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Figure S2. Detail of the mesh for micromodel (b).
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Figure S3. Detail of the mesh for micromodel (c)
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Figure S4. Detail of the mesh for micromodel (d)
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Figure S5. Detail of the mesh for micromodel (e)
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Figure S6. Detail of the mesh for micromodel (f)
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Figure S7. Detail of the mesh for icrmodel )
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Figure S8. Detail of the mesh for micromodel (h)

S2. Parameters of the variable time step algorithm

A variable-time-step algorithm was used in all simulations with a global Courant
number of 2. Table s.1 presents the parameters used for the variable-time-step algorithm.

Table S1. Parameters for the variable time-step algorithm used in the simulations.

Parameter Value
Minimum Time Step Size (s) 0.0001
Maximum Time Step Size (s) 10
Minimum Step change factor 0.8
Maximum Step change factor 1.2

Initial Time Step size (s) 0.1

S3. Fractal dimension of the flow pattern

The fractal dimension of the flow pattern at the breakthrough time was computed
based on image analysis and the fractal box-counting method [1], where a series of boxes
of decreasing size are systematically laid over the flow pattern, and the number of these
elements (N) in each sequence is determined. The fractal dimension is obtained from the
slope of the line of the plot of the logarithm of N and the logarithm of the inverse of the
box size (r) as described by Equation S1.

_ log(N)

= Tog® S

where D is the fractal dimension of the analyzed pattern.

S4. Phase behavior

Phase behavior and its modeling are also considered in this research. Figure s.9 rep-
resents the phase behavior between crude oil and surfactant solution.



Processes 2021, 9, 1887 5 o0of 7

Figure S9. Phase behavior between crude oil and surfactant solution.

As can be seen in Figure s.9, there is a type III Winsor behavior between the phases,
where a petroleum microemulsion is formed in a separate phase between the petroleum
and water phases. In this case, the system comprises a surfactant solution displacing mi-
croemulsion, which displaces oil [2,3]. Despite the knowledge of the behavior of phases,
in the modeling, the implication of considering two phases mobilizing through the micro-
model is carried out, this is done in order to simplify the mathematical model, where the
basis of additional research carried out with similar phenomenology was taken [4-7].

S4. Extensive Selection Flowchart
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Start of the micromodel selection process
to evaluate surfactant injection in CEOR process

Define response variables of micromodels (Y)
where you want to see the effect of
the surfactant.

Review Table 1

Itis possible to perform

l CFD simulations? l

Define modifiable variables of micromodels (%)
Define modifiable variables of micromodels (<)

Relate modifiable variables () with

response variables (Y)
thraugh the information presented in the table 1

Experimental design

and the recormmendations found in the section 2.2 ¢
Perform CFD simulations of the surfactant
l injection processes onthe geometries

created fromthe combinations
of the selected modifiable variables (X)

Design micromodel based on the information obtained

from the relationship between response variables ()
and modified variables (X)

End of tha micromacel selection process

Isthe performance of surfactants

evaluated in 1 response variable?

Y
find the points of maximum
change with respect
tothe IFT of each surfactant
through derivatives.

See equation 1

v

classify these changes and identify the one
with the highest absolute value
Thisisthe micromodel where major changes
hetween surfactants
can he differentiated considering
only one response variable

End of the micromacdel selection process

Mormalize each response variahle
to be able to compare between them

|

For each case, find the points of maxdimum
change through derivatives.

see equation 1

l

add the absolute value of ach change
in the response variables for each case

classify these changes and identify
the one with the highest absolute value.
This is the micromodel where major changes
hetween surfactants can be differentiated
considering all the response variables {Y)

End of the micromodel selection process

Figure S10. Extensive Selection Flowchart for micromodel experiments.
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