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HYDRODYNAMIC SLUGGING

• Two phase intermittent flow

• Passage of sequences of 

liquid slugs alternating with 

sections of separated flow 

with long bubbles. 

• Challenge: estimate piping 

system fatigue life
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SAMPLE IDEALISED SLUG DATA SET FOR FATIGUE 

CALCULATIONS
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PREVIOUS PROJECT RESULTS

Pressure

Acceleration
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FINITE ELEMENT MODELING

• Beam finite element model of the 

piping system

• Force loading history

- weight variation as the bubble 

travels through the pipe

- centrifugal forces exerted at 

direction change

 

 

 

 

 

 

 
 

 

 

 
Figure 2: Slug unit definition 

SLUG UNIT 

Equivalent 

pocket density 
Equivalent 

liquid density Velocity 



MCE Deepwater Development 2016

APPLICATION ON A SUBSEA PIPING SYSTEM

• Typical 10” subsea pipe structure / 

approximately 80 m long

• First oscillation period 7s

• Pocket length can vary from 3 m to 

91 m (longer that the pipe system) 

– velocity 3 to 7 m/s

• Maximum stress values always 

occur at the same locations

• Fatigue data extracted from DNV 

RP C20
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RESULTS

• Longest slugs do not produce the 

worst-case conditions

• 73 m slug generates the highest 

displacement levels

• Difficult to estimate which 

configuration is the worst

• When the slug length is long 

enough, a static equilibrium occurs. 

This static position corresponds to 

the piping system full of gas.
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RESULTS

• Damage computed for 

each of the different 

process conditions

• Coupling between 

bubble length, velocity 

and pipe geometry

Maximum 
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73 M GAS POCKET DAMAGE RESULTS

weight difference 

pipe full of liquid / pipe full of gas

Dynamic response
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73 M GAS POCKET DAMAGE RESULTS

• Oscillation period (T) is 7.2 s, 

corresponding to the piping 

system first natural frequency

• Ts is 10.8 s = 1.5 times the 

oscillation period

• Most unfavorable phase 

angle for this case
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VALIDATION ON OTHER CASES

• For other velocities, 

maximal damage 

was also computed 

for slug lengths with 

Ts approximately 

equal to 1.5 times 

the oscillating period 

(7.2 s). 
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CONCLUSION

Maximum fatigue generated by slug regime depends on

• Pipe structure, 

• Slug velocity,

• Slug length.

Highest vibration and stress levels are due to an unfavorable phase 

angle between the oscillating response of the structure and the 

dynamic excitation applied to it.

Quasi-static approach and average slug parameter method now 

recognized as non-conservative.
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Thank You / Questions

This work was part of a research project sponsored by DORIS, SAIPEM, 

SUBSEA7, TECHNIP and TOTAL
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