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1.Air compressor 9.Test section 17.Thermo meter 25.By pass valve
2. Ball valve Gas 10.Digital camera 18. Pressure Gauge 26. Pump

3. Regulator Gas
4.Flow meter(Gas)
5.Check valve Gas

6.Electrical valve water
7.Three way junction
8.Gas inlet

11.Video camera
12.Laptop

13.LED Projector
14.Water Open Vessel
15.Water surface
16.Water Line

19.1s0 kenetic probe
20. Electrical valve
21.Flow meter(water)
22.Gate valve
23.water barrel

24. Flow meter(gas)

27. Check valve water
28. Storage water Tank
29. Drain

30. Water open vessel
31. water outlet Line
32. Digital Scale
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Type of Output Source Sum of df Mean square error  F-value p-value
squares
Model 0.3016 5 0.0603 1100.78 <0.0001
A-Ugg 0.1760 1 0.1760 3211.46 <0.0001
B-Usi 0.0781 1 0.0781 1425.49 <0.0001
) . AB 0.0090 1 0.0090 165.10 <0.0001
Film Thickness
A2 0.0120 1 0.0120 218.36 <0.0001
B2 4.256E-06 1 4.256E-06 0.0776 0.7835
Residual 0.0010 19 0.0001
Cor Total 0.3027 24
Model 0.0630 4 0.0158 252.39 < 0.0001
A-Usg 0.0154 1 0.0154 246.85 < 0.0001
B-Usi 0.0454 1 0.0454 727.42 <0.0001
) AB 0.0010 1 0.0010 15.94 0.0007
entrainment
A2 0.0000 1 0.0000 0.0000 1.0000
B2 0.0024 1 0.0024 38.11 < 0.0001
Residual 0.0012 20
Cor Total 0.0643 24
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9 &l phed Caoliud (4l Gt 53 (63939 S %oyl (i ST (mai gkiio 4 ANOVA Joo Sl g 42325 : ¥ Jgor
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Type of Source Sum of df Mean square F-value p-value
Output squares error
Model 0.3619 5 0.0724 885.91 < 0.0001
A-Usg 0.1968 1 0.1968 2409.20 < 0.0001
B-Usi 0.1061 1 0.1061 1298.48 < 0.0001
Film AB 0.0141 1 0.0141 172.82 < 0.0001
Thickness | A2 0.0144 1 0.0144 175.88 < 0.0001
B2 4.388E-06 1 4.388E-06 0.0537 0.8192
Residual 0.0016 19 0.0001
Cor Total 0.3635 24
Model 0.7039 5 0.1408 278.75 < 0.0001
A-Usg 0.1045 1 0.1045 206.94 < 0.0001
B-Usl 0.5975 1 0.5975 1182.99 < 0.0001
entrainment AB 0.0104 1 0.0104 220.59 < 0.0001
A2 0.0000 1 0.0000 0.0000 1.0000
B2 0.0182 1 0.0182 116.28 < 0.0001
Residual 0.0096 20 0.0005
Cor Total 0.7135 24
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26 mm Schubring etal. (2008) | 10545 10342  0.006 3'46935 0.02166 0.9957
Rahman et al. (2017) 13380 15064 0.022 (1)'32105 0.03479  0.9949

44 mm Schubring etal. (2008) | 1425 9508  0.025 (7)'4996'5' 0.02828  0.9608
Rahman et al. (2017) 30.185 30.185 0.052 (1)'20805 010391 0.8192
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Pipe Models ARE AARE STD MSE RMSE R?
Size
mm |- @) [ [ (mm) [(mm) [(mm) -
Wallis (1968) -8.266 17.518 0.042 1.848E-03 0.0438 0.4045
Oliemans and Pots (1986) -2.073  4.960 0.018 3.595E-04 0.0190 0.8603
26 Ishii and Mishima (1989) 1.857 12.265 0.070 5.591E-03 0.0740 0.3872
mm | Pan and Hanratty (2002) -0.152  8.991 0.033 1.072E-03 0.0327 0.6240
Wallis (1968) -3.114  7.606 0.056 1.167E-03 0.0342 0.9373
Oliemans and Pots (1986) -3.114  7.606 0.032 5.111E-03 0.0715 0.7890
44 Ishii and Mishima (1989) 6.886 9.665 0.049 3.709E-03 0.0609 0.8348
mm | Pan and Hanratty (2002) -3.201 16.387 0.072 5.163E-03 0.0719 0.7123
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Abstract

In the present research, the behavior and flow pattern of a Counter current Gas-Liquid Two-Phase
Flow in different Transparent Vertical pipes made from Plexiglas with inner diameters of 26 mm and
44 mm were experimentally investigated. The considered fluids included the water and the air, and
the results were obtained for a total of 304 select cases differing in the apparent velocities of the
water and the air. The air and the water were flown from separate inlets upward and downward,
respectively. The apparent velocities of the air and water in the 26 mm pipe were investigated in the
ranges of 10.47-26.17 m/s and 0.06-0.36 m/s, respectively. The corresponding ranges for the 44 mm
pipe were 3.56-9.14 m/s and 0.02-0.12 m/s, respectively. The liquid film thickness in the annular
flow was measured by the Quick shut valve technique. The Entrainment fraction was measured
Isokinetic-sampling technique. Provision of the Counter current Gas-Liquid Two-Phase Flow
conditions in terms of initial flow orientation and the investigation of the effect of this design on the
flow patterns, liquid film thickness, and the Entrainment fraction are the major innovations of the
present research.In contrast to previous research works, the present study sets the scene for a more
accurate evaluation of the annular flow pattern for calculating the liquid film thickness and the
Entrainment fraction by designing the initial inlet orientation. Based on a comparison, as far as the
calculation of the Entrainment was concerned, the results of the present research exhibited good
agreement with the Oliemans model in the 26 mm pipe and the Wallis model in the 44 mm pipe, and
when it came to obtaining the liquid film thickness, the results were consistented to those of the
Schubring model.lt is shown that the predictions of this new correlation outperform those from
previously reported studies.

Key words: Counter-Current Two phase flow, Liquid Film Thichness, Entrainment Fraction,
Interfacial Shear Stress.
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