Chapter 5
Results and Discussions on
Classification of Ocimum Seed Powder

5.1 Results

This experiment was-pet for y/&es of test, i.e. Ul-US, with

respected to superficial gas veie he first tWo series from which were

R o . \Finex \-.- the researcher, so only
\ Each series of data also

? rrq \\. heights of the column

- used in test run. For co : se rimental.data were present as Wi/

experiment on U3, U4

consisted of 5 sets, H

Wio and Xi/Xjo and sumharized 10/ es 5.1 and 512 respectively. To observe
the classifying tendency of 1al plot between Xi/Xjo and time

used in each run of each da ‘Fable 5.2 were plotted (Appendix

F). To observe rem -‘";f-‘:*%'::@f‘f;v-—---r--:::z ------------ St syStem, plots of Wi/Wio
i
and Xj/Xjo versus timﬁ)f cac 4 iﬂs heights and superficial

velocities were performq‘i d shown in A ndix G. Comparlson of the Wi/Wiop

versus time plﬂ u aﬂ %ﬂﬂ@%g {o)of dquivalent excepted for

coarse ﬁmcles th'it were not removéd from the system . This phgnomena may be
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fraction of coarse particles were eventually increased whereby their weight were

attribut

still unchanged.

5.1.1 Classification of ocimum seed powder
Thorough examination on classification tendency in Appendix F, collection

of required particles, which is larger than 114.56 pm cut size, was most efficiently




Table 5.1a Experimental data of U3 series ; presented in value of Wi/Wio
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freeboard | time mesh size
height | (min) | 20-40 40-60 60-80 _ 80-100 100-120 120-140 140-200 200-325  325-
H1 0 1.0000  1.0000 10000  1.0000  1.0000  1.0000
2 0.9821  0.7920 00172 0.0371  0.0254  0.0390
3 11113  0.5780 0.0107 0.0124 0.0127  0.0130
4 0.9343  0.7376 00107 0.0186 0.0102  0.0078
5 0.9646 0129  0.0124  0.0051  0.0043
6 1.0746 0.0186  0.0051 0.0009
H2 0 1.0000 1,0000  1.0000  1.0000
2 0.9359 0.0495 0.0381  0.0875
3 1.0969 0.0433  0.0203  0.0260
4 0.9853 0.0433 00178  0.0156
5 1.0651 0.0309 0.0102  0.0069
6 0.9487 0.0124  0.0025  0.0026
H3 0 1.0000  1.0000 1.0000  1.0000  1.0000
D 1.0475  1.0429 > % —0 Ui 3F 0. 0150 0.0309  0.0280  0.0866
3 10252  0.997 . i 90 {14, 0. 0150 0.0186 00178  0.0147
4 10284 09781 - 0.0150  0.0433  0.0127  0.0087
5 10188  0.9107 00086 0.0124  0.0076  0.0052
6 09614  0.9408 0.0064 0.0124 00025  0.0043
H4 0 1.0000 1.0000  1.0000  1.0000
2 0.9455 / 0.0680  0.0432  0.0424
3 1.0077 4036 0.0680  0.0305  0.0615
4 0.9359 mw - [ 0.0433  0.0229  0.0139
5 10826  1.0222  0.1563 o 0045 o 0119 0129 0.0186  0.0051  0.0087
6 1.0427 093734 00858  0.00908/ 00068  0.0086  0.0124 00025  0.0043
H5 0 Et az;mmm.moo 1,0000  1.0000
2 09949 -1.1015 O 3976 0.0381 o 0221 0.0279 o 0557 0.0356  0.1421
11155 0. 4090 ¢ 0.0381 0.0279 0.0305  0.0632
T 0 I8 S s gy o
ﬁ ﬂ 0.0153  0.0130
08801 10481 0.1765 00090 00017 00086 00186 00025 0.0052

