APPENDIX B

VELOCITY MEASUREMENT DATA

B.1



B.2
Table B-1. Raw Solids Velocity Data for Liquid-Solid Fluidized Bed
with Uniform Distributor at X= 4.0 cm and Y=4.5cm
(Superficial Liquid Velocity = 4.0 cm/sec)

A Vi
{cm/sec) | cm/sec
25.46 8.81
30.18 11.68
32.99 14.55
2433 16.54
33.94 14.54
46.23 21.19
60.42 29.73
24.62 0.98
24.53 7.85
34.80 20.30
44 42 13.52
31.27 11.96
16.70 40.33
27.24 3.89
12.46 38.71
-6.89 ' 22.64




B3
Table B-1 (Continue)

Vi Vex
(cm/sec) cm/sec
33.00 13.59
33.00 13.59
30.25 6.83
30.25 7.80
30.25 6.83
2.81 42.14
15.70 13.73
19.60 12.75
21.38 18.46
25.09 27.99
29.99 21.28
2442 12.70
28.11 . 19.38
40.60 15.46
29.83 32.71
23.26 20.35

28.21 14.59




Table B-1 (Continue)

B4

Ve Vex
{cm/sec) cm/sec
19.44 18.47
27.19 17.47
33.91 16.47
-26.51 0.98
37.85 6.79
31.06 15.53
48.20 16.38
38.61 21.23
28.32 8.79
31.21 6.83
34.80 20.30
22.44 14.64
39.76 3.88
43.53 8.70
39.68 12.58
36.87 9.70
38.77 9.62




Table B-1 (Continue)

B.S

Vs, y Vs, x
{cm/sec) cm/sec
37.71 17.40
27.46 0.98
49.60 6.43
37.83 873
22.71 0.98
19.98 10.90
4543 7.73
25.45 9.78
35.03 3.89
'29.30 6.83
21.67 7.88
2242 15.59
34.04 7.78
23.48 11.74
37.77 13.56
34.00 10.69
33.82 21.26




B.6
Table B-1 (Continue)

Vey Ve

cm/sec (cm/sec)
41.57 13.53
28.32 8.79
47.28 12.54
31.91 21.27
30.16 12.65
26.51 1.96
34.91 13.57
3421 | 4.88
24.53 7.85
41.62 9.67

17.03 2.00




Table B-2. Statistical Analysis on Solids Velocities Data in Table B-1

B.7

For Axial For Radial

component component
Minimum Value -26.51 0.98
Maximum Value 60.42 42.14
Sum 2283.91 1056.66
Mean Value 29.28 13.55
Median Value 30.25 12.67
Variance 180.37 72.82
Standard Deviation 13.43 8.53
Standard Error 1.52 0.97
Valid Observations 78.00 78.00
Total Observations 78.00 78.00
95% Confidence Interval  3.03 1.92




B.8

Table B-3. Frequency Distribution for Axial Solids Velocity from Table B-1

Y, y{cm/sec) Frequency
-37.50 0.01
-25.00 0.01
-12.50 0.01
0.00 0.03
12.50 0.2
25.00 0.47
37.50 0.23
50.00 0.01

62.50 0.00




Table B-4. Frequency Distribution for Radial Solids Velocity from Table B-1

V. . (cm/sec) Frequency
-2.50 0.08
2.50 0.13
7.50. 0.26
12.50 0.31
17.50 0.14
22.50 0.01
27.50 0.03
32.50 0.01
37.50 0.04

42.50 0.00




Table B-5. Raw Solids Velocity Data for Liquid-Solid Fluidized Bed
with Uniform Distributor at X= 4.0 cm and Y= 4.5 cm
(Superficial Liquid Velocity = 6.0 cm/sec)

