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Fig. 1. Stages of the present study
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Table 1. Materials used for mud formulation and calcium carbonate particle size distribution

Grou Mixing
P Additives and Materials Role Amount Time
Name i
(min)
Water Continuous phase | 350cc
CMC Viscosifier 05¢ 5
XC Polymer Viscosifier 1g 5
(CFD Model Calcium Coarse (24y) | \Veighting agent 5
I Carbonate Bridging Agent
Verification) Al Weidhti "
alcium . eighting agen
Carbonate Medium (13 ) Bridging Agent 309 >
Calcium : Weighting agent
F 7 Lo
Carbonate ne (71 Bridging Agent >
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Table 2. Laboratory equipment used

el 00

solatul 350 2Risle;] Slppzs =Y Jgox

Equipment Name

Technical specifications

Mixer

Hamilton variable speed with 1.3 horsepower and three

variable speed ranges

Mud Balance

Diaeco brand in four scales ppg, SG, PCF and pam per

thousand feet

* Calcium carbonate

> XC-Polymer

¢ Carboxymethyl cellulose




. Diaeco brand with 100 pam pressure difference and ambient
3 API Filter Press . . -
temperature and stainless steel material and 400 cc capacity

) ) 3,6,10,20,30,60,100,200,300,600 with an accuracy of 0.1 rpm

4 Rotational VViscometer ]
Upgraded fan 35 with 12 speeds

5 Scale With an accuracy of 0.01
6 Filtrate Paper Whatman paper with grade 42 and serial 1442-090
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Shear Stress (lb/100ft2)

Shear Stress/Shear Rate

0 200 400 600 800 1000
Shear Rate (1/sec)

Flow Constant Behavior Index Yield Stress Apparent Mud
Coefficient Deviation (pa) Viscosity Weight
(k) (n) (cp) (PPY)
1.2 0.39 6.4 19.5 8.6
Size
Temperature | TESSUre Mass of
Experiment | Experiment of EMperature | .ecorence | calcium
number name calcium (Fahrenheit) . carbonate
carbonate GEI) (grams)
particles

'RPM



1 P100-T80- ] 80 100 30
CM Medium
Coarse
EXP-M30- | Medium
2 P100-T80- Fine 80 100 30
CMF

S8 4 e 50 ol 5905, el 9 ale] 9590 )la Sl (B E S g (Shp G loges Y IS
Wiy VWV yiesSass
Fig. 2. Shear stress vs. shear rate flow curve and rheological properties of the tested
drilling fluid using a 12-speed viscometer
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Fig. 3. Overall flowchart of the simulation process
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Fig. 4. Grid independence study and model geometry

as)$ b o eades +/F e ojlail il 03,5 Jleel 1 50 5 slo g,y g ool 48,5 as 1o die il & gty 4
el & o aSl (B, (e dawdid ()09 phiie g ool JJo 4y oo F Mbé\i».wJ)LW‘ hoolaiwl b o1 Jlade a5 o

E 1y S0 50 &l )lg co ] 5l eolaiw 1L aS | (glaSis o Sy 8L Bas @Sl > Miiw | v anl)d o
Q‘JJU w‘)ﬁ‘ la 9 Cow ‘ 4....“)‘3 c\S...w o)L.\J‘ 9 )L._‘>L...: L SLO[S & uS.) QJ‘J.)L.) Eé; L.S)L“” c\...u..: ‘S)BJJO.Q uﬁ&l.‘ (UL‘)? LSAP
S ) o il g 55 ol IS iy b on Gal38 55 sl oY lej 5 Slomlona o a5 sl ok
olal waz il o5le 4t cpl j0 358 plowil T 5ol T (5lo and 5 00,5 adgs ot po o3lail b aslds Sy a5 e |
o g ysbaieds aSis dlaas 0,5 alol T L Ll a0 ol 8 gilw ancd b ;8 g 00l AT (GAnASLE g b s i
M US54 i b is 8 3elate o 1 s 0l 5 sl b g 45 e et o U 2S5 lis Dl

0,8 Sl Slawlos plxil gl 03V Hlo) aaz gl alivcs Jo aslol e yiando < /F 4l

chJ)JkS)Q)J\ o..\cmuT)Lxu 4.>).Q:<-\SCA~;‘ IRWERTARARA la)a‘).: A g Ve QY 4\.»...4;5().”} 3O peal MJ)‘J.M
a4 el ont 5A0T1E6 ] artins oo 5 1.3057-10 4l aceeS cllo )5 Sy ke onl jainSls 4t

