
APPENDIX I 

Experimental Results of Two phase Bubble Column 

A -Results of Gas Hold-Up: 

A1-Without cooling tubes 

Table A-1 

Superficial velocity UG cm/sec Gas holdup £G 

0 0 
1.3 0.029 
2.3 0.06 
3.2 0.09 
4 0.1 

4.5 0.1 
4.8 0.12 
5.2 0.11 
5.8 0.16 
6.4 0.136 
7.2 0.15 
8 0.17 

8.8 0.18 
9.4 0.21 

A2-With cooling tubes 

Table A-2-1 (13 cooling tubes) 

Superficial velocity UG cm/sec Gas holdup £G 

0 0 
1.4 0.03 
1.7 0.05 
2.6 0.065 
2.9 0.064 
3.5 0.082 
4 0.082 

4.5 0.1 
5 0.1 

5.5 0.115 

5.8 0.125 

6.8 0.159 
7.2 0.162 
8.1 0.178 

o b e i k a n d l . c o m



Table A-2-2 (24 cooling tubes) 

Superficial velocity UG cm/sec Gas holdup £G 

1.8 0.05 
2.5 0.05 
3.1 0.065 
3.6 0.064 
4 0.082 

4.2 0.1 
4.8 0.11 
5.1 0.122 
5.4 0.186 
5.8 0.13 
6.2 0.159 
6.5 0.16 
6.8 0.173 
7.5 0.12 

Table A-2-3 (35 cooling tubes) 

Superficial velocity UG cm/sec Gas holdup £G 

0 0 
2.3 0.01 
2.9 0.07 
3.5 0.08 
4 0.08 

4.4 0.1 
4.9 0.11 
5.2 0.13 
5.8 0.14 
6 0.14 

6.5 0.15 
6.8 0.16 
7 0.18 

7.4 0.18 
7.6 0.18 
8.4 0.19 

o b e i k a n d l . c o m



Table A-2-4 (46 cooling tubes) 

Superficial velocity UG cm/sec Gas holdup £G 

0 0 
2.15 0.03 
2.8 0.065 

3.8 0.071 
4.3 0.088 
4.8 0.082 
5.2 0.12 
5.6 0.12 
6 0.15 

6.4 0.147 
6.8 0.177 
7.2 0.191 
7.5 0.2 
7.8 0.22 

8 0.21 

Table A-2-5 (57 cooling tubes) 

Superficial velocity UG cm/sec Gas holdup £G 

0 0 
2.5 0.035 

3.18 0.049 

3.8 0.07 

4.9 0.1 
5.3 0.13 
5.8 0.14 
6.2 0.149 
6.6 0.16 
7 0.153 

7.4 0.16 
7.8 0.16 

8.1 0.16 

8.5 0.17 

9 0.18 

9.5 0.24 

o b e i k a n d l . c o m



B -Results of Axial Dispersion Coefficient Dax,L: 

Bl-Without cooling tubes 

Table B-l 

Superficial gas velocity UG 
Cm/S 

Axial Dispersion coef..Dax,L 
Cm2/S 

2.3 296 
3.2 210 
4.0 217 
4.8 343 
5.8 249 
6.4 278 
7.2 286 
8 118 

B2-With cooling tubes: 

Table B-2-l(13 cooling tubes) 

Superficial gas velocity UG 
cm/s Axial Dispersion coef. DaxL Cm2/S 

1.7 95.92 
2.9 143.12 
4 171.75 

5.5 246.39 
6.8 515.43 
7.2 114.28 
8.1 196.02 

Table B-2-2(24 cooling tubes) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. DaXjL CnWS 

1.8 97.49 
3.1 111.9 
3.6 113.7 
4.2 140.85 
4.8 164.26 
5.1 169.36 
5.4 289.9 
6.2 3282.89 

o b e i k a n d l . c o m



Table B-2-3 (35 cooling tubes) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. DaXtL Cm /̂S 

2.3 110 
4.4 101 
4.9 169 
5.2 160 
5.8 147 
6 334 

6.5 167 
6.8 167 
7.4 67 

Table B-2-4 (46 cooling tubes) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. DaxL Cm*/S 

2.8 113.24 
3.8 132.12 
4.3 116.93 
4.8 818.52 
5.2 261.4 
5.6 261.4 
6 354.11 

6.8 579.8 
7.2 231.9 
7.5 1441.3 
8 450.06 

Table B-2-5 (57 cooling tubes) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax,L Cm*/S 

3.18 49 
4.9 75 
5.3 78.6 
5.8 196 
6.2 109 
6.6 147 
7 264 

7.4 242 
7.8 191 
8.1 177 
8.5 145 

o b e i k a n d l . c o m



APPENDIX II 

Experimental Results of Slurry phase Bubble Column: 