B.10

Vey 5.
{cm/s) (cm/s)
26.45 6.85
35.96 | 4.86
41.75 0.97
33.04 11.66
-33.12 4.87
-46.40 1.93
35.98 ‘ 1.94
20.21 12.65
36.92 291
40.70 4.84
22.72 34.08
60.37 34.50
52.85 2498
34.88 ' 15.50

28.37 5.86




Table B-5 (Continue)

B.11

V., \'A
{cm/s) cm/s
41.64 8.71

.28.32 8.79
26.42 8.81
22.39 16.55
14.90 8.94
29.30 6.83
16.56 2143
37.87 1.94
23.41 14.63
2793 28.90
29.30 6.83

| 27.35 9.77
29.26 9.75
23.81 3.96
16.04 401
34.09 0.97
24.69 0.08




B.12
Table B-5 (Continue)

Vs - Vex
(cm/s) (cm/s)
29.16 14.58
24.44 11.73
46.39 2.89
-29.35 0.97
34.94 11.64
50.98 16.99
. -29.34 391
-40.71 0.96
53.95 7.70
28.05 22.24
37.86 291
51.13 1.92
-9.92 13.89
-20.78 494
49.16 15.42
23.60 68.83

57.76 0.96




B.13
Table B-5 (Continue)

Vv " Vex
(cm/s) (cm/s)
-33.78 0.99
24.59 3.94
14.16 3.04
29.34 293
31.24 293
-22.68 493
-37.87 291
-21.77 0.99
25.55 2.95
-25.56 1.97
27.46 0.98
31.25 0.98
26.38 10.75
9.77 27.36
20.34 2.10
20.12 0.73

32.18 3.90




B.14

Table B-5 (Continue)




Table B-6. Statistical Analysis on Solids Velocities Data in Table B-5

B.15

For Axial For Radial

component component
Minimum Value -46.40 0.08
Maximum Value 60.37 68.83
Sum 1306.32 652.15
Mean Value 17.19 8.58
Median Value 26.90 4.86
Variance 791.89 111.85
Standard Deviation 28.14 10.58
Standard Error 323 1.21
Valid Observations 76.00 76.00
Total Observations 76.00 76.00
95% Confidence Interval  6.43 242




B.16

Table B-7. Frequency Distribution for Axial Solids Velocity from Table B-5

V,, ,(cm/sec) Fr_e_q. uency
-56.25 0.01
-43.75 0.08
-31.25 0.13
-18.75 0.01
-6.25 0.00
6.25 0.08
18.75 0.38
31.25 0.20

43.75 0.08

56.25 0.03




B.17

Table B-8. Frequency Distribution for Radial Solids Velocity from Table B-5

V. . (cm/sec Frequency
-3.15 0.41 —
3.13 0.26

9.38 0.20

15.63 0.04

21.88 0.04
28.13 0.03

34.38 0.01

40.63 0.00
46.88 : 0.00

53.13 0.00

59.38 0.00




Table B-9. Raw Solids Velocity Data for Gas-Liquid-Solid Fluidized Bed with

B.18

Uniform Distributor at X= 4.0 cm and Y= 4.5 cm (Superficial Liquid Velocity = 6.0

cm/sec, Superficial Gas Velocity = 3.36 cm/sec)

v V., V.,
cm/sec cm/s {cm/s)
40.41 -40.38 1.76
28.55 -28.34 3.54
33.46 29.00 16.70
37.72 32.42 19.28
26.12 25.75 444
36.92 34.31 8.80
-2.32 29.20 2.65
27.50 26.58 7.09
31.27 30.00 8.82
31.51 30.90 6.18
26.52 5.96 25.84
19.07 -15.15 11.59
34.50 32.55 11.44
26.89 -26.73 295
47.06 43.70 17.48




