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WHAT’S THE PROBLEM?

mud —

cuttings

|

» Operation time

» Cuttings blockage
» Mud velocity

» Liquid loss

» Cost issue
» Safety issue
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WHAT’S THE PROBLEM?

tive equations of the Eulerian-Eulerian (EE) mod

Principal governing equations and hydrodynamic forces

Continuity equation = (% ) 49 (aapal) = D (s = i)
=
Fluid-Fluid Momentum ~aVp+ V- 71+ apd +

conservation equation

# (p®) + V- (Db
v

D 1K (1= 2) st + B + Faeg + Furg +
S
Fumaq +Frag)
Fluid-Solid Momentum i (@spsls) + V- (spslsls) = —asVp— Vps + V- 15 +
conservation equation Ll

aspsd + 2 Kie (51— D) - i ic — il + (Fo + g +

=
Bt Fon 1P
ot Fna )

sl T Ei_m
Fluid-Solid exchange Ka= 23 G (38) [5e 1]
coefficient (Syamlal and
O'Brien, 1987)
2
Drag coefficient (Dalla Valle, C= (0.63 + —ﬂ—)
1943) Vi
Particle Reynolds number Re = %""'
rs=
Bty i gyl aefiatng o5 (A —0.06Re; -+ 1/ (0.06Re,)? +0.12Re; (2B — A) + AZ)
Agtie

B = 0,802 for oy < 0.85 and B = 0.80;25 for ay > 0.85

Constitutive equations for solid-liquid multiphase flow

Cranular viscosity — = 2L 14 gnssas(t+ ee)Bess = )]
Syamlal et al., 1993

Granular bulk viscosity —
Lunetal, 1984

Collisional dissipation of yog = sz
energy — Lun et al,, 1984

Solids Pressure — Lun et al,
1984

Granular temperature

eg12
25 = $olnsdsgoss(l +ess) [ %]

Ps = aspsOs + 2ps(1 + ess)algossOs
05 =1 (vsi-vs,)

o,
doss = [,, (mx)’]

(o505 min)"
Camax-osP

Radial Distribution — Lun
etal, 1984

Frictional Pressure — Pction = P
Johnson and Jackson, 1987

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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WHAT’'S THE GEOMETRY?

A
Ny

» The spinning pipe
» The mud
» The cuttings

» The surrounding rock
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WHAT’'S THE GEOMETRY?

- » The spinning pipe
. » The mud
» The cuttings
» The surrounding rock
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Mub MODELLING — SETUP

| 4
| 4

Flow up an annular pipe.

Drill moves downwards with
small speed ¢, rotational speed I'.
Use cylindrical coordinates:

7,0, x = ez.

Flow with velocity components
Uy = €0y, Uy, U.

BCs:
or(1) =0, v(R) = Vg(x),
uz(1) = —e, uz(R) =0,
up(1) =T, ug(R) = 0.
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Mub — GOVERNING EQUATIONS

We obtain:
Conservation of mass: %%(rw) + % = O(e),
Radial momentum: 1/% + ué = O(e),
Azimuthal momentum: %% (1’%) - % = O(e),
Axial momentum: c(x) + %% (r a(;f) = O(e).

Here, pressure has been decomposed as:
p=—pv [e_l/ c(x)dx + q(x, r)} .
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Mupb Fruip PrROFILE

» Radial momentum determines 4.

» Azimuthal momentum: Taylor-Couette flow
r R?
Up = ﬁ |:T —1’:| +O(6)

» Axial momentum: Poiseuille flow
0, = ‘:(4—’5) |1+ (R? = 1) logg(r) — 12| +O(e)

» Conservation of mass finds v, and c:
X
c(x) = f(R) / ox(2) di.
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WHAT ABOUT NON-INEWTONIAN FLOW?

AT :
D » General form of conservation of
momentum:

dii

AN [%—F(u V)]:—VP+V-T.

extra stress T

T = u(%)(Vu + VuT),

| » Try considering a power law for the

with
! n(y) = Ky
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WHAT ABOUT NON-INEWTONIAN FLOW?

dii

—_—
" AR ——m—

» What happens to axial momentum?
> If1<r<AR

1|V pr Rz VT
u, = —G|G[V/"1 27<‘ /1<T —c) d¢+c

» If \R<r<R

uz = —G|G['/"~1

1 1/n R A2R2 1/n
K /(C_ 4) et

» Much more complicated!
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MODELLING CUTTING TRANSPORT

Two phase flow model or Kinetics model?
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MODELLING CUTTING TRANSPORT
Two phase flow model or Kinetics model?

Stationary
Cuttings
Bed
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DIFFERENT REGIMES

Mixture flow
direction

Drill mud

Vertical Section

True Vertical Depth

Drill bit Drill cuttings

‘Wellbore

Flow domain  e—e¥m
Drillpipe

Cuttings bed

| Horizontal Section | Cuttings bed
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DIFFERENT REGIMES

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

Flow Rate (gom) vty ) Cuttings transport to the sur-
face depends on wellbore angle:

>0

o
a

200,

» Near-horizontal angles:

rolling behaviour
1o 2 » Intermediate angles:
- lifting behaviour
S » Near-vertical angles:
o 10 20 30 40 50 60 70 80 20
Wellors Angle, deg settling behaviour
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DRAG-GRAVITY BALANCE

Y
—
— = In a steady state where the drag of
mud balances the gravity of cuttings:
\)-—‘
s
— F= %rzuz —prrPg =0
—
= Uy £/ 28T
~ The velocity difference between the
mud and the cutting is proportional to
the radius of the cutting discs.
w
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WHAT’'S NEXT?

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

Q:+Qn

umix = 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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WHAT’'S NEXT?

» Modelling mixture velocity.

» Coupling the non-Newtonian characteristics with the
Newtonian mud-loss model.

» Developing simple fast math models for sediment
transport.
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