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Numerical Study of Agitation Performance in a Drilling Mud Mixing
Tank to Non-Newtonian Rheological Properties

Hyo-nam Im™, Hee-woong Lee’, In-su Lee, Jae-woong Choi’

Key Words : Newtonian fluid(77% +77)), Non-Newtonian fluid(¥/775 ++7)), Drilling mud mixing tank(A55 oE 2§ H3),
Bingham plastic fluid( ¥ =% +77), CFD( Zf‘fw—ﬁ/ &3}, Drilling facilities( A& 1)), Agitator(Z¥L7]), Power
consumption(5>2 & 8)), Pumping effectiveness(-EZ )

ABSTRACT

Non-Newtonian fluid mechanics takes charge of an important role in the oil industries. Especially in the oil well drilling
process, the drilling fluid such as mud keeps the drill bit cool and clean during drilling, with suspending drill cuttings and
lubricating a drill bit. The purpose of this study is to examine the effect of fluid mud rheological properties to predict different
characteristics of non-Newtonian fluid in the mud mixing tank on offshore drilling platforms. In this paper, ANSYS fluent
package was used for the simulation to solve the hydrodynamic force and to evaluate mud mixing time. Prediction of the power
consumption and the pumping effectiveness has been presented with different operating fluid models as Newtonian and
non-Newtonian fluid. The comparison between Newtonain mud model and non-Newtonian mud model is confirmed by the CFD
simulation method of drilling mud mixing tank. The results present useful information for the design of the drilling mud mixing
tanks and provide some guidance on the use of CFD tool for such non-Newtonian fluid flow.
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Phasel{Air)

Densiny : 1/2 kg'm’

. _ B 4

1500 kg/m’

Mud
Deasily :
Phase2{Mnd)

Fig. 1 Fluid components of 2phase(Air/Mud) flow

T=T, +up"y (4)

ol7|14 pe 8 Hx(effective viscosity),
(vield point)[Pal, u,+= &/dF % (plastic viscosity)[kg/ms],

v At 2% (Shear rate)[s '], = F 2 [Pa]o|t},
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Table 1 Multi-phase simulation settings Table 2 Fann VG meter
Settings Choice Density Shear stress at Shear stress at
Simulation type 2D/3D, Steady/Unsteady [kg/m’] 300RPM(6;,) [Pal 600RPM(65,) [Pal
. Double precision, 1500 1676 26.31
Solver L
Pressure based and implicit 3000 17.24 34.47
Temporal discretization 1st order euler scheme
Multiphase model VOF(2-phase)/Single phase
Turbulence model RSM(Reynolds Stress Method) w‘:ﬁ:tz:;;u
Pressure-velocity coupling | Pressure based coupled algorithm I
i Hole :'
: D=1mm :
P 1 1
N =—— (10) i i
P 35 : _ Pressure Qutlet |
prd pETT H=30mm T
N = (v : :
nd’ ‘Wall Boundary
N W=60mm
Ne = W; (12) Fig. 2 Comparison of Newtonian and Non-newtonian
P=N,pi*d® = N, Repnd (13)
P=2mn, 14 w98 golth. AL ke fAI9) &4 =S 4P}
7] 913k Alolt}, ® E=RAE N-& 300, A 6000]t,
A7|A p= Yklkg/m®], di= A8 AA0n], n& A A7) 35 S AFsH] gt Aolth, 300 rpm@] A
Flrpsl, Q= BH F=Hm/s], ni= B Aelhkg/ms], 7, & &8 SHNA 24 S W o= APt
= EA[Nm]o|t},
=206, (15)
2.3, SHM = 2 SHAM Ho|A
0 (9, —0,) (16)
y‘p ]V; _]Vl N2 N1
231, M =2 N
1
T, =0, ~Hy300 or 7, =050 — i, %))
Table 1¢] =2]ej4o] F-F2 02 ARGZE At HH-E
EFfiTE 5ol T2 Wi 5A19] AsS Tetstr] o] o714 NE& Fann VG meter 35A%] 3 A<L%[rpm], 6,
B AAIAE SR CHRERLS P o BA4E N U Fann VG meterold ¢S AT S

ARgslgon gao] ePgAdS gt dEyt S
2 913l CoupledH= AME3ISALE.
12 Act ﬁE7} @F2 JHofA 9] AgE

lo
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M
°%

=

Hwshlet, o4e) 37FA] A AlE g ol AL F5)
o] s Ao Akt e vl HESHIC 7l '
H R A9 He gk Al Aol Agskal e e
Helo| A AAstH 1 A 24 7|2l Fann VG meter 35A2]
247kl Table 25 o|gagict "

