Joint Industry Project

Flow Induced Pulsation in Flexible Risers
- Phase 1 and 2 summary
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Existing / Previous JIP Participants

Phase 1 and 2:

« ExxonMobil Upstream Research Company
« BP Exploration

* Bureau Veritas Energy & Process Group

* UK Health & Safety Executive

Phase 1 only:

« Statoil

Principal Subcontractor

« TNO

Project Management

- OTM



Goal of JIP

Flexible risers can “sing”:
- this provides an operational hazard

* The goal of the JIP Flexible risers project is:
» To provide guidelines for assets with existing risers
» To provide guidelines for operators looking to use flexible risers

* Method:
 Inventory of existing installations with singing flexibles
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» Research in the singing phenomenon (process conditions, geometry, etc..)
« Experiments on artificial corrugated, and real carcass, geometries

* Numerical analysis on vortex shedding on corrugations




JIP Phase 1 & 2 Questions

We want to be able to predict:
* The ‘Onset’ process flow velocity
* The pressure pulsation frequency
» The pressure pulsation amplitudes
» The pressure drop along the riser
We want to be able to establish the influence of line pressure,

riser carcass geometry (corrugations, length) and boundary
condition is investigated



JIP Phase 1 & 2 experiments = — — ] —

High Pressure testing (40, 60 bar) wown arom arows
6” Wellstream/Coflexip/NKT RSP [ JOREFEung [ R

:_"‘\_r"'_‘\_."' ™ ™ | : :
_ L

LOW/medIum pressure teSting | I.’..'EGMIJ . | {’.'E.:I.'}M.Il-i.-\.-'ﬂ | {’.'EI.';MIlS
2" Wellstream/Coflexip
2" artifical geometries
geome il
Over 20 geometries I
Measurlng DOHM 260 4E']0 6EIJC|ib SEJO 10IUU 12r00 14I00 16I00 18'00 2000

Frequency (Hz)

P’ at 10 locations
Multi Microphone method

Pressure control )
Measurement sechons

valve Control - — .
wj,x ’_=-‘ //;;E -, 3 [l 11 L oo _ I T S
\:J Flow Carrier pipe with Pressure

cormigated tubes control valve



Frequency

Frequency (Hz)

1600

1400

1200

1000

800

6500

400

200

1 T T T ]

T L

Constant Strouhal number

Sr=fL/U

3

3

4500
é450
3400
2350

3300

11

1250 oo
4200

150

-100




Frequency vs Geometry
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Frequency vs Geometry

Strouhal parameter [-]
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Pressure drop
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Amplitude
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Amplitude

Some geometries
will excite higher
amplitudes than
others
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Onset velocity - Boundary conditions

Boundary conditions are extremely important
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Onset velocity - Installation direction

(At atmospheric pressure)

Onset velocity

» Uonset A direction : 13.1 m/s
» Uonset B direction : > 96 m/s

Pressure drop

A Adirection : 0.07
* A B direction : 0.045
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Onset velocity - Pressure

i H

Uonset'Uonset{1ba

1.5

1.3

1.1

09

07y

05

0.3

01

-0.1

Higher pressures gives

lower onset velocities




16

High Pressure experiments (NEL)
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JIP Il Main conclusions

* Frequency :
* Whistling frequency can be predicted (including effects
edge rounding, gap width etc)
* Pressure drop :
* Based on experiments a better pressure drop prediction
can be made
« Amplitude :
» Geometry dependence amplitude
* Pressure dependence amplitude
* Onset velocity :
* Geometry dependence onset
« Minimal onset criterion is understood
* We lack yet a comprehensive model to include all
geometry, process and systems effects
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