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VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Flow Pattern 

8.95 5.88 SLUG 

8.99 3.65 SLUG 

9.02 4.36 SLUG 

9.02 5.37 SLUG 

9.08 3.83 SLUG 

9.12 2.04 SLUG 

9.12 2.13 SLUG 

9.14 2.68 SLUG 

9.16 3.40 SLUG 

8.45 5.72 SLUG 

8.47 5.29 SLUG 

8.48 6.16 SLUG 

7.94 5.41 SLUG 

3.50 4.17 SLUG 

3.57 5.36 SLUG 

3.68 6.68 SLUG 

3.55 6.21 SLUG 

4.23 4.20 SLUG 

4.14 5.37 SLUG 

4.09 6.73 SLUG 

4.23 6.20 SLUG 

5.30 4.19 SLUG 

5.25 5.24 SLUG 

5.24 6.63 SLUG 

5.29 6.27 SLUG 

7.77 6.66 WAVY ANNULAR 

8.99 6.75 WAVY ANNULAR 

8.45 6.95 WAVY ANNULAR 

5.25 19.78 WAVY ANNULAR 

5.32 15.29 WAVY ANNULAR 

5.35 10.91 WAVY ANNULAR 

5.40 17.97 WAVY ANNULAR 

5.42 9.80 WAVY ANNULAR 

5.45 12.83 WAVY ANNULAR 

5.57 11.87 WAVY ANNULAR 

5.95 9.15 WAVY ANNULAR 

5.97 19.57 WAVY ANNULAR 

5.99 14.14 WAVY ANNULAR 
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VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Flow Pattern 

6.07 11.78 WAVY ANNULAR 

6.14 16.81 WAVY ANNULAR 

6.27 7.93 WAVY ANNULAR 

6.72 15.25 WAVY ANNULAR 

6.74 18.10 WAVY ANNULAR 

6.78 10.65 WAVY ANNULAR 

6.78 14.14 WAVY ANNULAR 

6.82 20.28 WAVY ANNULAR 

6.83 7.72 WAVY ANNULAR 

6.86 9.62 WAVY ANNULAR 

6.88 17.50 WAVY ANNULAR 

6.88 12.17 WAVY ANNULAR 

6.92 7.03 WAVY ANNULAR 

6.96 11.59 WAVY ANNULAR 

6.96 8.49 WAVY ANNULAR 

7.41 16.96 WAVY ANNULAR 

7.49 20.51 WAVY ANNULAR 

7.53 14.02 WAVY ANNULAR 

7.63 11.71 WAVY ANNULAR 

7.63 7.92 WAVY ANNULAR 

7.72 9.68 WAVY ANNULAR 

8.02 18.84 WAVY ANNULAR 

8.02 17.66 WAVY ANNULAR 

8.06 20.32 WAVY ANNULAR 

8.08 19.44 WAVY ANNULAR 

8.13 16.90 WAVY ANNULAR 

8.14 15.48 WAVY ANNULAR 

8.14 11.35 WAVY ANNULAR 

8.22 10.84 WAVY ANNULAR 

8.23 14.34 WAVY ANNULAR 

8.28 10.09 WAVY ANNULAR 

8.28 13.22 WAVY ANNULAR 

8.29 7.67 WAVY ANNULAR 

8.31 7.37 WAVY ANNULAR 

8.36 9.84 WAVY ANNULAR 

8.37 7.08 WAVY ANNULAR 

8.38 8.43 WAVY ANNULAR 

8.78 11.40 WAVY ANNULAR 
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VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Flow Pattern 

8.78 16.96 WAVY ANNULAR 

8.88 9.26 WAVY ANNULAR 

8.91 14.59 WAVY ANNULAR 

9.04 7.89 WAVY ANNULAR 

9.05 7.14 WAVY ANNULAR 

9.07 7.40 WAVY ANNULAR 

3.55 7.53 WAVY ANNULAR 

3.57 9.50 WAVY ANNULAR 

3.54 8.45 WAVY ANNULAR 

4.06 7.46 WAVY ANNULAR 

4.09 9.71 WAVY ANNULAR 

4.07 8.58 WAVY ANNULAR 

5.30 7.59 WAVY ANNULAR 

5.20 9.60 WAVY ANNULAR 

5.12 8.62 WAVY ANNULAR 
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Polymerized Water Single Phase Flow Experimental Data 

 

Table 18. Water Single Phase Experimental Data 

WATER 

DP [psi] Average DP [psi] - 1 DP [psi] - 2 Q [gal/min] 