Al(16)= 78 FH19] A=E APstr] $1gh Alo|t, oluf
05> ZH2F 300 rpm, 600 rpmof|A] ST M= S47]9 A
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Table 3 Physical mud properties of Simulationt

Density Viscosity
Case [kg/m?] [Pa-s]
ianl

Newtonian 1500 0055

( 93 00 )
Newtonian2 1500 0,008

( 06 00 )
Non-Newtonian 1500 0.021

Fig. 3 (a) Mud tank and (b) Impeller for the Mesh Generation

Table 4 Physical mud properties of simulation2

Case |Classification g{egr;jrlg] VEISDZ?SSIJW Ylek[ipifr s
Casel N 1500 0.028 0
Case2 NN 1500 0.021 6.7
Case3 N 3000 0.028 0
Cased NN 3000 0.021 6.7
* N ! Newtonian fluid, NN : Non—newtonian fluid
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Fig. 4 Geometry of mud tank with two axes and multi-impellers,
(@) Schematic iso-view of mud tank, (b) Pitched paddle type
impeller, (c) Initial tracer sampling position and tracer concentration
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Table 5 Physical mud properties of simulation3

Fluid Parameters Value
density
. 1500
plkg/m?]
Newtonian .
plastic
viscosity 0.028
u[Pa-s]
density
1500
ol kg/ m?]
plastic
Non- viscosity 0.021
Newtonian u[Pa-s]
Yield stress 67
threshold[Pal ’
]
M eotioniaa 300 rpEm )
Wisoosity = (L0155 Pa-s
'|.'|m|:.'- 028 Pa-s I’./ PHWH'IMII'!'=0“:] P
|
R
(a) t=0.05 sec.
Mentomian 300 rpo}
Wisoosity = (L0335 Pa-
MomeMewtoman

Mewtourian S0 rpm}

Vispasily = 0.028 Fa-s Mastic viscasity = 0021 Pa-s

|

|

\‘/_,".-P_—'H_""'-.‘ o
= T,

(b) t=0.2 sec.

e £
e 1

Mewtonrism I mpm )
Wisposity = (L0335 Pa-

Mom-Mewtonian
Flagrie viecosiny = 0021 Pe-&

Merwtomia G0 )
Wisposity = (L02E Pa-s

e

(c) =05 sec.
Fig. 5 Comparison of free surface between newtonian and

non-newtonian fluid, (a) at 0.05 sec, (b) at 0.2 sec, (c) at 0.5 sec.
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amars

amars

Casel b Casez ANSTS

case4 -

Fig. 7 Velocity distribution, (a) elevation view, (b) plan view of z=0
m height, (c) plan view of z=1m height.

Table 6 Comparison of Power consumption

Case Classification Torque Power consumption
[-] [Nm] (kW]

casel N 1724.28 10.8

case2 NN 1446.75 9.1

case3 N 3457.34 217

cased NN 3007.17 189

* N @ Newtonian fluid, NN : Non-newtonian fluid

SO IA

si3| ==d: M17d, N6Z, 2014

Table 7 Comparison of pumping effectiveness

Case Power Flow Pumping
coefficient coefficient effectiveness
casel 0.779 0.626 0.80
case2 0.699 0.681 0.97
case3 0.779 0.624 0.80
cased 0.763 0.642 0.84
1.8
1.6
s
212
=
=il . casel
5‘ 0.8 casel
= 0.6 ARG
>“ ) cases
U cased
0.2
0
0 0.5 1 1.5
Radial distance at z=1 [m]
(@
=20
g“ casel
E 10 casel
E case3
2 cased

ta

0 [ | 1.5
Radial distance at z=1 [m]
(b)
Fig. 8 (a) Velocity magnitude and (b) Strain rate along a radial line
at z=1 m height.
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-500

-1000 -

-1500 A

-2000 -

Shaft Torque[Nm|

—Newtonian

-2500 A

——non-Newtonian

-3000

Time[sec]

Fig. 9 Comparison of torque on shaft13.

Table 8 Comparison of agitator characteristics on shaft13

Newtonian non-Newtonian
Torque [Nml] -1777 -1734
Power [kW] 10.61 10.36
Power coefficient 3.052 2979
Flow coefficient 0.584 0.586
Pumping effectiveness 0.191 0.197
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