Note : value greater than 1 is the resulting error of mixing, sizing and welghmg




Table 5.1b Experimental data of U4 series ; presented in value of Wi/Wio
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freeboard | time mesh size
height | (min) [ 20-30 40-60 60-80  80-100 100-120 120-140 140-200 200-325 _ 325-
W
H1 0 1.0000  1.0000 1.0000  1.0000  1.0000  1.0000  1.0000
1 0.5134  0.5004 0.0135 00346 00142  0.1310
2 0.4911  0.5051 0.0075  0.0130  0.0071  0.0655
3 05112  0.5261 0.0060  0.0130  0.0036  0.0097
4 0.5625  0.5000 110 ~~00080 00060 0.0043 00018  0.0067
5 0.4743 ‘-e.muows 0.0043  0.0018  0.0030
10 | 0.4955 4. 0:0048 0045  0.0043  0.0000  0.0000
H2 0 1.0000 1.0000  1.0000  1,0000
1 0.5335 0.0303  0.0231  0.0794
2 0.4967 0.0216  0.0107  0.0388
3 0.5603 0.0216  0.0071  0.0164
4 0.4877 0.0130  0.0053  0.0085
5 0.4989 0.0043  0.0036  0.0049
10 | 04732 0.0087  0.0018  0.0000
H3 0 1.0000 1.0000  1.0000  1.0000
1 0.4810 0.0563  0.0569  0.1613
2 0.5123 0.0260  0.0196  0.0437
3 0.5000 0.0216  0.0142  0.0158
4 0.5301 0.0173  0.0071  0.0109
5 0.5000 0.0087  0.0053  0.0049
10 | 0.4978 4931 0.1518 060 0.00 0.0043  0.0018  0.0000
H4 0 1.0000 .E%)o 10000 10000 1@ 1.0000  1.0000  1.0000
1 0.4955 05181 03957 03339 01931 00916 01039 00498  0.1947
2 05603  0.4840 4, 0.1570  0.0110 0.0083  0.0090  0.0303 00125  0.0455
3 0. ; 6 9 1 0173 00107  0.0127
4 o.ﬂ H-E’QM“EJ mgﬁ waﬂ ’gﬁm imao 0.0071  0.0115
5 05489 -05015 0.1400 00063 0.0036 00060 00043 00036  0.0024
10 | 04743 05025 0.1525 € 00078 00048, 0.0030 00043 0.0018  0.0000
HS ‘Q Ipio;l a&aoﬂ jcgu i]oi;i JQ PJOEE] i1aoE]1.oooo 1.0000
15 | 05000 04960 04008 03088 0.1156 0.0450 0.0563 00534  0.1710
2 0.5446  0.4924 01922 00141 00155 00075 00216 00178  0.0297
3 0.5391 05131  0.1865 00110 0.0131 0.0105 00130 00125 00218
4 05268 05120 0.1536  0.0094  0.0095 0.0060 00130 0.0053 00121
5 0.4944 04975 0.1667 00125 0.0107 0.0045 00043 00036  0.0036
10 | 04866 04960 0.1769 00063 00083 00080 0.0043  0.0036  0.0000

Note : value greater than 1 is the resulting error of mixing, sizing and weighing




Table 5.1c Experimental data of U5 series ; presented in value of Wi/Wio
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freeboard | time mesh size
height | (min) [ 20-40 40-60 60-80  80-100 100-120 120-140 140-200 200-325 325
H1 0 1.0000  1.0000  1.0000 1.0000  1.0000  1.0000  1.0000  1.0000
1 0.9384  1.0145 0.0300  0.7788  0.0995  0.7486
2 09117  1.0348 S 0.0601  0.2019  0.0853  0.6752
3 0.9280  1.0046 } 0.0450  0.1635  0.0521  0.5484
4 1.0572  1.0447 “0M004" 00360 0.1154 00237  0.4383
5 1.0423  0.9872 0878 o. 35 .0.1236 00330 00865 0.0332 0.3804
H2 0 1.0000  1.00008" 1,00 .0000 C 0000  1.0000  1.0000  1.0000
1 | 09208 16174 ‘ 8147 06442 06161  0.8009
2 1.0290  1.04 0.2308  0.2844  0.7164
3 0.9265 0087 0.1346  0.2038  0.5250
4 1.0958 0.0769  0.1611  0.4238
5 0.9993 236 0.0240 00673 0.1374  0.3882
H3 0 1.0000 .0000 \oo 1.0000  1.0000  1.0000
1 0.8790 L0039 08468  0.4904  0.4502  0.8587
2 0.9903 !, 0.3514 0.1502  0.1442  0.2938  0.6841
3 1.0616 09182 9748 02124 1 0.0541 01250 02512  0.5873
4 1.0260  0.9861 ] 0.4 0.1042  0.0931  0.1058  0.1517  0.5050
5 1.0557 306 . 04120  0.0300  0.0577  0.1043  0.3582
H4 0 1.0000 | ,?.’bcm 1.0000  1.0000  1.0000
1 0.9681 0.5096  0.4171  0.7575
2 1.0572 0.078 0.2115  0.3033  0.6363
3 0.9562 94 00661 0.0865 02370  0.6007
4 1.0468 1.0367  0.4804  0.1544 00781  0.1058 0.1232  0.4561
5 09517  0.9907 .. 1.0199 04626 g 0.1274 0.0270 00769  0.1090  0.3793
H5 0 1 uo&} ’g w)EJ woj W)%J I}oﬂ ‘joooo 1.0000  1.0000
1 1.0 -1.0470  0.8899  0.9964 0.6178 0.9309 0.5962 0.6682  0.8242
2 1.009 10331 1.0107 09253 06564, 0.1231 0.1781 0.3412  0.6452
0 " 1 ! .2275  0.4917
o [86sod E.catd | vt d kol | ) obat)  bioh Losess an
53| 08864 10012 10015 05836 05058 0.0240 0.0577 0.1374  0.3459

