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Agenda

Å Background

Å Validation studies

ï Espedal ïstratified flow

ï TMF - slug flow

ï StatOil ïwavy-slug flow

Å 3D application
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Å Co-simulation
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The Importance of Simulation in Engineering Design

Å ñThe deeper you go, the less you knowò

ï Engineers need to know if proposed designs will function 

properly under increasingly harsh operating offshore/subsea 

conditions

ï Experience and ñgut feelò become less reliable in new 

environments

ï Physical testing is increasingly expensive and less reliable 

due to scaling assumptions

Å Simulation is rapidly moving from a troubleshooting tool 
into a leading position as a design tool: ñUp -Front ò 

numerical/virtual testing to validate and improve designs 

before they are built and installed 



The Importance of Using the Right Numerical Tools

Å To be effective, simulations must be 

ï Fast enough to provide answers within the design timeframe

ï Accurate enough to provide sufficiently insightful answers for 

better design decisions

Å Choice and use of a judicious mix of tools for Multi-

Fidelity Simulation to meet these effectiveness 

requirements, e.g.

ï 1-D simulations (OLGA) for long pipeline systems

ï 3-D simulations (STAR) for equipment, transition regions

ï A user-friendly computing environment for activating the right 

mix of tools for the situation being examined: co-simulation



Computational Time (wall-clock)
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Multi-Fidelity Simulation Effort

Higher fidelity (= more detailed insight) requires increasing 
computational time ( wall -clock )
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Stratified flow in a pipe - Espedal (1998)

Å Experimental data provided by Dag Biberg, SPT.

Å Air-water stratified flow in near horizontal pipe.

Å Reference data for pipe flow analysis.

Å L=18m, D=60mm



Comparison with Espedal data

Pressure gradient

Liquid level



CPU requirement

Å Cell count: 97416

Å Time step: 1e-2

Å 4 processors, 1 day to simulate ~100 s.

Å Statistically steady state reached around 80 seconds.



Slug flow test case from TMF

Å Slug flow benchmark case selected by Prof Geoff Hewitt, 

Imperial College.

Å TMF programme, Priscilla Ujang, PhD thesis, Sept 2003.

Å L=37m, D=77.92mm

Å Air/water, P=1atm, T=25°C, inlet fraction 50/50

Å Usl=0.611m/s, Usg=4.64m/s



Mesh

Å 384 cells in cross plane.

Å 2.5 cm in axial direction.

Å Total cell count 568,512.



CFD model

Å Volume of Fluid (VOF).

Å High Resolution Interface Capture (HRIC) scheme used for 

volume fraction.

Å Momentum: Linear Upwind scheme (2nd order).

Å Turbulence: k-ɤSST model with interface damping.

Å Gas phase: compressible. 

Å Liquid phase: incompressible.

Å Time step: 8e-4 s



TMF - Slug Flow Benchmark: 

Slug Origination and Growth



Slug frequency - liquid height at middle of pipe

Experiment

STAR-CD