0.625 0.613 0.638 51.33 

0.635 0.616 0.655 54.86 

0.677 0.697 0.657 66.04 

0.692 0.692 0.692 73.92 

0.713 0.706 0.720 75.93 

0.730 0.737 0.723 78.62 

0.736 0.721 0.751 81.50 

0.754 0.762 0.747 84.57 

0.755 0.778 0.733 85.36 

0.761 0.761 0.761 87.38 

0.766 0.751 0.782 99.78 

0.777 0.769 0.785 101.96 

0.815 0.791 0.840 107.85 

0.831 0.806 0.857 110.80 

 

Table 19. Experimental Data for 0.05% PHPA Polymer 

5/10000 PHPA 

DP [psi] Average DP [psi] - 1 DP [psi] - 2 Q [gal/min] 

0.38 0.384 0.376 35.21 

0.40 0.384 0.409 42.43 

0.40 0.393 0.409 54.67 

0.45 0.451 0.442 68.65 

0.45 0.454 0.445 71.50 

0.49 0.479 0.499 74.39 

0.55 0.534 0.556 83.74 

0.59 0.594 0.582 91.64 

0.59 0.608 0.573 91.93 
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Table 20. Experimental Data for 0.07% PHPA Polymer 

7/10000 PHPA 

DP [psi] Average DP [psi] - 1 DP [psi] - 2 Q [gal/min] 

0.50 0.506 0.496 94.80 

0.45 0.440 0.468 87.98 

0.43 0.418 0.435 80.73 

0.40 0.409 0.401 74.49 

0.40 0.399 0.391 67.66 

0.36 0.349 0.363 60.02 

0.35 0.344 0.358 52.60 

0.35 0.352 0.345 42.93 

0.29 0.299 0.282 29.63 

 

Table 21. Experimental Data for 0.10% PHPA Polymer 

10/10000 PHPA 

DP [psi] Average DP [psi] - 1 DP [psi] - 2 Q [gal/min] 

0.69 0.694 0.680 87.54 

0.67 0.646 0.687 92.89 

0.62 0.603 0.628 82.81 

0.57 0.575 0.564 73.84 

0.58 0.586 0.574 66.42 

0.53 0.518 0.540 60.44 

0.53 0.515 0.536 51.29 

0.49 0.492 0.483 41.36 

0.46 0.471 0.444 33.32 
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Polymerized Water – Air Two-Phase Flow Experimental Data 

 

Table 22. Polymerized Water - Air Two-Phase Flow Pressure Data 

Differential 
Pressure 

(Honeywell) 
- Average 

Differential 
Pressure 

(Honeywell) 
- 1 

Differential 
Pressure 

(Honeywell) 
- 2 

Polymerized 
Water Flow 
Rate (gpm) 

Gas Flow 
Rate (L/min) 

0.49 0.47 0.50 51.79 24.19 

0.48 0.50 0.47 51.85 39.52 

0.50 0.37 0.50 51.87 32.51 

0.38 0.39 0.37 63.80 28.28 

0.38 0.37 0.38 76.79 46.93 

0.37 0.36 0.37 76.83 21.96 

0.37 0.45 0.37 76.83 32.45 

0.46 0.48 0.46 88.14 23.13 

0.48 0.48 0.48 88.61 43.85 

0.47 0.49 0.46 88.88 28.98 

0.48 0.47 0.48 88.90 49.47 

0.48 0.48 0.47 96.23 41.36 

0.47 0.58 0.47 96.50 29.41 

0.58 0.59 0.60 110.21 22.45 

0.60 0.59 0.61 110.27 50.69 

0.60 0.39 0.60 110.30 32.09 

0.39 0.37 0.40 64.19 41.59 

0.38 0.38 0.39 64.90 50.45 

0.39 0.61 0.38 65.19 60.93 

0.60 0.47 0.61 110.24 71.54 

0.48 0.58 0.50 96.62 57.88 

0.60 0.37 0.62 110.33 57.88 

0.39 0.48 0.39 77.15 70.41 

0.48 0.49 0.48 52.04 62.00 

0.49 0.49 0.48 52.35 68.47 

0.48 0.47 0.49 53.19 81.13 

0.48 0.42 0.47 53.24 88.10 

0.41 0.38 0.42 64.85 69.66 

0.39 0.41 0.39 65.52 78.41 

0.42 0.49 0.40 65.92 91.87 

0.47 0.48 0.46 89.07 61.30 

0.47 0.50 0.46 90.46 88.83 

0.49 0.46 0.50 90.47 70.97 

0.47 0.57 0.49 90.83 73.36 
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Differential 
Pressure 