A -Results of Gas Hold-Up: 

Al-Without cooling tubes 

TableA-l-l(Cs=l%) 

Superficial gas velocity UG 
cm/s Gas holdup £G 

4.8 0.11 
5.8 0.14 
6.4 0.14 
7.2 0.15 
8 0.15 

8.8 0.163 
9.4 0.17 
10 0.17 
11 0.18 

11.8 0.22 
12 0.245 

TableA-l-2(Cs=2%) 

Superficial gas velocity UG 
cm/s Gas holdup £G 

5 0.07 
5.3 0.095 
5.8 0.095 
6.4 0.095 
7.2 0.128 
8 0.158 

8.8 0.18 
10 0.195 
11 0.2 
12 0.244 
13 0.264 

83 

o b e i k a n d l . c o m



TableA-l-3(Cs=3%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

6.4 0.18 
7.2 0.17 

8 0.17 
8.8 0.16 
9.4 0.17 

10 0.19 
11 0.2 

12 0.22 

TableA-l-4(Cs=4%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

7.2 0.22 

8 0.22 

8.8 0.23 
10 0.23 

12 0.268 

A2-With cooling tubes 

Table A-2-1-1 (13 tubes & Cs=l%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

4.5 0 

5 0.13 

5.5 0.13 

5.8 0.149 

6.5 0.13 

6.8 0.126 

7.2 0.149 

8.1 0.173 

9 0.173 

10 0.21 

o b e i k a n d l . c o m



Table A-2-1-2 (13 tubes & Cs=2%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

5.5 0.14 

5.8 0.14 

6.5 0.157 

6.8 0.167 
7.2 0.167 

8.1 0.167 

9 0.2 

10 0.21 

10.9 0.24 

Table A-2-1-3 (13 tubes & Cs=3%) 

Superficial gas velocity UG 

cm/s Gas holdup £Q 

0 0 

6.5 0.16 

6.8 0.15 

7.2 0.16 

7.8 0.176 

8.1 0.17 

8.5 0.178 

9.5 0.185 

10 0.193 

10.4 0.198 

10.9 0.228 

11.2 0.22 

11.5 0.21 

o b e i k a n d l . c o m



Table A-2-1-4 (13 tubes & Cs=4%) 
Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

9 0.18 
9.5 0.186 
10 0.16 

10.4 0.18 
10.9 0.2 
11.2 0.2 

11.5 0.24 

Table A-2-2-1 (24 tubes & Cs=l%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

5.1 0.132 

5.4 0.11 

5.8 0.132 

6.2 0.15 

6.5 0.156 

6.8 0.174 

7.5 0.184 

Table A-2-2-2 (24 tubes & Cs=2%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

5.1 0.1288 

5.4 0.134 

5.8 0.14 

6.2 0.149 

6.5 0.164 

6.8 0.175 

7.5 0.165 

o b e i k a n d l . c o m



Table A-2-2-3 (24 tubes & Cs=3%) 
Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 
5.4 0.162 
5.8 0.15 
6.2 0.155 
6.5 0.162 
6.8 0.175 
7.5 0.189 

Table A-2-2-4 (24 tubes & Cs=4%) 
Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 
5.8 0.16 
6.2 0.187 
6.5 0.173 
6.8 0.2 
7.5 0.2 

Table A-2-3-1 (35 tubes & Cs=l%) 

Superficial gas velocity UG cm/s Gas holdup £G 

0 0 
4.4 0.1 
4.9 0.11 
5.2 0.134 
5.8 0.134 
6 0.144 

6.5 0.14 
6.8 0.15 
7 0.16 

7.4 0.16 
8 0.2 

o b e i k a n d l . c o m



Table A-2-3-2 (35 tubes & Cs=2%) 

Superficial gas velocity UG cm/s Gas holdup £G 

0 0 

4.5 0.1 

4.9 0.1 

5.2 0.128 

5.8 0.137 

6 0.15 

6.5 0.14 

6.8 0.17 

7 0.19 

7.4 0.196 

8 0.22 

Table A-2-3-3 (35 tubes & Cs=3%) 

Superficial gas velocity UG cm/s Gas holdup £G 

0 0 
5.8 0.147 
6 0.164 

6.5 0.2 
6.8 0.17 
7 0.18 

7.4 0.2 
8 0.21 

Table A-2-3-4 (35 tubes & Cs=4%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

5.8 0.15 

6 0.146 

6.5 0.178 

6.8 0.178 

7 0.185 

7.4 0.227 

8 0.223 

o b e i k a n d l . c o m



Table A-2-4-1 (46 tubes & Cs=l%) 
Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 
2.15 0.04 
2.8 0.04 
3.15 0.05 
3.8 0.06 
4.3 0.1 
4.8 0.099 
5.2 0.1 
5.6 0.12 
6 0.11 

