UNIVERSITY OF LEEDS

This is a repository copy of Experimental tomographic methods for analysing flow
dynamics of gas-oil- water flows in horizontal pipeline.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/108718/

Version: Accepted Version

Article:

Wang, Q orcid.org/0000-0002-1665-7408, Polansky, J, Karki, B et al. (5 more authors)
(2016) Experimental tomographic methods for analysing flow dynamics of gas-oil- water
flows in horizontal pipeline. Journal of Hydrodynamics, 28 (6). pp. 1018-1021. ISSN
1001-6058

https://doi.org/10.1016/S1001-6058(16)60704-7

© 2016 Publishing House for Journal of Hydrodynamics. Published by Elsevier Ltd.
Licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International http://creativecommons.org/licenses/by-nc-nd/4.0/

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

The 2nd Global Chinese Scholars on Hydrodynamics (CCSH’2016), Wuxi, Jiangsu, China, November 11-14, 2016

Experimental Tomographic Methods for Analysing Flow Dynamics
of Gas-Oil-Water Flowsin Horizontal Pipeline

Qiang Wang 2, Jiri Polansky 2, Bishal Karki 2 Mi Wang ¥, Kent Wei °, Changhua Qiu ®,
Asaad Kenbar ¢, and David Millington ©

a University of Leeds, Leeds LS2 9JT, UK
b Industrial Tomography System plc, Manchester M3 3JZ, UK
¢ NEL, Glasgow, G75 0QF, UK
“m.wang@Ieeds.ac.uk

ABSTRACT

Gasoil-water three phase flow is of practical significance in oil and gas industries. Ahtimsig the

dynamics of such multiphase flows is significantly valuable to obtain optimal dgsicameters and
operational conditions. Since flow patterns are sensitive to pipe geometry, floditimos and

thermophysicalfluid properties, it is extremely challenging to provide a univetstibs for visualisation of
three phase horizontal flows. This study deals with a fully developed turbutest ghase flow with no
phase changing, and presents the outcomes of tomographic imaging technigisesliee gas-oil-water
flows in a horizontal pipeline.

KEYWORDS: multiphase flow regimes, tomograptoubbly flow mapping, Boolean logic recognition,
Proper Orthogonal Decomposition method

THE STUDY

This paper explores a newly developed tomographic method for analysing flow dynamics of
gas-oil-water flows in horizontal pipeline, which include the three phase flsualisation
technique with a bubble mapping capability and the flow regime recagmitethods based

on the Boolean logic method and the Proper Orthogonal Decomposition (POD) method.

Experiments were conducted in a 50 meter long test section consisting of 4 inetalnomi
diameter piping within the industrial-scale three phase flow facilitfEit, UK. The local
pressure and temperature at the test section were maintained constant at 10 bar and 20°C.
Refined oil (HT9) of 830 kg/f density and 16.18 cP viscosity was used alongside
Magnesium Sulfate saltwater substitute (MgS6f 1049.1 kg/mh density and 1.35 cP
viscosity. Nitrogen gas was supplied externally from a storage tank aiititg of 12 kg/m

and absolute viscosity of 0.0174 cP. The tested flow conditions included watereout3%r

to 100% combined with gas volume fractions (GVF) from 0% to 100%. The tqtad li
flowrates were varied between 0 and 14%hmand the gas flowrates were varied between 0
and 530 rifhr.The flow conditions were carefully obtained using the reference metarihg

flow monitoring instrumentation featured on the NEL flow facility. A totdl 270
measurements were conducted, which produced a variety of flow regimes in the hbrizont
pipeline, including stratified flow, slug flow, plug flow, bubble flow, and annilaw.
Corresponding flow regimes were visualised and determined using newly developed
visualisation methods.

