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Using Computational Fluid Dynamics for Determining the Optimum
Pre-flush Fluid Injection Condition During Matrix Acidizing
E. Sabouniha!, M. Mohammadzadeh shirazi?*, A. Kazemi' and S. Sh. Ayatollahi®

1- Department of Petroleum Engineering, Amirkabir University of Technology
2- Department of Chemical and Petroleum and Gas Engineering, Shiraz University
3- Department of Chemical and Petroleum Engineering, Sharif University of Technology
Abstract: Optimum oil displacement is the most important goal of pre-flush stage during matrix acidizing. In this study, the
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visco-capillary behavior of the two-phase flow in the pore-scale is analyzed using computational fluid dynamics. A two-
dimensional model, based on Cahn—Hilliard phase-field and Navier—Stokes equations, was established and solved using the finite
element method. To recognize the effective forces of two-phase flow displacement, a stability phase diagram based on the
Logarithm of capillary number (Nc) versus the Logarithm of viscosity ratio (M) was constructed and then compared with the
reported experimental data. After identifying both viscous fingering and capillary fingering regions, the most stable displacement
region was found to be located at Log M = 0.5 and Log Nc = -2. Furthermore, the impact of four independent variables that
critically affect the efficiency of the pre-flush stage, including pore volume of injection (1<PV<S5), capillary number (-6<Log
Nc<0), viscosity ratio (-5<Log M< 2) and contact angle ( ), was investigated on the oil Recovery Factor (RF) using central
composite design of response surface methodology. For the chosen range of independent variables, the optimum conditions for
the immiscible two-phase flow (e.g., RF>0.95) occurred at Log M > 0, -4.5 <Log Nc < -2, PV>1, and 6> n/6 conditions. It is worth
mentioning that for Log M< 0, the optimum condition occurred at Log M = 0, Log Nc =-3.5, PV = 4 and 0 = 7r/6.

Keywords: Acidizing, Pre-flush fluid, Computational fluid dynamic, Sensitivity analysis, Capillary number.
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Fit Statistics

Std. Dev. 0.0625 R? 0.8898
Mean 2.37 Adjusted R’ 0.8726
CV.% 2.64 Predicted R? 0.8538

Adeq Precision 296.999

[

Response 1:RF
Transform: Power
Lambda: 0.21, Constant: 0
Source SHmioh df Mean F-value | p-value
Squares Square
Model 2.02| 10 0.2020 51.67| <0.0001|significant
A-PV 0.2820| 1 0.2820 72.14| <0.0001
B-LOG CA 0.0477| 1 0.0477 12.21 0.0009
C-LOGM 128 1 1.28 327.66| <0.0001
D-Theta 0.1238| 1 0.1238 31.67| <0.0001
AB 0.0242| 1 0.0242 6.19 0.0155
BC 0.0290| 1 0.0290 7.41 0.0084
BD 0.0449| 1 0.049 11.49 0.0012
CcD 0.0216| 1 0.0216 5.53 0.0218
A2 0.0395| 1 0.0395 10.11 0.0023
B? 0.0957| 1 0.0957 24.48| <0.0001
Residual | 0.2502| 64| 0.0039
Cor Total 2.27| 74
]
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1. Pre-flush 5. LSM

2. capillary number 6. PFG

3. capillary fingering 7.

4. viscous fingering 8. navior stokes
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