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SWIRLING FLUIDIZED-BED DRYER WITH WAVY SURFACE

Mr. Pradit Mongkolkoon
Mr. Sommai Narat

Assoc.Prof.Dr. Pongjet Promvonge Advisor

ABSTRACT

The paper deais with the drying characteristic study of pepper com with swirling fluidization;
and the insertion of conical-nozzles to optimizc velocity, temperature and wave numbers to obtain
higher efficiencies. In the experiment, an acrylic cylindrical bed with 130 mm diameter and 1000 mm
height is used and inside the bed, conical nozzies with 40 mm height are inserted to create wavy-walled
surface. The helical distributor plate is also used to produce swirling flow in the bed. In each test run,
the pepper corn with initial moisture content of about 80% w.b. is employed with inlet air temperature at
80°C and varying air inlet velocitics as 1.3U . ,1.6 U - and 2 U .. Drying time and weight of pepper
comns are¢ measured in 10 minute intervals for 3 hours,

From experimental results, it is found that the use of wavy-walled surfaces and the helical
distributor in the bed helps to remove the moisture of pepper com faster since the wavy surface can
induces sustained-oscillating flow with high turbulence of hot air and causes the dilute bed leading to

higher heat and mass transfer of the moisture in pepper corn,
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ANUHM N YBIBIBANIN TNy
wminnsnne 1000 niy
USiaswsnne 1128 om’

ANUWIIUNEN 1N (2)
1000
1128(1- 0.414)

= 1714 g/cm’

(p)

nsdigalunTuaes U uag ¢, nomsinumuiie k, nez k, Ddneudenshdmiy
aymAR1q TuF R AA 0.01-40000 Tav Wen Liaz Yu(1996) uusih
11 k, A9l
,_1,_ = 0.0408 , K ,=24.5098
k 1
= -
a1maRgungll 35 °C

pﬁizl.leOv}g/cm3 M= 1.8x10™* g/cm3

NAFUMST k, = _1.75
3 2
gmf q) e
i 1.75
Epyp ™ il
24 .5098
Epr= 0414
NNAUMS 150 (i- €, )
k, = -
;[ 0.0714
€ s 3
€

wnush £, 14

k,=1238.76
_d,p,(Pr =Py
#2
= 0.32(0.0012)(1.714 - 0.0012 )(9.81)

0.00018 *

1680256.8
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2
98.04 U2 +2477.52U, = 1680256.8

U, = 13069 cms

° < ) J '
nnmmmmﬂ11u&'uﬁ'unzm1wmﬂﬂamu 8ABUAHUNTZV AU

vwadudiguinaremad 11 0,013 m L, <03 m, &, - 0414
p.=1714x10° kg/m’
Por =12 kg/m®
p=1981610° NS/nt’
I uAuAnAIou LA (AP, )
AP, = L. (:-U_)p,-p,)e/E,
=03 (1-0.414) (1714- 1.2X9.81)

= 2953.89 Pa
10 Zuiderweg[14] 13170 AP, = (0.2 111 0.4) AP,
ion 0.3 AP, = 0.3(2953.89)

AP, = 886.167 Pa

' 4
ATWADUNIAT Re (WOH1 Cd , ¥B3]
e = di u()pg

H
= (D.13X1.78%1.2)
197 816 x10 7

14037.287 >3000

wonl¥ cd=06
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U 50175 =«

_ 0277
vod,
ionldvinay  0.003 m
A N, =30795 ym’ = 3.079 j/em’
Muiiue A= z(132/4 = 13273 em’
ﬁmau;ﬂ:wuﬂ 3.079x132.73 = 408.75 3
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A5 1.1 uaaalTinamnuFuaunie 10analad HHUNTZIHLLUANTTIUM