(Honeywell) 
- Average 

Differential 
Pressure 

(Honeywell) 
- 1 

Differential 
Pressure 

(Honeywell) 
- 2 

Polymerized 
Water Flow 
Rate (gpm) 

Gas Flow 
Rate (L/min) 

0.59 0.58 0.59 110.37 77.85 

0.59 0.50 0.57 111.25 91.40 

0.49 0.49 0.49 53.80 101.09 

0.49 0.50 0.48 96.60 92.86 

0.49 0.50 0.49 53.43 120.18 

0.50 0.49 0.52 55.21 137.22 

0.50 0.51 0.50 56.05 199.44 

0.51 0.53 0.49 56.17 176.94 

0.51 0.53 0.50 56.21 189.48 

0.52 0.53 0.51 56.43 208.93 

0.52 0.54 0.51 56.50 223.48 

0.53 0.56 0.51 56.57 227.66 

0.54 0.53 0.55 57.37 253.15 

0.54 0.54 0.56 57.64 291.90 

0.55 0.51 0.55 59.83 339.44 

0.51 0.41 0.52 59.99 388.17 

0.42 0.44 0.42 65.94 153.51 

0.44 0.45 0.44 66.24 102.45 

0.45 0.43 0.46 67.08 188.17 

0.45 0.46 0.44 67.36 207.44 

0.45 0.45 0.45 67.44 254.98 

0.46 0.46 0.46 67.98 229.73 

0.46 0.47 0.46 74.23 280.20 

0.47 0.46 0.48 75.38 298.18 

0.48 0.49 0.47 75.77 321.89 

0.49 0.39 0.50 76.31 351.74 

0.40 0.51 0.40 80.26 111.25 

0.51 0.67 0.49 80.55 299.02 

0.65 0.42 0.63 80.58 213.45 

0.41 0.44 0.41 80.88 127.81 

0.44 0.49 0.44 81.03 149.19 

0.49 0.56 0.50 81.12 169.72 

0.57 0.62 0.55 81.19 189.37 

0.60 0.55 0.61 83.66 320.92 

0.56 0.43 0.55 83.78 366.43 

0.42 0.56 0.43 84.34 250.25 

0.57 0.58 0.57 84.68 231.07 

0.57 0.56 0.57 86.02 289.61 

0.56 0.56 0.56 86.73 302.86 

0.56 0.58 0.58 87.20 315.84 
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Differential 
Pressure 

(Honeywell) 
- Average 

Differential 
Pressure 

(Honeywell) 
- 1 

Differential 
Pressure 

(Honeywell) 
- 2 

Polymerized 
Water Flow 
Rate (gpm) 

Gas Flow 
Rate (L/min) 

0.60 0.47 0.59 87.88 351.30 

0.46 0.47 0.46 90.04 199.38 

0.47 0.47 0.47 90.27 100.20 

0.47 0.49 0.45 90.32 216.48 

0.48 0.46 0.49 90.35 146.78 

0.47 0.42 0.49 90.37 178.57 

0.44 0.62 0.45 91.12 108.60 

0.63 0.43 0.64 92.61 337.16 

0.44 0.48 0.43 93.59 266.22 

0.47 0.45 0.48 94.45 149.80 

0.46 0.45 0.46 94.75 306.02 

0.45 0.44 0.45 94.86 218.08 

0.43 0.46 0.43 95.25 262.82 

0.46 0.45 0.46 95.33 263.40 

0.45 0.45 0.46 95.40 249.14 

0.46 0.48 0.45 95.49 193.64 

0.47 0.48 0.47 95.62 170.42 

0.49 0.48 0.49 96.83 112.91 

0.49 0.60 0.48 96.86 127.45 

0.59 0.57 0.60 110.44 99.71 

0.59 0.57 0.60 111.11 109.23 

0.58 0.57 0.58 111.40 115.48 

0.57 0.59 0.57 111.65 336.59 

0.59 0.60 0.59 112.78 141.24 

0.60 0.58 0.61 113.21 194.18 

0.59 0.59 0.59 113.49 213.48 

0.59 0.58 0.60 113.57 265.45 

0.59 0.58 0.59 113.65 169.44 

0.58 0.51 0.60 113.69 251.34 

0.53 0.55 0.52 56.83 446.09 

0.54 0.59 0.54 62.07 416.30 

0.59 0.69 0.57 77.03 414.56 

0.67 0.67 0.67 84.02 420.78 

0.68 0.54 0.70 84.21 510.78 

0.55 0.71 0.56 90.17 421.22 

0.72 0.58 0.70 92.43 411.27 

0.57 0.00 0.56 112.22 428.08 
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Table 23. Polymerized Water - Air Two Phase Flow Flow Pattern Data 

VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Flow Pattern 

4.19 0.52 BUBBLE 

4.20 0.85 BUBBLE 

4.20 0.70 BUBBLE 

5.17 0.60 BUBBLE 

6.22 1.00 BUBBLE 

6.22 0.47 BUBBLE 

6.22 0.69 BUBBLE 

7.14 0.49 BUBBLE 

7.17 0.94 BUBBLE 

7.20 0.62 BUBBLE 

7.20 1.06 BUBBLE 

7.79 0.88 BUBBLE 

7.81 0.63 BUBBLE 

8.92 0.48 BUBBLE 

8.93 1.08 BUBBLE 

8.93 0.69 BUBBLE 

5.20 0.89 BUBBLE 

5.25 1.08 BUBBLE 

5.28 1.30 BUBBLE 

8.93 1.53 ELONGATED BUBBLE 

7.82 1.24 ELONGATED BUBBLE 

8.93 1.24 ELONGATED BUBBLE 

6.25 1.51 ELONGATED BUBBLE 

4.21 1.33 ELONGATED BUBBLE 

4.24 1.46 ELONGATED BUBBLE 

4.31 1.74 ELONGATED BUBBLE 

4.31 1.88 ELONGATED BUBBLE 

5.25 1.49 ELONGATED BUBBLE 

5.30 1.68 ELONGATED BUBBLE 

5.34 1.96 ELONGATED BUBBLE 

7.21 1.31 ELONGATED BUBBLE 

7.32 1.90 ELONGATED BUBBLE 

7.32 1.52 ELONGATED BUBBLE 

7.35 1.57 ELONGATED BUBBLE 

8.94 1.66 ELONGATED BUBBLE 

9.01 1.95 ELONGATED BUBBLE 

4.36 2.16 ELONGATED BUBBLE 

7.82 1.99 ELONGATED BUBBLE 

4.33 2.57 SLUG 

4.47 2.93 SLUG 
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VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Flow Pattern 

4.54 4.27 SLUG 

4.55 3.78 SLUG 

4.55 4.05 SLUG 

4.57 4.47 SLUG 

4.57 4.78 SLUG 

4.58 4.87 SLUG 

4.64 5.41 SLUG 

4.67 6.24 SLUG 

4.84 7.26 SLUG 

4.86 8.30 SLUG 

5.34 3.28 SLUG 

5.36 2.19 SLUG 

5.43 4.02 SLUG 

5.45 4.44 SLUG 

5.46 5.45 SLUG 

5.50 4.91 SLUG 

6.01 5.99 SLUG 

6.10 6.38 SLUG 

6.13 6.88 SLUG 

6.18 7.52 SLUG 

6.50 2.38 SLUG 

6.52 6.40 SLUG 

6.52 4.57 SLUG 

6.55 2.73 SLUG 

6.56 3.19 SLUG 

6.57 3.63 SLUG 

6.57 4.05 SLUG 

6.77 6.86 SLUG 

6.78 7.84 SLUG 

6.83 5.35 SLUG 

6.86 4.94 SLUG 

6.96 6.19 SLUG 

7.02 6.48 SLUG 

7.06 6.76 SLUG 

7.11 7.51 SLUG 

7.29 4.26 SLUG 

7.31 2.14 SLUG 

7.31 4.63 SLUG 

7.31 3.14 SLUG 

7.32 3.82 SLUG 

7.38 2.32 SLUG 

7.50 7.21 SLUG 
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VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Flow Pattern 

7.58 5.69 SLUG 

7.65 3.20 SLUG 

7.67 6.55 SLUG 

7.68 4.66 SLUG 

7.71 5.62 SLUG 

7.72 5.63 SLUG 

7.72 5.33 SLUG 

7.73 4.14 SLUG 

7.74 3.64 SLUG 

7.84 2.41 SLUG 

7.84 2.73 SLUG 

8.94 2.13 SLUG 

9.00 2.34 SLUG 

9.02 2.47 SLUG 

9.04 7.20 SLUG 

9.13 3.02 SLUG 

9.17 4.15 SLUG 

9.19 4.57 SLUG 

9.20 5.68 SLUG 

9.20 3.62 SLUG 

9.20 5.38 SLUG 

4.60 9.54 WAVY ANNULAR 

5.03 8.90 WAVY ANNULAR 

6.24 8.87 WAVY ANNULAR 

6.80 9.00 WAVY ANNULAR 

6.82 10.92 WAVY ANNULAR 

7.30 9.01 WAVY ANNULAR 

7.48 8.80 WAVY ANNULAR 

9.09 9.16 WAVY ANNULAR 
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Water – Air – Cutting Three Phase Flow Experiments 

 

Table 24. Pressure Data for Water-Air-Cutting Three Phase Experiments 

  
  
  

Differential Pressure with ROP = 115 
ft./hr. 

