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Abstract— In the present study, a computational fluid dynamics (CFD) simulation was performed to analyze the mixing phenomena
associated with multi-phase flow in a mud mixing system. For the validation of CFD simulation, firstly a liquid-solid multiphase flow
inside horizontal pipe was simulated and compared with the experiments and other numerical simulations. And then, the multiphase
flow simulation was carried out for the mud mixer in the drilling handling system in order to understand mixing phenomena and
predict the mixing efficiency. For the modeling and simulation, a commercial software, STAR-CCM+, based on a finite-volume method
(FVM) was adopted. The simulation results for liquid-solid flow inside the pipe shows a good agreement with the experimental data.
With the same multiphase model, the simulation for mud mixer is performed under the generalized boundary condition and then
pressure drop through the mud mixer will be discussed.
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In this study, a computational fluid dynamics (CFD)
[. INTRODUCTION simulation is applied to analyze the multi-phase flow and
understand flow characteristics in mud mixer. Firstly, the
liquid-solid multiphase flow in a horizontal pipe is simulated
and compared with experimental results performed by [1] and
other numerical results performed by [2],[3]. After then,
multiphase simulation for generalized mud mixer model is
also performed. For the present numerical simulation,
commercial software STAR CCM+ based on the finite
volume method (FVM) is used.

As well known, offshore oil drilling is a mechanical
process using drilling mud to extract petroleum or natural gas
through wellbore in seabed. Driling mud, which is the
mixture of oil (or water) and bulk (Barite, Bentonite, Polymer
etc.), is of high viscosity and used to remove cuttings,
provides hydrostatic pressure, cool down drilling bit and
lubricate drilling bit. Although there are many different types
of facilities from which offshore drilling operations take
place, the core system of them is drilling system, which is
mainly composed of mud-handling and bulk-handling Il. GOVERNING EQUATIONS AND NUMERICAL MODELING

systems. A. Governing equations

When driling operation is being performed, many The governing equations for incompressible and viscous
physical and chemical changes are occurred in wellbore. TofIOW are the continuity and RaNS (Reynolds-averaged

handle many changes of well condition and keep drilling . ) )
process, additives of bulk are added into drilling mud through Navier-Stokes) equations as follows:
mud mixing system, such as bentonite for increasing density

of drilling mud, barite for increasing viscosity of drilling

mud, polymer for chemical control, or surfactant. Because the
achievement of the required material property through mud da,u,
mixing system is essential to stabilize drilling system, it is of gt
importance to analyze multi-phase flow during mud mixing
process, which is directly related to increase mixing where, g, is the volume fractiony, the velocity vectorz

performance of the system and guarantee the safety of the . .
whole drilling system. stress tensory' the turbulent stress tensagy, density, p
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pressureM, momentum transfer term arw, the internal B. Smulation for mud mixer

forces. Next, the simulation of multiphase flow for mud mixer is
: . performed to find the optimal configuration which can
B. Numerical modeling improve mixing performance.

In STAR-CCM+, Hybrid Gauss-LSQ method is adopted ~ The geometry of mud mixer is derived from the statistical
for pressure gradient term and 2nd-order upwind scheme fordata of manufactured products and schematic view of
convection term. For solving the turbulent stress in governing simply-designed mud mixer is shown in Fig.7. Here, the
equations, k-epsilon standard model is used. Drag, turbulentliameter of mud pipe line is 0.15m and liquid capacity is
dispersion and lift forces model between each phase ar&00~1200gpm.
adopted for momentum transfer. Internal force includes the Fig. 8 shows the change of pressure proved at the mud
pressure of solid that occurs only in the particle phase. inlet along time. The maximum pressure appears around 17s,