Note : value greater than 1 is the resulting error of mixing, sizing and weighing




Table 5.2a Experimental data of U3 series ; presented in value of Xi/Xio

69

freeboard | time mesh size
height (min) 20-40 40-60 60-80 80-100 100-120 120-140 140-200 200-325 325-

H1 0 1.0000 1.0000 ‘ 1.0000 1.0000 1.0000 1.0000 1.0000
2 3.0273 2.4413 : \ 20 420 0.0529 0.1144 0.0784 0.1202

3 4.1823 306 0.0404 0.0465 0.0478 0.0489

4 3.1595 0.0627  0.0344 0.0264

5 3.5726 0.0458 0.0188 0.0160

6 4.1061 0.0709 0.0194 0.0033

H2 0 1.0000 1.0000 1.0000 1.0000
2 2.1195 0.1120 0.0863 0.1982

3 2.6396 0.1042 0.0489 0.0625

4 2.5367 0.1114 0.0458 0.0401

5 2.9941 0.0869 0.0286 0.0195

6 2.8330 0.0369  0.0076 0.0078

H3 0 1.0000 1.0000 1.0000 1.0000
2 2.4033 0.0709  0.0642 0.1988

3 28917 0.0469 0.0450 0.0372

4 2.6563 0.1118 0.0328 0.0224

5 2.8527 0.0346  0.0214 0.0146

6 2.6558 0.0342 0.0070 0.0120

H4 0 1.0000 1.0000 1.0000 1.0000
2 1.9610 0.1411 0.0896 0.0880

3 2.1433 0.1447 0.0649 0.1308

4 2.3232 ;i j .0 063 0.1075 0.0568 0.0344

5 2.6368 3 0.3807 0.0109 0. 0290 0.0313 0.0452 0.0124 0.0211

6 2.8412 25268 #20.2339 0.0244 1..0.0186 0.0234 0.0337 0.0069 0.0118

H5 0 1.00 : .0 u(s‘l :lﬂ jOOOO 1.0000 1.0000
2 2. oom 2 2220 0. 8021 0 0768 0.0447 0.0563 0.1123 0.0718 0.2866

3 2.1484 2.2535 0.8262 0 0769 0.0482% 0.0563 0.13%' 0.0616 0.1278
SNFUANAS i) iR el o=

ﬂ wﬂ a 0349 0.0297

6 q 2.1924 2.6109 0.4398 0.0223 0.0042 0.0214 0.0462 0.0063 0.0129
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Table 5.2b Experimental data of U4 series ; presented in value of Xi/Xio

freeboard| time mesh size
height | (min) [ 2040  40-60 _ 60-80 _ 80-100 100-120 120-140 140-200 200-325 _ 325-

H1 o | 10000 1.0000 10000  1.0000  1.0000  1.0000  1.0000
1 | 21004 20541 93 00556 01429 00587  0.5391

2 | 23705 24492 / B 00345 00563 00356 0.3190

3 | 25045 25755 00300 00563 00178  0.0485

4 | 28337 2517 m.oaoo 00303 00125  0.0346

5 | 25313 00405 00303 00125 00164

10 | 2582 V 00303 00018  0.0006

H2 o | 1.0000 1.0000  1.0000  1.0000
1 | 23426 01299 01014  0.3493

2 | 22444 00996 00480  0.1753

3 | 25525 0.0996 00302  0.0746

4 | 22388 00563 00231  0.0382

5 | 22846 00130 00178  0.0224

10 | 22288 00433 00053  0.0006

H3 o | 1.0000 10000  1.0000  1.0000
1 | 15658 01351 01861 0.1833  0.5258

2 | 23114 22315 00495 0.1169 00890  0.1977

3 | 22690 00405 00996 0.0658  0.0728

4 | 24688 00866 00356  0.0503

5 | 23158 42 8 : 3 00433 00231  0.0224

10 | 23850 236 7273 103000 00130  0.0053  0.0006

H4 o | 1.000 1.@0 000 1.0000" 1. 1,@00 1.0000  1.0000  1.0000
1 | 14665 1. 5337 11706 09906 05700 o 2703 03030 01477 05767

