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TABLE 1 

Experimental variables 

Bed material glass beads, density of material 2 3 X 
lo3 kg m-3 

Run Cone angle 
No (deg) 

Bed height 

(cm) 

Particle 
dzame ter 

(mm) 

1 10 92 10 
2 30 10 7 15 
3 45 13 0 20 
4 60 15 4 25 
5 - - 30 

subsequent runs the particle size as well as 
the fixed bed height were altered The above 
procedure was repeated for other cones The 
experimental variables are listed m Table 1 

DEVELOPMENT OF THE CORRELATION 

On the basis of Ergun’s equation [14] and 
Baskakov and Gelperm’s modlflcatlon [ 61 for 

cone geometry, Suryanarayana et al [8] 

obtained an equation to predict the mmlmum 
fluldlzatlon velocity from the bed pressure 
drop for a cone of apex angle 10” and water 
as the fluld passing through the bed. Using a 
similar approach, a packed bed pressure drop 
equation for conical beds was developed by 
the present authors for gas-solid systems 

[I21 

AP, = cos -‘37 17(tan a)-’ 47 
21 

P(1 - epa)2 x 

& dp2% 

x 5 (R - R,)V, + 0.75 Pf(l - fpa) X 
R gc +,,a3 

X $(R”--Ro3)Vo2 
t 

(1) 

Applying the above packed bed equation 
to the situation at the onset of fluldlzatlon, 
the equation becomes 
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Fig 1 Predlctlon of G,f from a Ap-G plot (bed height effect) Bed height 0, 9 2 cm, A, 10 7 cm, l , 13 0 cm, 
A,154cm 



6---c kgim’h 

Fig 2 Prediction of G,, from a Ap-G plot (particle 
size effect) Particle size 0, 1 mm, A, 1 5 mm, l , 
2mm,A,25mm 
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37 l’l(tana)-04’ 
PO - %d2 x 

eOp2qm 

X % (R -R,)V,,~+ 0.75 
Pi u- Epa) 

g&E,,3 
X 

X $ (R3 - Ro3w-Omf2 
I 

(2) 

A.P,, may also be written as 

@III, =hlf(1--E,f)(Pp-Pf) (3) 

Expenmental values for the mnumum 
fluldlzatlon mass velocity, Gmt, were obtained 
from the pressure drop versus fluid mass 
velocity plots. Representative plots of Gaf as 
a function of static bed height, particle size, 
particle density and cone angle are given m 
Figs. 1 - 4, respectively. The linear fluid 
velocity correspondmg to the mmlmum 
fluldlzatlon condltlon, Vomf , was calculated 
from Gmf and the fluid density. 
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Fig 3 Predlctlon of G,f from a Ap-G plot (particle density effect) Bed material 0, mustard seed, A, glass beads, 
l , sago Cone angle = 10” for each case 
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TABLE2 TABLE 2 (sontznued) 

Comparison of mmlmum fluldlzatlon velocity m 
conical vessels Run h, (cm) vo, ml vo, exp Devratron 

No (ems-l) (ems-I) (%) 

Run h, (cm) Devzotron 
No 

Cone angle = 10” 
dp=lOmm 

1 92 
2 i0 7 
3 13 0 
4 154 

dp=15mm 
5 92 
6 107 
7 130 
8 15 4 

dp=20mm 
9 92 
10 10 7 
11 13 0 
12 154 

dp=25mm 
13 92 
14 10 7 
15 130 
16 154 

dp=30mm 
17 92 
18 107 
19 130 
20 154 

Cone angle = 30" 
dP=lOmm 

21 92 
22 10 7 
23 130 
24 154 

dp=15mm 
25 92 
26 10 7 
27 130 
28 15 4 

d,=2Omm 
29 92 
30 10 7 
31 130 
32 154 

d,=25mm 
33 92 
34 10 7 
35 13 0 
36 154 

dp=30mm 
37 92 
38 10 7 

5292 54 25 245 
5512 6900 -2012 
58 55 7161 -18 24 
6247 7595 -17 75 

97 44 9114 6 91 
10138 97 65 3 82 
107 56 9982 7 20 
11406 108 5 5 12 

14581 12369 17 88 
15164 12803 18 44 
160 97 138 88 15 91 
16948 160 58 5 54 

177 83 149 53 18 93 
185 60 154 07 2046 
196 21 18011 894 
207 55 19964 3 96 

21560 156 24 40 55 
22860 167 09 3681 
24160 195 30 23 71 
25569 19964 2808 

5209 56 7 -813 
57 35 60 48 -518 
63 25 63 31 -0 09 
6946 68 04 2 09 

92 59 8505 8 87 
10023 94 50 606 
109 64 10395 5 47 
12011 11340 5 92 

1381 120 96 1145 
14446 13041 1077 
157 59 149 31 5 55 
17113 160 65 6 52 

154 33 14175 8 87 
16447 16632 -111 
17941 18144 -112 
194 36 19313 0 33 

17690 17199 285 
188 91 173 88 8 64 

(contwzued) 

