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Abstract. Two-phase flow is widely encot ntered in several engineering and industrial fazilities. The
purpose of this study is to investigate the characterstic of slug countercurrent flow pattern in a
vertical small diameter pipe. An experinicnial e mmltu“' in this study has been performed toward a
transparent tube of 19 mm diameter (ousside Jiameter 22 mm, length 200 mm), water and air as the
liquid and gas fluid in the vertical pipe followed by [akmg a picture of flow pattern in the transparent
pipe using the high-speed camera. Two differential pressure sensors were set in transparent tube in
order to receive slug countercurrent flow rave asscciated with the acquisition data as media to record
data and then displayed on the screen. The two-phase tlow was always preczded by the instability of
flow rate and bubbles appearance. It occurred after the steady flow data acquisition rate was furned cn
for recording the differential pressure. The resuit showed that the flow pattern characteristic of
two-phase flow (air-water) in the vertical pipe caused by the superficial velocity of air,

Introduction

Vertical slug flow is part of the multi-phase flow. The multi-phase flow consists of two-phase flow or
more. The study of two-phase flow can be ciassified into some categories, i.e. phase form, streamline
and channel position. Two-phase flow can 22 found in the steam boiler flow, condenser, hzat transfer,
nuclear reactor, liquefaction of natural gas, pipeline, ete. Vertical slug flow pattern in a horizontal
pipeline will be different to a vertical pipeline. The difference focuses on the position of gas/steam,
i.e. in the horizontal pipe, the gas tends to be on top because it’s a lightweight particle. It was
observed the flow visualization and pressure drops ¢f every flow patterns in a variety of fiuid and gas
velocity diameter 25.3 mm, the fluid velocity was 0.1-- 14 m/s and the air velocity was 0.624 m/s. The
result showed that the very high air rate velocity woulk decrease the pressure and constanzly continue
after reaching the random flow parttern |
The pressure drops and flow pattern visuahzation were investigated. In air-water two-phase flow
with a sudden magnification of a rectangular sect.on of a vertical channel. The water discharge was
0.04-0.28 dm‘;/s, and the air dischargcz vias 0.06-0.39 dm’/s. The visualization showed that the
changes of flow pattern did not depem on the water or air discharge but the changes of
cross-sectional area [2]. The characteristics of flov, patterrs in gas and liquid flow in the straight pipe
were observed. The inner diameter of pipe was 36 mm with superficial liquid velccity of 0.5
minute/second and the pressure of 0.2 bar. The result shcwed that the changes of flow patterns as it
approached the superficial liquid velocity with bubbles flow injector Reynolds was 49488 [3]. The
effect of viscosity on the flow of gas-liquid fluid through a vertical pipe was studied. The vertical pipe
had a specified i.d. of 2000 mm. The dischzu‘”c of liquid flow started from 1.8 Ipm —10.5 Ipm and the
discharge of air began from 10 Ipm— 70 | ¢ was kaown that change of flow pattern depended on
the variant of increase of water and air dl*;(,l‘awe I a liguid discharge constant and a:r discharge
increase, the slug transformed to ring in a condition that the air discharge was increasing [4]. The
characteristic of water flow resistance in lhc narrow annulus was observed. Three concentric pipes
with the length of 1350 mm and the size of inlet annuius were 0.9 mm; 1.4 mm and 2.4 mm. The result
mentioned that flow without heat transfer occurred in a narrow inlet causing a higher friction. The

All rights reserved. No part of contents of this paper may be reproduced or transaitted i1 any form or by any means without the written permission of Trans
Tech Publications, www.scientific.net. (#111840931-22/12/18,09:04:06;



Key Engineerin

transition area of flow froni laminar 10 wirbuleny oceared n R. number of 29006, The {low of heat
exchange in different temperature hac 2 little <ifect oo pressure drop [3].

The measurement of vacuum fraction was cxamined in liquid-gas two-phase flow in the pipe with
aspecified i.d. of 50 mm and length 0 2000 mim. The superficial gas velocity was 0.6067-0.1217 mi/s,
and superficial iiquid velocity was 0.0616-05.80772 m/s. It was obtained that if the constant fluid {Tow
was higher than the superficial gas velocity, then the vacuum fraction would be more significant and
vice versa [6]. A measurement method, waich is a combination of the multiwave UVP mzthod and
WMT, has been applied to the measurement ot bubbly two-phase flow in vertical pipe. Regarding the
measurements of counter-current bubbly flow ot air water in the vertical pipe, measured daza showed
that the effect of initial flow conditions, ¢.g. bubble size, on the pattern of cross-sectional void
fraction distribution was confirmed: measurcd data of iistantaneous profiles of void fraction and
velocity can contribute to the assessment and deveooment of nurnerical simulation of two-phase flow
[7].

The flow patterns of air—water, two-phase flows have been investigated experimentally in a
vertical mini pipe was investigated [8]. “he flow regimes were observed by a high speed video
recorder in pipes with diameters of 2, 3 and -+ mm and fength 27, 31 and 25 cm, respectively. The
comprehensive visualization of air—water, “wo-phase flow in a vertical mini pipe has been periormed
to realize the physics of such a two-phase tlow. On tre other hand, the counter-current flow pattern
transition and pressure drop are modeled. FHmphasis is piaced on the understanding of the transition
mechanisms from a mechanistic point of view. Some of the results are supported by data (fiom the
literature), others are somewhat tentative suggesting tuture experimental verification is needed [9].
Meanwhile, Research on the countercurrent Air-Water Flow in Two Vertical Channels was also
conducted [10].