B.19

Table B-9 {(Continue)
\% V., V
cm/séc ({cm/s) cm/s
13.33 -12.82 3.66
10.63 -9.51 4.75
38.42 34.19 17.53
12.68 10.96 6.39
14.83 14.58 2.73
23.76 -23.15 5.34
33.16 20.18 26.32
34.98 -31.53 14.94
37.88 31.52 21.02
18.58 15.18 10.72
28.59 23.79 15.86
21.68 17.76 12.43
18.54 17.99 450
21.21 17.79 11.56
29.36 27.38 10.60
25.09 19.42 15.89
30.05 25.54

15.85




B.20
Table B-9 (Continue)

v V., \A8
(cm/sec) (cm/s) {cm/s)
28.05 2473 1325
16.41 1631 1.81
24.57 19.44 15.02
30.01 27.35 12.35
46.59 46.38 438
56.86 56.70 436
37.92 36.90 8.78
34.50 32.55 11.44
41.23

23.37 22.26 7.12
19.07 -18.88 270
29.41 -29.20 3.54
39.52 -39.52 0.88
2583 -25.77 1.78
30.97 -30.92 177
43.26 -42.94 5.26

24.05




B.21
Table B-9 (Continue)

v V., V.
cm/sec {cm/s) (cm/s)

29.22 29.21 0.89
42.65 -42.07 7.01
38.81 -38.65 3.51
39.96 35.92 17.52
37.02 36.94 2.64
19.76

35.97 27.12 23.62
31.51 28.18 14.09
33.06 14.08 29.92
19.59 5.38 18.84
25.54 17.60 18.48
34.79 32.54 12.31

22.35 22.33 0.89

2941 29.20 3.54




B.22

Table B-10. Raw Solids Velocity Data for Gas-Liquid-Solid Fluidized Bed with
Uniform Distributor at X= 7.5 cm and Y= 9.0 cm (Superficial Liquid Velocity = 4.0
cm/sec, Superficial Gas Velocity = 3.36 cm/sec)




Table B-10 (Continue)

B.23

A Viy Vi x
cm/sec (cm/s) {cm/s)

22.85 -22.72 2.43
20.35 19.53 5.70
19.98 17.87 8.94
18.45 17.99 4.04
36.31 35.22 8.81
15.08 14.87 2.48
12.76 -12.51 2.50
11.65 -10.87 4.18
11.76

10.46 -10.14 2.54
12.27 10.80 5.82
12.76 9.02 9.02
14.41 -13.20 5.77
18.23 -16.30 8.15
18.63 -17.97 490
15.22 -14.86 3.30
10.66 -8.32 6.66




B.24
Table B-10 (Continue)

V VS. Yy VS, x
(cm/sec) {cm/s) (cm/s)
571 . -1.80 5.41
7.84 -5.95 5.10
10.46 -2.54 10.14
8.94 -8.56 2.57
14.45 -10.62 9.80
10.54 -7.45 7.45
9.91 9.32 3.39
16.31 © -13.05 9.78
10.04 -6.67 7.50
15.87 -13.08 8.99
13.69 2.25 13.50
14.13 -11.50 8:21
11.14 7.45 8.28
10.89 -9.19 5.85
15.87 575 14.79
11.30 2.11 11.10

16.53 -8.98 13.88




Table B-10 (Continue)

B.25

\' Viy Ve x
cm/sec {cm/s) {cm/s)
18.88 -13.74 12.94
13.39 -497 12.43
17.61 -9.77 14.65
14.13 -11.50 8.21
14.13 -13.23 496
17.31 -17.23 1.64
16.96 -9.78 13.85
10.22 -8.37 5.86
17.12 -16.39 492
13.48 -8.22 10.69
11.94 -10.84 5.00
15.77 -13.94 7.38
14.73 -13.17 6.59
34.95 32.82 12.01
12.64 12.53 1.67
9.70 -9.35 2.55
7.23 -5.11 5.11




B.26
Table B-10 (Continue)

Vv Vs. ¥ - Vs, x
(cm/sec) (cm/s) {cm/s)
18.04 -18.02 0.82
15.20 14.84 3.30
13.69 -12.40 5.79

