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Abstract- In this study, we used the Power Spectral Density
(PSD) to study the frequency of the passage of the liquid slug for
the slug and pseudo-slug flows of a water-air two-phase flow in a
horizontal pipe with an internal diameter of 40 mm. The results
obtained were compared with those obtained by the counting
method. It has been found that in the case of the slug regime, the
PSD is characterized by the presence of a single peak, whereas in
the pseudo-slug flow, it may be unimodal or bimodal. It has also
been found that the results obtained by the PSD are far from the
results obtained by the counting method for the two regimes
studied and therefore the PSD can only be used to qualitatively
quantify the frequency of the passage of the intermittent
structures of the slug and pseudo-slug flows.
Keywords—Two-Phase flow, slug, pseudo-slug, frequency, PSD,
counting

I. INTRODUCTION

Two phase flow phenomena occur in a wide range of
industrial  installations. Among the possible flow
configurations, slug flow regime is encountered for a wide
range of gas and liquid superficial velocities. This flow
regime is characterized by an intermittent behavior: in fact,
the flow is composed of a pocket of gas flowing on a liquid
film followed by a liquid slug which completely filling the
cross-section of the pipe (Fig. 1). This intermittence of the
flow results in large pressure fluctuations which causing
vibrations and erosion of the pipelines. Moreover, the passage
of the liquid slugs can lead to the phenomenon of resonance
causing the destruction of the pipes.

The intermittence of the slug regime is quantified
quantitatively by the study of the frequency of liquid slugs
passing through the pipe in a given time interval. Despite five
decades of study, there is still much to understand about the
frequency of liquid slugs and this is essentially due to the lack
of a complete theoretical description of the phenomenon.
Various empirical or theoretical correlations have been
developed (Gregory and Scott [1], Taitel and Dukler [2],
Heywood and Richardson [3], Nydal and al. [5], Fossa et al
[6], Shea et al [7]).

CopyrightIPCO-201"
ISSN2356-5608

Fig. 1 Schematic representation of a slug flow

Care must be taken to differentiate between slug regime and
pseudo-slug regime, which is also characterized by
intermittence of the two phases, but with the difference that
this regime is characterized by highly aerated slugs front
which block the pipe cross section momentarily and by roll
waves that not reach the top of the pipe (Fig. 2). Hubbard [8]
has shown that in the slug regime, the liquid slugs move at a
speed approximately equal to that of the gas velocity, the
pseudo-slugs and the large waves move at a speed lower than
the gas velocity. Lin and Hanratty [9] proposed the cross-
correlation function between two pressure signals to
distinguish between the two regimes.

Fig. 2 Schematic representation of a pseudo-slug flow

This work aims at the use of the Power Spectral Density
(PSD) to quantify the frequency of the passage of the slugs
from pressure drop time series in slug and pseudo-slug flow
regimes. The obtained results were compared with those
obtained by the counting method.

I1. EXPERIMENTAL APPARATUS

The study was carried out by using two-phase water-air
loop with an internal diameter of 40 mm and a length of 13 m
horizontal pipe and which the diagram is given in Fig. 3. The
loop is designed to generate a co-current water-air two-phase
flow. The air, which circulates in an open circuit, comes from
the compressor and measured via two rotameters mounted in
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parallel. The liquid component is circulated in closed circuit
and introduced in test section via centrifugal pump. The water
flow is fixed through a control valve and measured using an
ultrasonic flowmeter GE PT 878 type. The study was
performed using plexiglass pipe to facilitate the visualization
of the flow regimes. The air-water mixture flow through the

tube into a separator, where air is escaped and water is reused.

The pressure drop signals were acquired using a
differential pressure sensor Freescale MPX-2010 DP. The
sensor terminals were connected to two pressure tap at 6.49m
and 7.17m downstream the inlet mixer. The data were
acquired with a frequency of acquisition equal to 200 Hz for a
period of 40s.
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B

1]

1: compressor; 2: gas flowmeters; 3: liquid-gas mixer; 4:
plexiglass pipe, differential pressure sensor, 6: settling vessel,
7: pump; 9: liquid reservoir; 10: pump; 11: by-pass; 12:
ultrasonic flowmeter.

Fig. 3 Description of experimental setup
I11. SLUG FREQUENCY DETERMINATION METHODS

Two methods are commonly used to obtain slug frequency.
The first consist in counting the number of slugs per unit time
in pressure time series. The other approach is based on the
signal analysis of wall pressure fluctuations or void fraction
signals in frequency domain.

