2.37 %107 "+9.27 < 10 "y, Chaltopadchyay (1986)
TaM £15%

42 5 15 68°C
410 < p, < 490kg/m?

Rough rice ¥ = 0.0004859 + 0.0000089M Wratten el al. (1869)
{indirect) 12 < M" < 18%
Whaeat (direct) o = 0.000250 4 0.000005M° Gerzoi and Samochetov (1951)
10=sM =20%

‘M = moisture content, kg H,Qfkg dm; M = moisture content, % wi

55



L5 055 Sy o0 )5 slaanlp Jsb 1o 0S50 4 Isn LS JUisl Lol puslSe

oo Gl Cé e o il = | FES U JON-N &9 3 6hyalaS OYsame (40,5 S

Nu =CRe" Pr"

B9 (oo dmwlone Nu il sae (59, 51h L )5 Jla!

(YA-Y)

Wm'k « gbuls o)l,> Jisl cys=h

m ,d Jolee ,hd =d.

Wimk dea ol 3 colon oo o =K,

1395 (o0 et jg ) 9 Jlp olael Gululp g (p25 Al 5l Sl sae

(Ya-Y)

F-Y Jgoz jo wil ool &l cdl sae s gl a5 (s5ka5 5 020 dailg, 5l By Ao

el 00U oé)ji

Source

[f] cdol sae acubre 4 bgy o SYoles F-Y Jou

Descnption

RAe Ranga

Formuia for Nu

Gorbes (1964)

McAdams (1954)
Gorbis {1964)

W@

10

"

12

13

14 Schatnikov (1961)
15 Gorbis (1964)

16 Hobler (1971)

17 Gorbes {1984)

18

19 Pabus (1367)

Rate of evaporation of water dropiet

2 + 0.276Re™*

Heat exch a suspenced sphere 0.62/e"*
Thaaretics A (sphare) 2 + 0.16Re™
Raie of evapo 2 - 0.15Ra™Y
Heat exchange 0.2168°%

Theoretical & {
Theoreucal equat-on (sphere)
Data of many researchers

2 4+ 0.33Re**
0.5Re"* +~ 0.08Re""
0 37Re"*

Heat exchange with a fixed smooth sphere 200-10° 8.2Re""
10°-1.2 = 10 1.06Rg*
1.2 = 10°-1.1 0 0.27Re*"

Heat gxchange in counter ficw for sphere at natural

2 4 0.0188Re" M

Ardd forced convechion
Hast axchange with a sphers - 0.37Re" %
ge with rough sphere” 10°-10° 0.075Re° ™
n ol many data 200-15,000 0.333Rs°*
Heat exchange with a fixed sphera® 10-1.61 = 10* 0.143R° ¥
Generalization of many data 5100 24+ 0.028Re*™ = 0.31A"
Layet of spheres of dameler <19mm Ae < 350 1.95Re" P 1
Gas fiow through porous granular layer 20-200 0 106Re
Re > 200 0810Re*"
Grain layer in counter fiow Ae < 200 0.014RaPE 2
200-700 0.056Re* Vo=
Generaiizaton of many data lor cylindrical and 10-40 1.40Re" ™
spherca malgnals £0-107 0.338Ae""

“Dogred of turbulonce © 4%
“Roughness tactor 0018
Degrae of hebulence 2 2%
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[f] Lo als 5l 55 sl o3guce

Thicknaess Width Length
Goneds {rmm) {rmm) {mm) Reference
Darlay —_ 27-42 7.5-105 Jayas (1994)
Parley 1.5-45 2.0-50 7.0-150  Grochowicz {1971}
Noans 2.5-10.0 4.5-11.0 7.0-18.5  Grochowicz {1971)
Ganola —_ 1.0-21 1.1-25 Jayas (1934)
Clover, red 0.6-1.4 1.0-2.0 1.2-27 Grochowicz {1971}
Claver, white 04 11 0.8-14 08-18 Grochowicz (1971)
Com, shellad 4.4.-54 87108 9.8-12.1  Mihlbauer {1974)
Gorn, shallad 36-46 7.2-88 11.6-13.6 Melson (1980}
Uurum — 22-42 6.0-9.0 Jayas (1994)
Millest 11-22 1.2-3.0 18-32 Grochowicz (1971)
Qals 1.2-4.0 1.4-4.0 8.0-18.5 Grochowicz (1971)
Oats — 22-36 7.0-14.0  Jayas (1994)
Peas 2.0--10.0 3.0-10.0 45-10.0  Grochowicz (1971}
Rice, long (unhulled) 1.8-2.0 23-25 8.7-99 Wabb (1991)
Hye 0408 06 1.0 25-35 Grochowicz (197 1)
Rye - 15-32 55-95  Jayas (1994)
Velch 20-55 3.2-6.5 3.2-75 Grochowicz (1971)
Wheal 1.4-38 1.7-4.0 42 886 Grochowicz (1971)
Wheat, hard red spring —_ 26 40 50 80 Jayas (1994}