# Water Flow Rate (gpm) Gas Flow Rate (L/min) 

Water 
Experiments 

[psi]  - 
Average 

Water 
Experiments 

[psi] - 1 

Water 
Experiments 

[psi] - 2 

1 61.8 23.5 0.944 0.897 0.991 

2 98.8 23.5 1.033 0.981 1.085 

3 61.8 70.3 0.956 0.889 1.023 

4 98.8 70.3 1.053 1.000 1.106 

5 61.8 234 0.951 0.941 0.961 

6 98.8 234 1.156 1.098 1.214 

7 61.8 421 0.998 0.968 1.028 

8 98.8 421 1.212 1.139 1.285 

 

Table 25. Cuttings Data for Water-Air-Cutting Three Phase Experiments 

# 
Water 

Flow Rate 
(gpm) 

Gas Flow 
Rate 

(L/min) 

Differential 
Pressure 

(Honeywell) 
with ROP = 
115 ft./hr. 

Gas Flow 
Rate 

(gpm) 

VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Area 
Occupied 

by 
Cuttings 

(%) 

Cuttings 
Bed 

Height 
(cm) 

1 61.8 23.5 0.944 6.204 5.00 0.50 41.48 2.90 

2 98.8 23.5 1.033 6.204 8.00 0.50 32.73 2.14 

3 61.8 70.3 0.956 18.5592 5.00 1.50 40.95 2.85 

4 98.8 70.3 1.053 18.5592 8.00 1.50 32.17 2.10 

5 61.8 234 0.951 61.776 5.00 5.00 40.41 2.80 

6 98.8 234 1.156 61.776 8.00 5.00 31.60 2.05 

7 61.8 421 0.998 111.144 5.00 9.00 39.87 2.75 

8 98.8 421 1.212 111.144 8.00 9.00 30.45 1.96 
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Polymerized Water – Air – Cutting Three Phase Flow Experiments 

 

Table 26. Pressure Data for Polymerized Water-Air-Cutting Three Phase Experiments 

  
  
  

Differential Pressure with ROP = 115 
ft./hr. 

# Water Flow Rate (gpm) Gas Flow Rate (L/min) 

PHPA 
Polymer 

Experiments 
- 0.07% [psi] 

PHPA 
Polymer 

Experiments 
- 0.07% [psi] 

- 1 

PHPA 
Polymer 

Experiments 
- 0.07% [psi] 

- 2 

1 61.8 23.5 0.695 0.639 0.751 

2 98.8 23.5 0.777 0.715 0.839 

3 61.8 70.3 0.732 0.681 0.783 

4 98.8 70.3 0.815 0.791 0.839 

5 61.8 234 0.750 0.690 0.810 

6 98.8 234 0.866 0.805 0.927 

7 61.8 421 0.766 0.697 0.835 

8 98.8 421 0.915 0.897 0.933 

 

Table 27. Cuttings Data for Polymerized Water-Air-Cutting Three Phase Experiments 

# 
Water 

Flow Rate 
(gpm) 

Gas Flow 
Rate 

(L/min) 

Differential 
Pressure 

(Honeywell) 
with ROP = 
115 ft./hr. 

Gas Flow 
Rate 

(gpm) 

VsL 
(ft./sec) 

Vsg 
(ft./sec) 

Area 
Occupied 

by 
Cuttings 

(%) 

Cuttings 
Bed 

Height 
(cm) 

1 61.8 23.5 0.695 6.204 5.00 0.50 38.25 2.61 

2 98.8 23.5 0.777 6.204 8.00 0.50 28.09 1.79 

3 61.8 70.3 0.732 18.5592 5.00 1.50 37.71 2.56 

4 98.8 70.3 0.815 18.5592 8.00 1.50 27.48 1.74 

5 61.8 234 0.750 61.776 5.00 5.00 37.17 2.51 

6 98.8 234 0.866 61.776 8.00 5.00 26.87 1.70 

7 61.8 421 0.766 111.144 5.00 9.00 36.07 2.42 

8 98.8 421 0.915 111.144 8.00 9.00 25.62 1.62 

 




