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W���’� ��� �������?

I Operation time
I Cuttings blockage
I Mud velocity

I Liquid loss
I Cost issue
I Safety issue
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W���’� ��� �������?

No real-time results:

Simulation for seconds
of the process requires
hours of running time.

What do we want?
Simple fast math mod-
els which involves dom-
inant physics.
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W���’� ��� ��������?

I The spinning pipe
I The mud
I The cuttings
I The surrounding rock
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M��M��������— S����

�

✏

r = 1

r = R

I Flow up an annular pipe.
I Drill moves downwards with

small speed ✏, rotational speed �.
I Use cylindrical coordinates:

r, ✓, x = ✏z.
I Flow with velocity components

ur = ✏vr, u✓, uz.
I BCs:

vr(1) = 0, vr(R) = VR(x),

uz(1) = �✏, uz(R) = 0,

u✓(1) = �, u✓(R) = 0.
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M��—G�������� E��������
We obtain:

Conservation of mass: 1
r

@

@r
(rvr) +

@uz
@x

= O(✏),

Radial momentum: ⌫
@q

@r
+

u
2
✓

r
= O(✏),

Azimuthal momentum: 1
r

@

@r

✓
r
@u✓
@r

◆
� u✓

r2
= O(✏),

Axial momentum: c(x) +
1
r

@

@r

✓
r
@uz
@r

◆
= O(✏).

Here, pressure has been decomposed as:

p = �⇢⌫


✏�1

Z
x

c(x̂)dx̂ + q(x, r)

�
.
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M�� F���� P������
I Radial momentum determines q.
I Azimuthal momentum: Taylor-Couette flow

u✓ =
�

R2 � 1


R
2

r
� r

�
+O(✏).

I Axial momentum: Poiseuille flow

uz =
c(x)

4

h
1+ (R2 � 1) logR(r)� r

2
i
+O(✏)

I Conservation of mass finds vr and c:

c(x) = f (R)

Z
x

vR(x̂) dx̂.
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W��� ����� ���-N�������� ����?

�R
R

I General form of conservation of
momentum:

⇢


@u
@t

+ (u ·r)u
�
= �rp+r · T .

I Try considering a power law for the
extra stress T :

T = µ(�̇)(ru+ruT),

with
µ(�̇) = K�̇n�1.
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W��� ����� ���-N�������� ����?

�R
R

I What happens to axial momentum?
I If 1  r  �R

uz = �G|G|1/n�1
����
1
2K

����
1/n Z r

1

✓
�2R2

⇣
� ⇣

◆1/n
d⇣ + c1

I If �R  r  R

uz = �G|G|1/n�1
����
1
2K

����
1/n Z R

r

✓
⇣ �

�2R2

⇣

◆1/n
d⇣ + c2

I Much more complicated!
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M�������� C������ ���������

Two phase flow model or Kinetics model?
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D�������� �������
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D�������� �������

Kinetic models have been explored by Clark et al, with a
comparison to experimental results.

Cuttings transport to the sur-
face depends on wellbore angle:

I Near-horizontal angles:
rolling behaviour

I Intermediate angles:
lifting behaviour

I Near-vertical angles:
settling behaviour
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D���-������� �������

In a steady state where the drag of
mud balances the gravity of cuttings:

F =
⇢⇡

2 r
2
u
2 � ⇢⇡r3g = 0

) urel ⇡
p
2gr

The velocity di�erence between the
mud and the cutting is proportional to
the radius of the cutting discs.
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W���’� ����?

Write mixture velocity in terms of the respective flow rates of
the cuttings and mud, i.e.

Umix =
Qc +Qm

A
.

This lends itself well to modelling the cuttings and mud
separately to then ascertain the overall behaviour of the
mixture, i.e. taking the approach for modelling the mud
mentioned before, and then plugging this in alongside a kinetic
approach for the cuttings.
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W���’� ����?

I Modelling mixture velocity.
I Coupling the non-Newtonian characteristics with the

Newtonian mud-loss model.
I Developing simple fast math models for sediment

transport.
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