pangiiumsouwta 80 sarusaFow

qUVRINDY 32 DI uFAFHL

o

vminwsnlnogns 200 i

- i) AAuAIMAD(%)
ani) 1.3Umf 1.6Umf 2.0Umf 1.3Umf 1.6Umf 2.0Umf
0 200 200 200 100 100 100
10 178.3 177.06 175.14 86.65 85.56 84.35
7 50 155.4 154.60 152.07 71.92 7142 69.83
_ ;0_ _.-1-5’;0.83 135.71 130.57 56.46 59.53 56.3
40 113.5 120.44 111.55 45.56 49.92 44 32
h 50 99.15 105.14 98.48 36.52 40.29 36.10
60 50.68 94.37 8042 3L19 33.51 30.40
B 70 R3.45 86.45 82.54 26.64 28.53 26.06
B 20 77.89 80.17 76.65 23.14 25.57 22.36
7 967 73.18 75.87 72.36 20.17 21.87 19.66
“AIOO 69.5 71.53 69.39 17.86 19.14 17.79
110 66.78 68.95 66.75 16.15 17.51 16.13
120 65.15 66.84 64.33 15.12 16,18 14.60
130 64.04 65.58 63.82 14.42 15.39 14.28
"'"'140 63.20 64.62 63.14 13.89 14.79 13.85
) l;O 62.72 62.93 62.70 13.59 13.72 13.58
160 62.34 61.88 62.39 13.35 13.06 13.38
170 61.05 61.07 61.89 12.54 12.55 13.07
180 60.88 60.55 61.35 12.43 12.22 12.73
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. dmiin(niu) ATSuRMAD(%)

(H1) 1.3Umf 1.6Umf 2.0Umf 1.3Umf 1.6Umf 2.0Umf
0 200 200 200 100 100 100
10 17033 159.43 132.41 81.32 74.46 57.45
20 137.16 123.06 108.64 60.44 51.57 42.49

30 113.60 104.48 95.90 45.61 39.87 34.47

40 99.05 93.43 86.25 36.46 32.92 28.40
50 89.67 85.45 79.10 30.55 27.90 29.90
60 82.73 79.65 73.76 26.18 24.25 20.54
70 77.36 75.35 88.84 22.80 21.54 17.44
20 73.23 72.72 64.66 20.21 19.88 14.81

%0 69.81 69.89 62.44 18.05 18.10 13.41
100 67.02 65.22 60.34 1630 15.16 12.09
110 65.68 62.37 58.15 15.45 13.37 10.71
120 64.43 61.84 56.02 14.67 13.04 9.37
130 63.41 60.79 54.22 14.02 12.38 8.24
140 62.74 59.75 53.55 13.60 1.72 7.82
150 62.1 57.27 53.02 13.20 10.16 7.48

160 61.78 56.35 52.76 13.00 9.76 7.32
170 61.34 55.78 52.40 12.72 9.22 7.09
180 60.08 54.72 52.04 11.93 8.55 6.87
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= 5 - A 1
Mg vl waalSnunnuiunuvde weaneRInauIUIA (0.3,0.35,0.4,0.45,0.5,0.55,0.6,0.65)0 LIHU

ATENUAULUYETTUAT

qungdlumsenuda 80 saruvaFsD

guuaiifed 32 sanuvaiFon

dmilnninTnagnt 200 niy

fal vmin(ni) AnuduRamAe(e)
(W) 1.3Umf 1.6Umf 2.0Umf 1.3Umf 1.6Umf 2.0Umf
0 200 200 200 100 100 100
10 182.7 173.92 168.09 89.11 83.58 79.91
20 162.44 143.23 133.73 76.35 64.26 58.29
30 142.19 123.02 110.94 63.80 51.54 43.94
40 123.29 106.93 97.10 51.71 41.42 35.23
5o 108.54 96.18 87.10 42.43 34.65 28.94
_— 98.05 87.7 79.75 35.83 29.31 24.31
0 91.30 81.6 73.71 31.58 25.47 20.51
80 83.89 76.38 6833 26.91 22.19 17.12
90 76.45 72.31 64.03 22.23 19.63 14.41
100 73.75 69.88 60.87 20.53 18.10 12.43
110 70.08 67.78 58.88 18.22 16.77 1.17
120 67.57 64.24 57.54 16.64 14.55 10.33
130 65.88 63.73 56.65 15.58 14.23 9.77
140 64.43 63.06 56.44 14.87 13.79 9.64
150 63.41 62.23 56.03 14.29 13.28 9.38
160 62.60 61.45 55.79 13.51 12.79 9.23
170 62.02 60.32 54.92 13.15 12.08 8.68
180 61.58 59.59 54.18 12.87 11.62 8.22
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a3 4.4 naaslfunamnsiunamie veanedinduva (0.3,0.35,0.4,0.45,0.5,0.55,0.6,0.65)0 UHU
pszowansynluia

garmgiilunsounta 80 saruvaBue

puimpiified 32 o usaiFea

Wmiiondn Tnegns 200 n5u

na smrinemiy) ATPunamBacs)