6.4 0.12 
6.8 0.137 
7.2 0.152 
7.5 0.158 
7.8 0.177 

8 0.21 

Table A-2-4-2 (46 tubes & Cs=2%) 

Superficial gas velocity UG 
cm/s Gas holdup £G 

0 0 

3.15 0.1 

3.8 0.11 

4.3 0.12 

4.8 0.134 

5.2 0.149 

6 0.148 

6.4 0.18 

6.8 0.187 

7.2 0.189 

7.5 0.188 

8 0.22 

o b e i k a n d l . c o m



Table A-2-4-3 (46 tubes & Cs=3%) 

Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 
4.8 0.143 
5.2 0.156 
5.6 0.16 
6 0.168 

6.4 0.173 
6.8 0.173 
7.2 0.19 
7.5 0.193 
7.8 0.25 

8 0.227 

Table A-2-4-4 (46 tubes & Cs=4%) 
Superficial gas velocity UG 

cm/s Gas holdup £G 

0 0 

4.3 0.07 

4.8 0.13 

5.2 0.165 

5.6 0.172 
6 0.15 

6.4 0.184 
6.8 0.172 

7.2 0.19 
7.5 0.199 
7.8 0.215 

8 0.22 

o b e i k a n d l . c o m



Table A-2-5-1 (57 tubes & Cs=l%) 

Superficial gas velocity UG 
cm/s Gas holdup £G 

0 0 
3.18 0.11 
3.8 0.11 
4.2 0.11 
4.9 0.13 
5.3 0.15 
5.8 0.166 
6.2 0.16 
6.6 0.18 
7 0.18 

7.4 0.15 
7.8 0.17 
8.1 0.21 
8.5 0.2 
9 0.25 

Table A-2-5-2 (57 tubes & Cs=2%) 

Superficial gas velocity UG cm/s Gas holdup £G 

0 0 
3.8 0.06 
4.2 0.06 
4.9 0.09 
5.3 0.11 
5.8 0.133 
6.2 0.15 
6.6 0.128 
7 0.147 

7.4 0.176 
7.8 0.196 
8.5 0.23 

o b e i k a n d l . c o m



Table A-2-5-3 (57 tubes & Cs=3%) 

Superficial gas velocity UG cm/s Gas holdup £G 

0 0 

3.8 0.143 

4.2 0.149 

4.9 0.149 

5.3 0.164 

5.8 0.17 

6.2 0.17 

6.6 0.183 

7 0.198 

7.4 0.22 

7.8 0.2 

8.1 0.22 

8.5 0.22 

9 0.24 

Table A-2-5-4 (57 tubes & Cs=4%) 

Superficial gas velocity UG cm/s Gas holdup £G 

0 0 

4.9 0.13 

5.3 0.13 

5.8 0.14 

6.2 0.157 

6.6 0.17 

7 0.16 

7.4 0.168 

8.1 0.2 

8.5 0.24 

o b e i k a n d l . c o m



B -Results of Axial Dispersion Coefficient Dax,L : 

Bl-Without cooling tubes 

Table B-l-1 (Cs=l%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

4.5 157 
5.8 161 
6.4 333 
7.4 229 
8 114 

8.8 114 
9.4 118 
11 52 

TableB-l-2(Cs=2%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. DaxL 
Cm2/S 

5 98 
5.8 147 
6.4 147 
8 92 

8.8 98 
11 124 
13 71 

TableB-l-3(Cs=3%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

6.4 114 
7.2 137 
8 85 

8.8 170 
9.4 298 
10 111 
12 121 

o b e i k a n d l . c o m



TableB-l-4(Cs=4%) 
Superficial gas velocity UG 

cm/s 
Axial Dispersion coef. Dax L 

Cm2/S 

7.2 118 
8 118 

8.8 93 
10 62 
12 77 

B2-With cooling tubes 

Table B-2-1-1 (13 tubes & Cs=l%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

5 471.36 
5.5 117.84 
5.8 174.52 
6.5 314.24 
6.8 242.99 
7.2 65.44 
9 114.28 

8.1 134.8 
10 109.59 

Table B-2-1-2 (13 tubes & Cs=2%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

5.5 523.58 
6.5 132.85 
7.2 87.26 
8.1 114.28 
9 102.25 
10 106.6 

10.9 138.82 

o b e i k a n d l . c o m



Table B-2-1-3 (13 tubes & Cs=3%) 
Superficial gas velocity UG 

cm/s 
Axial Dispersion coef. Dax L 

Cm2/S 

6.8 80.99 
7.8 177.05 
8.1 54.7 
9 117.02 
10 73.5 

10.9 103.64 
11.5 165.39 

Table B-2-1-4 (13 tubes & Cs=4%) 