In this simulation, Syamlal O’Brien model [4] for drag and a quasi-steady state is reached after 70s. It means that the
force was adopted. The Syamlal O'Brien drag coefficient is evaluation for mixing performance of mud mixer is available
based on measurements of terminal velocity in settling bedsafter 70s. After reaching at the quasi-steady state, the volume
The drag coefficient defines liquid-solid momentum fraction of mud at the center of hopper is proved over 0.5. It
exchanges as a function of the particle phase fraction, particlaneans that the mud is partially transported backward because
Reynolds number and terminal velocity. For predicting the of the small diameter of diffuser.
distribution of solid particle in pipes, to predict the turbulent

dispersion force is important [5]. To calculate turbulent ’ Test section : Im
dispersion, the turbulent Prandtl number 1 is adopted. For the ©

lift force model, formula from [6] is used and the value of the L=10m

lift coefficient C_ is 0.1, which is commonly used for small Fig.1 Geometry of horizontal pipe line

solid particles [5]. For more accurate representation of the
solid particles than the simple solid pressure force model, the
Granular flow model is adopted. @ =~

Gidaspow drag model
Syamlal drag model

[1l. NUMERCIAL SIMULATION 68 O

A. Validation for liquid-solid multiphase flow

Liquid-solid multiphase flow in a horizontal pipe line is
simulated and compared with experimental results [1] and n 06
other numerical results [2],[3]. In both experiment and CFD, §
length and diameter of horizontal line are around 10m and=
103mm, respectively, as shown in Fig. 1. The averagedng_
velocity in inlet is 3m/s and concentration of solid particle is b
0.19. The material of phase-1 is assumed as tap water an
phase-2 as silica particles. The density and diameter of silice
particle are set at 2650kgimnd 9im, respectively. 02

Firstly, to select the well-adapted drag model, two drag
models, such as the Gidaspow model [7] and Syamlal
O'Brien model [4], are tested through the comparative 0 i 0 i q
simulation, and the Syamlal O Brien drag model [4] shows 0 0.1 02 03 0.4 0.5
more reasonably-matched to the experiments than the othel Solid concentration
as shown in Fig. 2. Hereby, the Syamlal O Brien model [4]
for drag force is employed to all of simulation.

The distribution of solid particles which is represented by
volume fraction in horizontal pipe line is shown in Fig. 3. As
solid particles are transported to the end of the pipe line,
some of them sinks gradually below due to difference of
density. Fig. 4 shows the magnitude of velocity in phase-

Fig.2 Comparison of solid concentration for drag model test

1(liquid), and the center of maximum value goes slightly up -y
because the solid particles move downward. - S
The gird convergency are tested with 1,000,000 to -
5,000,000 grid points, and the results are depicted in Fig. 5. I
is seen that the solid concentration seems to be not so muc 3 el sl
.E_LV 0.10000 0.12600 0.15200 0.17800 0.20400 0.23000

affected by the number of grids.

In Fig. 6, the comparison of the present simulation is made
with the experiment and other numerical simulations. As the
results, it is seen that the present simulation represents very
steep concentration profile of solid particles and is closer to
the experiment than other numerical results.

Fig.3 Volume fraction of phase-2 (Solid)
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Fig.4 Velocity of phase-1(Liquid)
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Fig.6 Comparison with experimental and numerical results
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Fig.7 Schematic view of designed mud mixer
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Fig.8 Change of pressure at mud inlet along time
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IV. CONCLUSIONS
In this study, a computational fluid dynamics (CFD)

ACKNOWLEDGMENT

This research was supported by the Industrial Strategic
simulation was applied to analyze the multi-phase flow and Technology Development

Program (G01201306010380,

understand flow characteristics in mud mixer. The liquid- Bulk and LP Mud Handling System for Deep Sea Drilling
solid multiphase flow in a horizontal pipe was simulated to System) funded by the MOTIE/KEIT.

check the proper drag model and compared with experiments
[1] and other numerical simulations [2],[3]. As the results, it
seemed that the present simulation for solid concentrationy
was agreed with the experiment compare to other numericaf
results when the Syamlal O'Brien’s model [4] was employed
to liquid-solid multiphase flow in a pipe. 2
In the multiphase simulation for the mud mixer, the
simply-designed mud mixer derived from the statistical data [3]
of manufactured products was introduced and liquid-solid
flow in the mixer was simulated. It can be said that the CFD
simulation indicates the potential for multiphase flow in mud [4]
mixer and is quite useful for M&S (Modeling and
simulation)-based design of optimized mixer in mud handling
system. [5]
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