In obtaining the characteristic of slug pattern, the analysis of flow can be done by using specific
visualization method, i.e. Digital Image Processing Thus. the method implemented was based on a
comprehensive analysis of image combined with scme steps of collecting data, e.g. layer thickness,
liquid film and characteristic of slug gases velocity. One of the superiorities of this method is the
ability to analyze slug gas with good accuracy in oroad scale and without disturbing the flow. It can
be concluded that this study is limited in teri of courtercurrent two-phase flow, especielly the slug
flow pattern.

Experimental Method. The scheme of research installation can be seen in figure 1. The equipments
were water tank, pipes, air flow meter, water flow meter. data acquisition and compressor as gas
supply system. The test secticn was equiped of iranparent pipe with D; of 19 mm, D, of 22 mm and
length of 200 mm. The research was conducted vy combining the water and air that flow becaime

id 1

churn (countercurrent two-phase flow) in the vertical pipeline.

— MNote:
.]t 1. Valve of compressor

Z. Transparent pipe

%ﬁ%ﬁ = %ensor of Pressure

SRLa 4. Computer

£ 5. Acquisition data

i €. Compressor
7. Flowmeter of air
&. Reservoir of water

N G, Pump

10. Valve of pump
11. Flowmeter of water
12. Flow water conditioner

Fig. 1. Scheme of reseerch installation
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Result and Discussion

Based on the result of experiment and dzta analysis of water J; and air/;countercurrent of two-nhase
flow in vertical pipe, the calculation for flow pattern in vertical pipeline was obtained. The
experiment started from the liquid vetocity of j, 1.67 x 107 m/s up to 8.33 x 107* m/s and the air
velocity started from [; 8,33 x 107 m/s ua to 1,67 x 107 m/s. From these five variations observed,
four variations namely bubble flow, siug flow, swarm of bubble flow and wispy annular were
obtained.

Table 1 Variation Jo 8,33 5 107 m/s to the J, 1,67 x 107 mi/s

Jr (m/s) Ji (m/s)
| Le7x1g | §33x107°
334x1y> | (..6/ x 107

- SX 1 Sx 107
6,67 | 267x107
8, 3 D 1 1,67x 1073

The following figure 2 shows the visuaiization patiein of the flow of vertical pipe in the opposite
direction and the graphic of the correlation oi ,sP with the time (millisecond) on each trial variation.
At the first trial, the water was ﬂowed with the velocity of (J) 1.67 x107 mys, and the air was flowed
with the speed of (Jg) 8,33 x 107 m/s. The trizl ot this flow formed slug flow pattern and water mist
ring flow pattern on the pipe’s side as the fol:owing Fig. 2 (a) and (b). The second trial. vater was
flowed with the velocity of (J1) 3.33 x 107 7w/s and the air was flowed with velocity of (Jg) 6.67 x 107
m/s.The trial of second flow formed a blug cattern. It happened because in the middie of the pipe there
was a bubble like a bullet containing air. The water flow’s position surrounds the slug flow as shown
in fig.3 (a) and (b).
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Fig. 2. a) The relation between AP (MPz) with time ¢ nilisecond) from (J1) 1.67 x 107 /s and (Jo)
8,33 x 107 m/s. b) The Visual:zaticr of ring flow pattern.

a2 4 b
2 2
Z 14 ; 1"‘;.‘
é 0 e ?‘*n‘:knmiv‘ Sata araa
B , Y
a - j |
= {
7 o
3 d
D DATPN N 2 g BN AN
A ¢ % o 2 % &
Milisekon
W) (b}

Fig. 3. a) The Relation of AP (MFPa) with time (milisecond)
on(JL)3,33x 10° m/s dan (Jo) 6.67 x 107 m/s. b) Vizualization of the slug pattern.



he third triai, waterwas flowed w ith theve
velocity of (Jg) 5 x 107 m/s. The trial of thii
the air phase there were small bubbles wh ch
Fig.4. (a) and (b).
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Fig.4. a) The relation of AP (MPa) with iii
Visualization of the lit

ne anilisceondy () Sx 10 “m/s dan (Jardxl 107 /s, b)
tiz bubble flow pettern and stug flow pattern.

The fourth trial, water was flowed with the e
velocity of (Jg) 3,33 x 107 my/s. This fou !h orrmed small bubbles flow resulting in bubble
blobs caused by the fusing of one bubble w cihizr as shown in fig. 5. (a) and (b). The last, water
was flowed with the speed (J;) 8.33 x 107 my/s and air was flowed with the speed of (/) 1.67 x 10—
my/s. This fifth trial formed big bubble flov wihich was catsed by the water flow which was bigger as
shown in fig. 6. (2) and (b).

5 6.67Xx 107 m/s and air was flowed with the
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Fig. 6. a) The correlation between AP (M Pa) with sime (milisecond) (/) 8,33 x 107 m/s dan (J:) 1,67
x 107 m/s. b) Bubbie flow ratrern visualization.