Froskeo /¥ e C8)5 4 Ol o0 T Jgux a9l (nlply 1] (6 5CedSh Al Bk S Suoy fhe sue 4 ol e

Al glo iy Al CudeS g olayl S ((Sgz poolie -V Joor
Table 3. Skewness, aspect ratio, and mesh quality for different grid configurations

'\gIIEZSI? I\'I{I\EIEE ELEMENT QUALITY ASPECT RATIO SKEWNESS
MIN. MAX. MIN. MAX. MIN. MAX.
0.9mm Tetrahedral 0.99 0.99 1.00 1.13 1.3e-10 0.0007
0.5mm Tetrahedral 0.98 0.99 1.00 1.15 1.3e-10 2.16e-6
0.4mm Tetrahedral 0.97 0.99 1.00 1.27 1.3e-10 7.97e-5
0.3mm Tetrahedral 0.97 0.99 1.00 1.25 1.3e-10 3.6e-6
0.2mm Tetrahedral 0.99 0.99 1.00 1.00 1.3e-10 5.4e-6
0.1mm Tetrahedral 0.98 0.99 1.00 1.02 1.3e-10 0.0004
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Fig. 5. Simulation results obtained from the present study
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General

Slover Type Pressure Based
Solver Time Transient
2D space Axisymmetric
Gravity X+981
Models
Multiphase Eulerian
Viscous Larninar
Energy On
Materials
Water liquid Water — CMC — XC Polymer
Air Air
Calcium Carbonate Calcium carbonate(coarse/medium/fine)

Cell zone condition

| Laminar zone — porosity: 0.01 - permeability: 0.9 Md |

Boundary condition
Pressure Inlet Inlet pressure ; 100 pst
Pressure Outlet Outlet pressure: 0 psi
Methods
Scheme Coupled
Gradient Least squares cell based
Pressure PRESTO
Momentum First order upwind
Volume fraction First order upwind
Turbulent kinetic energy First order upwind
Initialization
| Initialization method | Standard initialization
Calculation
Type Adaptive
Total time 450 sec
Time step le-03
Max iteration 200

S5 8 o5l g e e § L ules 4o o T gl 5 ouds 48,F A 10 Gl S g0 4 b iales] dan sl Slaglass

Carbonate
Diff P T Particl
Test Type Calcium : re's sure emperature ar.tlc € Test Code
(&) (psi) (F) Size
EXP M30=30g P100=100 psi T80=80 F Coarse EXP-M30-P100-T80-CM
CFD M90=90g P250= 250psi T200=200F Medium
P500= 500 psi T250= 250 F Fine
Base Test Particle Size Temperature and Pressure

CFD-M30-P100-T80-CM
CFD-M30-P100-T80-CMF
Temperature
CFD-M30-P100-T200-CM
CFD-M30-P100-T250-CM

CFD-M30-P100-T250-C
CFD-M30-P100-T250-M
CFD-M30-P100-T250-F
Pressure
CFD-M30-P250-T80-CM
CFD-M30-P500-T80-CM
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CFD-M30-P250-T200-CM
CFD-M30-P500-T250-CM
CFD-M30-P500-T250-CMF
CFD-M30-P500-T250-CMF
Concentration
CFD-M90-P100-T80-CMF
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Fig. 6. Experimental formulation and designated test matrix for the simulation study
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Abstract

A primary challenge in the oil and gas industry involves managing filtrate invasion
into the formation. This study identifies temperature, pressure, and particle size
distribution as the critical parameters governing the filtration process. By integrating
standard laboratory experiments with Computational Fluid Dynamics (CFD)
simulations via ANSYS Fluent, the proposed model was rigorously validated against
empirical data. Findings indicate that while both temperature and pressure correlate
positively with filtrate volume, temperature exerts a more substantial influence.
Specifically, a 50°F temperature increment led to a 30% increase in filtrate volume
and a 5% increase in filter cake thickness. Conversely, increasing pressure to 250
and 500 psi resulted in a 5% and 10% reduction in cake thickness, respectively.
Furthermore, while higher solid concentrations effectively curtailed filtrate loss,
they led to disproportionately thicker cakes. The study also observed that coarser
particles settle initially, followed by a transition to finer particle dominance as the
cake matures. The simulation revealed that cake formation initiates at the model
boundaries, with the bulk of development occurring within the first 150 seconds.
Additionally, higher concentrations of bridging agents were found to accelerate the
bridging mechanism, thereby reducing spurt loss. Ultimately, the high degree of
alignment between the simulation and experimental results suggests that this
validated CFD model provides a cost-effective, reliable alternative to expensive
HTHP testing, offering critical insights for optimizing drilling fluid rheology.
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