2 | 25203 21808 #%07058  0.0470 9./0.0358 01299 00534  0.2062

3 ﬁ uﬂ ’g ﬁﬂ%d‘j ﬁ EJ ’tﬁ i.oeee 0.0480  0.0588

4 0563 00302  0.0522

5 | 25608 23451 06550 00313 00155 00300 00130 00178  0.0121

0 0.7279 ¢ 00361 00288 _ 00150 00f8d 00053  0.0006

H5 0 | . : : ! 1.0000  1.0000
19 15781 15649 12642 09749 03647 0.1396  0.1732  0.1655  0.5391

2 | 23051 21636 08435 00627 00679 00345 00996 00765  0.1310

3 | 23471 22351 08112 00470 00560 00450 0.0563 0.0534  0.0946

4 | 23973 23205 07001 00423 00441 00255 00563 00231  0.0546

5 | 23136 23280 07812 00580 00513 00195 00130 00178  0.0164

10 | 22824 23244 08288 00313 00393 00300 00130 00178  0.0006




Table 5.2¢c Experimental data of U5 series ; presented in value of Xi/Xio
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freeboard | time mesh size
height | (min) [ 2040 40-60 _ 60-80 _ 80-100 _100-120 120-140 140-200 200-325 _ 325-
H1 o | 10000  1.0000 10000 1.0000 1.0000  1.0000  1.0000
1 | 11272 12183 Ny 99 00354 09310 0.1188  0.8990
2 | 11858 13478 1.2 97 4 00769 02611 01116 08791
3 | 1303 00615 02315 00713  0.7695
4 | 15042 0508 0.1626 00309  0.6235
5 | 15232 01330 00475  0.5562
H2 o | 1.0000 1.0000  1.0000  1.0000
1 | 1.0373 07241 06793  0.9025
» 2 | 1.2666 02808 03397  0.8825
3 | 12422 01823 02684  0.7045
4 | 15560 04133 02209  0.6007
5 | 14257 00985 0.1900  0.5539
H3 o | 1.0000 1.0000  1.0000  1.0000
1 | 09360 05271  0.4656  0.9139
2 | 12270 01823 03539  0.8471
3 | 14463 01626 03325  0.7998
4 | 14105 0.1478  0.2043  0.6942
5 | 15057 00837 0.1425  0.5106
Ha o | 1.0000 1.0000  1.0000  1.0000
1 | 10518 05567 0.4418  0.8237
2 | 13321 02611 03705  0.8003
3 | 1.2643 Py pom— : 01133 03088  0.7946
XL 4 | 14608 1. 3329 14471 06679 02174 01077 0.1478  0.1663  0.6366
5 | 13700 1.4294% 14698 066790701838 00415 01133 01496 05465
Hs | o E,'J um (g moﬁ moow 110000 1.0000
1 “11182 09506 10639 06581  0.9938 o 6404 06960  0.8791
12 12433 12149 © 11131 07805  0.1492 04038  0.7758
s B EE £
34 02209  0.5847
ol | 12538 14163 14165 08248 07154 00354 00837 _ 0.1900  0.4894
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operated at the gas velocity of 1.15 m/s and freeboard high of 1.5 m (US and HS5).
At this condition, though some particles of 136.47-163.77 pm group were
elutriated (Appendix G3.2 and G3.3), the separating efficiency was about 90%,
based on the total original weight of particles in 136.47-601.04 um class size.

Approximately 40 % of fine was | ylth the product yield of 0.3 kg.
t are shown in Appendix H.

Estimation of classifying effi

In order to fig 7 - o and time in this system,
Least-square curve fittin Figures in Appendix F
and G showed that th he form of

5.1
where A and B are constants, s ',_ ation velocity constant which is

equivalent to k in Leva's equa of A approach zero, log-normal

plot of Xi/Xio véfsus—time vt be a St bt iR e A 1e of these constants

'R,* r X
obtained from regresﬂm abie 5.3, and Figure 5.1 are

graphs calculated from Iia le 5.3. All curyes of particle smaller than 44 pm are

e B AV B G rtoncsr

correlation of de?ermmatlon 2. ¢

VAR NI Mo
the column height as well as particle size were increased with a decrease in
superficial velocity, for example, as seen in Appendlx G2.1, G2.2 etc. This so-
called "lag-phase" phenomena caused a delay in particle removal at small time such
as 1 minute, and when these phenomena occurred, regression was done at the
point where Xj/Xj, started decline. It is noted that in series of U3, initial data at

time of 1 minute was not collected to avoid start-up phenomena. However, after
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Table 5.3 Value of constants and coefficients of dete m regression analysis
gas velocity u-3 u-5
freeboard height| H1 H2 H3 H4 H5 H5 H1 H2 H3 H4 H5
60-80 mesh z
A=| 0.066 0.014 0.168
B=| 0934 0.986 0.832
k=| 1551 -0.367 -0.553
m2=| 0998 0.994 0.994
note : ! ! ! ! ! ! ! !
80-100 mesh
A=| 0.029 0.019 0023 0.018 0.039 0.089 0.049
B=| 0971 0981 0.977 0982 0.961 06.972 63.224
k=| 2037 -1.754 -2.189 -1.532 -1.505 4,722 -4.224
m2=| 1.000 1.000 1.000 0.999 1.000  1.000
note : ! ! ! ! !
100-120 mesh
A=| 0.029 0.033 0.028 0.031 0.033 0.028 0.028  0.030
B=| 0.971 0967 0.972 0.969 49. ) 0.967 0.125 18.902 49.280
k=| -2.0906 -1.826 -1.995 -1.995 -2. 4962 -3.411 -4.163 -4513 -2.830 | -4.962 -1.263 -4.163 -4.513
m2=| 1.000 0.998 1.000 0.999  0.999 égoo 1.000 0999 0.996 0.999 | 1.000 0.971 0999  0.996
note : ' o pta | 5pt. 5pt. 5 pt. !
120-140 mesh 0 ‘ 0
A=| 0039 0026 0.029 0.042% 0.037 o 034 o 046 0.036 0.015 0.028 | 0.059 0.000 0.033 0.030 0.029
B=| 0.961 0.974 0.971 .963 §losa  09644%0985 0972970941 0.859 0588 4.829 1.675
k=| 2112 -1.452 -25f ﬁ’s-] a ﬁ)m 3; WQT’] nsﬂ f(]o EJ 0661 1755 -2.999 -2.720
m2=| 1.000 1.000 1. ooo q 0.953 0.996 0.995 0.965
note : linear 5pt. 5pt. 5 pt.

