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Characteristics of Bubbly Flows in Perforated Pipe
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The local two-phase gas/liquid flow behavior at a high velocity gradient is essential for managing gassy wells. In this
study, the methane/water bubbly flows passing through a perforated pipe were characterized in a 10.4-m flow loop in which
the pressure was varied up to 5.5 MPa at 291 K. To characterize the two-phase flow behavior at the bore, we obtained the
bubble sizes from high-speed photographs and digital image analysis. As the flow velocity and/or pressure increased, the
flow patterns shifted from bubbling to jetting, suggesting that the local two-phase flow pattern can control the bubble size
in flowlines.

INTRODUCTION

Multiphase flow control in wells and pipelines is crucial in the
oil and gas industries. The most important components affecting
the production efficiency, cost, and safety of gassy wells are the
gas/liquid separators and multiphase flow pumps. For instance, the
gas/liquid separators reduce the void fraction at the pump intake,
thereby minimizing the pump surging (Hua et al., 2012; Gam-
boa and Prado, 2011). Phase separation reduces the risk of pipe
plugging through the formation of gas hydrates (Shimizu et al.,
2017; Joshi et al., 2013; Sakurai et al., 2014). In gas production
from offshore natural gas hydrate reservoirs, these devices must
handle two-phase flows under variable pressure and void fraction
in a natural-gas/seawater mixture, while stably maintaining the
bottom-hole pressure below the three-phase equilibrium pressure
(Cyranoski, 2013). Optimizing the performance of these devices
in such situations is a necessary yet challenging task.

Bubbles formed by breakup and coalescence are of paramount
importance in industrial heat and mass transport processes and
are typically generated by a gas distributor (Idogawa et al., 1987;
Quinn and Finch, 2012; Tsuge and Hibino, 1983) or a rotating
impeller (Kracht and Finch, 2009; Minemura et al., 1998; Masui
et al., 2011). Hence, bubble formation has been studied exten-
sively for decades. However, few studies have focused on the bub-
ble behavior under a high velocity gradient in pipelines, where
bubbles assist the transmission of the gas/liquid flow mixture in
practical production fields.

Under the circumstances, the flow loop experiments were car-
ried out recently, and the high-pressure two-phase flows were
characterized with regard to the microbubble generation (Shimizu
et al., 2016a) and the macrobubble behaviors along with the mul-
tiphase pump performance (Shimizu et al., 2016b). The present
study also employs the existing flow loop as a testbed and inves-
tigates the two-phase flow behavior in a perforated pipe with rel-
atively high flow velocity gradients in the bore sections. Perfo-
rated pipes are often utilized in practical gas production systems.
The two-phase flows are characterized by their background flow
structure, bubble size, local flow patterns, and head loss. From
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the results of the study, the possible roles of perforated pipes in
practical wells and pipelines are briefly discussed.

EXPERIMENTAL

Methane-vapor/liquid-water two-phase flows in perforated
pipes are tested in a flow loop. As the testing method has been
detailed in previous studies (Shimizu et al., 2017; Shimizu et al.,
2016a; Shimizu et al., 2016b), only the updates and important
procedures relevant to the current study are described below.

Setup

Figure 1 schematizes the flow loop apparatus employed in this
study. The upflow test section is 150 cm long with an inner diam-
eter of 5 cm and is connected by stainless steel pipes with an
inner diameter of 2.1 cm. The centrifugal turbine pump is an elec-
tric submersible pump (ESP) installed in the bottom horizontal
pipeline.

The flow passage of the perforated pipe is prepared in the ver-
tical test section with the perforated inner pipe placed parallel to

Fig. 1 Schematic of the flow loop apparatus with a perforated
pipe. (DP–differential pressure transmitter, ESP–electric sub-
mersible pump, FT–turbine flow meter, PT−pressure transducer,
RT–resistance thermometer, VW–viewing window.)


