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Abstract. Two-phase flow is widely encotntered in several e
purpose of this study is to investigate the
vertical small diameter pipe. An experimien
transparent tube of 19 mm diameter (o . length 200 mm), water and air as the
liquid and gas fluid in the vertical pipe followed by taking a pnure of flow pattern in the transparent
pipe using the high-speed camera. Two differential pressure @nsors were set in transparent tube in
order to receive slug countercurrent flow 1 S with the acquiffion data as inedia to recard
data and then displayed on the screen. The two-phase @v. was always preceded by the instability of
flow rate and bubbles appearance. It occuirred after the steady @w data acquisition rate was turned cn
for recording the differential pressure. 11.c yesult showed that the flow pattern characteristic of
two-phase flow (air-water) in the verti ipe cavsed by the superficial velocity of air.

gineering and industrial fazilities. The
rstic of slug countercurrent flow pattern in a
[} this study has been performed woward a

> diameser 2

Introduction

Vertical slug flow is part of the multi-ph “he muli-phase flow consists of two-phase flow or
more. The study of two-phase flow can be cias: d into some categories, i.e. phase form, streamline
and channel position. Two-phase flow can 22 found in the steam boiler flow, condenser, hzat transter,
nuclear reactor, liquefaction of natural . pipeline. ete. Vertical slug flow pattern in a horizontal
pipeline will be different to a vertical pipeline. The difference focuses on the position of pas/steam,
i.e. in the horizontal pipe, the gas tends (0 be on lop because it’s a lightweight particle. It was
observed the flow visualization and pressure drops ¢f every flow patterns in a variety of fluid and gas
velocity diameter 25.3 mm. the fuid velo : 1/s and the air velocity was 0.624 m/s. The
result showed that the verv high air rate velocity wouic decrease the pressure and constan:ly continue
after reaching the random flow pattern [ {]

The pressure drops and tlow pattern alization 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 discharze was 6.06-0.39 dm The visualization showed that the
changes of flow pattern did not depend on the water or air discharge but the changes of
cross-sectional area [2]. The characteristics of flov, patterns in gas and liquid flow in the straight pipe
were observed. The inner diameter of pipe was 36 mun with superficial liquid velccity of 0.5
minute/second and the pressure of 0.2 bar. The result showed 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 Muid through a vertical pipe was studied. The vertical pipe
had a specified i.d. of 2000 mm. The discharge of liquid flow started from 1.8 Ipm — 10.5 Ipm and the
discharge of air began from 10 lpm — 70 It was kaown that change of flow pattern depended on
the variant of increase of water and air discharge. In a liquid 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 the narrow annulus was observed. Three concantric pipes
with the length of 1350 mm and the size of inlet anauius 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
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The measurcment of vacuum fraction was cxamined in liquid-gas two-phase flow in the pipe with
aspecified i.d. of 50 mm and length of 2 min, The superticial gas velocity was 0.0067-001217 my's,
and superficial fiquid velocity was 0.0616- 080772 ms. t was obtained that if the constant fluid Now
was higher than the superficial gas velocitv. then the vacuum fraction would be more sighificant and
vice versa [6]. A measurement method. worich is a combination of the multiwave UVP nzthod 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 data showed
that the effect of initial flow conditions. bubble size. on the pattern of cross-sectional void
fraction distribution was confirmed; measured dats of instantaneous profiles of void traction and
velocity can contribute to the assessment and ceve'ooment of numerical simulation of two-phase low
[7].

The flow patterns of air-water, two-p hase flows have been investigated experimentally iv a
vertical mini pipe was investigated [8]. fTow regintes were observed by a high speed video
recorder in pipes with diameters of 2, 3 and 4 mm and th 27, 31 and 23 cm, respectively. The
comprehensive visualization of air-water, “wo-phas: 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 {low pattern
transition and pressure drop are modeled. Fmphasis is placed on the understanding of the transiti
mechanisms from a mechanistic point of view. Some of the results are supported by dava (!
literature), others are somewhat tentative s
Meanwhile, Research on the countercurrer
conducted [10].