| = failed from regression analysis

€L
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Table 5.3 Value of constants and coefficients of det m regression analysis (continue)
gas velocity u-3 u-5
freeboard height| H1 H2 H3 Ha H5 H1 H2 H3 H4 H5
140-200 mesh .
A=| 0.054 0.081 0.057 0.064 0.033 0.000 0.072 0.062 0.087
" B=| 0.946 0.919 0943 0.936 0.402 0915 0.928 0.938 0.913
k= -1.435 -1.585 -2.112 -1.091 -1.308 -0.490 -0.842 -0.751 -0.701
m2=| 0999 0996 0.994 0.992 0.964 0926 0.987 0.990 0.948
note : ' 5pt. 5 pt.
200-325 mesh
A=| 0.025 0.026 0.022 0.026 0.000 0.000 0.000 0.000 0.000
B=| 0975 0974 00978 0.974 0.172 0490 0.821 0.809 0.918
k= -1.415 -1.359 -1.519 -1.284 -0.312  -0.194 -0.351 -0.360 -0.346
m2= 1.000 0.999 0.999 0.998 0.742 0.990 0.944 0.936 0.967
note : Spt.lin  4ptlin  linear linear linear
325- mesh
A=| 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B=| 0.866 0.924 0.739 0.728 1.039 1.035 1.052 00988 0.964
k=| -0.888 -0.796 -0.777 -0.711 -0.119  -0.126 -0.121 -0.109 -0.126
m2=| 0980 0.992 0.932 0.935 0.952 0960 0.895 0.913 0.761
note :

! = failed from regression analysis

ARANTAUNNIINYAY
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Curve fitting : 20-40 mesh

Xi/Xio
10.000 +

time (min)

0.100 -

0.010 =~

- fld IRV AR 3w

RTINS %“ﬁnuﬁ'lﬁiu

Figure 5.1a Effects of height of fluidized bed column and superficial gas
velocity on elutriation rate of particle class 20-40 mesh
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Curve fitting : 40-60 mesh

Xi/Xio

10.000 ~

0.100 A

0.010 -L

1.000 g% e O 7 = 2 I ENNESE H

time (min)

BN ITRENEanS o
RIS AR

4 O U5-H1 O Us-H2  *O¢ U5-H3

Figure 5.1b Effects of height of fluidized bed column and superficial gas

velocity on elutriation rate of particle class 40-60 mesh




Xi/Xio
10.000 -~

1.000 »

0.100 -

0.010 -

| 0.0 1..0 2.0 ’r 3.0
- EUD SRR o
AR AL

X U5-H1 X U5-H2
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Curve fitting : 60-80 mesh

2

/_‘

<L AN,

aghe
TR IR T YR, rrmony g, v T

A NN
o

K‘i&j - B

m time (min)
3 4.0 5.0

5-H3

Figure 5.1c Effects of height of fluidized bed column and superficial gas

velocity on elutriation rate of particle class 60-80 mesh
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Curve fitting : 80-100 mesh

Xi/Xio
10.000 +

o, - time (min)

0.100 ~

B T r e rrr
e T

0.010 -~

" %Hu ﬂ’m ﬂm %Ii Q'ﬂ iO- U3-H5
R GIR ERY

'a

—Sab)

q -0 U5-H1 X UsH2 -

Figure 5.1d Effects of height of fluidized bed column and superficial gas
velocity on elutriation rate of particle class 80-100 mesh
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Curve fitting : 100-120 mesh

0.0 1.0 2.0 3.0 4.0 5.0

.\ I/ time (min)

ﬂ

0.100 ~

;.El

0.010 | Xi/Xio m
ﬂuum RININYART = wre
qiﬂﬁmﬂiﬁiuﬁ*‘hwﬁ ;;[

U5-H1 A Us5-H2 5-H5

Figure 5.1e Effects of height of fluidized bed column and superficial gas
velocity on elutriation rate of particle class 100-120 mesh
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Curve fitting : 120-140 mesh

0.100 -~

| W.

