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CORE’s Major Focus of R&D Programme: Deepwater 
Technology

Subsea Systems
• Subsea Processing
• Subsea Compression
• Multiphase Flow
• Multiphase Pumping
• Multiphase Metering
• Produced Water 

Separation 

Seafloor & Subsurface 
Engineering

• Foundation Systems
• Pipelines
• Pipeline-Soil Interaction 
• Geohazards
• Methane Hydrate
• AUVs for Geophysical 

Surveys

Deepwater Structural Systems
• Floating Structures
• Hydrodynamics & 

Wave-Structure 
Interaction

• Moorings & 
Risers

• Marine 
Operations

• Innovative 
Structural Systems

• Structural Integrity 
Management

Courtesy of Emerson Process Management.
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Subsea Challenges

SUBSEA TRANSPORTATION
• FLOW ASSURANCE

• Transportation of “Difficult 
fluids”

• Long distance transportation of
• gas/condensates
• Multiphase Flow

SUBSEA PROCESSING
• Subsea separation
• Subsea multiphase pumping
• Subsea flow metering
• Subsea compression
• Sand management
• Subsea injection of water,

gas and sand

Subsea Power Generation
Subsea Power distribution
Subsea Inspection
Subsea Wireless

Communications

SUBSEA SYSTEMS
• Subsea Installation
• Subsea Control
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Offshore Pipeline Integrity & Risk due to Slug Flow Regime

Total Indonesia – 3200t 14 legs SNPS Finger Type 
Slug Catcher 

• Slug flows generate dynamic fluid 
forces

• Slug impact loads can be very high.
• Slug impact loads may induce 

structural vibration and lead to 
component failures due to fatigue or 
resonance. 
- In topside facilities, up to 21% of failures is caused 
by neglecting this hidden vibration issue (Swindell, 
2011).
- Bends are key regions in forming slugs and 
experiencing large transient pressures which can 
induce high levels of vibrations (Aravind, 2011). 

• Slug flow also cause undesired 
consequences in oil production. 
- Periods without liquid or gas production into the 
separator results in poor separation 
- Emergency shutdown of the platform due to the 
high level of liquid in the separators.

Structural damage due to slug loading 
[DAS A. I. F. (2003)]
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Naturally Induced Slugging Terrain Induced Slugging

SLUG TYPES

Severe Slugging 
(Stronger version of terrain induced slugging ) 

(Source: Abb Research Ltd.)



The Multiphase Oil-Water-Air Flow Test Loop Facility, the first and largest
of its kind in Asia Pacific, is a three-phase oil-water-air integrated facility
which addresses the complex flow of multiphase oil-water-gas mixtures, and
supports the development of new technologies to overcome fundamental flow
assurance issues faced by the offshore oil & gas industry.
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NUS Three Phase Oil-Water-Air Flow Loop Test 
Facility
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3 Phase Separator 
Vessel volume: 16000 litres
Oil volume:         5000 litres
Water volume:    5000 litres

Lubricant oil 
Kinematic Viscosity @ 40 °C (cSt): 18.6
Density@30 °C, kg/m3:                    845
Flash Point, °C:                                 178

Vertical Multistage Pumps
Max. Water Flowrate:

14000 barrel/day (US)
Max. Oil Flowrate:

14000 barrel/day (US)

NUS Three Phase Oil-Water-Air Flow Loop Test 
Facility



NUS Multiphase Oil-Water-Air Flow Loop Facility
Pipe Loops

Pipe diameter: 1”, 2”, 4” and 6”
Operating pressure range: 0-13 Barg
Temperature range: 20 – 40°C
Pipe: Stainless steel ANSI-304, sch10 seamless pipe

Class 150 slip-on flanges
Horizontal line length: 40 m
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PROBLEM STATEMENT
• Offshore pipeline integrity and risk due to slug flow is still not 

fully understood. Relevant experimental data is rarely 
available, and hence, remains a high priority for R&D 
activities around the globe. 

• Further research are needed to enable designers of existing 
systems as well as future systems, to predict and quantify slug 
flow in the design of production systems, i.e. separators, 
multiphase pumps, chokes, valves, etc. 

• Conventional approaches to manage slug flow may over 
conservative and can result in expensive over-design with 
severe cost implications. 

• On the other hand, under design can potentially lead to 
catastrophic consequence.