(W) 1.3Umf 1.6Umf 2.0Umf 1.3Umf 1.6Umf 2.0Umf
0 200 200 200 100 100 100
10 167.40 167.40 155.34 79.48 73.32 71.89
20 132.63 132.63 124.84 57.60 53.07 52.69
30 107.11 105.25 102.79 4153 40.36 38.81
40 92.45 93.92 91.53 3230 31.97 31.72
50 83.70 86.05 83.02 26.80 26.39 26.37
60 75.45 79.20 74.82 22.65 23.96 21.82
70 71.16 73.40 69.56 18.90 19.15 18.59
80 65.35 67.11 64.49 16.26 16.35 14.95
90 61.89 62.30 60.20 13.24 13.33 12.00

100 57.30 58.88 57.24 11.91 12.16 10.55
110 56.55 56.91 56.05 9.53 9.93 9.39
120 55.27 54.51 54.08 8.90 8.42 9.08
130 54.89 52.23 52.9 7.89 7.48 7.4
140 54.32 51.99 51.80 7.50 7.40 6.39
150 53.92 51.04 51.01 7.45 6.85 6.04
160 53.54 50.98 49.83 7.35 6.50 5.60
T 52,77 50.02 49.64 6.52 5.81 5.11
180 5243 49.69 49.38 6.15 5.26 436
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My u5 uamtSnunudunuvde Y8aneRIIUYNIA(0.3,0.4,0.5,0.6) LHUN T IWNHUANTTTILA
gumaiilunsouLda 80 aar iAo
QUMD 32 BaruwATUA

wmianinInagnt 200 niu

nal simin(nii) anudunan o)
(UIH) 1.3Umf .6Umf 2.0Umf 1.3Umf 1.6Umf 2.0Umf
0 200 200 200 100 100 100
o 177.32 172.14 168.82 85.72 82.46 80.82
20 149,51 135.75 124.32 68.51 59.56 52.36
30 121.74 108.87 102.75 50.74 42.64 38.79
40 104.95 94.44 90.35 4095 33.56 30.98
50 93.61 84.88 81.59 33.03 27.54 25.00
60 84.93 77.39 74.78 27.57 22.82 21.18
70 70.10 70.17 67.67 22.93 18.28 16.71
8 70.72 64.35 61.13 18.63 14.24 12.44
90 64.24 59.65 56.90 15.40 11.66 9.93
100 61.25 54.89 52.32 12.67 8.45 6.83
110 57.37 51.66 49.80 9.89 6.63 5.46
120 55.29 48.33 4798 8.91 531 4.84
130 52.66 46.85 45.67 7.06 3.60 3.63
140 50,82 45.89 44.45 6.10 3.00 3.10
) 150 49.98 44.60 43.84 5.57 2.57 2.78
160 49.25 44.02 4297 5.11 237 2.39
170 48.74 43.44 42.32 477 1.97 1.71
180 48.12 42.88 41.77 4.40 1.82 1.69
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A191 1.6 uranlSannuiunumin YeIneRINALILIA(0.3,0.4,0.5,0.6) HunIERIaNLLLILUWA
qunpiilumsaunds 80 esmisaue
quUAiiied 32 s ianiIBon

»
vmtianinTnogns 200 nfu

1al ﬁ’mﬁ'n(ﬂ%’u) mm"i?ummﬁa(%)

(U1 1.3Umf 1.6Umf 2.0Umf 1.3Umf 1.6Umf 2.0Umf
0 200 200 200 100 100 100
10 172.86 164.04 162.32 82.91 77.04 70.74
20 147.22 131.45 128.30 66.78 56.85 54.87
30 120.30 106 103.18 49.83 40.83 39.06
40 101.32 92.38 90.71 37.89 32.26 31.21
50 88.16 83.33 80.45 29.60 26.56 24.75
60 79.30 76.13 73.67 24.03 22.03 20.48
70 72.48 70.32 67.73 19.80 19.91 16.20
80 67.49 64.83 62.23 16.59 14.92 13.28
90 62.57 61.67 59.73 13.63 11.75 11.12