SXIXCXO O

/

0.010 LXirXio m
AU INITINTARG = oo
RS R R

q -0- U5-H1 -B Us-H2 X USH3 X

Figure 5.1f Effects of height of fluidized bed column and superficial gas
velocity on elutriation rate of particle class 120-140 mesh
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Curve fitting : 140-200 mesh

) : | : . time (min)
1.000 1 T T T i
0.0R 5.0

0.100 ~

0.010 A Xi/Xio m

A A RUIATIRT « v

“ s

LRI R el eI

| Figure 5.1g Effects of height of fluidized bed column and superficial gas
velocity on elutriation rate of particle class 140-200 mesh



Curve fitting : 200-325 mesh

0.0 1.0 2.0 3.0 4.0 5.0

time (min)

0.100 ~

o0 e

s e o XK X

L7

fi ®
0.010 L Xi/Xio Eﬂ \.
‘ o Q/
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Figure 5.1h Effects of height of fluidized bed column and superficial gas
velocity on elutriation rate of particle class 200-325 mesh
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first investigation of U3 series was performed, question was arisen on this lag-
phase tendency of 212.13 um cut size at H4 and H5 (Appendix F1.4 and F 1.5)
which lead to the collection of data at 1 minute time on later experiment. Due to the

above reasons, direct comparison of equation constants could not be done, except

for particle of smallest size which folloy ' der rate correlation.

It can be seen fro h G3 that as gas velocity
decreased and column h 3d the lag-phase phenomena are more -
pronounced with the in I - \*0\'3 oups. That is, for series of
velocity U5 the lag-pha 45 um fractions or larger
cut size whereas series - o cdwithyparticles 136.47 um or
larger cut size. Based on el ofwelocity, it may probably
conclude that the lag-phas or particles driven at velocity
U3. ; Ty -a-“ -fﬂ =

The constant i equ _ ¥6.be function of particle size,
superficial gas veloc %""" """_'"Z"'"_———""'—":'s omena of 88.15 um
particle group (Figure 5&) V
of other groups of particlegone could concludg as follows:

for 1argeﬂ ‘H:&L’% %Ezl 'ﬂ j W EI ’] ﬂ ‘j

- there was an initial sudden lo§s of particlessfrom the system.in an optimal

reigh aRphbtd Ghhdlcoh bd el e b vd ik &b

effects of partlcles size, gas velocity and height of column. In this range, the

whﬁ considering behaviors

velocities used were high, particles size and height of column were small.
- as the gas velocity was reduced and column height as well as particle size
were increased, particle loss process reflected a significant change in which the lag-

phase phenomena appeared for the first minute of fluidization, after that plateau
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was reached the combined effect was further developed. However as the plateau
level was changed and finally no particle loss from column.
for small particles (<88.15 pm)

- combined effect resulted in the opposite direction to the previous events

of constant A approach z

- abnormal behavi s surprisingly found in the latest group in
that the curve of U3 an fe superimposed and, differed far away from

US series curve whose £4h¢ lige 1s,much, smallé Normally slope of U4

pUm in this system inVeﬁg oxmants, Ejeo Or BW/A, of

various particle cut sizes v%er&calculated and &1}mmarized in Table 5.4.

AUEINYNINYING
* MWTRINTUNRINYIA Y

5.2.1 Effect of superficial gas velocity

Elutriation characteristics have been reviewed b)l' scv.eral authors (5,11,12)
and it may be concluded that elutriation rate above TDH is affected very strongly
by the gas velocity but not the bed hydrodynamics, i.e. minimum fluidized
velocity, bubble size or bed internals etc. In this experiment, superficial gas

velocities introduce the same effect as one can see when compared the elutriation
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Table 5.4 Estimated elutriation rate constant (kg/m?s) and total elutriation
rate (kg/m?s) from Wen and Chen's correlation, calculated via
ENTRAIN.exe

average
particle size

(um)

22.00
57.45
88.15
114.56
136.47
163.77
212.13
325.96
601.04

us
E. F,

4.745  0.870
4.867  0.302
4.298  0.111
3.396  0.262
2.508  0.257
1371 0.124
0.000  0.107
0.000  0.167
0.000  0.054

AULINENINYINS

ARIAATUAMINYAE
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rate characteristic of each particle class with different gas velocity, Figure 5.2
(extracted from Appendix F1.1, F2.1, and F3.1). It is expected that only particles
with terminal velocity, see Table 4.1, lower than superficial gas velocity could

elutriate from the system. Experimental results clearly shows this effect, that is

used, Appendix F.
At the beginning, i anfied to study the effect of gas velocity from