12.17 11.70 3.34




Table B-11. Raw Solids Velocity Data for Gas-Liquid-Solid Fluidized Bed with

B.27

Uniform Distributor at X= 7.5 cm and Y= 9.0 cm (Superficial Liquid Velocity =

7.23 cm/sec, Superficial Gas Velocity = 3.36 cm/sec)

v Vv Vi
cm/sec (cm/s) (cm/s)
19.98 -13.72 14.53
11.30 -9.14 6.65
16.96 -13.85 9.78
23.58 -22.67 6.48
19.98 -19.56 4.08
16.66 -11.37 12.18
13.71 7.41 11.53
12.24 -8.24 9.06
16.77 -10.58 13.02
21.41 -8.92 19.46
14.97 10.59 10.59
14.41 13.20 5.77
21.10 -17.80 11.33
12.66 -11.64 4.99

13.32




Table B-11 (Continue)

B.28

v Vey Vox
(cm/sec) (cs) (cm/s)
15.40 14.84 412
10.46 -10.14 2.54
17.61 -16.35 6.54
7.39 -6.02 4.30
29.46 -25.68 14.44
13.35 -13.32 0.83
12.64 12.47 2.08
11.78 -11.75 0.84
19.36 17.91 7.33
18.63 17.97 4.90
13.88 4.14 13.24
14.97 -14.88 1.65
16.37 -15.61 493
20.15 -19.55 4.89
16.63 -16.44 2.47
25.67 25.04 5.65

25.08




Table B-11 (Continue)

B.29

\% V., -V, ,
cm/sec cm/s cm/s
20.62 20.36 3.26
24.47 -24.26 3.23
25.53 -24.22 8.07
12.76 12.51 2.50
15.'}5 -15.67 1.65
23.63 2350 2.43
10.52 -9.23 5.04
13.35 -9.02 9.84
17.21 -14.68 8.97
9.44 -6.67 6.67
14.13 -11.50 8.21
18.96 -18.80 2.45
23.63 -23.50 2.43
15.22 14.86 3.30
27.72 -25.96 9.73
25.09 24.24 6.46
21.10 20.32 5.69




Table B-11 (Continue)

B.30

A Viy Vx
cm/sec (cm/s) (cm/s)
20.62 20.36 3.26
24.47 -24.26 3.23
25.53 -24.22 8.07
12.76 12.51 2.50
15.75 -15.67 1.65
23.63 -23.50 2.43
10.52 9.23 5.04
13.35 9.02 9.84
17.21 -14.68 8.97
9.44 -6.67 6.67
14.13 -11.50 8.21
18.96 -18.80 2.45
23.63 -23.50 2.43
15.22 14.86 3.30
27.72 -25.96 9.73
25.09 24.24 6.46
21.10 20.32 5.69




Table B-11 (Continue)

B.31

\ \& y Vix
cm/sec (cm/s) {cm/s)
16.37 15.61 4.93
14.11
16.88 15.56 6.55
21.41 19.46 8.92
18.45 18.15 3.30
11.96 9.95 6.64
20.15 19.55 4.89
16.16 15.63 4.11
10.46 -10.14 2.54
12.54
16.16 -15.63 4.11
16.37 -4.93 15.61
16.61 -5.74 15.58
12.76 2.50 12.51
15.77 -7.38 13.94
17.87 -491 17.18
15.56 -11.40 10.58




Table B-11 (Continue)

B.32

Vv \A y - Veq
(cm/sec) (cm/s) cm/s
18.63 -17.12 7.34
14.13 14.10 0.83
14.73 -13.17 6.59
19.78 -13.99 13.99
8.48 -5.09 6.78




B.33
Table B-12. Raw Solids Velocity Data for Gas-Liquid-Solid Fluidized Bed with