A. Power Spectral Density (PSD)

In order to study physical phenomena, we resort to time
series which are obtained experimentally by the measurement
at regular intervals of the physical quantity studied. The
Power Spectral Density (PSD) describes the distribution of
the energy of a temporal signal across the frequency domain;
it is used to study the periodic phenomena and consists of the
extraction of the frequencies present in the time series.

Since the frequency of the slugs can be assimilated to the
periodicity of the slug regime, it is obvious to use the PSD to
determine the frequency of the slugs from a time series of the
pressure drop of two-phase slug flow.

B. Counting method

The counting method is the simplest method used to
calculate the frequency of the slugs from a differential
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pressure signal, in fact every time a slug passes between the
terminals of the pressure taps it is accompanied of the
formation of a peak in the signal of the pressure drop. By
counting the number of peaks (N) and the acquisition time (T),
the frequency of the plugs (Fc) is calculated with the
following formula:

Fc=N/T

IV. RESULTS AND DISCUSSION

First, a distinction was made between the slug flow and the
pseudo-slug flow. The distinction is based on visual
observation of the flow regimes as well as the visualization of
the differential pressure signals as suggested by Weisman et
al. [10]. In fact, the slug flow, as shown in Fig. 4, is
characterized by the presence of peaks, indicative of the
passage of the slugs, spaced by a regular space with a length
greater than the width of the peak representing the passage of
the gas pocket above the liquid film. Fig. 5, representing the
signal of the pressure drop of a pseudo-plug flow, is
composed of peaks, indicative of the passage of the slugs
which block the pipe for a reduced period of time as well as
small peaks, representing the passage of roll waves whom not
reach the top of the pipe. It will also be noted that in the
pressure signal of a pseudo-slug flow, the time between two
peaks is very small compared to the slug flow.
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Fig. 4 Signal of pressure drop of a slug flow (JI= 0.235 m/s and Jg= 1.857
m/s)
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Fig. 5 Signal Signal of pressure drop of a pseudo-slug flow (JI= 0.371 m/s et
Jg=2.122 m/s)
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Fig. 6 shows an example of PSD in the case of the slug flow, b) JI'=0.291m/s
it is clear that it is a unimodal spectrum composed of a single TE
dominant frequency representing the frequency of the passage
of the liquid slugs. The spectrum of the frequencies of the

254

pseudo-slug maybe unimodal with one dominant frequency or 20-
bimodal (Fig.7) when two dominant frequencies are present,

showing the existence of at least two important structures 7"
each with its own frequency. «
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Fig. 7 Example of a bimodal frequency spectrum (JI= 0.371 m/s et Jg= 2.122
m/s)
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— Fig.8 Comparison of the PSD and counting method for the calculation of
by frequencies of intermittent structures for different superficial liquid velocity

. The dominant frequencies obtained from the PSD (fs) were
201 : 5 compared with those found by the counting method (fc), the
results were plotted as a function of the gas surface velocities
£ for different liquid surface velocities (Fig. 8). It is clear that
“ 101 the PSD method tends to overestimate the frequency of flow
compared to the counting method. This difference can be
051 . explained by the fact that the frequency of the passage of the
I liquid slugs is not a standard periodic function and therefore
10012 14 18 18 20 22 24 the time of passage between two successive slugs and the
) amplitude of the peaks are not constant as reported by Woods

and Hanratty [11]. The disagreement between the results of

the two methods is also due, in the case of the pseudo-slug

flow, to the subjectivity of the counting method; In fact, it is
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rather difficult to distinguish between the peaks representing
the passage of the slugs with the peaks caused by the passage
of large waves which do not touch the wall. It is also
observed that the data of results given by the two methods
have the same trend, which makes us say that the PSD can be
used to measure qualitatively the frequency of the passage of
the intermittent structures of an air-water two phase flow. It
can be seen that in the cases J1 = 0.319 m /s and J1 = 0.373
m / s, which respectively from Jg = 1.592 m /s and jg = 1.326
m / s, we note the existence of a second frequency in the
spectrum (bimodal spectrum) which results in the occurrence
of a bifurcation in the plotted frequency from the PSD in Fig.
6c and 6d.

V. CONCLUSION

In this work, we studied the frequency of the intermittent
structures of slug and pseudo-slug flow regimes in horizontal
water-air two phase flow. Frequency measurements were
made by using two commonly used methods: the power
spectral density and the counting method. It has been found
that in the case of a slug flow, the frequency spectrum is
characterized by a single dominant frequency and that, in the
case of the pseudo-plug regime, it contains one or two
dominant frequencies. The frequency values obtained by the
PSD were found to be quite far from the values found by the
counting method which makes us say that PSD cannot be
used to quantitatively predict the frequency of passage of
intermittent structures of slug and pseudo-slug flow.
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