0.7 to 1.2 m/s, but som i eTY 1d. when Operation was carried out

5.2.2 ﬂ

Thorouﬁll) jm a'ﬁiﬂﬂ I]IJ jsly shows that the
freeboaﬁme‘ a) q ]fT ﬂ the height
that fall imrange of calculdtedﬁ mowemdn mﬁ'j t ol entramment

was established especially at the freeboard height of 0.5-m, as seen from Appendix
G1.1, G2.1, G3.2 and G3.6. Increase in elutriation rate was probably due to -
ejection of coarser particles during bubble break and the freeboard height was
sufficiently low. Opposite effect was found at H5 for particle class of 100-120

mesh, Appendix G3.3, when height of bed was long enough, the coarser particles,
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Figure 5.2 Effect of superficial gas velocity on elutriation rate of ocimum
seeds powder
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for a specified superficial velocity, trend to stabilize in the bed. This phenomena
can also investigate from Appendix G3.2.
Lag-phase phenomena was found only at freeboard height above 1 m

(Appendix G2.1, G2.2, G2.1, G3.3 and G3.4). It seemed to be the transitional

stage between elutriation and stabiliza articles in the bed.

Height of freeboard pio tremely fine particle, as seen

.-J

Wd was invarient.

in figure 5.1i, elutriation r

5.2.3 Effect
It was previo ) that elutriation rate
constant would reach a€ ddition, formerly Leva

(5) was reported that Ej& 0 s~f: ase whe concentration was more

considered as extre

about 40-50%.

;

In this experimeunt, the behavior of fine particleé']lmaller than 88.15 um)

tend to follow first-orde r‘ ashion ¢ ei‘(ﬂgﬁ 1 .1i. Intermediate
-size particles (1 ﬁﬁﬁﬂﬂﬁ tend't tfi]tf]a'jﬁsly at the beginning
of Operzﬁwtfﬁnﬁ ﬂwﬁ%ﬂa\)ﬂwﬂTﬁﬂﬁbmed to
their lowecontent in original powder, see Table 3.5, in which most of these

intermediate-size particles were removed with only trace amount, but significant,

left in the system after elutriation had begun.

5.2.4 Evidences of particle-particle interaction
Most of models previously reported on entrainment and elutriation on one-

kind powder bed were based on tlie assumption that there was no particle
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interaction and elutriation occurred at superficial gas velocity larger than particle
terminal velocity. In this study several compelling evidences indicating particle-
particle interaction were noted as follows;

a) in general, elutriation of intermediate particles would decrease

b) even at superfi

‘ article terminal velocity,
intermediate-and coars i 1ie tenc \w\o\ emain in bed. In addition,
elutriation rate constant c‘i\ (perimentally obtained is much
- lower than calculated valuyg. | 5 \

¢) bed hydrodyna 1ght havesig - ' finfluence on elutriation rate
especially at the initial stage of o peration.. .

d) as already mentioned th at powder miture in tﬁis system
consisted of three : -‘ch is the swellable
substance. Even of a sl : bout 5@ content, it may behave

as binder and produce effegt on fluidization. Y,

5.2.5 FﬂduﬂnQnmeﬂtmau}ﬁlo;lﬂ;

2 ¢ F= o/
AWTANTIWNRIINYINY
Deyiation of elutriation rate from first order correlation found in this

experiment may be explained on the basis of the following properties;

5.2.5.1 Slug flow characteristics
As discussed earlier, observed minimum fluidizing velocity of this system
was far greater than the predicted value. In addition, ocimum seed powder

characteristics could be classified into Geldart's group A powder, i.e., Ps-Pg =




-

1400 with the average particle diameter of 150 pm (see Figure 2.7). Thus, slug
flow was thus most likely to occur in the initial stage and actually it did take place,
under visual inspection. After slug flow and cloud of particles had been carried
upward to freeboard, fluidization changed to normal bubble type. As particles
cloud was slowly rising, large par ' ! alling back into bed meanwhile the

orted &)té size particles to flow over
N wemmoved from' system. This

] \;n se ofapid drop down behavior of
ontl \\«\\\\ he short period time of

applied force from air f ' ficles could'be dispersed from the cloud

continuous applied force sti

until they reached the ou

. antc

sufficiently provides an ey

intermediate. size parti
- through out the loose ph hereas the intermediate ones could
shut down. This results in a

not and still remain in cl

delayed effect or lag-phase p ngimena beca termediate particles fell back into

the bed whereas fine partic alre emoved from system during

dispersion stage. - — — : 3
rﬁystem
Deviation fror ﬁﬁjﬁ eﬂtgﬁ Ej@jﬁﬁljcn handling with
multi-size one-Ki ﬂ r bed'a H d by ian'e nkell (21) as seen
e It
ATIVTEIR Y
1
q Tio'