Central Jet Distributor at X = 23.0 cm and Y = 10.0 cm (Inlet Liquid Velocity =
439.52 cm/sec, Inlet Gas Velocity = 578.88 cm/sec, Inlet Gas Velocity of Left Gas
Inlet = 370 cm/sec, Inlet Gas Velocity of Right Gas Inlet 243 cm/sec)

\Y% Vey Vex

cm/sec {cm/s) (cm/s)

33.76 11.27 31.82

26.45 6.56 25.63

30.25 1.74 30.20

5.15 2.19 4.66

-7.74 -4.92 -5.97

6.54 4.79 4.45

27.62 4.83 27.20

8.51 0.00 8.51

1.72 1.00 1.40

11.92 2.46 11.66

21.07 2.46 - 20.93

14.71 1.17 14.66

-10.87 -0.98 -10.82

-36.05 -4.47 -35.77

9.68 5.10 8.23




Table B-12 (Continue)

B.34

\% V., \'A
cm/sec (cm/s) cm/s
-44.21 -1.19 -44.19
-20.14 -1.12 -20.11
29.78 4.80 29.39

9.06 3.36 8.41
-19.36 -18.36 -6.12
-24.83 -2.25 24.73
9.71 3.83 8.93
8.07 6.46 4.84
10.85 2.51 10.55
-19.15 -18.50 -4.93
5.17 470 2.14
6.65 5.32 3.99
-19.05 -9.60 -16.45
4.95 3.83 3.14
-26.81 -26.75 -1.86
9.25 1.52 9.13
5.14 0.00 5.14




Table B-12 (Continue)

B.35

v Ve -Vix
{cm/sec) (cm/s) (em/s)
10.15 2.16 9.92
12.88 5.29 1175
-24.81 -0.00 -24.81
-22.08 -21.19 -6.23
8.41 0.84 8.37
16.54 3.05 16.26
10.77 3.84 10.07
9.25 4.76 7.93
-15.70 -11.10 -11.10
8.66 5.00 7.08
8.07 2.22 7.76
-16.40 -9.70 -13.23
-22.33 -12.65 -18.40
12.20 4.53 11.33
-20.47 -4.49 -19.98
3.84 3.24 2.06
5.70 5.50 1.50




B.36
Table B-12 (Continue)

\' V., \'
(cm/sec) (cm/s) (cm/s)
5.25 0.94 5.16
4.76 4.70 0.78
-18.55 -6.18 -17.50
-14.21 -7.63 -11.99
-14.25 -10.95 9.12
16.27 1.94 16.15
16.37 1.68 16.28
20.72 0.61 20.71
22.01 4.06 21.64
19.49 2.48 19.33
23.84 8.96 22.10
14.13 1.87 14.01
16.23 0.51 16.22
30.11 2.12 30.04
30.97 0.70 30.96
12.52 1.49 12.43

15.13 279 - 14.87




B.37
Table B-12 (Continue)

A Vey Vex
{cm/sec) {cm/s) (cm/s)
12.75 5.28 11.61
16.50 5.38 15.60
) -19.68 -8.35 -17.82
-22.03 -10.55 -19.34
2.22 1.92 1.13
23.86 10.03 21.65
16.86 7.37 15.17
17.18 - 11.86 12.43
14.77 1.23 14.72
20.43 3.36 20.16
23.35 5.20 22.76
26.81 6.88 2591
12.46 5.93 10.95
33.71 5.86 133.20
27.77 6.87 26.90
-35.25 -28.61 -20.60

14.16 772 11.87




Table B-12 (Continue)

B.38

v Vey Vex
(cm/sec) (cm/s) cm/s
10.96 9.04 6.21
3.88 3.47 1.74
4.55 3.59 2.79
12.19 4.17 11.46
15.94 6.74 14.45
20.39 9.35 18.12
30.04 17.74 24.24
16.69 10.17 13.23
16.59 7.42 14.84
8.27 3.87 7.31
15.31 5.6% 14.22
-15.28 -5.42 -14.29
9.04 6.40 6.40