100 59.82 58.39 57.43 11.76 10.86 9.53
i10 57.21 55.87 55.65 9.12 932 8.66
120 55.65 54.98 53.78 8.51 8.77 8.03
130 54.56 54.04 52.34 8.45 B.09 7.63
140 52.32 53.47 50.30 7.69 7.77 6.64
150 51.84 52.21 49.55 7.11 6.98 6.42
160 51.26 50.38 48.36 6.81 5.82 6.34
170 50.79 49.79 47.93 6.52 5.66 6.23
180 50.34 49.03 47.27 6.37 5.07 6.15
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»
iminninlnegnt 200 niw

T
hm UHUNIZY HHUNTZO0 udunszo HAUNIZA D uHUNIZIW NN ZYW
() UUUTITURT | LAUESTLAY | LIESIHAN uunluva nniluia T
nelad wefndusgn | weRaduagn ne lda waihnfuggn | wedandudgn

0 100 100 100 100 100 160
10 86.65 89.11 85.72 81.32 79.48 82.91
20 71.92 76.35 68.51 60.44 57.60 66.78
30 56.46 63.80 50.74 45.61 41.53 49.83
40 45.56 51.71 40.95 36.46 3230 37.89
50 36.52 42.43 33.03 30.55 26.80 29.60
60 319 35.83 27.57 26.18 22.65 24.03
A 70 26.64 31.58 22.93 22.80 18.90 19.80
80 23.14 2691 18.63 20.21 16.26 16.59
90 2017 22.23 15.40 18.05 13.24 13.63
100 17.86 20.53 12.67 16.30 11.91 11.76
110 16.15 18.22 9.89 15.45 9.53 9.12
120 15.12 16.64 891 14.67 R.90 8.51
N 130 14.42 15.58 7.06 14.02 7.89 845
140 13.89 14.87 6.10 13.60 7.50 7.69
150 13.59 14.29 5.57 13.20 7.45 7.11
160 13.35 13.51 5.11 13.00 7.35 6.81
170 12.54 13.15 477 12.72 6.52 6.52
180 12.43 12.87 4.40 11.93 6.15 6.37
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Holda HeRIAAusyN | weRInAuLgn nelds nefmdusgn | weAmduagn
0 100 100 100 100 100 100
10 85.56 83.58 B2.46 74.46 73.32 77.04
20 71.42 6426 59.56 51.57 53.07 56.85
30 59.53 51.54 42.64 39.87 40.36 40.83
40 4992 41.42 33.56 32.92 31.97 32.26
50 40.29 34.65 27.54 27.90 26.39 26.56
60 33.51 2931 22.82 24.25 23.96 22.03
70 28.53 25.47 18.28 21.54 19.15 19.91
80 25.57 22.19 14.24 19.88 16.35 14.92
90 21.87 19.63 11.66 18.10 13.33 11.75
100 19.14 18.10 B.45 15.16 12.16 10.86
110 17.51 16.77 6.63 13.37 9.93 9.32
120 16.18 14,55 531 13.04 842 B.77
130 15.39 14.23 3.60 12.38 7.48 B.09
140 14.79 13.79 3.00 11.72 7.40 7.77
150 13.72 13.28 2.57 10.16 6.85 698
160 13.06 12.79 2.37 9.76 6.50 5.82
170 12.55 12.08 1.97 9.22 5.81 5.66
180 12.22 11.62 1.82 8.55 5.26 5.07
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60 30.40 2431 21.18 20.54 21.82 20.48
70 26.06 20.51 16.71 17.44 18.59 16.20

80 2236 17.12 12.44 14.81 14.95 13.28
90 19.66 14.41 9.93 13.41 12.00 11.12

100 17.79 12.43 6.83 12.09 10.55 9.53

] 110 16.13 11.17 5.46 10.71 9.39 8.66
120 14.60 10.33 4.84 9.37 9.08 8.03

130 14.28 9.77 3.63 8.24 741 7.63
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