In obtaining the characteristic of slug patt s of flow can be done by using specific
visualization method, i.e. Digital Image Processire Thus. the method implemented was kased on a
comprehensive analysis of image combined with somez steps of collecting data, e.2. layver 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 wriv of cecurtercurrent two-phase flow, espacizlly the slug
flow pattern.

Experimental Method, The scheme of res

ing future experimental verification is needed [9].
der Flow in Two Vertical Channels was also

I installation can be seen in figure 1. The equipments
were water tank, pipes, air flow meter. waier [low meter. data acquisition and compressor as yas
supply system. The test section was equiped arent pipe with Dy of 19 mm. Dy of 22 mm and
length of 200 mm. The research was conducied 9y combining the water and air that flow became
churn (countercurrent two-phase flow} in the »ertical pipeiine.

. Mnte
1 Walve of compressor
¥ iy Transparent pipe
2. Sensor of Pressure
| 4. Computer
5. Acquisiiion date
i t. Compressor
- 7. Flowmeter of air
2 &. Reservoir of water
B 5. Pump
4,

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

Fig. 1. Scheme of research installation
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Result and Discuossion

Based on the result of experiment and dita an: , and airf; countercurrent ol two-nhase
flow in vertical pipe. the caleulation for fHow pattern in vertical pipeline was obrained. The
experiment started from the liquid velocity of J, 1.67 x 10 m/s up to 8.33 x 107 m/s and the air
velocity started from [ 8,33 x 107" m/s un 10 1.67 x 107 m/s. From these five variations observed,
four variations namely bubble flow. siug Now. swarm of bubble flow and wispy annular were
obtained.

ilysis of waker |,

Table 1 Variation J¢ 8.

The following figure 2 shows the visualiz pattern of the flow of vertical pipe in the opposite
direction and the graphic of the correlation of AP with the time (millisecond) on each trial variation.
At the first trial, the water was flowed with the velocity ef (Jo) 1.67 x107 mys, and the air was flowed
with the speed of (J;) 8,33 x 107 m/s. The of this flow formed slug flow pattern and water mist
ring flow pattern on the pipe’s side as the dng Fig. 2. (a) and (b). The second trial. vater was
flowed with the velocity of (J,) 3.33 x 10 he air was flowed with velocity of (Jo1 6.67x 1072
m/s. The trial of second flow formed a slug It happened because in the middle of the pipe there
was a bubble like a bullet containing air. vater flow’s position surrounds the slug Mow as shown
in fig.3 (a) and (b).
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Fig. 3. a) The Relation cf AP (MFa) with time (milisecond)

on(J)3.33x 107 m/s dan (Jo) 4.67x 107 m's. by Vizoalization of the slug pattern
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The third triai, water was Towed wi
veloeity of (J) 5 x 107 m/s. The trial of
the air phase there were small bubbles v
Fig.4. (a) and (b).
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1 flow so these bubbles become slug flow as shown in
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Fig.4. a) The relation of AP (MPa) with tiine (milisceond) (d) 3% 107 mfs dan {(J) 53X 107 m/s. b)
Visualization of the litt!z bubble flow petiern and slug flow pattemn.

.67 x 107 m/s and air was flowed with the

-d small bubbles flow resulting in bubble

:hown in fig, 3. (a) and (b). The last, water

The fourth trial, water was Howed with the v
velocity of (Jg) 3.33 x 107 my/s. This tourth
blobs caused by the fusing of one bubble
was flowed with the speed (/) 8,33 x 107
m/s. This fifth trial formed big bubble 11
shown in fig. 6. (a) and (b).
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.a) The correlation between AP (M4 v ith e {mil
x 107 m/fs. b) Bubbies flow
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Fig. 6. a) The correlation between AP (M Paywith dime (milisecond) (J;) 8.33 x 107 m/s dan (J:) 1,67
x 107 m/s. b) Bubbie flow -attern visualization.
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