Natural convection instability during carbon dioxide storage into

deep saline aquifers
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Processes

« Fluid mass balance equation of water and vapor
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« Fluid mass balance equation of CO,
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- Energy balance equation
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Benchmark
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Benchmark sketch.

=The test benchmark problem for heat pipe effects is
formulated in 1D column is filled with fluid subjected to heat
flux g;=100, at the right end where left end temperature
maintained below to the saturation temperature

=Pressure gradients are derived for each phases in two-
phase flow with heat transfer. Then obtained saturation
gradient is integrated over two-phase regime. Two-phase
zone is defined by imposing the limits of integration on
saturation, i.e. S=S; at x=0 and S= S, at x=L. L is length of
two phase zone.

=Decrease in vapour density is described by Kelvin equation
and divergent form of temperature is obtained by using
pressure gradients

=Coupled differential equations are integrated by using
Euler method with following boundary conditions at x = 0:
S=S0' pg:pgo’ PC = Peo and T:Tsat

=The scientific open source code OpenGeoSys for multi-phase

scheme).
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where g = (p, p.)" stands for gas and capillary pressure
unknowns at element nodes.

Generalized single step time discretization scheme.
[ MHOAL(AFK) €™ =[ M-(1-0) At (A+K) |E™, With © >0.5

= Primary variables: gas pressure, capillary pressure and
temperature

= Monolithic scheme for pressure and capillary pressure

= Staggered scheme for temperature

= Coupling terms calculated at each Gauss point by
interpolating nodal values

= Picard linearization for nonlinear iterations
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Profiles of primary variable are compared with
for heat pipe example.

analytical solution

Obtained solution for primary variables are well matched

with the analytical solution

Deviation at saturation distribution is due to saturation
obtained by interpolating over gauss point

The numerical model is implemented in the framework of
the open source scientific software OpenGeoSys (OGS)

= OGS is based on object-oriented programming principles
allowing model applications in various geotechnical areas

Application

= Two-phase natural convection and
H instability analysis by quality is presented
for CCS into deep saline aquifers

= We assume that the aquifer is a partially
.| saturated with CO, and water
= Potential two-phase flow instability, i.e.

= Structure and stability of the two-phase
by Nsub and NPch

= Identical Ng,;, and Np,, represent similar
quality (x.g) development of the flow.

System geometry and boundary conditions.

Two numbers are defined as follow
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Operational stability diagram and thermal oscillations.
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Distribution of the time averaged (a) saturation; (b) vapor pressure ;
water pressure.

Conclusions

=Thermal oscillations occur at heat flux at g;=100 Wm-2,
moreover its aplitude is depending on heat input

=Here, Ng,, and Np,, are identical and qualit Xgq = 0%
showing stable two-phase flow.
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thermal oscillations is encountered. This is
important for design and operation of CCS

mixed convection process is characterized
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