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Safety and efficiency require quantification
• Operation

• Safety

• Optimization

• Time 
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• Flow models

• Thermophysical 

properties

• Numerical 

methods

• Pipe materials

• Data and models must cover a wide range of parameters

• Existing engineering tools do not answer all relevant questions
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Flow of CO2 vs oil and natural gas

For CO2:

• Tighter coupling between thermo- and fluid 

dynamics, because operation states can be 

close to critical point (above which the fluid is 

in a single-phase state) and the triple point 

(gas-liquid-solid equilibrium).

• Lack of relevant flow experimental data.

• E.g. running-ductile fracture: Existing semi-

empirical models do not work well for CO2.
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The fracture race

• Pressure-propagation 

speed (sound speed)

− Gas, liquid or mixture

− Fluid composition

− Pressure

− Temperature

− Fluid flow
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Pipe with methane

D=267mm

SINTEF MC

• Fracture-propagation 

speed

− Pipe material

− Pipe geometry

− Pressure

− Temperature



6

Simulation of CO2Pipetrans experiment
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The research methodology

• Two-way coupling

− Experiments → develop and 

validate models

− Understanding models →

understanding phenomena

• Data and models are 

needed on several levels

Phenomena

Running fracture

…
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The research methodology

Value chain

…

…
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ECCSEL Depressurization facility

12

NTNU-SINTEF Thermal Engineering Lab

• Tube

− Length 60 m

− Inner diameter 4 cm

− Specifically instrumented to 

capture decompression 

waves

• Vessel

− Cylindrical, volume 58 L

− Designed to develop and 

validate vessel models and 

thermodynamics models
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The depressurization / decompression tube

• Status 

− 2012: Virtually no open data.

− 2020: Still relatively little high-quality data.

• Designed to capture fast pressure waves.

• Densely instrumented for both p and T

• Validate and further develop the fluid part of 

SINTEF’s coupled FE-CFD model for fracture-

propagation control.

− Develop two/three-phase flow models in general.

− Outflow / valve modelling.

− Heat-transfer modelling.
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Depressurization tests
15

No. 8

Rupture disk: Before After
Munkejord et al.: 
Energy 211, 2020,
10.1016/j.energy.20
20.118560
Open access & data

10.1016/j.energy.2020.118560


16

Instrumentation
16

• High resolution data:

p 10 µs, T 1 ms

• Co-located sensors

Sensor Number Logging 
frequency

Logging 
duration

Pressure 
transducer

16 units 100 kHz 9 s

Thermocouples 23 units 1 kHz 9 s

P

T

T

T

0°

90°

270°

180°
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Modelling

• Transient homogeneous equilibrium model (HEM)

− 1/2/3 phases (gas/liquid/solid)

− Each phase has the same velocity, pressure, temperature and chemical potential

− Discretized using a second-order shock-capturing scheme (MUSCL with FORCE flux)

− Span-Wagner equation of state

− Friedel friction correlation

− Gungor-Winterton boiling heat transfer

− 1200 or 4800 computational cells
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• CO2, 12.22 MPa, 24.6 °C. Full lines: Exp, Dashed lines: Sim

Pressure for different positions
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• CO2, 12.22 MPa, 24.6 °C

Decompression-wave speed

• Very good agreement in the 

liquid area and fair agreement 

in the two-phase area.

• Observed 'plateau' significantly 

lower than predicted by 

equilibrium.
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• CO2, 12.22 MPa, 24.6 °C. Full lines: Exp, Dashed lines: Sim

Temperature for different positions

x = 0.080 m

x = 15.292 mx = 61.280 m
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• CO2, 12.22 MPa, 24.6 °C. Full lines: Exp, Dashed lines: Sim

Temperature for different positions

x = 15.292 m x = 46.085 m
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Conclusion

• De-risking of CO2 transport and injection requires physical quantification, 

which in turn requires models and experiments at the appropriate levels.

• Models for transient flow of CO2 need to be particularly robust, due to the

processes' proximity to the critical point and triple point.

• We fill in knowledge gaps, facilitating CCS deployment.

• The ECCSEL depressurization facility is producing high-quality pressure and 

temperature data, fit for model validation and development.

• The homogeneous equilibrium model can give good results – but not always.

• To describe rapid depressurizations, non-equilibrium models are needed.
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