Y Casgey
Equations*
Crop W-m-'.K"") Range® Reference
Barey k=0.1153 - 0.217M 0sM<025 Gadaj and Cybuiska (1973)
Barley (2 row) k=0173 = 7.51 x 1071+ 1.51 x 10°IM" <M <23% Alagusundaram el al. (1981)
Harrington -28¢tg25°C
Beans k= 01360 - 0.036M 0gM<03 Pabis et al. (1970)
Kidney beans k= 00671 + 32.84M 0NMSgMg 0414 Zuritz et al. (1983)
Comn k= 0.1400 = 0.0011M 09< M £302% Kazarian and Hall (1965)
Com k= 01580 + 0.42M 0sMg03 Pabis et al. (1970)
Com k=0.1326 + 0.1547M — 0.1454AF 0<Mg086 Mahibauer (1974)
Fava beans k = 0.1400 = 0.037M 0sMg03 Pabis et al, (1970)
Gram k= =507 x 10" + 255« 10°°T 283 < T 312K Dutta et al. (1988)
(Chickpeas) 213 =107*T"+ 424 = 10°'M 0.115¢ M5 0272
—6.56 x 10" *M? + 6.48 = 107'MT
Lentils, Laird k=0.193 + 1.0 x 10°% + 1.51 x 107°M 9<M £23% Alagusundaram et al. (1891)
-28<1g29°C
Qats k =0.0988 + 0.307M 0gM<0.19 Gadaj and Cybulska (1973)
Peas k=0.1290 + 0.034M 0<M<03 Pabis et al. (1970)
Peas, Trapper k=0.168 + 8.4 x 107t +3.05 x 107°M 9<M<22% Alagusundaram et al. (1991)
-28<1529°C
Rapeseed k= 0.1600 + 0.043M 0<M<030 Pabis et al. (1970)
Rice, unshelled k= 0.0865 + 0.0013M" 99<M <19.3% Wratten et al. (1969)
Rice bran k= —0.0943 + 3.87 x 107’M’ + 6.19 x 107 7€M <15% Sreenarayanan and Chattopadhyay
+3.14 x 107 p, 410 £ p, < 490kg'm? (1986)
42<1<68°C

Rye k=0.1163 + 0.219M 0gMg021 Gadaj and Cybulska (1973)
Sorghum k =0.0976 + 0.0015M 0< M <25% Sharma and Thompson (1973)
Wheat, HRS k=0.1398 + 0.0014M" for =20°C Chandra and Muir (1871)

k=0.1440 + 0.0009M* for t=5°C

k=0.1365 + 0.0014M" for t=1°C 4.4 < M < 22.5%

k=0.1327 + 0.0015M" for (= -6°C

&k =0.1407 + 0.0009M for = —17°C

k=0.1436 + 0.0008M for t= —-27°C
Wheat k=0.1170 + 0.0011M" 07<M £203% Kazarian and Hall (1965)
Wheat k=0.1337 + 0.252M 0.05sM<0.22 Gadaj and Cybuiska (1973)

“k = thermal conductivity W.m~'. K" ".
*M = moisture conlent, kg H,O/kgdm; M = moisture content, % wb
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Abstract

Drying is an important operation in many industries such as chemical, food,
metallurgical, pharmaceutical and etc. Fluidized bed drying is considered as one of the
most successful drying techniques. The advantages of fluidized bed drying can be
summarized as follows:

1. High heat and mass transfer rates, because of good contact between the particles and
the drying gas.

2. Uniform temperature and bulk moisture content of particles, because of intensive
particle mixing in the bed.

3. Excellent temperature control and operation up to the highest temperature.

Paddy is one of the grains that are needed to be dried after harvesting. In order to
investigate the influences of effective parameters in fluidized bed drying of paddy rice,
a laboratory scaled fluidized bed dryer designed and constructed to obtain experimental
data. The fluidization column was made of Aluminum with 0.2 m inner diameter, 0.45
m height and 0.001 m wall thickness. A perforated distributor plate with 0.001 m
thickness and 0.003 m holes was used to obtain uniform distribution of the fluidizing
air. The air heater consists of four strip electric elements, which has 4000 W total
power. The air was provided by a centrifugal blower. The temperature distribution
through the bed was measured by an electronic thermometer. The pressure difference
between the two sides of distributor plate and the distributor plate and fluidized bed
height was measured with a differential manometer. Air velocity was measured and
determined with an electric anemometer. Drying conditions were as follows: drying air
temperature of 21-80 °C, bed thickness of 0.04-0.08 m and air velocity of 0.8,185 and
2.7 m/s in fixed bed, minimum fluidization and fluidized bed situation, initial moisture
content of paddy 35.21%, 38.25%, 39.07%, 43.3% , 43.92%.

Experimental data shows that increasing the bed thickness cause the pressure drop of
the bed to be increased. But the minimum fluidization velocity is independent from bed
thickness. Also increasing the temperature of drying air allows the pressure drop and
minimum fluidization velocity to be increased.

According to experimental data, bed thickness, Drying air velocity, temperature of
drying air and initial moisture content of paddy kernels have an important effects on the
kinetics of drying. Increasing the velocity and temperature of the drying air allows the
rate of heat transfer to the product to be increased. instead, the rate of drying decrease
with increasing the bed thickness and intioal moisture content of kernels.

Key words: Fluidized bed Dryer, Minimum fluidization velocity, pressure drop, paddy
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