Dkl Elutmttion of mulii-size powde

= bekt+ (1+b)ekyt

In this study similar characteristics could be seen as in Figure 5.3, however, for
the most part, intermediate size particles have the higher rate than finest particles
which deviated from Hanesian and Rankell's study. This may be due to its unique

L]

nature of multiple-kind powder bed system.
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Figure 5.3 Example of ocimum seeds particie ‘rate characteristic curves
represent :the behavior of multi-size powder bed (extracted
from Appendix E)
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5.2.5.3 Effect of particle-particle interaction
Another reason contributing to the increase in elutriation rate of intermediate
size particle was the effect of particle-particle interaction. According to Geldart et al

(22), as elutriation was operated with two-kind powder bed. It was found that the

revealed 3 different spegies *-u with highly possible
existence of interparticlefiteraCtions _ \. peration. This was clearly
confirmed by the precedi ental.ze dicated that fine particles
seems to play an impoﬁ i | tudied. This effect may possibly

involved in elutriation pro ' art brought about an increase in removal

5.2.6 Elutrn Ol

Though, in wf 0d del failed to fit with

experimental results, bm'tedns of basic concept, upwarmlow of particles is still
the function of g i 55 mn height or the
height that couﬂﬁﬂ ﬁ ﬁ?ﬁl uﬁﬁjﬂ is system which
dev1ates&>WﬁlmﬁTm ﬂ:ﬁﬁﬁrﬂﬂ M'T augn S5.1or

Xm = B(Xl + AX]Q) (5 2)

This equation was found to be in good agreement with experimental results,
especially for intermediate size particles. The constant BAXj,, is responsible for the
factor contributed to the sudden drop down of curve in the initial stage and was
strongly influenced by bed hydrodynamics. For extremely fine particles, this term

may be neglected since elutriation rate depended mainly upon superficial velocity
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and first order rate relation got in place. However, failure in prediction of
elutriation rate constant from proposed equation was obtained which might be due
to the unique complication of ocimum seed powders. The elutriation rate constants

of fine particles fell into the range of 0.0015 to 0.015 kg/mZs, the later is the upper

Sied particles are in the

range of 136.47 um cat'size or larger, itcan be seerﬂ'om figure in Appendix

F3.5, height ofﬁdﬂeﬂ ﬁ‘s nfr t' U ﬂniﬁ Operating time
can be calculate@lfrom initial mass ractlon or welght 0 lest group and its
tore G WARY ﬂ“‘mﬂ‘ﬂ IIN NI

particles {8 slowest and time used in operation is 16 minutes or more.

Thorough examination of experimental results and above example,
classification of ocimum seed powder could be done by this method. Gas velocity
seems to have more effect on classifying than height of column. In this system the
lower column height at H1 and H2 are not sufficient for separation process
because, at the level lower than H2 or TDH, intermediate particles have higher

removal rate especially at i‘ni‘tial stage. From the level of H3 or upper, results of the

i
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same gas velocity operation produce a little effect on élassiﬁcation, but adjustment
of gas velocity leads to a significant separation capacity.

To design a fluidized bed for ocimum seed powder in batch processing by
mean of elutriation method, it is suggested that height of column should be 1 m or

higher. Although empirical correlati t be developed at this time, for a

specified size range of parti rate characteristics 'in this

—
experiment may be used aE@.\_ ine in Was velocity and column
height. It is provided that wld be \-\wwr o verify its validity.
N . the rate characteristics
of particles while invesuati e, ¥ ‘

; . MRE BN G
@ (S8 4
es dre 10st from system. After that only fine

In batch processi
ty since within first few

“ minutes almost remova

i ., ' *z:f:' - L
particles gradually elutriatgfan sy‘ast 1 becomes unchanged when all of them are
.aifs.rfﬁ dia
exhausted from the column. Fhigiteiriinal phenomena can be directly observed if

column body is made of transparetit” natetiale Analysis of particles in the left

h d will d ‘-.-‘--:r!-r FA O R—eA P Ak et I P
unchanged will de v P

; :

B, 1y 1) (111017 A
e R T T AN TR

energy cotisumption. Nevertheless, estimation of power consumption in this case

rating time is also

determined by this meth’zﬁi. -

from mechanical energy balance was performed (11), according to the experimental
conditions (i.e., U=1.15 m/s, H=1.5 m) and 60 % blower efficiency. It was found
that about 0.4 hp or 300 watts would be consumed for this operation. Based on
experimental data, for each batch of operation, it took about 30 minutes time to
yield about 300 g of product, only approximately 0.15 kw-hr energy was required

see detail in Appendix H.This quantity of energy is therefore in the acceptable
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range on the basis of production cost judgment . In fact, the actual power
consumption might be lower than calculated above because of particles being
continuously elutriated from system during operation. Furthermore, this process

was partially proved to be consumcd less time than some others. In addition, when

classification.

ﬂ‘IJEI’J'ﬂEWlﬁWEI'm‘ﬁ '
ammnimumawmaﬂ
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