Superficial gas velocity 
UG cm/s 

Axial Dispersion coef. DaxL 
Cm2/S 

9 100.41 
10 64.48 

10.9 93.8 
12 63.95 

11.5 77.77 

Table B-2-2-1 (24 tubes & Cs=l%) 

Superficial gas velocity 
UG cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

5.1 142.96 
5.4 171.8 
5.8 174.4 
6.5 547 
6.8 87.18 
7.5 53.8 

o b e i k a n d l . c o m



Table B-2-2-2 (24 tubes & Cs=2%) 

Superficial gas velocity UG 

cm/s 
Axial Dispersion coef. Dax L 

Cm2/S 

5.1 168.9 

5.4 169.02 

5.8 130.7 
6.2 87.13 
6.8 87.18 
7.5 89.73 

Table B-2-2-3 (24 tubes & Cs=3%) 

Superficial gas velocity UG 

cm/s 
Axial Dispersion coef. Dax L 

Cm2/S 

5.4 124.98 
5.8 72.5 

6.5 130.8 

6.8 138.7 

7.5 87.18 

Table B-2-2-4 (24 tubes & Cs=4%) 
Superficial gas velocity UG 

cm/s 
Axial Dispersion coef. Dax L 

Cm2/S 

5.8 71.4 

6.2 110.45 

6.5 41.66 

6.8 132 

7.5 68.29 

o b e i k a n d l . c o m



Table B-2-3-1 (35 tubes & Cs=l%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. DaxL 
Cm2/S 

4.4 144.2 
5.2 255.9 
6 132.9 

6.5 149 
6.8 139 
7.4 149 
8 130 

Table B-2-3-2 (35 tubes & Cs=2%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

5.2 101.5 
5.8 104.7 
6 157 

6.5 323.9 
6.8 111.3 
7.4 121.5 
8 55 

Table B-2-3-3 (35 tubes & Cs=3%) 

Superficial gas velocity UG 
cm/s 

Axial Dispersion coef. Dax L 
Cm2/S 

5.8 81 
6 81 

6.5 182 
7 45 

7.4 60.7 
8 56 

o b e i k a n d l . c o m



Table B-2-3-4 (35 tubes & Cs=4%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. Dax,L Cm2/S 

6 44.3 

6.5 81 

6.8 81 
7 55.3 

7.4 81 

8 38.2 

Table B-2-4-1 (46 tubes & Cs=l%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. DaxL Cm2/S 

4.3 197.92 
4.8 81.7 
5.2 214.25 
5.6 179.66 
6 108.9 

6.4 224.58 
6.8 538.76 
7.2 182.38 
7.5 228.56 

8 183.18 

Table B-2-4-2 (46 tubes & Cs=2%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. Dax,L Cm2/S 

3.15 142.9 

4.3 140.78 

5.2 217.8 

6 85.9 

6.4 1093.66 

6.8 554.96 

7.5 605.01 

8 486.43 

o b e i k a n d l . c o m



Table B-2-4-3 (46 tubes & Cs=3%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. DaxL Cm2/S 

4.8 219.25 

5.2 72.52 
5.6 92.04 
6 128.36 

6.4 201.19 
6.8 201.19 
7.5 207.07 
7.8 242.12 

8 242.12 

Table B-2-4-4 (46 tubes & Cs=4%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. Dax,L Cm2/S 

4.3 79.67 

5.2 133.6 
5.6 113.08 
6 75.88 

6.4 195.41 

7.2 79.3 
7.5 138.04 

7.8 207.07 

8 426.06 

Table B-2-5-1 (57 tubes & Cs=l%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. Dax,L Cm2/S 

3.18 72 

4.9 448.9 

5.8 491.3 

6.2 89 

6.6 73 

7 70 

7.4 101 

7.8 85.9 

8.1 68 

9 72.6 

o b e i k a n d l . c o m



Table B-2-5-2 (57 tubes & Cs=2%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. DaxL Cm2/S 

4.9 35.4 

5.8 42 

6.2 39 

6.6 40 
7 649 

7.4 42 
8.1 72 

8.5 78 

Table B-2-5-3 (57 tubes & Cs=3%) 

Superficial gas velocity UG 

cm/s Axial Dispersion coef. Dax,L Cm2/S 

3.8 49 

4.2 62.8 

4.9 127.3 

5.3 140.8 

5.8 158.9 

6.2 95.4 

6.6 85 

7 61 

7.4 93 

8.1 80.3 

9 40.9 

o b e i k a n d l . c o m
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