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Identification of flow patterns maps for counter-current gas-liquid two-phase
flow in large diameter tubes
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research, counter-current gas-liquid two phase flow is investigated adiabatically in vertical
Received 07 September 2016 Plexiglas tubes with internal diameters of 60 mm, 80 mm and 110 mm. All of the tubes have the same
Accepted 01 November 2016 height of 2 m. So far, there have been few studies on counter-current flows in large diameter tubes.

Available Online 18 December 2016 Water and air flow downward and upward through the tubes, respectively. Superficial velocities of air

and water ranges are 1.77-7.17 m/s and 0.05-0.11 m/s for 60 mm tube, 0.99-4.03 m/s and 0.03-0.09 m/s

$§3Q"_’§;§§'e flow for 80 mm tube and 0.55-2.26 m/s and 0.01-0.05 m/s for 110 mm tube. In addition to reverse flow, other
Counter-current flow main regimes can be observed as slug, churn and annular in the tubes. Our efforts in drawing the flow
Flow patterns map patterns map were aimed at minimizing uncertainties at the boundaries. Based on the obtained
Reverse flow experimental results, slug and annular regimes gradually comprise smaller regions of the flow map as

Kelvin — Helmholtz instability the tube diameter increases. However, churn regime contains larger area of the flow pattern maps.

Moreover, Kelvin — Helmholtz instability is observed in tubes and experimental and analytical results
represent appropriate consequences in comparison. Eventually, validation of experimental flow patterns
map is accomplished by theoretical results.
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Fig. 1 Experimental apparatus. 1. Inverter 2. Compressor 3. Gas flow
meter 4. Non-return valve 5. Air inlet 6. Air outlet 7. Water tank1 8.
Water tank 2 9. Water flow meter 10. Water inlet 11. Water outlet 12.
Water collector tank 13. Water pump 14. Camera.
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Fig. 3 Flow patterns in tube with inner diameter of 60 mm a) slug, b)
churn, ¢) churn—annular, d) annular, e) reverse flow
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Fig. 4 Binary Images of Flow patterns in tube with inner diameter of 60
mm

60 mm L;:)L)).hsl.-djjj ‘5‘).'\ 0dls sdmlive UL'):’ dl.mﬂl L§)‘JL')’5L‘4‘4J$“’

@ single phase flow
¥r slug
014 > churn
- + annular
= O partial reverse flow
‘_:’0'12' QO total reverse flow
g e e:PpOOCOP, ¢ 0 O (u]
go.m—
= | eHEROCOOOO|+ D D 0
'S 0,08+
5 0% HROOOOO o o (6]
50.06-
I3 [ A+ dh g8+ SoTeT. o a a O
o
£ 004+
0.02 T T T T T T
2 3 4 5 6 7

air superficial velocity (m/s)

Fig. 5 Flow patterns map for tube with inner diameter of 60 mm with
52 flow conditions
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Fig. 8 Flow patterns map for tube with inner diameter of 80 mm with
52 flow conditions
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Fig. 9 Flow patterns in tube with inner diameter of 110 mm a) slug, b)
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Fig. 6 Flow patterns in tube with inner diameter of 80 mm a) slug,
b)churn, ¢) churn- annular, d) annular, €) reverse flow
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Fig. 7 Binary Images of Flow patterns in tube with inner diameter of
80 mm
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Fig. 13 examples of Kelvin- Helmholtz instability in tubes with a) 60
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Fig. 10 Binary Images of Flow patterns in tube with inner diameter of
110 mm
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Fig. 11 Flow patterns map for tube with inner diameter of 110 mm with
52 flow conditions
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Table 4 Average and percentage uncertainty of air superficial velocity
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Fig. 14 Uncertainty of air superficial velocities in tubes
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Fig. 15 Uncertainty of water superficial velocities in tubes
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