Colour mapping is the most widely utilised method for visualising gas-ligo by
electrical tomographic systems [1]. A well-known limitation by the systentisei relatively

low spatial resolution to identify individual small bubbles, due to the ill-conditiondulgms

and limited number of measurements in inverse solution. As a result, thesesoalby the
systems conveys limited information regarding multiphase flow dynamics, e.g. bubble size
and distribution. A novel approach, namely bubble mapping, has been proposed to overcome
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the problem. In the approach, a new lookup table is built up by means of transferring mean
concentration of an interrogation cell into a bubble located randomly insidelltheucther,

an enhanced iso-surface algorithm is applied to isolate big bubbles based on the aferging
neighbouring bubbles which mean concentration is beyond certain threshold. Figure 1
demonstrates the results of the approach applied to gas-liquid horizontal ftawhevilow
regimes of stratified flow (Figure 1.a.), bubbly flow (Figure 1.b.), plug flow (Figure, $lag

flow (Figure 1.d.), and annular flow (Figure l.e.) [3]. Compared to its countdpgart
conventional colour mapping, the new approach is able to reveal extra inéormaor
example, due to the gravitational force, the bubbles in horizontal pipe tendutouwate at

the top of the pipe, and the closer the bubbles are to the top, the largablihes are, which

are not fully reflected by conventional method.

Figure 1: Flow regimes for gas-oil-water flow in horizontal pipelinefeowd is from right to left (the
left part is taken by photo, the middle one is by conventional colour ma@widdhe right one is by
newly developed bubbly flow mapping); (a) stratified flow; (b) bubblwfl¢c) plug flow; (d) slug
flow; and (e) annular flow.

A method based on Boolean logic and frequency analyses was used for flow regime online
recognition [4]. Flow regimes are generally determined by using subjective methods such a
eyeballing and high speed photography [5]. An objective approach towards resolving flow
regimes was developed by applying Boolean logic analysis to the conductivity dataedea

by ERT [6]. The relative conductivity signal obtained from the tomograassaenverted to
binary form in order to perform Boolean logical operation with fhardy templates of typical

flow regimes. The overall conductivity of the tomogram was used to extregueincy
information of the flow. Each prevailing flow regime was identified throsggtistical
analysis of the combination of this information. Figure 2 depicts the w@sile flow regime
recognition method for a typical horizontal slug flow where the prevalence dflothe
regimes is expressed as percentage.
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Figure 2: An example of flow regime recognition of horizontal gas-liguig iow

The Proper Orthogonal Decomposition method was also utilised to identify and analyse
typical flow regimes in the horizontal pipeline (Figure 3). The intentiorhefrethod for
recognition of flow regime [7] using decomposition mathematical techniquestnom the

fact that each regime is characterised by typical dynamic behaviour. To rectigmise
multiphase flow dynamic structures [8], means indeed the recognition of théepteegime

to indicate the actual flow conditions of the measurement domain. The direct appfoach
Proper Orthogonal Decomposition are used to identify a typical multiphaserigpability

[9]. Mathematical method, such as Wavelet Transformation and Kalman Filtering was used as
a complementary techniques for detection of multiphase fluid motion andtilogtures [1D

In addition, transitions between common flow regimes were also captured and studied.
Corresponding concentration profiles were generated using dual-modality electrical
impedance and capacitance tomographic (EIT and ECT) systems.
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Figure 3: Distribution of liquid phase mixture (red), gas phase (blue)igperde phase (green)
concentrations, from different horizontal flow conditions
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CONCLUSION

This abstract reports experimental tomographic methods for analysing flow dymdiGias-
Oil-Water flows in a horizontal pipeline, including a) the bubble mapping method and
methods of flow regime recognition with b) Boolean logic method and c) the rPrope
Orthogonal Decomposition method. These methods have been used to analyse experiments
conducted in a 50 meter long test section consisting of 4 inch nominal diametempthing

the industrial-scale three phase flow facility at NEL, UK. Results demonstrate thaatitne qu

of flow dynamic information obtained from electrical tomography has been signtifica
enhanced with these methods. It is expected that electrical tomography wsth the
experimental methods can help establish a new infrastructure whereby industtigthasel

flows can be reliably visualised for further analysis, evaluation and verification.
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