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Motivation
Near-well fluid flow is attracting increasing interest for
gaining insight into the flow behaviour and ultimately tak-
ing advantage this knowledge to aid in improving produc-
tion optimization of real reservoirs.
One of the aims of reservoir simulation is to predict oil
production scenarios in order to support the decision
making process. In this modeling framework, the wells
are usually approximated either as source or sink terms
in the mass balance equations. In the standard models
the skin factor comes into play, a dimensionless empiri-
cal parameter without an actual physical meaning which
is often tuned to match the history of real reservoir data.
To investigate wether the CFD models in the near-well
region could eliminate the tuning parameters for the full-
field reservoir simulators and increase the accuracy of
the prediction, we consider the weak coupling of these
two models with an objective to test the feasibility of en-
abling a multi-physics coupling. We would like to provide
a model coupled across the interface where particular
emphasis is given to time-step matching of the multi-
scale flow.

Darcy
Darcy’s law is a phenomenologically derived constitu-
tive equation that describes the flow of a fluid through
a porous medium.
For the validity of the model a proper selection of a
representative elementary volume (REV) size is crucial.
Fig. 2 shows that the selected REV should not only be
smaller than the flow domain, but it should also be larger
than a single pore in the porous medium. A very small
REV may lead to oscillations due to existence of inhomo-
geneities at the micro-scale. On the other hand, a very
large REV leads to fluctuations caused by macroscopic
heterogeneities of the medium.

General Darcy Assumptions
I Laminar flow.
I The fluid movement is dominated by viscous forces.
I Macroscopic law that is valid at a large scale

compared to the pore scale, cfr. Fig. 1.

The most common model used for flow in the reservoir is
the black oil model, this model can be used to describe
the simultaneous flow of three phases (e.g. water, oil
and gas) through a porous medium, cfr Fig. 3.

Black Oil Assumptions
I Hydrocarbon components are divided into a gas

component and an oil component.
I No mass transfer occurs between the water phase

and the other two phases.
I Mass is not conserved within each phase, but rather

the total mass of each component must be conserved.

The equations are derived from a conservation law
based on mass conservation

∂(φρwSw)

∂t
= −∇ · (ρwuw) + qW

for the water component,
∂(φρOoSo)

∂t
= −∇ · (ρOouo) + qO

for the oil component, and
∂

∂t
(φ(ρGoSo + ρgSg)) = −∇ · (ρGouo + ρgug) + qG

for the gas component, where ρOo and ρGo indicate the
partial densities of the oil and the gas components in the
oil phase, respectively.

Darcy’s law for each phase is written in the usual form

uα = −
1

µα
kα(∇pα − ραg∇z), α = w, o, g.

The fact that the three phases jointly fill the void space
is given by the saturation equation

Sw + So + Sg = 1

Finally, the phase pressures are related by capillary
pressures

pcow = po − pw, pcgo = pg − po

For the black oil model, it is often convenient to work
with the conservation equations on “standard volumes”,
instead of the conservation equations on “mass”.

Figure 1: Different scales in a porous medium:
macroscopic (Darcy-NS), microscopic (NS) and
molecular (Boltzmann).

Navier-Stokes
The Navier-Stokes equations describe the balance that
arise from applying Newton’s second law to fluid motion
based on the following

General Assumptions
I Validity of the continuum hypothesis.
I The fields of interest are differentiable.
Continuity equation:

∂(φρ)

∂t
+∇ · (ρu) = 0

Compressible momentum equation:

ρ
(∂u
∂t

+ (u · ∇)u
)
= −∇p+ µ∇2u + F

where the term F denotes volume force field that can be
given by external factors, e.g. gravity.
To model the flow in a porous medium we must take
into account the resistance induces by the grains, so
we use two source terms associated to the resistance
induced by the porous medium to modify the NS equa-
tions. These are the linear Darcy and the Forchheimer
term

F = −
(
µ

k
u + βρ|u|u

)
Multiphase flow equation can be derived similarly as in
the above mentioned black oil model.

Figure 2: Domain of porous media.

Coupling Algorithm
The algorithm proposed in [1] is the following: at the be-
ginning of the simulation, the near-well model is first ini-
tialised using data from the reservoir model with appro-
priate downscaling or upscaling technique. Then, the
following steps are followed:

Algorithm
1. Run the full-field reservoir model from time T0 to T1.
2. Update boundary conditions for the near-wellbore

model at T0 using the full-field simulation results. If
the near-well model is considered at the beginning of
the reservoir simulation, pressures and saturations
are initialised using hydrostatic equilibrium.

3. Run the near-wellbore model from T0 to T1 with the
updated boundary conditions.

4. Update numerical PIs and multipliers for the full-field
model.

5. Repeat steps 1 to 4 with a new time interval.

The well production estimations are still based on the
full-field reservoir model, while the near-wellbore model
is mainly used to update numerical PI and its multipli-
ers.
The numerical PI includes geometrical effects, perme-
ability effects and the skin factor which represents for-
mation damage effects. The following formula it is used
for updating the PIs:

PIi(T1) =

∑
j

∑
p λp,j

(
Pnw,p,j(T1)− Pwf,j(T1)

)
PInw,j∑

p λp,i
(
Pr,p,i(T1)− Pwf,i(T1)

)
where Pnw,p is the pressure of phase p calculated with
the near-well model, Pr,p is the pressure of phase p cal-
culated with the reservoir model, PIn,w is the numerical
PI used in the near-well model, and Pwf is the bottom-
hole well flowing pressure.
The present work is still ongoing and the results are not
available yet.

Figure 3: Full field reservoir model.

Conclusion and perspectives
The main objective of this work is to predict correctly
well productivities by taking into account complex near-
wellbore physics, that can be caught accurately only with
CFD simulation based on the NS equations.
We believe that CFD enables more accurate prediction
of the impact of formation damage and thus of well per-
formance, i.e. of the multiscale physical phenomena that
happen in the wellbore region. So, instead of using the
same model in a finer scale, like in [1], we want to up-
date of the full field model productivity indexes from the
CFD simulation.
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