Offshore Pipeline Integrity & Risk due to Slug Flow Regime
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RESEARCH OBJECTIVE

• Engineering aspects to be studied: 
i. slug flow characteristics such as slug velocity, slug length and 

slug frequency. 
ii. Excitation force acting on the pipeline structure and risk 

assessment associated with this force. 
iii. Response of the structure which is subjected to both static and 

dynamic slug induced forces and pipeline integrity analysis.
• Based on the experimental result, mathematical models can 

be developed to model the slug flow characteristics, and 
estimate the impact force and inducted vibration.

• Create database for numerical models development and 
engineering design needs

Offshore Pipeline Integrity & Risk due to Slug Flow Regime
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RESEARCH METHOD

High speed camera

Bend set up for force measurement 

Visualisation Section
Gamma Ray Densitometer
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Slug flow measurement
The figures below show example of the motion of a fully 
developed slug flow regime through a transparent section in 
the loop taken with high speed camera and the measurement of 
slug flow velocities.
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Experimental Points
Acquired experimental data points in Taitel & Ducklers’ flow 
regime map for the 2 in and 4 in test loop. Each data points 
represent the average of 10 slug data with a total of 738 slug 
data which have been studied and analysed in this presentation.



Slug Tail Velocity
Conventional theory assume the liquid slug tail velocity can be 
approximated as the propagation velocities of a single elongated 
bubble in flowing liquid, Ub, which can be measured by calculating 
the distance travelled by the nose tip of bubble divided by time.

However, liquid slug is aerated with dispersed 
bubble at higher mixture velocity. The 
elongated bubble nose did not show a clear 
interface as the liquid tail was highly aerated 
with dispersed bubbles and suspended 
droplets. Therefore, the dispersed bubble 
velocity in liquid tail section is assumed as the 
slug tail velocity Ub ≈ Uo , when the bubble 
nose interface is not obvious.
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Slug Front Velocity VS Slug Tail Velocity
Conventional theory assume a slug flows is stabilized when they reach constant 
length, identified by the equal front and tail velocities. However,  our observation 
reveals that the velocity of slug front is always greater than slug tail, sometimes as 
much as two times. This is because slug front is highly aerated than the slug tail, 
and thus it tends to moves faster.

High speed images of gas-liquid slug flow slugs in 54.78 mm 
diameter pipe at a shuttle speed of (a) 1000 frames per second 
(Usg = 0.30 m/s w, Usl = 0.70 m/s, Um = 1.0 m/s) and (b) 2000 
frames per second (Usg = 1.8 m/s w, Usl = 1.2 m/s, Um = 3.0 
m/s). The slug front is obviously more aerated than its tail.
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Length of Liquid Slug 
The length of liquid slug can be as much as 60 diameter for 
54.78 mm diameter pipe, and 30 diameter for 108 mm diameter 
pipe. 

The ability to make a prior predictions 
of liquid slug length is very important 
during the design and sizing of process 
separator, or slug catcher, which 
remove liquid slug without flooding 
the downstream processing systems, 
and therefore prevent over-dimension 
of separator.
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Slug frequency
A time-varying pressure distribution over the surface of the pipeline 
imposes forces upon the pipeline itself, thus producing vibration 
with a defined frequency. Slug induced vibration is a potential threat 
to the offshore oil and gas facilities and subsea pipelines. 

Slug flow regime may produce a cyclic damage 
that could reduce in a significant way the 
fatigue life of submarine pipelines. For 
example, a 54.78 mm diameter (2.16 inches) 
straight pipe with a pipe span length of 12 m, 
the resonance frequency is calculated as 3.48 
Hz. Beyond this length of pipe span, the piping 
natural frequency will be < 3.48 Hz. If this 
value is compared with the measured slug 
frequency, the piping systems is likely to be in 
resonance with the slug frequency as shown. 
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RESEARCH METHOD

High speed camera

Bend set up for force measurement 

Visualisation Section
Gamma Ray Densitometer
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Offshore Pipeline Integrity & Risk due to Slug Flow Regime

RESEARCH  SIGNIFICANCE
• This project serves to provide comprehensive data, information and 

knowledge on slug flow which would help better understanding of 
Offshore pipeline integrity & risk due to natural induced and terrain 
induced slug flow regimes. 

• The study has great significance for optimal design and operation of 
gas-liquid processing and separation systems. This study will help 
designer to design offshore pipeline systesm with improved integrity, 
managed and mitigated risk due to slug flow. 

• In addition, the force, vibration and related flow parameters such as slug 
velocity, slug length and local pressure data obtained from this 
experiment study provide useful database for numerical models
development and engineering design needs (especially when these type 
of data is rarely available so far). 

• Improve flow assurance knowledge for design of long distance offshore 
pipelines.