39 130 
40 154 

Cone angle = 45" 
dP=lOmm 

41 92 
42 107 
43 13 0 
44 154 

dP=15mm 
45 92 
46 107 
47 130 
48 154 

dp=20mm 
49 92 
50 107 
51 130 
52 154 

dp=25mm 
53 92 
54 107 
55 130 
56 154 

d,=30mm 
57 92 
58 107 
59 13 0 
60 154 

Cone angle = 60” 
dP=lOmm 

61 92 
62 10 7 
63 130 
64 154 

dP=15mm 
65 92 
66 10 7 
67 130 
68 154 

dP=20mm 
69 92 
70 10 7 
71 13 0 
72 154 

dp=25mm 
73 92 
14 107 
75 13 0 
76 15 4 

dp=30mm 
77 92 
78 107 
79 13 0 
80 154 

20640 193 73 6 54 
222 77 22680 -178 

52 77 56 70 -693 
5805 6615 -12 24 
6634 7087 -6 39 
7168 1020 -2973 

7153 104 88 -3207 
8157 114 0 -2845 
88 79 12996 -3191 
9688 1596 -39 30 

127 6 129 96 -182 
13333 14592 -863 
15196 17100 -1113 
165 91 18996 -1126 

17190 17100 0 53 
184 75 20064 -792 
21143 239 40 -1168 
218 58 26222 -1664 

19602 207 48 -5 53 
21063 22800 -7 62 
23173 25008 -7 34 
25078 29640 -15 39 

4307 67 29 -3599 
47 18 71 24 -33 77 
5311 7916 -3291 
59 13 94 99 -37 78 

76 51 93 0 -2272 
82 71 112 0 -2615 
9247 1300 -2887 
10183 134 0 -2443 

103 05 112 0 -7 99 
11090 138 5 -19 93 
12308 148 4 -1706 
13510 1860 -2737 

12514 152 38 -17 88 
13495 162 28 -17 34 
149 2 18009 -1715 
16297 197 92 -1765 

175 52 21: 00 -1912 
188 88 227 59 -1701 
20847 257 27 -1897 
226 71 29685 -2363 



G - kg/m’ h 

Fig 4 Predlctlon of G,.,.,f from a Ap-G plot (cone 
angle effect) Cone angle 0, lo”, A, 30”, 0, 45”, A, 
60” 

RESULTS AND DISCUSSION 

Values of the muumum fluidizatlon velocity 
calculated with the help of eqns. (2) and (3) 
were compared with the experimental values 
for a number of cases. The deviations he 
within +25% for most of the cases (Table 2). 
The mean and standard deviation calculated 
for about 80 experimental points were found 
to be 14.20% and 21.5276, respectively. 

CONCLUSION 

The equation developed here can be used 
for the prediction of the mmlmum fluidiza- 
tion velocity of spherical particles of different 
sizes m cones of varying angles, with au as 
the fluid medium. The equation has also been 
tested for a few other spherical particles, such 
assago(p,=130kgm-3,d,=15mm)and 
mustardseeds@= 1.10kgm-3,d,= 1.5mm); 
it was found that the calculated values agree 
fairly well with the experimental mmimum 
flmdlzatlon velocity values. 
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APPENDIX A NOMENCLATURE 

D 

Do 

@Ill, 

R 

Ro 

R mf 

diameter of cone at any bed height (cm) 
diameter of cone at entrance of bed 
(cm) 
particle diameter (mm) 
Newton’s constant (kg m kgf-’ he2) 
static bed height (cm) 
mass velocity of fluid (kg me2 h-‘) 
mass velocity of fluid for mmimum 
fluidlzation conditions (kg m-’ h-‘) 
calculated value of bed pressure drop 
(kgf mm2) 
bed pressure drop for mmlmum fluidlza- 
tlon conditions (kgf mA2) 
radial distance from apex of cone to 
terminal point (m) 
radial d&ance from apex of cone to 
bottom of bed (m) 
radial distance from apex of cone to 
terminal pomt correspondmg to mini- 
mum fluldlzation conditions (m) 
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vo linear velocity of fluid (cm s-l) 
V Omf linear velocity of fluid for mmlmum 

fluldlzatlon condltlons (cm s-l) 

Greek symbols 
a! apex angle of cone 

E mf porosity at mmlmum fluldlza- 
tlon condltlon 

%a porosity of packed bed 
P vlscoslty of fluid (kg m-l h-‘) 
Pf density of fluid (kg m-3) 

PP den&y of particle (kg mP3) 




